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e have prototvped 

W several video telephony 

systems over the past 

three years, one of which 

is now serving about 125 users on 

a daily basis. Our goal has been to 

devise new telecommunications 

applications to support collabora- 

tion among members of geograph- 

ally distributed work groups and 

to use the insights derived from 

building these applications to 

identify communication capabili- 

ties that the applications require 

from a network infrastructure. 

(See accompanying article bv 

Arango et al. in this issue). The 

design process we use at Bellcore 

combines prototvping COmmUni- 

cation applications with behav- 

ioral and social science data 

collection and analysis. Our designs 

have often been motivated bv 

theories of social interaction, and 

our evaluation techniques include 

both quantitative and qualitative 

methods to understand use of 

the systems and directions for 

change. To assess users’ needs for 

telecommunications applications, 

we have conducted national sur- 

veys, telephone interviews, and 

field observations in diagnostic 

work settings. we prototvped, 

deployed. and evaluated three 

iterations of video telecommuni- 

cation systems t41, trying to 

improve support for col- 

laboration and the bal- 

ante between privacy MM 

and accessibility. 



The intent of this article is not to 
describe our total research program 
nor to discuss the evolution of the 
systems we have built. Rather, we will 
examine in detail a single attempt to 
use video telephony for the type of 
informal communication that is com- 
mon among people who we physi- 
cally colocated. It presents a” evalua- 
tion of a desktop video telephony 
system deployed in 1990. While our 
recent video telephony prototypes 
have improved on this early system, 
revisiting it is informative for two 
reasons. First, the evaluation points 
to some of the challenges one faces in 
designing communication technol- 
ogy to mimic social processes that 
appear to be trivially easy to accom- 
plish in daily life. Second, the ap- 
proach we adopted demonstrates 
some of the benefits and limitations 
of theoretically motivated system 
design and empirically based evalua- 
tion, in contrast to the less disciplined 
“build it and try it” approach of 
much human-computer system de- 
sign. Thus, one can consider the 
evaluation we report here as a case 
study both in using video for sponta- 
neous conversation and in applying 
social science theory and method to 
the tasks of system design and evalu- 
ation. 

The prior literature on organiza- 
tional communication and our own 
studies of distributed work demon- 
strate the importance of informal 
communication in organizations. 
Formal communication flows 
through official organizational chan- 
nels, is often prearranged, and is typ- 
ically conducted in a formal style. I” 
contrast, informal communication 
c”ts across these organizational 
boundaries and often happens spon- 
taneously. In terms of style, informal 
communication is often more fre- 
quent, expressive and interactive 
than formal communication [6, 13, 
251. 

These studies show that in the 
aggregate, spontaneous, informal 

communication is useful. It is a LTU- 
cially important method that organi- 
zations rely on to accomplish work, 
transmit organizational culture and 
knowledge, and maintain the loyalty 
and good will of their members. It 
gives organizational members the 
flexibility to deal with highly ““cer- 
tain and ambiguous topics, tasks, and 
decisions. Informal communication 
is especially important for the less 
directly task-oriented aspects of 
organizational membership (e.g., 
learning the organizational culture, 
becoming loyal to a” organization, 
making judgments of others, and 
forming relationships). While infor- 
mal communication is important in 
the aggregate, almost any particular 
episode is expendable. Participants 
neither seek such episodes o”t “or 
willingly incur costs to have them; 
rather they opportunistically exploit 
them when they come about by 
chance. 

Typically, informal communica- 
tion is mediated by physical proxim- 
ity. The chance encounters and ease 
of access among people who are 
physically close to one another pro- 
vide many opportunities for organi- 
zational members to come into con- 
tact and communicate [I]. When 
people are physically close to one 
another, communication typically 
occurs through face-to-face conver- 
sations or meetings. Compared to 
other communication channels, face- 
to-face communication is both so- 
cially oriented and rich. According to 
social presence theorists [24], face-to- 
face communication highlights the 
other people in a” interaction and 
interpersonal relationships. From a 
media richness perspective [6], face- 
to-face communication is interactive 
and expressive and is especially use- 
ful for dealing with nonroutine and 
equivocal issues. 

Potential Of ViaewAualo 
Technology mr Informal 
Communication 
Analyses both of the ways the visual 
channel is used to support informal 
interaction in face-to-face settings 
and of early experiments using video 
to support distributed work groups 
suggest that video communication 
systems might be able to substitute 
for physical proximity and support 

informal cornmunicauorr at a dls- 
tame. We will now review the prior 
literature consistent with the hypoth- 
eses that video-based communicatior, 
is helpful in: 

I. increasing the spontaneity arid 
frequency of communication, 
2. supporting social relationships, 
3. coping with the most complex and 
equivocal communication problems 
encountered in work groups, and as 
a result 
4. integrating members into and 
supporting the work in research and 
development groups. 

Frequency and sfxmlanetbj of m‘wu- 

km. Close observation of sponta- 
neous, face-to-face communicatioo 
episodes [l3] demonstrates the im- 
portance of the visual channel in ini- 
tiating informal communication. The 
visual channel increases the probabil- 
ity of spontaneous interaction by 
helping people simultaneously iden- 
tify a partner, topic, and moment for 
conversation and by helping them 
ease into interaction. Recent studies 
of encounters across video confer- 
encing systems show that these sys- 
tems can lead to spontaneous inter- 
actlo”, although less than in 
face-to-face settings 171. A recent 
demonstration project at Xerox 
PARC provided a continuous video 
and audio connection between two of 
its research facilities located hun- 
dreds of miles apart [Z, 81. Usage 
data indicated that over 70% of the 
interpersonal communication be- 
tween the two sites consisted of short, 
casual, “drop-in” interactions and 
that most of these interactions would 
not have occurred without a continu- 
ous video link. 

Richnes and social-adalion of in- 

teraction. Both media richness theo- 
rists [S] and social presence theorists 
[24] array communication channels 
along a continuum anchored by face- 
to-face interaction at the richer, so- 
cial end and written documents at 
the other. Insofar as audio and video 
communication mimics the features 
of face-to-face communication in 
being expressive, interactive, and 
focusing attention on personal attri- 
butes, it should function as face-to- 
face communication. Thus, the 
media richness and social presence 
perspectives both suggest that video 



teleconferencing should be well 
suited for informal communication, 
and especially good for aiding the 
more social, the more uncertain, and 
the more equivocal aspects of com- 
munication. There is evidence in the 
prior literature, however, that the 
presence of an audio channel makes 
more of a difference than the pres- 
ence of a visual channel [18]. 

Support for mearch and deuelqment 
enuironmenk. Early trials of tele- 
medicine attempted to use video for 
medical information transfer, diag- 
nosis, consultation, and patient con- 
tact. While the technology had only 
mixed success in supporting these 
information transfer and diagnosis 
tasks, Rockoff [2l, p. 10871 offers a 
“clinical impression that this technol- 
ogy improves the cohesiveness and 
sense of organizational unity experi- 
enced by health care providers in a 
geographically dispersed system (i.e., 
it facilitates their functional integra- 
tion).” More recent studies of video 
networks in R&D organizations [Z, 3, 
7, 8, 171 have illustrated the value of 
video communication networks, as 
well as showing some of their limita- 
tions. For example, the Xerox PARC 
experiment described earlier sug- 
gests that a video link can be barely 
adequate to promote a shared con- 
text and culture to support joint 
work across two R&D locations, but 
that audio and video alone will be 
insufficient for accomplishing tasks. 
Both sets of findings suggest the 
most important value of video te- 
lephony might be to aid in the for- 
mation and maintenance of social 
relationships. 

An Evaluation of video 
Telephony for Informal 
Communlcatlon 
Our research evaluates the adequacy 
of audio and video conferencing for 
supporting informal communication 
in a realistic setting. Because face- 
to-face communication has tradition- 
ally been the primary mechanism 
through which organizations con- 
duct informal communication, the 
evaluation explicitly compares video 
telephony with face-to-face commu- 
nication. We were interested in the 
degree to which visual cornrnunica- 
don shares some of the attributes of 
face-to-face informal communica- 

tion-its frequency, expressweness, 
and interactivity--and whether it can 
serve the same functions. 

We addressed thts question in the 
context of a four-week field experi- 
ment in which temporary employees 
and their supervisors and mentors at 
Bellcore used an audio and video 
conferencing prototype called the 
Crulwr’” system [22]. Since at its core, 
the Cruiser system is standard video 
telephony, it should have the attri- 
butes we mentioned that make it 
appropriate for rich communication 
with social presence. In addition, this 
system included features explicitly 
designed to increase the opportuni- 
ties for communication and thus in- 
crease the frequency of spontaneous 
conversation. 

The experiment was conducted as 
part of the summer internship pro- 
gram for college and graduate sm. 
dents at Bellcore in 1990. Students 
in telecommunications engineering, 
computer science, mathematics, psy- 
chology, statistics, and other disci; 
plines worked for 10 weeks with se- 
nior researchers in their fields. From 
a pool of about 50 volunteers, we 
randomly selected 23 volunteers-l 1 
students and their 12 mentors-to 
use the Cruiser system. The mentors 
and students were all housed in a sin: 
gle building, with a mentor-student 
pair typically located on the same 
floor. Thus, the Cruiser system sim- 
ply supplemented the communica- 
tion they could have by walking to 
one anothers’ offices. 

The Cruiser environment in the 
summer of 1990 consisted of a soft- 
ware-controlled audio and video 
telecommunications network. Each 
user received a multiwindowed com- 
puter terminal that controlled the 
Cruiser application and provided 
conventional computing, including 
email. Along with the computer ter- 
minal, the Cruiser station consisted 
of a l%inch color video monitor, a 
small speaker, and a microphone. 
Audio connections were full duplex. 
This allowed both parties to a con- 
versation to talk at the same time 
with no audio echo or feedback. 

For the summer experiment, the 
Cruiser system consisted of audio 
and video telephony supplemented 
by three novel calling methods to 
encourage spontaneous interactions 

that mtght lead to conversation: 
Crwixes, which consisted of one or a 

series of audio and video calls. When 
the caller issued the command, the 
system opened an immediate audio 
and video connection to the called 
party, which timed out after about 
three seconds unless one party ex- 
plicitly continued it by issuing a Visit 
command. A list of people could also 
be called. If users issued a Cruise 
command without arguments, the 
system initiated a series of connec- 
tions to randomly selected users. 

Glances, which were one second 
video-only connections to one or a 
series of other people. If users issued 
a Glance command without argu- 
ments, the system initiated a series of 
Glances to randomly selected users. 

Autocrulxs, in which the system it- 
self initiated calls between users at 
random times. Except for initiation, 
the protocol was the same as a 
Cruise. The intended analogy for the 
Autocruise was wandering in a corri- 
dor and randomly seeing other peo- 
ple with whom one could speak. 

The system included two privacy 
features. First, users could issue a 
Private command, which notified 
callers that calls were not being ac- 
cepted. Second, a Reciprocity Rule was 
imposed. If someone else could see 
and hear a user, the user could see 
and hear that person in return. 

Finally, to increase awareness of 
the other Cruiser system users, the 
system included an Active Directmy, 
listing the availability status of all 
other users, and a Call Htitq show- 
ing who had called a user. 

ReSUltS 
A maximum of 23 people could place 
calls on any day. During the 21 busi- 
ness days of the trial, users made 
1,295 call attempts to 1,556 recipi- 
ents’ or about 2.7 call attempts per 
potential user per day. As with most 
innovations introduced into organi- 
zations, users showed an early burst 
of activity as they experimented with 
the system. Figure 1 shows the distri- 
bution of call attempts per potential 
user per day.* The distribution is 
plotted separately for all users, for 
five dropouts--users who attempted 



two or fewer calls during the second 
week of the trial--and for 18 sus- 
tained users--users who attempted 
more than two calls during the sec- 
ond week of the trial. Throughout 
the trial, the sustained users were 
placing 4 to 5 calls per business day, 
with call frequency understandably 
dropping on the weekends (days 6 
and 7, I3 and 14,20 and 21). These 
numbers are comparable to the fre- 
quency with which staff members 
across the company placed telephone 
calls (5.4 calls per day), even though 
the Cruiser system provided access to 
far fewer parties. 

Cruiser calls were short. The 
modal Cruiser call was under I5 sec- 
onds, and the median call lasted only 
27 seconds. Approximately 25% 
lasted three minutes or longer, 5% 
lasted more than 30 minutes and the 
longest calls were over four hours. 
This distribution of call duration is 
similar to that of the telephone, 
where the typical call is short, but the 
distribution has a very long tail [l5]. 
Long Cruiser calls include both sus- 
tained work sessions similar to those 
conducted by telephone and two in- 
teresting behavioral innovations en- 
abled by this technology. 

The first of these is the tinrtual 
shared office. On occasion some peo- 
ple connected their offices for an 
extended period, without engaging 
in sustained conversation. Rather, 
the pair would work relatively inde- 
pendently, occasionally having con- 
versation to get help on a problem, 
ask a question, make an observation 
or tell a joke. The open connection 
reduced the behavioral cost of com- 
munication during periods when the 
participants anticipated the need for 
multiple episodes of unscheduled 
conversation. Other researchers 
studying desktop conferencing sys- 

tems havr reported similar phenom- 
ena [Z, 3, 91. 

The second innovative use of long 
calls is the waylay. Here one member 
of a work team with a pressing com- 
munication need makes a connection 
to another’s office. If the called party 
is not there, instead of disconnecting 
and trying again later, the caller sim- 
ply maintains the connection and 
waits for the absent party to return. 
The waiter can monitor the other’s 
office through peripheral awareness 
and still focus attention on his or her 
own work. 

Call Types 
As describrd previously, calls can ei- 
ther be Cruises or Glances initiated 
by callers or Autocruises initiated by 
the system, calls can be placed to one 
or more people simultaneously, and 
the name of the called party can he 
supplied by the caller or supplied by 
the system. Table I shows the distri- 
bution of call attempts across these 
call types and the percentage of each 
call type that was accepted. 

As Table I illustrates, the most fre- 
quent use of the system was similar to 
telephone usage, to execute a point- 
to-point call to a single, named recip- 
ient. However, some of Cruiser’s fea- 
tures had the intended effect of pro- 
viding users with greater awareness 
of others and increasing the fre- 
quency of spontaneous and informal 
interaction. For example, 18% of 
user-initiated calls were Glances, 
whose sole purpose was to provide 
information about others’ availabil- 
ity. Users informed us they used 
Glances rather than Cruises to un- 
cover this information because they 
were quick and relatively unintrusive 
and thus provided a better balance 
between convenience to themselves 
and disturbance of others. In one- 
fifth of these Glances, users let the 
system select parties to call. Both in 
initiating a Glance and in allowing 
the system to select the partners, they 
were using the system to increase 
their awareness of who was around. 

Figure 2 shows the distribution of 
Cruise calls and Glances over hours 
of the day. These data substantiate 
the hypothesis that the Cruises and 
Glances were used for different 
functions: they have distinctive dis- 
tributions over time (Pearson x2 = 

21.08, d/= II, p < 0.5). Glances 
were more likely to occur early in the 
morning, right after lunch, and on 
weekends, when uncertainty about 
who was around was highest and 
perhaps before the callers themselves 
had become fully absorbed in their 
work. 

While the Glance was used with 
modest frequency and seemed to 
improve informal interaction and 
organizational awareness, the 
Autocruise did not. The intent of the 
Autocruise was to mimic the oppor- 
tunities for conversation that people 
have when they pass by one another 
in the hallway. The opportunities 
these Autocruises provided rarely 
resulted in conversation. While 54% 
of user-initiated calls were accepted 
(i.e., at least one of the parties exe- 
cuted the Visit command), only 3% 
of 236 Autocruises ended in cower- 
sation. For an Autocruise to be ac- 
cepted two parties needed to be in 
their offices, needed to notice that a 
call attempt had occurred, and 
needed to want to talk to the poten- 
tial partner at just the moment that 
the conversational opportunity pre- 
sented itself. Given the low probabil- 
ity of all these factors being true si- 
multaneously, the low conversion 
rate for Autocruises is perhaps un- 
derstandable and may not be much 
lower than the probability that on a 
particular occasion two random peo- 
ple would engage in conversation 
when passing in a hallway. 

More telling than the simple ac- 
ceptance rate for Autocruises, how- 
ever, are results demonstrating that 
users found Autocruises highly oh- 
jectionable. When asked to describe 
features of the Cruiser system they 
disliked most, 40% of users men- 
tioned Autocruises. Unlike the ran- 
dom encounters that occur multiple 
times per day when two people are 
colocated, the Autocruises did not 
allow people to conduct the subtle 
nonverbal negotiations that regulate 
the entree into conversati~n.~ 

While this explicit attempt to cre- 



ate a hallway metaphor failed, the 
video fostered spontaneous commu- 
nication in other ways, by enabling 
more open conversations than con- 
ventional telecommunication ser- 
vices. When people saw someone 
having a conversation on the Cruiser 
system, they could easily insinuate 
themselves into these conversations. 
They used the nsual channel to ne- 
gotiate entreC into these converse- 
tions, much as they would enter an 
ongoing discussion in an office or 
hallway. As one interviewee re- 
ported, “When I’m talking on the 
phone, nobody would come in, but 
when I’m talking on Cruiser, people 
feel free tc~ come in and interrupt 

I would do the same thing. I 
would walk into somebody’s office if 
they were on a Cruiser call. It’s much 
more expansive; it’s inclusive.” Not 
only do visitors enter Cruiser system 
calls, but the reverse also happens. 
That is, a caller happening on a face- 
to-face conversation often joined in. 

comparisons to Other Media 
Self-report data confirmed the previ- 
ous observation, based on system 
logs, that the typical Cruiser call was 
short. During a debriefing interview, 
users compared a recent conversa- 
tion held over the Cruiser system 
with a face-to-face conversation with 
the same partner. Table 2 summa- 
rizes the reported length, content, 
and outcomes of the conversations. 

Respondents reported Cruiser 
calls lasted about 4 minutes com- 
pared to 30 minutes for face-to-face 
conversations. According to respon- 
dents, conversations using the 
Cruiser system were more likely to 
have greeting and scheduling as the 
main topic, but less likely to involve 
problem solving and decision mak- 
ing. Most reported using Cruiser 
conversations to inquire about or to 
inform one another about the status 
of work activities, to get quick an- 
swers to short questions, or to sched- 
ule work. In essence, they reported 
that during Cruiser conversations 
they mostly prepared for work, while 
during face-to-face conversations 
they actually performed the work. 

Why was this? Time and again 
users said they used face-to-face 
communication rather than the 
Cruiser system because the Cruiser 

# of catled % calla 
CaIl type parks acceptecl 

1 I Z-1 

Cruise--caller supplied name ,016 I * I 54% 

Cruise-system supplied name I 67 I I NA 18% 

Glance-caller supplied name 174 9 ix.4 

Glance--system supplied name NA 51 NA 

Autocruise--system supplied name 236 NA 3% 
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Get to know someone 

Explain diflicult concepts 3.10 5.00 *.I39 2.67 

Exchange confidential information 2.74 5.00 3.62 2.71 

Mea” 3.91 4.R5 3.89 3.54 

because be arrticipared a long meet- 

ing in which the parties would need a 

“richer” (his term) communication 

environment, including the ability to 

see and respond to subtle reactions. 

These differences between 

Cruiser and face-to-face conversa- 

tions led to differences in their per- 

ceived value. As shown at the bottom 

of Table 2, respondents reported 

that Cruiser conversations were less 

useful, both for getting work done 

and for learning about their conver- 

sational partner.’ These da@ come 

from respondents’ assessments of the 

Cruisrr and the tacr-to-face convrr- 

sations on 7.point Liken items. 

These items were grouped into three 

scales, with item assignment based on 

a principal components analysis with 

varimax rotation. The scales were 

Produclivity (e.g., usefulness for get- 

ting your work done; relevance to 

your ongoing work; Cronbach’s 

alpha = .73); Organiratiolzal culture 

(e.g., usefulness for keeping up with 

company people, politics, policies, 

and other news; usefulness for pro- 

viding background information 

about how things are done at this 

company; Cronbach’s alpha = .75); 

and Relatiomhip matntenanc~ (e.g., 
usefulness for maintaining a per- 

sonal relationship with somecme at 

work; usefulness for understanding 

your partner’s point of view; Cron- 

bath’s alpha = .53). 

Perceptions of Media 

Different media have propcrtica that 

people perceive to be useful for dif- 

ferent tasks [ZO]. We asked partici- 

pants in our study to rate the appro- 

priateness of nine different media 

for a variety of commumcadorr raska 

‘l‘he media were one-on-one face-to- 

face meetings, group meetings, tele- 

phone, email, answering machines, 

fax, handwritten notes, printed doc- 

uments, and Cruiser desktop video 

conferencing. Table 3 lists the com- 

munication tasks, based on those 

used in earlier evaluations of media 

appropriateness [e.g., 231. 

Table 3 also shows the mean rating 

of appropriateness for these commu- 

nication tasks for four of the media, 

including the Cruiser system, one- 

on-one, face-to-face communication, 

the telephone, and the exchange of 

documents. Ratings were judged on 

a 1 (Inappropriate) to 5 (Appropri- 

ate) Liken scale. The tasks are or- 

dered in decreasing appropriateness 

of the Cruiser system for performing 

them. 

Note that most media, including 

the Cruiser system, were judged in- 

ferior to face-to-face communication 

for most tasks. This finding is com- 

mon to many studies of media ap- 

propriateness (e.g., [l9]). It is more 

noteworthy that the pattern of per- 



ceived appropriatmess of the media 
differs across the tasks. Compared to 
face-to-face communication, the 
Cruiser system was judged to he ade- 
quate for routine information ex- 
change activities-checking on proj- 
ect status, keeping in touch, and 
exchanging information of various 
types. As the tasks became more so- 
cially sensitive or intellectually difti- 
cult, the Cruiser system became less 
adequate, although more adequate 
than either the phone or exchanging 
documents. 

One can examine the appropriate- 
ness of different media for various 
tasks more systematically through 
multidimensional scaling, which at- 
tempts to uncover a small number of 

dimensions to account for similarities 
among the media. Two media are 
similar to each other if they were 
judged as appropriate for the same 
communication tasks. To derive simi- 
larity measures among the media we 
calculated the mean appropriateness 
of each medium for each task, as in 
Table 3, and then calculated Pearson 
correlation coefficients herwew the 
ratings for each of the media on the 
I4 communication activities (i.e., the 
columns in Table 3). This matrix of 
correlations was input w a nonmetric 
multidimensional scaling analysis 
[14, 231 and to a hierarchical cluster 
analysis [IO]. 

Figure 3 shows the 2D solution 
from these multidimensional scaling 
(stress = ,008, Formula I) and hier- 
archical clustering procedures. The 
vertical dimension of Figure 3 can be 
interpreted as the degree of interac- 
tivity that a particular medium pro- 
vides. For instance, group meetings, 
the Cruiser system, and the tele- 
phone are more interactive than fax, 

group 
meetings one-to-one 

face-to-face 

handwritten 
documents 

note* 

) 
Amount of Information in a Communication 

Privacy violation 

Other 
Who started the conversation 

handwritten notes, and printed doc- 
uments. The horizontal dimension 
can be interpreted as the amount of 
information exchanged during a typ- 
ical session. Thus, people exchange 
more information in face-to-face 
meetings than in the typical tele- 
phone call or answering machine 
message. 

The closeness of the media in Fig- 
ure 3 is an index of their similarity. 
The circles show the order with 
which media clustered (e.g., the 
Cruiser system and the telephone 
clustered before either clustered with 
an answering machine). It is telling 
that in this analysis, the Cruiser sys- 
tem clustered with the telephone, 
and not with face-to-face meetings. 
Both the Cruiser system and the tele- 
phone are more interactive than 
email and answering machines, al- 
though all four are in the same low- 
information region of the plot. In 
contrast to the telephone, the Cruiser 
system was perceived to be more in- 
formative and slightly more interac- 
tive. This pattern makes sense, since 
the Cruiser system adds visual infor- 
mation to the audio information 
transmitted by the telephone. 

Privacy 

Users discussed their privacy con- 

cerns during debriefing interviews. 

I” contrast to strong concerns ex- 

pressed before the system was intro- 
duced, in retrospect most users did 
not think privacy was a problem, es- 
pecially within a small, collaborative 
community. However, when users 
contrasted recent face-to-face and 
Cruiser conversations, interesting 
privacy issues emerged. For each 
conversation they were asked, “How 
much did this conversation violate 
your privacy!” Since people are likely 
to feel more intruded on when they 
are the recipient rather than the ini- 
tiator of a conversational attempt, 

the interview ascertained who started 
the conversation. 

An analysis of variance of these 
data shows that recipients of a con- 
versational attempt felt more in- 
truded on than initiators (F = 2.85, 
p i .Ol), but that on average, Cruiser 
conversations and face-to-face con- 
versations were equally invasive of 
privacy. However, there was a signif- 
icant interaction between initiation 



and modabry (F = 2.:4Y, /, < .05), 
showing that the recipients of con- 
versational attempts felt substantially 
more privacy violation when thr at- 
tempt was made via the Cruiser sys- 
tem than when it was madr face-to- 
face. These results arc displayed in 
Figure 4, which shows the mean and 
standard error of the mean for each 
combination of media and initiator. 

Users took several actions to dis- 
courage interruptions and ensure 
their privacy. They used the built-in 
commands that signalled to calling 
parties that they were unavailable, 
they logged out of the system when 
they did not want to be disturbed, 
and on at least two occasions, when 
managers were dealing with sensitive 
personnel issues, they physically dis- 
abled microphones by disconnecting 
cables. 

Among researchers on the social 
impact of new technology, there is 
general concern that those with more 
social power will benefit most from 
new technology. In terms of the sum- 
mer experiment, this reasoning 
would lead one to expect that men- 
tors would use the system to keep 
their interns under surveillance but 
that their low social status would in- 
hibit interns from using the system in 
a similar way. According to their re- 
ports, mentors did indeed use the 
system to check up on their students, 
but the reverse was also true. Indeed, 
interns as a class were about twice as 
likely to place calls to mentors and to 
hold conversations with them than 
the reverse. These results suggest 
that the Cruiser system follows a 
common pattern of communication 
in organizations: communication is 
more likely to go up the status hier- 
archy than down. 

Surprisingly, the privacy of outgo- 
ing messages was as large a concerll 
as the fear of others snooping into 
one’s office. Because cameras have 
only a fixed field of view, typically 
narrower than the human visual sys- 
tem, users were concerned that other 
people might be present at the called 
party’s location but invisible when 
they were having a conversation. 
They also were aware that the hands- 
free audio in the Cruiser system 
meant that others near a conversa- 
tion could overhear it. As a result. 
employees sometimes held face-to. 

lace mccrings when thry wanted to 
ensure that they wrrr not disturbing 
others or that others could not over- 
hear them. 

DIscussIon 
In summary, our cv&,awr, found 
that people used the Cruiser system 
frequently, almost as much as the tel- 
ephone, even though it provided ac- 
cess to many fewer people. This sug- 
gests that customers judged the 
system as both useful and conve- 
nient. Recause it was on the desk top, 
it was used far more frequently than 
special-purpose. video teleconfer- 
encing rooms examined in prior re- 
search [e.g., 71. 

The use of the system and percep- 
tions of it were more similar m inten- 
tional telephone calls than to the 
spontaneous and informal communi- 
cation supported by face-to-face in- 
teraction. The Cruiser system was 
adequate, but only marginally for the 
support of spontaneous conversEi- 
tions. Glances encouraged explora- 
tory behavior, and the visual channel 
enabled Cruiser conversations to be 
more open than telephone conversa- 
tions. However, usersjudged Cruiser 
interactions to be more invasive of 
privacy than face-to-face interac- 
tions. The system did not support the 
subtle visual and verbal mechanisms 
that allow users in face-to-face inter- 
action to negotiate the starts and 
ends of conversation. 

Once conversations started over 
the Cruiser system, they were less 
adequate for accomplishing work 
than face-to-face conversations. 
Cruiser conversations were substan- 
tially shorter and were used more 
for administrative discussion than 
for substantive work. When com- 
pared to other media, the Cruiser 
system was perceived to he more sim- 
ilar m the telephone than to face-to- 
face conversations. Interviews sug- 
gest the Cruiser system was inade- 
quate because users could not have 
multiparty conversations and could 
not share data and other artifacts 
(e.g., shared blackboards and edi- 
tor+. 

On the other hand, users exhib- 
ited some behavior that transcended 
face-to-face conversation. Some 
users established virtual offices they 
shared when they had a high but in- 

uermirtcm need LO wmmunicate. 
The open connection enabled them 
to maintain a background awareness 
of one mothers progress and mini- 
mired the behavioral cost of starting 
any given conversation. The waylay 
was another novel use. Here one use, 
with a pressing need to communicate 
with someone who is away from the 
office simply connected to the latter‘s 
office and “stayed there” until that 
person returned. The waylayer can 
monitor the other’s office through 
peripheral awareness, hut can also 
focus on his or her own work. 

Some of these findings are UII- 
doubtedly specific to the Cruiser 
prototype, but others are applicable 
m video telephony systems in gen- 
eral. In particular, inadequacies in 
the Cruiser system in enabling spon- 
taneous conversations and in sup- 
porting task-focused work point to 
generic issues worthy of further dis- 
cussion. 

Spontaneous Conversation 
In the workaday world, when people 
walk by each other, they have subtle, 
but well-practiced mechanisms m sig- 
nal or assess readiness for communi- 
cation and to manage the transitiona 
from lack of engagement to engage- 
ment and from engagement to disen- 
gagement [ll, 121. For example, if 
one party does not wish to communi~ 
cate with another, he or she can USC 
gaze aversion and other nonverbal 
displays to signal this, which in turn 
often aborts the conversational at- 
tempt. Moreover, a potential initiator 
can often assess another’s concentra- 
tion on a task without the other’s 
being aware that an assessment took 
place. In these cases, the decision to 
take advantage of a conversational 
opportunity and start a conversation 
is a cooperative act, in which neither 
party explicitly rejects the other. The 
visual channel is central to these ne- 
gotiations. Video telephony systems 
can support this negotiation when 
the communications link has already 
been established, as in the conversa- 
tions over already open links de- 
scribed previously [e.g., 2, 7, 81. 

As the Autocruise feature of rhr 
Cruiser system illustrated, though, it 
is far more difficult to engineer xr- 
endipitous conversational mecha- 
nisms into a video telephony sys- 



tern. The mechanisms we tried were 
abrupt, intrusive, and lacking in sub- 
tlety. The instantaneous appearance 
on the screen of someone at speaking 
distance announced a conversational 
opportunity and this sudden onset 
was disruptive. Converting a” op- 

portunity into a conversation re- 
quired explicit and one-sided action, 
with one party to a potential conver- 
sation explicitly issuing a command 
to extend or curtail the call. These 
conditions placed too much pressure 
on the parties to acknowledge each 
other before they have conducted 
any negotiation about doing so. I” 
the case of the Cruiser system, users 

complained that being suddenly con- 
fronted with another person com- 
pelled conversation, eve” when they 
didn’t want one. In these circum- 
stances, a failure to have the conver- 
sation became an explicit rejection, as 
well. As one user stated, “There is no 
halfway with Cruiser.” 

Communication technology to 
support spontaneous interaction 
must provide lightweight opportuni- 
ties for interaction In social imerac- 
tion, a lightweight opportunity 
would be one in which getting into a 

preconversational attitude is a side 
effect of other activity and thus al- 
lows conversation with little incre- 
mental effort. From the preconver- 
sational state, potential interactants, 
by small adjustments and subtle c”es, 
can cooperatively determine whether 
a” acknowledgment, greeting, con- 
versation, or nothing will take place. 
The failure of the relatively gross 
techniques we tried highlights some 
of the subtlety of everyday conversa- 
tional coordination and implies that 
providing analogous mechanisms 
through technological means will 
require substantial ingenuity. 

More generally, supporting infor- 
mal communication will require bal- 
ancing the costs of providing oppor- 
unities for communication with the 

benefit of any particular opportu- 
nity. To support informal communi- 

cation, systems must balance users’ 
desires for accessibility to others, and 
protection of their own privacy and 
solitude. Accessibility is the ability of 
one individual to have easy access to 

another. This is one of the essential 
properties of informal communica- 
tion. Privacy is the ability of a” indi- 
vidual to control the information 
about him- or herself available to 
others. Solitude is the ability of an 
individual to control others’ intru- 
sion into his or her space or con- 
sumption of his or her time. Individ- 
uals would like to have all three, but 
at the level of the group, they are in- 
compatible. Having access to other 
people at a convenient time often 
violates their solitude; providing in- 
formation about people’s readiness 

for conversation potentially violates 
their privacy. The “se and abuse of 
telephones, open offices, and private 
secretaries have shown that even in 
conventional environments achiev- 
ing this balance is neither automatic 
“or static. 

Task-Focused Work 
A characteristic of informal cornmu- 
nication is that people often convert 
serendipitous encounters into occa- 
sions in which they get real work 

done. Using the Cruiser system, for 
example, interns often reported at- 
tempting to “se the occasion of run- 
ning into their mentors as a” oppor- 
tunity to seek help on a problem. Yet 
they were stymied because they could 
not access the reso”rces they needed 
to deal with the problem; they could 
not illustrate their dilemma with dia- 

grams, share the objects they were 
laboring over, or easily bring a con- 
sultant into the conversation. This 
lack contributed to the brevity of 
their conversations. Our experience 

with the Cruiser system suggests that 
eve” communication systems in- 
tended for informal communication 
must also support sustained task- 
focused work and must allow grace- 
ful transition to it. 

Managing the transition between 
casual conversation and sustained 
task-focused work will require the 
integrationofconversationalpro [5]- 
the artifacts and resources needed to 
sustain group work. For these props 
to be used spontaneously in the sup- 
port of ongoing conversation, they 

must be easily and quickly accessible 
during the conversation and must be 
easily shared. All members of the 
conversation must be able to view, 
point at, and if appropriate, modify 
objects-data, diagrams, and tiles, 
for example. 

Social Scbnce-Based System Design 

The Cruiser experiment provides 
insight into the benefits and limita- 

tions of theoretically motivated sys- 
tem design and empirically based 
evaluation as well as into the require- 
ments for video telephony systems. 
Theories of informal communication 
and its importance in organizations 
strongly influenced the Cruiser de- 
sign, and its evaluation employed a 
variety of social science empirical 

methods. This approach contrasts 
with more heuristic approaches to 
system design and evaluation, in 
which the issues attended to are 
more inclusive, evaluation is more 
impressionistic, and changes to the 
system are more rapid. The Xerox 
PARC Media Space project reported 
in this issue is representative of the 
heuristic approach [Z]. We believe 
the focus on a single issue-informal 
communication-and adoption of a 
theory-based design and empirical 
evaluation slowed short-term prog- 
ress in creating a fully functional sys- 

tem to support distributed collabora- 
tive work. At the same time, though, 
we believe it improved understand- 
ing of the degree to which system 
features were successful and the rea- 
sons for their s”cce~s or failure, thus 
guiding improvements in the techni- 
cal systems being developed and in 
the underlying social science theory 
and research. 

Heuristic design and evaluation of 
video telephony systems is not new, 
as Nell’s [I61 review of the AT&Ts 
picturephone service reveals. Using a 
heuristic approach, the early re- 
search identified some capabilities 

that video telephony needs in order 
to be useful, such as an ability to 
share graphics and display docu- 
ments. Yet current commercial video 
telephony services and products are 
very similar to the services provided 

by AT&T in the early l97Os, suggest- 
ing that unguided iterative design 
and development may Ix insufficient 
for fundamental improvements in 
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communication systems. 

Using a more theoretically based 
approach, we were able to identify a 
new meeting type-spontaneous 
encounters-for which video tele- 
phony should be appropriate, and 
we designed several features to en- 
courage them. Yet the evaluation 
described here shows that these fea- 
t”res were, on balance, only margin- 
ally successful. One problem with 
our approach is that while the social 
science literature was a useful basis 
for functional requirements, it did 
not provide a basis for detailed de- 
sign. In the case of spontaneous en- 

counters in organizations, for exam- 
ple, it is well known that frequency of 
exposure, typically mediated by 
physical proximity, controls their 
rate. The Cruiser system shows, 
though, that simple exposure is not 
sufficient to encourage spontaneous 
encounters. To “se the literature as a 
guide to design requires more com- 
plete understanding of the mecha- 

nisms by which opportunities are 
converted into conversations. Eve” 
detailed descriptive studies of greet- 
ings, for example [13], reveal infor- 
mation about how a process cur- 
rently occurs, but not general 
principles that transcend medium. 
The Cruiser experiment points to a 
need for additional research on basic 
human communication processes. It 
also points to the value of theoreti- 
cally guided designs and evaluations 
of new media. 

Robert Fish, Robert Kraut and Rob. 
ert Root designed the Cruiser appli- 
cation described in this article; Rich- 
ard Clayton and Robert Root 
programmed it. Carlyn Lowry, 
Wayne Wilner, and Anoy Kostic pro- 
grammed the reimplementation de- 
scribed in the sidebar. Bill Campbell, 
Chris Colasante, Jennifer Murray, 
and Mark Shifflet provided critical 
assistance in setting up the network, 

assisting users, and gathering and 

arlalyzing data. Tom Judd and David 
Braun provided help in hardware 
and software design, respectively. w 
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