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Abstract: Computer conferencingisanimportantemerging thermore, firms are generally in different locations and also
technology that promises to have dramatic effects on coordi- can be far from the site. Hence coordination and communi-
nating the development of large-scale engineering projects cation are a central component of all major AEC endeavors.
The technology provides instant inexpensive access to all Coordination and design meetings occupy approximately
those involved in a projecthereby reducing project costs  40% of an engineer’s timA large percentage of that time is
and enhancing qualityThis article outlines key principles  spentin arranging meetings and commuting to meetings. Re-
that are necessary to realize the full potential of computer- ducing meeting time and reducing meeting overhead (organi-
mediated communication and coordination of group work in zation, scheduling, and commuting time) can greatly reduce
the architecture/engineering/constructiqhEC) industry costs and enhance product quality (due to increased and more
The approaches proposed are based on an analysis of col-timely communication throughout the life cycle). Video con-
laborative design discourse data in physical meeting set- ferencing and other telepresence systems have been experi-
tings The interactions of group members have been mod- mented with to reduce meeting overhead and enable parties to
eled and the results have been statistically verifidBdsed on meet without being physically colocated. Several American
this mode] deficiencies in current computer-mediated com- and Japanese firms have set up links between site offices and
munication are outlinedand a set of principles for effective  headquarters to provide headquarters with up-to-the-minute
conferencing systems is formulated to address these defficieninformation on site conditions and enable redesign if neces-
cies Implementations of these recommendations have beersary. Currently, the sites have been concerned primarily with
integrated into a distributed collaborative design tool being acquiring and transmitting information with very limited in-
developed by this research graup teraction between the site and the head office. This commu-
nication is inefficient in the construction process because the
site engineers usually know more information regarding the
1 INTRODUCTION site thatis not directly relayed through structured reports. The
current video conferencing systems that have been tested are
Effective collaboration in large-scale engineering projects re- unable to support the dynamic group interactions necessary
quires efficient management of information flow and skillful in design and coordination processes between the site and
coordination of group activities. These issues are particularly main offices®
accute inthe architecture/engineering/construction (AEC)in-  Supporting distributed group interaction to enhance the
dustry, where the parties involved in the design and construc-product quality and improve competitiveness in the AEC
tion process are necessarily multidisciplinary and representindustry requires enhanced communication links through-
several hundered different specialized design, contracting,out the design and construction life cycles. The necessary
and supply firms. Participants in the construction typically communication links include structured information (e.g.,
work independently while making decisions that inevitably blueprints) and free-form conversation (e.g., design discus-
affect the other participants in the construction process. Fur-sions). Computer communication offers an inexpensive com-
munications bridge among the participants in the develop-
* To whom correspondence should be addressed. ment of a constructed facility. Significant research has been
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devoted to the encoding and transmission of structured com-speaking state (th#oor) from one participant to the other.
munication via computer. This includes work in computer- Two key characteristics of efficient meetings (i.e., increased
aided design (CAD), product and artifact modeling (e.g., information flow and equal participation of individuals)
STEP), work flow processing (e.g., Lotus Notes), and schedul-greatly depend on efficient floor transfer policy. In fact, floor
ing. However, limited attention has been devoted to the sim- control policies are the principal concern of meeting facilita-
plest of communication mechanisms, namely, interaction in tion strategieg?!
the form of discussion and coordination in meetings. The concept ofloor represents the speaker state within a
A study of group dynamics in problem-solving meeting group discoursefloor* commonly refers to the right of a
environments was performed by our research group to deter-member to communicate to a group (e.g., the project man-
mine the elements of physical discussion and coordination ager addressing contractors); alternatively, the term also has
meetings that needed to be replicated in a computer-mediatedeen used to refer to the topic of focus in a group discourse
environment. Data from these experiments were subjected to(Edelsky, 1993¥.For the purposes of this researttbor will
a detailed analysis of the discourse in order to determine therefer to the right of a member to communicate to the group.
forms of communication exhibited in a group interaction. The  Severaltechniques have been proposed to enhance the floor
interaction patterns were modeled, and the data were furthertransition process in task-oriented group work, including for-
classified to determine the conversation elements that canmal methodologies for facilitatidf** and a fruitful business
be conveyed through the existing audio and video commu- in group process consultii§3” The control of floor has been
nication systems and the elements that required additionalshown to affect power dynamics within a group, and repres-
communication channels. The focus was particularly on in- sive floor control policies can stifle innovation and creativity
formation flow and on the transfer of speaking role, becausein a group?>** Furthermore, ineffective floor policies may
they are the two critical variables in the dynamic analysis of lead to frustration, anxiety, and conflict within the graiip.
discourse. After these elements were determined, techniques In order to enhance the floor transition process, there are
for representing them were developed to allow effective in- two main issues in group dynamics that this article addresses.
teraction in a distributed computer-mediated environment. The first is to investigate the possibility of extending cur-
The results of the study were used to develop a set of recom-rent work on dyaditturn-taking theories'42 and applying

mendations and a user-interface prototype for coordination in them to group floor control in a task-oriented setting, such as
computer-supported collaboration tools for distributed group a change negotiation meeting in a civil engineering project,
problem solving. These recommendations are based on thaising discourse analysis. Most research on turn taking does
discourse mechanisms meeting participants use to assert theinot take into consideration the situation when more than two
control over the floor in a problem-solving meeting setting, persons are conversing. This article argues that the two phe-
thereby coordinating group work. Floor control is the criti- nomena are different and use diverse modalities and various
cal process that affects the dynamics of group collaboration discourse elements. In addition, a dyadic model will not work
because it restricts the amount of information flow within a in large-scale engineering projects where a negotiation or de-
group interaction, thereby greatly influencing the design out- sign meeting rarely involves only two parties. However, the
come (common pitfalls of group interaction are lack of group current work on dyadic turn taking offers a good ground to
focus, caused by distracting floor interjections, and limited pursue further analysis for group activities. The second prob-
exploration of design space due to the monopolization of the lem addressed by this research is the derivation of a model for
floor by particular individuals). Hence a computer-mediated floor transition based on observed data and on the discourse
communication system must be able to recognize transitionsanalysis influenced by turn taking. The model is based on a
in floor control and correct errant group dynamics to ensure consistent description of the various states that a group will
effective group results and member satisfaction. A core in- experience while exercising floor control. The validity of the
frastructure for floor control in a distributed setting also has derived model will be shown by mapping some of the con-
been developed and is presented in the final section. Effectivecepts back to the actual data. This model will then become
floor control enhances the group problem-solving process andthe basis for a set of requirements for computer conferencing
eliminates the need for expensive facilitation services. The systems to be used on problem-solving distributed meetings
following subsection provides a brief description of key as- in civil engineering projects.
pects of human communication and an elaboration on the
concept offloor.

* floor (n.) (1) the part of a legislative chamber, auditorium, etc.
1.1 Understanding communication where the members sit and from which they speak; (2) the right

of one member to speak from such a place in preference to other
This subsection presents a brief background on group com-membersRandom House College Dictionar}995 edition.
munication with particular emphasis on the transition of the ' Two-person interactions.
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1.2 Article outline the speaker and the auditor. Turn taking in Duncan’s opin-
ion (termed thespeaker-turn systenincludes signals from
The following section provides the relevant background in- the speaker, back-channel signals (words such as “uhuh” or
formation on group dynamics as well as synchronous dis- nodding the head) from the auditor, and some other state
tributed communication. Section 3 provides a scenario from attributes (like the nature of utterances and body motion).
the AEC industry to illustrate the concepts discussed in this  Speaker signals include turn signals, within-turn signals,
article. This is followed by Section 4, which describes the and continuation signals. Thern signalsare signals that the
methodology used to gather data to use as a basis for despeaker resorts to to request a turn (such as raising a hand
riving the models of floor control, which are described in or interjecting). The speaker might use cues, which can be
Section 5. This is followed by a set of recommendations that intentional, content-based, syntax, paralanguage, and body
any conferencing system that supports the group dynamicsmotion. The latter include gestures that the speaker uses to
present in civil engineering interactions must satisfy. A pro- take turn (e.g., gesturing at a blueprint of the site while others
totype conferencing system and a floor control infrastructure are discussingit, thereby interrupting their field of vision). On
are also presented in this section. Concluding remarks andthe other handyithin-turn signalsmark the ending of a turn
future work are presented in the final section. or utterance and consist of both paralingual or gesture cues
(these include dropping off of speech volume or pitch as well
as gazing at the other participant). Finally, ttentinuation
2 BACKGROUND ON INTERACTION DYNAMICS signalscan occur at the beginning of a speaker turn or at the
beginning of a speech unit (these include looking away from
For the past three decades, linguistics research in discourseghe other participant and commencing of gesturing).
has analyzed interpersonal communication and conversation. Goodwirt* showed that gazing is crucial for the speaker
Most of the literature focused on face-to-face dialogues or during his or her turn of speech. There are several instances
dyadic conversations3> An overview of the research related when the speaker resorts to gazing to either bring attention
to turn taking is presented below, together with comments on to or restart some phrases. It is believed that at the start of
relevant issues that have not yet been explored. each turn, there is a high chance that the auditor will gaze
Thorissort® provides a comprehensive overview of re- at the turn taker. At some point during the conversation, the
search on dialog structures and their discourse elements. Thoperson speaking uses several cues to bring the auditor’s gaze
risson argues that turn taking is crucial for both negotiation toward himself or herself. This effect of restarting is used to
and clarification, since it controls the flow of the conversa- secure or request the gaze of a hearer. People do this by either
tion and hence restricts the amount of information exchangedlengthening some words, repeating, or creating more pauses.
in an encounter. Thorisson also shows that backchannel isGoodwin showed too that a speaker uses similar techniques
critical in conversations to signal auditor acknowledgment to secure the gaze of multiple recipients.
and understanding. According to McNeill and Good#d? Most of the current research has focused on turn taking as
back-channel helps in information exchange to support the a speaker or auditor state of dialogue; there has been little
interaction and assists in moving along the right path. Usu- work on actually defining a good structure or framework on
ally back-channels are listener utterances that do not interruptthe characterisitcs of a turn (boundaries of when it starts, how
the speaker; when back-channels interrupt the speaker’s flowjt starts, and how one can lose one’s turn). Furthermore, there
they may indicate a request for turn. has been limited work on the discourse analysis of group
Furthermore, Thorisson shows that gaze is an importantdiscourse that is crucial for this work to be useful in the AEC
component of a conversation, because not only does it reflectcontext. The work described earlier has been limited to dyadic
the person’s attention or mental activity but also a person conversation.
might look at an object or other person during a conversation  Further work has been conducted in the CSCW (computer-
that will provide some deicticinformation® Furthermore, supported cooperative work) community in comparative stud-
gaze is used to signal the beginning (looking away from the ies of group activity with and without the use of computer me-
auditor) and end of a turn (looking toward the auditor to pass diation. Notably, Olson and coworkéfsliscuss the changes
the turn). in group process related to the addition of a shared editor in
Duncarf offers a good structural analysis of human dia- a computer-augmented meeting room. This work found that
logues but focuses mostly on the nature of the signals betweerthe quality of group design improved with the addition of
the shared tool; however, the group members were less sat-
* Pointing or referential gestures, e.g., “place that object here,” isfied with the process. Furthermore, the article asserts that
where “that” is accompanied by a pointing gesture toward a spe- computer-based structuring for problem solving is not neces-
cific object and “here” is accompanied by another pointing gesture sary and simpler groupware systems are more effective. Most
that directs the conversing partner to a particular location nearby. gf these early field studiéd'62840 ysed synchronous group
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tools that augmented traditional meeting rooms or used verytypically include the following key factors:

low bandwidth communications. Our research argues that
explicit computer coordination of group processes is neces-
sary in a telepresence environment with multimedia support.
This is due to the synchronous form of the real-time com-

munication and the overload caused by the high-bandwidth
interaction if all participants are equally engaged in the in-

teraction. Furthermore, typical social protocols do not hold

true in computer-mediated communication, where there is no
physical interaction.

We believe that understanding of group interaction and en-
hancing the process are critical in developing recommenda-
tions for the adoption of computer-mediated communication
technologies. This is especially critical in the AEC industry,
where there are many parties involved that are multidisci-
plinary and do not usually work in close proximity.

3 A SAMPLE TASK SCENARIO

The following scenario is a fictitious description of a design
task that was set by a state’s highway department (HD) after
a serious accident that damaged a bridge.

On Monday morning, a freighter crashes into the support pier
of a bridge crossing a major waterway in a large city. The
pier is severely damaged, and the bridge is no longer guar-
anteed to be structurally sound. This bridge lies on a major
artery into the metropolitan area, and a solution needed to be
formulated quickly to restore a normal flow of traffic in the
city. The owner (HD) convenes a meeting with several experts
in the field, including a structural engineer, a traffic engineer,
and a contractor to discuss possible solutions. The discussion
involves an analysis of the situation and an initial investigation
phase where all the parties involved collect data regarding the
site, the extent of the damage, and the traffic flow patterns in
the area. Several design alternatives are proposed by each of
the individuals at the following meeting.

The design proposals are meant to address the four key con-
cerns: public safety and the risk associated with the accident,
cost of repair, time and space for repair, and traffic flow reduc-
tion or redirection. Given that the bridge can carry a minimal
load, several proposals are submitted by the parties to this de-
sign negotiation detailing construction alternatives and various
traffic redirection patterns.

Throughout the second meeting, the alternatives are dis-
cussed, and the initial remedies are rejected due to their high
cost, their effect on traffic flow in the area, or their destruction
of the aesthetics and symmetry of the bridge. After a heated
discussion over three days involving significant compromise
among all the parties involved, a preliminary design is ratified.
The final design is presented by the structural engineer, and
minor adjustments are made in the final meeting. The design
is then committed, and the contractor begins the field work.

The scenario just described exemplifies some of the com-

ponents in critical AEC design meetings. These meetings

1. Urgency Many design processes in the AEC industry
have significant time pressures. Although most design
sessions will not have the urgency of the emergency just
described, almost any design task has some degree of
urgency, and this becomes a critical factor in the design
process.

. Role definition Each of the members of a design team
brings in his or her own interests based on his or her
professional experience or personal bias. The efficient
combination of these experiences is necessary in the
generation of an effective solution.

. Discovery phaseA stage in which all the meeting par-
ticipants acquire and analyze all available data regard-
ing the design situation.

. Brainstorming In the initial phases of design, several
proposals are generated by the participants.

. Ranking/refinementGiven the initial set of proposals,

the engaged engineers will determine collectively the

important components of the design options and prior-
itize the design factors.

Detailed design A final design is generated based on

the earlier refinement process and is adjusted by all

members of the group.

6.

Having delineated the design process, this research effort
is interested in determining mechanisms to support this pro-
cess and enable conducting such meetings with computer-
mediated communication and reduce design cycle time.
Hence an analysis of the standard physical meeting is nec-
essary to determine the modes of communication among the
participants. Further analysis of this communication scenario
will determine requirements for the computer support of the
design process described earlier. The experimental setup and
the analysis process are described in the following section.

4 EXPERIMENTAL METHODOLOGY

Given the characteristics of AEC design meetings described
earlier, an appropriate experimental process was developed.
The experimental meeting process needed to elicit the appear-
ance of the following criteria: urgency, a discovery process,
varyingroles, aranking and refinement process, and a detailed
design process. The experiment chosen was not particular to
the AEC domain; however, it was a standard group dynamics
simulation that magnifies the key factors described earlier in
order to clearly identify the discourse characteristics in this
setting.

Data were collected on several group meetings among four
to five graduate civil engineering students with an average of
2 years of field experience (using the simulation exercise
described below); the data were transcribed and annotated,
followed by a discourse analysis of the annotations. A data-
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driven preliminary model (Section 5) was then generated, and 5 MODELING GROUP DISCOURSE
the model was verified with the available data.
The data set chosen for analysis was gathered from theThe detailed discourse analysis of the conversations in the
following task-oriented group exercise: group exercise described earlier revealed two key physical
discourse phenomena that govern speaker state transition and
Agroup of students (four to five persons) was given asimulated ~ information flow in the group conversations. These phenom-
survival exercise. The exercise involved a crash of a planein ~ €na are focus of attention and degree of engagement. These
northern Canada, with the group being the sole survivors. The  two concepts greatly affect the floor transition in group dis-
survivors managed to salvage 15 items from the wreckage, course and are described in detail in subsections 5.1 and 5.2.
and the members of the group were asked to rank the items In addition, two models have been derived from this anal-
according to their importance to their survival. ysis to describe floor transitions in group discourse. The first
model, described in subsection 5.3, describes the state of an
A preliminary analysis of the group process that naturally individual within the group. For example, this model would
evolved from this exercise shows a direct correlation with characterize the structural engineer’s state in a discussion
typical engineering design processes. The situation is clearlyconcerning the effect of the accident on the load-bearing lim-
urgent due to the life-and-death scenario posed. Although theits of the bridge (presumably the structural engineer would
roles of the group members are not predefined in the test sceeither be speaking or engaged in such a discussion). The
nario, clear roles emerged during the exercise. A group leaderparticipant model is complemented with a model that indi-
emerges, and several advocates for particular solutions alsaates the state of the floor, which is a combined state derived
evolve. Although survival is the goal of the exercise, each in- from all participant states (described in subsection 5.4). This
dividual places a different weighting on the four core survival model demonstrates the extent of confusion or simultaneous
principles in this exercise: food, shelter, communication with disruptive conversations in the group setting.
rescuers, and reaching the closest settlement. In each of the
three groups tested, a member in each of the groups emerged
as a champion for one of the survival principles. These cham-5.1 Focus of attention
pions are similar to the different professionals in the AEC
scenario earlier, where each expert represents the interest ofndividuals in a problem-solving group are by nature engaged
his or her field in the problem scenario. in a shared task. This task is sometimes embodied by a shared
The survival simulation in each of the three cases beganblueprint, document, or whiteboard. Qualitative analysis of
with the examination of the map provided and the item list the data from the survival exercise shows that group mem-
provided. The initial phase of the meeting consisted of each bers had attended to a distinct physical space throughout the
of the members checking each others’ facts regarding theinteraction. This physical space has been termedbities of
situation: their location, the weather conditions, the location attention Focus of attention is proposed as an additional dis-
of the closest settlement, the terrain, and the use of each ofcourse element that is important in group discourse. This fo-
the items on the list. This is synonymous with the discovery cus is sometimes determined explicitly (as in a parliamentary
phase in the design discussion, where all members of theprocess where the podium is the main focal point); however,
design team review the extent of the bridge damage and thein most group discourse situations the focus emerges from the
average daily traffic flow in the area. task discussed and from the particular meeting setting (e.g., a
Once the discovery process is complete, the group mem-blueprint or physical model placed in the middle of the table
bers then attempted to formulate a list. They typically began in a civil engineering or architectural design meeting).
this process by attempting to brainstorm on the possible uses The focus of attention is a shared space whose manipula-
of all the items on their list (many of the items had multiple tion greatly affects the transfer of speakers (floor transition)
uses). They also began to brainstorm on an appropriate coursé a group meeting. Manipulation of the focus may be in the
of action given their situation. Similarly in the bridge emer- form of deictic and other forms of gestures used within the
gency scenario, the engineers developed several alternativeshared space. In other circumstances, the manipulation con-
regarding construction methods and traffic redirection. sists of writing on, highlighting, or modifying the focus of
Inallthree groups the members then engaged in ranking theattention.
items. They typically chose a coarse ranking and throughout  The focus of attention varies greatly with the task at hand.
the meeting refined the list until it was agreeable to all those When the task is not embodied in a physical space, the focus
present. (This is a ranking and refinement process as in theof attention becomes the gesture space of the member cur-
alternative negotiation phase in the bridge scenario.) The finalrently controlling the floor (see Yeri&hfor a description of
list was then drawn up, and a course of action for survival was gesture spaces). In civil engineering meetings, the tasks are
described. This constituted the final detailed solution design typically embodied in a physical space, and identification of
for the survival problem. a focus of attention is generally simple.
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5.2 Degree of engagement : >

Increasing Engagement

bserver

ipation or engagement in the active discourse. The status “.

of a participant in dyadic discourse is often classified as a

speaker or auditor as in Duncénn group discourse, this

simple two-state model is often complemented with a middle

state referred to as@ending speakelObservation of free-

form group discourse shows that participants cannot simply

be classified into these three rigid categories. S s
Participant state may more accurately be referred to sim- - 7

ply as adegree of engagememith respect to task-oriented - -

group discoursejegree of engagemeis defined to be the

relative attentiveness or interaction of a participant with the

focus of attentionSeveral factors contribute to an increasing

or decreasing degree of engagement with the discourse. These

include anxiety of the listener, patience threshold of the lis- \; hich the participant interrupts tiecus of attentiothrough
tener, interest in the discussed topic, and social and culturalyaninyation of this shared space. Manipulation of this space
norms of the participant. For example, in the bridge emer- |5 ies in degrees from simple deictic gestures in the space to
gency scenario, the structural engineer may be discussing th‘?)hysically moving, writing on, or tapping on the shared space.
stress calculations and the maximum load-bearing capacity,the final intermediate statew®cal interruption This is the

in which case the contractor may not be engaged, while the st gisruptive form of engagement, which involves the use
owner and traffic engineer is highly engaged in order to assessyt yerha| techniques to acquire the floor. This involves use of

the traffic risks of the S|tuat|on..The continuum of engage- inerrupting repair sequences with increasing loudness and
ment can be further segmented; however, such segmentatioq g interjections using discourse markers such as “oh,”

does not necessarily provide any additional comprehensionay,  » «gq » and “excuse me.”
of the underlying phenomena. Subsection 5.3 attempts Such s important to note that these states are not clearly delin-

a segmentation whose states are largely determined by basigateq and there is clearly a continuum of states from observer
discourse elements apparent in each state. to speaker. The categorization just described is a first attempt
at clustering degrees of participant engagement. As shown in
Figure 1, a particular participant may go through all stages in

o ) ) . the model or alternatively may skip over several states; hence
The model of each participant engaged in a group discourse i js generally not a serial process. The dominant participant

composed of several states ranging from observer to speakegyate transitions in the participant model are described in sub-
(as opposed to dyadic conversation, where participant rolesggtion 5.5.

are classified in a two-state model of listener and speaker). An
observer is defined as a member of a group discussion Whog 4 Floor model
is not directly engaged in the group discourse. This is gener-

ally physically represented by leaning back from the group e model of floor is simpler than the participant model; how-
discourse or by engaging in activities not directly related t0 gyer the floor state transition matrix is significantly more
the group activity. A speaker in this model is not necessar- complex. The floor, or active communicating role, is com-
ily engaged in vocal conversation; the speaker is merely theposed of three distinct states: empty, overlapping, and con-

participant in the group discourse who holds the floor (€.9., trolled. Theempty statés characterized by the lack of inten-

a person may be demonstrating a traffic flow model without (541 communication between an individual and the group.
speaking; however, that person has the complete attention OfThe overalapping statds characterized by multiple partic-

the col!aboratlng members—hence that person has thefloor)ipants in the interrupt or speaker state, thereby signaling a

_The intermediate states between observer and speaker cofyjoqr transition. Finally, theontrolled statés defined to be
sist of engaged listener, focal interruption, and vocal inter- yhe gtate at which there are no floor contentions and only a
ruption. These states define varying degrees of engagemenémgﬂe participant is in speaker state (Figure 2).

(see subsection 5.2) that are attempts to acquire the floor. AN 5p1e 1 shows the various state transitions and the con-
engaged listeneis characterized by gaze direction, dorsal

f|6Xi0r), and b.ack-ch.annel; he or she is ga_zing afdles of * 1t is generally difficult to classify intentional communication.
attentionand is leaning forward in the chair to attract atten- However, for the purposes of distributed conferencing applications,
tion.Focalinterruptionis a subsequent state of engagementin all communications are considered intentional.

.
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Participants in a meeting exhibit varying degrees of partic- G
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Fig. 1. Participation states.

5.3 Participant model
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Table 1
Floor state transition matrix

Initial Destination state
state Empty Overlap Controlled
Empty (null) Two or more participantsreach One participant in speaking

speaker state simultaneously state

Overlap Pause, no gesture nyll) Increased volume, repair se-
qguences, spatial control of fo-
cus of attention by one of the
overlapping participants

Controlled Falling pitch, feedback/info Back-channel, focal Interrupt, (null)
request, pause, no gesture vocal Interrupt

e — — Table 2

////// \\\\\ Trends in floor transition for all three groups

~ N /ﬂ\\//," ‘\\_\\\//\ - N —

Empty { Overlapping Controlled Transition Turns (%)
A .
SN NN P

P S Observer-engaged 27 1%
Te— Observer-controlled 38 10%
Engaged-controlled 129 34%

. Engaged-interrupt-controlled 186 49%
Fig. 2. Floor states.

ditions necessary for the transitions that are derived from pants in 20-minute segments extracted from each of the three
the participant model and the turn-taking discourse elementsgroups. These data were used to test the validity of the de-
discussed in Section 2. The empty floor state is the most diffi- gree of engagement hypothesis. The data show that interrup-
cultto delineate and causes a large portion of the confusion intions are used 49% of the time to signal floor transitions.
group meetings. The empty state is characterized by a pausé-urthermore, the engaged participant state was a necessary
and ceasing of gesturing. However, itis difficult to distinguish prerequisite to floor control in 90% of the floor transitions.
between intraturn pause (breathing and thinking) and inter-  To further classify the forms of interruption into focal and
turn pause (empty floor). Hence other discourse elementsvocal categories, a more detailed analysis was performed on
such as the lack of gesturing, falling pitch, and questions the data shown in Table 2. The second data-gathering effort
posed by the speaker in combination with a speaker pausefocused on determining the type and amount of interruptions

are better indicators of an empty floor. used by each of the three groups A, B, and C (shown in Ta-
ble 3). The data varied widely among the three groups, which
5.5 Model verification suggests that the dynamics of group interaction are highly de-

pendent on the individuals involved in the group discourse.

The participant model hypothesized earlier was verified While the overall use of focal and vocal interruptions was
through an analysis of the experimental data. Transitions 13% and 42%, respectively, the use of focal interruptions
among the various states were tabulated for the group andby individuals in group B was very limited (2%). The data
then on an individual basis. The dynamics of the three groupssuggest that vocal interruptions are clearly a valid interme-
studied were significantly different. The groups chosen for diate state, whereas focal interruptions occur with much less
the exercise were culturally diverse, and there were commu-frequency. The data suggest that the degree of focal and vo-
nication difficulties that significantly tainted the data. How- cal interruption is strongly dependent on the structure of the
ever, there are significant trends and similarities among all thetask performed by the group (e.g., engineers examining and
individuals in the group exercise that allow the generalized modifying a blueprint have a clear focus of attention, while
model discussed earlier. The floor model was not verified be- managers discussing corporate strategy may not have a clear
cause it is derived primarily from the turn-taking equivalent focal point—with the possible exception of some graphs in-
discussed and verified in Thorissth. dicating market trends).

Table 2 shows the general state transitions of the partici- In this exercise, there was no explicit shared focus of at-
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Use of focal and vocal interruptions in floor control in the three experimental groups

Interjection A (%) B (%) C (%) Total (%)

Focal 22 18% 2 2% 21 15% 45 13%
Vocal 48 39% 50 53% 50 37% 148 42%
Neither 52 43% 43 45% 66 48% 161 45%

tention, except for group C, which had the benefit of a black- a set of requirements for future systems that are delineated in
board. The seating arrangement of groups A and B also dif- Section 7. The key results of this exercise are outlined below:

fered greatly. Group A was seated in a much tighter arrange-
ment, whereas the individuals in group B were more spread e
out; this may partially explain the limited use of a focus of
attention by group B.

Finally, the data were sliced once more to determine the in-
dividual influence on group dynamics (it is important to note
that the groups were composed of individuals from vary- e
ing cultural and professional backgrounds). The interjection
types were tabulated for each of the individuals in group A
(JR, SR, HC and YC) and are tabulated in Table 4. Two indi-
viduals dominated the floor in this group, JK and SR; how-
ever their use of focal and vocal interruptions varied. While
JK’s interruptions were spread evenly among focal and vo-
cal, SR hardly used focal interruption. HC exhibited similar
behavior to JK, although they are from completely different e
backgrounds (native Chinese and American). YC interacted
minimally with the group. Both YC’s and HC’s limited inter-
action may be attributed to their inability to converse com-
fortably in English. The data are inconclusive regarding the
reasons for the use of different mechanisms for interruption.
Further controlled studies are required to determine inter- and
intracultural use of interruption. This is particularly impor-
tant given the increasing globalization of business, especially
in the AEC industry. However, the data confirm the validity
of the focal and vocal interruption states in the participant
model because they were present in over 50% of the floor
transitions.

Participants exhibit multiple levels of engagement in the
meeting setting. These engagement levels are critical to
the floor transition process because they provide cues to
all participants regarding the current state of the floor and
the possibility for taking it.

Interaction among designers is commonly governed by
their physical proximity to each other and to the shared
element in the meeting room (i.e., the focus of attention,
which can be a design specification, a site map, or a sim-
ple blackboard). The participants’ gaze and manipulation
for the physical space surrounding them contribute signif-
icantly to the efficient transfer of floor because they make
the participants aware of an individual's intent to speak.
Inefficient interaction patterns (e.g., long divergent con-
versation or multiple simultaneous discussions) are iden-
tifyable through syntactic cues (e.g., number of engaged
individuals, number of individuals that are speaking, and
increasing delays for individuals attempting to take the
floor) in the interaction because floor state can be deter-
mined without semantic knowledge of the interaction.

6 RECENT WORK IN COMPUTER-MEDIATED
COMMUNICATION

There has been a significant amount of research in the area of

computer-mediated communication. The work spans multi-
ple disciplines, and hence there are three diverse focus areas
in this research field electronic meeting systems (EMSs),
. i . . . video conferencing, and shared social spaces. Each of these
An analysis of interaction patterns in group design discourse groups represents a different approach to computer-mediated
was undertaken through an experimental setting described.ommunication. EMS research focuses on the meeting pro-
in section 4 that directly mirrors the scenario described in cegs and decision support tools for the meeting process. Video
section 3. The preliminary hypothesis derived was verified conferencing research is concerned with transmitting multi-
through data accumulated from the experimental exercise. nedia data between participants (especially audio and video
This data revealed the important dynamic characteristics Ofdata). The shared social spaces perspective is concerned with

physical meetings. Discourse analysis was used to model thépap|ing interaction and experience across distance and pro-
conversation flow (specifically the control of the floor) and

the various Sighals that contribqted tP a change in the state. This classification is based on the commonalities within the dif-
of the floor. This allowed us to identify the weaknesses of ferent subgroups. Researchers in all three different fields tend to

current conferencing systems in supporting group problem- yse multiple vocabularies that can confuse the functionality of the
solving interactions such as design meetings and to generatgystems.

5.6 Modeling results
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Table 4
Use of focal and vocal interruptions in floor control segmented by members of group A

Interjecion ~ JK (%) SR (%) HC (%) YC (%) Total (%)

Focal 10 22% 4 8% 8 28.5% 0 0% 22 18%
Vocal 15 33% 21 54% 12 43% 0 0% 48 39%
Neither 20 45% 16 38% 8 28.5% 8 100% 52 43%
Total 45 37% 41 34% 28 23% 8 6.5% 122 100%
Time(min) 6.3 31% 9.6 48% 3.3 17% .8 4% 20 100%

viding awareness and persistance within a virtual world. The S — ‘
following paragraphs will discuss the salient features of rep- /4 S A aGaly
resentative systems in each of these areas. / 2
Electronic meeting systems encompass a large body of
research dedicated to the support of participants in traditional
meeting settings. These systems arose from defense needs fc o |
efficient command and control centers. The GroupSystems ~
EMS?® and the Xerox Parc Collab projétare among the
first such systems developed. Both systems have tools thal
structure brainstorming and problem-solving processes and
enforce interaction controls on the participants within the
shared media. However, the control of floor in discussion is
governed by regular meeting norms, since all participants are _,
colocated. Olson and coworkétdound that some of these
additional process structuring constraints on the collaboration
are not necessary and may decrease satisfaction within the
work group. Further analysis of the use of these systems and
their effect on group work are well document@d52°
Initial research on video conferencing focused on the tech-
nical aspects of transmitting video and audio data among
individuals. Much of the initial work was constrained to two-
person interactions, and a large portion of the work used
a telephony paradigm for the interaction. Further develop-
ments have occurred rapidly in this field, and most modern for physical meetings. However, our aim is to extend support
systems such as Microsoft NetMeetitfgintel Prosharé® mechanisms to distributed meetings using commercial video
PictureTel® and SGI Inpersoff provide multiperson inter-  conferencing technology. This necessitates the introduction
action and have extended audio and video services to includeof flexible control and interaction support tools to comple-
shared whiteboards, editors, and browsers. However, thesement the decision support and conferencing infrastructures.
conferencing systems lack any appropriate concurrency con-The group interaction research described herein, in addition
trol mechanisms and are cumbersome to use for group work.to the recommendations presented, is an initial step in pro-
The final area of research in telepresence is devoted toviding such group support.
the study of virtual communities and interaction in a virtual ~ Some of the current computer-mediated communication
environment. Several tools have been developed to providesystems (both academic and commercial) are classified in
awareness, persistence, and interaction in cyberspace. Th€igure 3. The figure delineates the multimedia capabilities
two leading research efforts in this field are TeamRodms  of the systems on thg axis. Thex axis describes the extent
and Worlds'® The primary concern of these research effortsis to which these systems support multiple participants in an
in the representation of physical concepts of space and placenteraction. Finally, the axis expresses the degree to which
in the virtual world. The environments developed provide the systems allow effective control of the floor (concurrency
richer interaction contexts but are currently constrained by control) in collaborative interaction. The core focus of this
network bandwidth and display technology. article is on thez axis, although the existence of multimedia
The work described in this article builds on earlier work in  and multiuser support is a necessary prerequisite to the work
all these fields, especially earlier work on electronic support described herein.

gl Groups

MultiUser Support Migh

Fig. 3. Overview of computer-assisted communication.
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7 GROUP DYNAMICS—-AWARE CONFERENCING

The data accumulated in the experiment discussed abo :
as well as previous work in group dynamfié¢s® provide ‘
a greater understanding of interactions in group discussior , S -
Several elements of physical interaction are not directly repli- ™ J -
cable with simple audio and video communication. The ele- ™~ o
ments of engagement and attention discussed inthe precedi . '

section are critical in directing the flow of the conversation
to facilitate the problem-solving discussion. Given these def.
ficiencies of current conferencing systems, a set of require
ments and a core infrastructure for group dynamics—aware
conferencing tools have been developed. This section pro- Fig. 4. Prototype conference system architecture.

vides an overview of the state of the art in computer confer-

encing and discusses the mechanisms required to support an

effective group discussion in an engineering problem-solving 7.1 Conferencing system architecture

setting.

The analysis of the group interaction data discussed ear-A prototype system for group dynamics—aware conferenc-
lier can be performed on two levels. This analysis provides ing has been developed by this research group based on the
an understanding of the group process and the mechanismsonferencing guidelines outlined in Section 6. The system
necessary to support it. The lowest level examines the inter-provides a distributed communication infrastructure for mul-
action dynamics among individuals in the group. The second, timedia interaction. The architecture is shown in Figure 4.
more abstract level is a descriptive underlying floor control The system is composed of a hame server that maintains
strategy (e.g., chairman controlled, democratic/free-form, or client addressing information, a set of forum servers, and a
lecture) that is either formally acknowledged or dictated by set of clients. The system provides separate data (shown as
the setting and norms of the interaction. a solid line) and control paths (shown as dotted lines). This

The models derived in Section 5 suggest several impor- model allows for controlled interaction among the partici-
tant implications for interaction dynamics in distributed syn- pants without a communication server bottleneck. Control of
chronous communication. The models and experimental datacommunication is achieved by the distribution of data chan-
outline the key aspects of group discourse that require a physnel keys by the forum server to the clients. Forum servers
ical copresence of the group members. Aspects of a partic-maintain the meeting process by providing control of meet-
ipant’'s degree of engagement cannot be realized by currenting interaction and maintaining persistent meeting objects (a
conferencing technolodyassuming simple video and audio more detailed description of the control process is presented
connections, not including some of the virtual reality systems in subsection 7.2). The clients are the participant’s interface
under developmerff which are attempting to simulate the to the communication system. Each client includes a user
full physical embodiment of individuals in an interaction— interface, multiple media device drivers (e.g., whiteboard,
unfortunately this technology is expensive, cumbersome, andscheduling, text, audio, and video), and a message handling
far from being applicable commercially). Motions and move- system. Various elements of the interface are described in
ments in engagement are subtle and assume a focus of atdetail in the following subsections. The message handling
tention that can be manipulated. Current conferencing sys-system is responsible for communication control and syn-
tems have a limited notion of shared physical space thatchronization of the multimedia information (see Figure 5).
may be manipulated as in physical meetings. The experi- Synchronization is necessary due to the stochastic latency
ments conducted have shown that this shared space, alon@n packet delivery across the Internet. The message system
with the visual and physical indicators of participant engage- queues incoming data and assembles multiple-media mes-
ment, is necessary for effective floor transition in multiperson sages into frames that are presented as a single time instant.
problem-solving meetings. The synchronization algorithm is presented in further detail

The following subsection describes the core conferencing in Paia-Mora and coworker¥.
architecture and is followed by subsection 7.2, which details
infrastructure for floor control developed by this research 7.2 Control infrastructure for group conferencing
group. Finally, subsection 7.3 provides a detailed discussion
of the user-interface features necessary to satisfy the require A communication control model has been developed to sup-
ments outlined by the analysis performed in Section 5 in port both individual interaction and process control in group
computer-mediated communication tools. A sample imple- interactions. This model is centered around a forum server
mentation is also presented in this subsection. that acts as the communication control mechanism from the
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conferencing system. The forum server’s primary function i
the allocation of communication channels among individu
als in the group. Communication among individuals is nc
channeled through this server but is rather controlled by tt Sl e gt
forum process. e e oniieh
Forum processes are initiated by an agenda-buildingto |
that allows the definition of meeting membership, meetin
control strategies, meeting agenda, and meeting notificatior.
The toolis shown in Figure 6. The meeting may be defined as
open (i.e., any person can enter the meeting room) or closed
(inwhich all participants in the meeting must be predefined in
the agenda tool). Each meeting member is also assigned parguiring the floor. The ordering of the queue is based on the
ticular access rights that include agenda editing, chairpersonparticular control strategy used. For example, the chairper-
control, and control of the meeting proceedings. The agendason strategy would allow explicit ordering of the queue by
tool is also used to define the meeting agenda items, whichthe chairperson; the brainstorming queue would simply be a
are each assigned a floor control strategy by the meeting ini-first-in, first-out (FIFO) queue. Ordering of the queue also
tiator. Once the agenda is complete, the system automaticallycan be based on more complex inputs provided by the user-
sends notification messages to the participants, and a foruminterface mechanisms described in the following subsection.
server process is created with the appropriate membershipThis dynamically ordered queue is described in further detail
and agenda. in sub-subsection 7.3.4.
The forum server model is shown in Figure 7. The forum
class processes messages from the client systems, which rep?.3 User interface for distributed interaction
resent each participant in the meeting. The forum class is
also responsible for maintaining meeting membership and The following sub-subsections outline recommendations for
temporal control of the meeting. This includes meeting no- user interface design for synchronous distributed communi-
tification, agenda traversal, and maintaining and traversing cation to support the collaboration process. Sample imple-
meeting logs. Communication requests received by the forummentations in the conferencing system developed by this re-
class from the clients are handled by one of the subclassessearch group are also presented as a mechanism to satisfy
of the control class. The control classes contain functions to these requirements. This conference system includes several
manipulate tokerfs and manipulate the speaker queue. The extensions that enable voice, visual, textual, and graphic in-
gueue is composed of all members that are interested in acteraction, as well as Web-based shared document browsing.
Finally, a scheduling interface to Primavera is included for
* Tokens are software keys that allow communication between two large-scale collaborations (Figure 8 shows the various tools
clients. within the conferencing system).

wizards:  Brainstorm

Add Addsub b wview  submi
. , o

Fig. 6. Agenda-building tool interface.
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S - that clearly distinguishes between hearers of conversation and
ot a those to whom the conversation is addressed (as dictated by
gaze in traditional meeting settings).

Conferencing systems typically provide a large set of inter-
action tools including whiteboards, text tools, audio, video,
and CAD or document sharing. These tools, although useful,
can be distracting to the user because they do not provide a
clear focus of attention. This does not suggest that the tools
should be reduced; instead, it is necessary to include a mech-
anism for identifying the focal tool of the discourse. This
tool becomes the center of floor transition engagement. This
research approach is to bring the focal tool to the foreground
of the screen or highlight the focal window to represent the
focus of attention (see Figure 9).

e =
Ethex!

7.3.3 Degrees of engagemen®ince most conferencing tools
adhere to a telephony paradigm, a person wishing to speak
can only be in two states (dialing or engaged). The results of
the research presented in subsection 5.2 clearly indicate that
the participant should have greater flexibility in defining his
or her intent to take control of the floor. An initial interface
that provides this functionality is shown in Figure 9. Fur-
Fig. 7. Control infrastructure model. thermore, the pending speaker queue should be prioritized to
allow for urgent commentary in an on-line meeting, and the
queue should allow simple disengagement from the conversa-
Sub-subsection 7.3.1 describes the general sense of spadéon. Finally, the state of each participant should be visible to
and the complementary concept of place. Sub-subsectionall those engaged in the on-line meeting. A threshold is then
7.3.2 outlines the support of spatial interaction among collab- set for the value of engagement such that the floor changes
orators. This is followed by a mechanism to support varying from controlled to overlapping. This is necessary even during
degrees of engagement in distributed conferencing. Finally, strictly chairperson control conferencing schemes.
sub-subsection 7.3.4 develops a macro view of floor transi-
tion and control to enable effective facilitation of distributed 7.3.4 Floor control strategy A final requirement for group-
meetings. aware conferencing is the notion of floor control strategies
(e.g., chairman controlled, brainstorming, and lecture). In
7.3.1 Asense of placeThe literature on computer supported regular meetings, a strategy is adopted either explicitly or
work has been engaged in a fruitful discussion regarding theimplicitly due to group norms or due to particular meeting
representation of awareness in synchronous group interactoom arrangements. These strategies govern floor control on
tion. The notion of place where members meet and share perthe macro level; they define a style for a group meeting. Ef-
sistent objects has become a growing influence in the CSCWfective choice of floor control strategy can improve the flu-
(computer-supported cooperative work) commufatf It idity of the meeting process and enhance the collaborative
is critical to include mechanisms in the user interface that effort. A toolkit of strategies has been developed by this re-
clearly portray entrance and egress of individuals as well assearch effoft”3? and has created a knowledge base that maps
their relative stance to the others in the meeting. This providesthese strategies to various meeting situations. These strate-
a frame of reference for the collaborators that is essential gies are specific to meetings or to individual agenda items.
for effective communication. The implementation chosen by The user-interface representation of three strategies is shown
this research group (shown in Figure 8 is one sample mecha-n Figure 10.
nism for promoting awareness; other efforts such as Xerox’s A more complex floor control strategy also has been de-
Placewar® have more elaborate schemes for representing veloped based on the interaction inputs provided by the in-
place that are necessary for casual interaction but are lesgerfaces described earlier. The degree of attention was used
important in formal meetings). to sort the queue of pending individuals. The sort function
depended on both the level of engagement and the time that
7.3.2 Spatial interaction A group-aware conferencing tool the individual was on the pending queue. The engagement
must support deictic referencing in both gaze and pointing. level is given a value from 0 to 1, and the time on the queue
Hence the tool must have a pointing feature as well as a featurds measured in seconds. An objective function for sorting the
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queue is derived by multiplying the two values. This pro- has been presented. This article has stipulated the addition of
vides a more natural floor transition process and generally ismechanisms in conferencing systems to represent a sense of

preferred by test users for brainstorming sessions. place, spatial interaction, degrees of participant engagement,
and floor control strategies. The communication system pre-
8 CONCLUSIONS AND FUTURE WORK sented is simpler to use and more effective in multiuser dis-

tributed collaborative settings because it mimics the natural

Enhanced distributed collaboration promises to be a great in-process of group discourse in physical meeting settings.
fluence on the design process of large engineering projects Further research remains to be conducted in group dy-
by providing instant access to project information and project namics applications in computer-mediated communication.
engineers. Such distributed environments would significantly Understanding cultural differences in floor transition is neces-
improve coordination in the AEC industry and would sig- sary to provide global distributed communications. The data
nificantly reduce costs and turn-around time. Effective dis- also have shown that different individuals express their inter-
tributed design environments clearly will be critical compo- est in acquiring the floor in varying ways. Hence the model
nents of successful design efforts in the near future. proposed in this article may need extensions for multicultural

The study and models presented in this article highlight collaboration. Furthermore, the states outlined in the partic-
the necessary features of distributed design environmentsipant model are not the sole manner in which the increasing
Furthermore, the article provides an explanation of the ma- engagement of a participant may be modeled. The level of
jor shortcomings of current computer-mediated multimedia segmentation of this continuum of engagementis stillan open
communication systems and presents a prototype system thaissue. Finally, the model does not account for parallel conver-
satisfies dynamic interaction requirements. Through the anal-sations that occur often within a group discourse. However,
ysis of physical group design discussion, important factors “effective” groups are not supposed to exhibit this type of
that allow meetings to run efficiently in physical settings have behavior.
been identified. These factors were analyzed, and a set of re- Furthermore, a protocol needs to be devised to reduce par-
quirements for enhancing coordination and enabling floor ticipants over- or understating their degree of engagement,
transition in distributed computer-supported AEC systems thereby reducing individual irregularities. This is not a se-
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Fig. 9. Metaphor for representing degree of engagement. 1
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