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Abstract.
Our research provided empirical evidence about the alternative means of communication used by 25 members
of a resehrch group who had availableto them: unscheduled face-to-faceencounters, scheduled face-to-facemeetings,
electronic mail, telephone, fax, and desktop videoconferencing. The intent of our research is to learn whether
there are elements in existing group communication patterns that suggest how future communication systems
can be designed or selected to fit the actual work relationships of a group. A detailed social network survey provided information about what members of the group communicated about, how they communicated, and with
whom they communicated. Most communication was done through a combination of media, but predominately
through unscheduled encounters, electronic mail, and scheduled meetings; people rarely vldeoconferenced, telephoned, or faxed. Factor analysis reduced the 24 work relationships to six distinct dimensions: receiving work.
giving work, collaborative writing, major emotional support, sociabihty, and computer programming. The proportion in which the three main media were used varied according to the nature of the work dimension. Our
findings suggest that a multivariate perspective that considers group norms and practices, social networks, and
work dimensions is necessary to analyze media use.
Key Words: computer-mediated communication, electronic mail, information technology, collaborative work,
media choice, multimedia integration, network analysis, social networks, videoconferencing, work communication

Can we discover which kinds of c o m m u n i c a t i o n media are used, and presumably preferred,
for different types o f work? To do so, we need to study an organization which has available
a w i d e range of media, and we need to use a m e t h o d that can identify w h i c h m e d i a are
used for w h i c h kinds of c o m m u n i c a t i o n . In o r d e r to examine this issue, we asked m e m b e r s
of a university research group to c o m p l e t e a social network survey about their c h o i c e of
c o m m u n i c a t i o n media for different w o r k relationships, that is, for specific kinds of interaction at work, such as g i v i n g instruction, demonstrating work, or disagreeing with others.
T h e 25 c o m p u t e r scientists p r o v i d e d information about their use of u n s c h e d u l e d face-toface encounters, scheduled face-to-face meetings, e-mail, telephone, fax, and desktop videoconferencing for each of the w o r k relationships.
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Our research goes beyond those computer-supported cooperative work (CSCW) studies
which have focused on a single medium such as electronic mail (e-mail) and which have
not considered the sociological conditions under which different media are used (see the
edited collections in CSCW '92; Baecker 1993). The intent of our research is to find out
whether there are elements in existing group communication patterns that suggest how systems can be designed to fit actual operations of a group. This type of research can help
identify areas in group operation that may not be adequately handled by current media
choices and can provide input for designers and builders of computer-mediated applications.
In addition, it can provide information to those considering purchasing and using new
systems, indicating what kinds of activities are best handled by which kinds of media.

1. Situating media use

1.1. Media richness
When people have a variety of communication media available, what leads them to use
one medium rather than another? Some analysts have argued that it is attributes of the media
that influence media choice. Media are considered to vary in their richness, which is a
function of their capacity to provide immediate feedback and to support the multiple verbal
and non-verbal cues that convey social presence (Daft and Lengel 1986; Short, Williams,
and Christie 1976; Rice 1990, 1992). Rich media, such as face-to-face, video or telephone, allow more flexible communication and immediate feedback, whereas less rich
media, such as documents or reports, rely on rules, forms and procedures, and delayed
feedback. When participants are in the same room at the same time, the capacity for immediate feedback and for social presence tends to be highly correlated. As the capacity
for feedback diminishes in a face-to-face meeting, e.g., as we move from small to large
forums, so does the degree of social presence. It is not until we move away from the many
forms of face-to-face meetings that the concepts of feedback and social presence are identifiable as separate factors.
Social presence remains largely a function of the medium. For example, social presence
is all but removed from a typed document or from e-mail. Voice quality remains in telephone and voice mail communications, but visual cues are absent. Videoconferencing keeps
the voice and some of the physical image, but visual cues may still be constrained if not
all members of the discussion can be seen simultaneously, if refresh rates are slow, or if
the image is restricted to head and shoulders only.
The ability of a medium to foster feedback and continuing interaction, on the other hand,
may be as much a function of group use as of attributes of the medium itself. When members of a group read and reply to e-mail frequently, it may provide a better means of obtaining information and feedback than face-to-face meetings. This side of e-mail allows
it to be used spontaneously, in the same manner as an unscheduled enounter (Eveland and
Bikson 1988; Finholt and Sproull 1990; Garton and Wellman 1995; Rice et al. 1990; Rice
and Shook 1990; Sproull and Kiesler 1991; Steinfeld 1985). On the other hand, e-mail
can also be used more formally; for example, one can spend time formulating a message
without the pressures of immediate response. The actual types of e-mail use are likely to
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be set by group practices (Garton and Wellman 1995). Thus, the type of use of a medium
within a group or organization determines the ability of the medium to provide feedback
and thus to develop its richness.

1.2. Group norms and practices
Media use can be expected to vary from group to group according to the technology available, the group culture, and the fit between the two (Mantei et al. 1991; Finholt and Sproull
1990; Bullen and Bennett 1990). Markus et al. (1992) found that accessibility of the medium
and of people via the medium (i.e., critical mass) and social pressures to conform to certain media use contributed to differences between organizations in the use of electronic
mail, voice mail, and fax. Thus, group norms can dictate practice.
Markus' (1990) theory of critical mass also stresses the importance of analysis of media
use at the group level. When a critical mass of users is essential to successful usage, as
is the case for computer-mediated communications, group norms must include the property
of "collective benefit." Norms need to allow for work to be conducted in a way that allows
some users to "provide more benefit to others by using the medium than they will personally receive from it" (Markus 1990, p. 214). Note also that work norms with respect
to communication can also act as a barrier to the adoption and use of new media. Wellestablished practices within a group routinize the way work is done (Yin 1981). Established
practice may be particularly inhibitive when the media to be adopted (or to be discontinued) requires a critical mass (Markus 1990).
The content of the work carried out by the group and by individuals in the group also
affects media choice (Markus et al. 1992; Daft and Lengel 1986). Since most professional
and managerial jobs call upon a variety of work relationships, it is likely that people will
choose to use different communication media for different kinds of work. Daft and Lengel
(1986) found that managers used richer media when they needed to communicate difficult
and equivocal messages. Fish et al. (1992) report that users judge face-to-face communication
more appropriate for intellectually difficult or socially sensitive tasks than communication
via a videoconferencing system or the telephone. Collaborative writers prefer to be in the
same room and work more quickly when they do so (Posner and Baecker 1993), while
friends often use the telephone or e-mail to arrange face-to-face meetings (Wellman and
Tindall 1993; Garton and Wellman 1995).

1.3. Social network analysis
The rapidly developing approach of social network analysis (Wellman 1988b; Scott 1991)
is useful for studying work relationships and media use. In the past two decades, social
network analysis has moved from a suggestive metaphor to an analytic approach that is
developing into a paradigm. Reversing the traditional human-computer interaction (HCI)/
CSCW attention to individual use of communication, social network analysts argue that
the social behavior of individuals and two-person dyads is best understood by first studying
the broader structures of relationships in which they are involved. Instead of studying the
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behavior of analytically-isolated individuals, social network analysts describe patterns of
relationships between people, organizations, and interest groups, analyze the structure of
these patterns, and seek to uncover their effects on individual behavior.
The most important intellectual tool of social network analysis is the representation of
social structure as a network: a set of nodes and a set of ties connecting these nodes. The
ties represent flows of resources reflecting relations of control, dependency, and cooperation.
The interconnections of these ties channel resources to specific structural locations in social
systems. Thus, the research designs, data-gathering techniques, and analytic methods of
social network analysts have focused on obtaining information about linkages and teasing
out the fundamental structural patterns that underlie usually copious surface noise. Because
a communications network is a social network--a patterned set of connections linking social
actors--the network analytic approach is especially useful for our studies.1
Social network analysis has demonstrated that most people maintain differentiated sets of
relationships in their domestic and work life (Wellman 1988a; Wellman, Carrington, and
Hall 1988). Rather than being embedded in a homogeneous, densely knit, frequently interacting clique, they have heterogeneous ties with about 1500 community members. People
rarely are members of a traditional community in which kin, neighbors, workmates, and
friends are the same people. As a result, people must juggle separate ties with kith and
kin. This is made more difficult because most members of a person's network do not know
each other. Moreover, all but the most intimate ties are specialized, with different network
members providing such things as emotional aid, help at work, domestic goods and services, information, financial assistance, and companionship (Wellman and Wortley 1990;
Wellman 1992).
Professionals and managers are especially apt to have networks at work as well as at
home. They are not blue- or pink-collar assembly-line workers chained to their seats and
limited to interactions with their neighboring co-workers and supervisors. Professionals
must communicate with a variety of others inside and outside their work site. Communication also fulfills a positive social function, creating a sense of belonging and of communality.
The frequency of use of different communication media may well depend on physical proximity, organizational status, and friendship (Abbott 1988). People may pop in on friends
unexpectedly, but be more likely to send e-mail to their bosses. Indeed, people may not
prefer to use richer media in some work situations. If a medium suppresses social cues,
it may actually allow better communication of information because participants are not
aware of such potential distractions as physical appearance, or position in the organizational
hierarchy (Rice 1984; Sproull and Kiesler 1991).
We believe that the analysis of media choice can be better addressed if media use is specified according to work and social relationships, and considered in the context of group
norms and practices, and social networks. Because people engage in many different kinds
of work activities, it is unwarranted to assume that the richer the medium (however richness
is defined), the more useful it is for all work activities. It is necessary to analyze the interplay between specific dimensions of work and different means of communication. The turnaround time for information depends on group use, not just on the attributes of the medium;
group practices affect the achievement of critical mass and which media can be used to
communicate successfully. Communication between pairs can differ depending on the type
of relationship. Different types of relationships, even between the same pairs, may use different media. Social network ties are an important factor in media choice.
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2. The study
2.1. The Cerise research group
The computer scientists we have been studying are members of a research group in a major
North American university. This Cerise group (a pseudonym) includes graduate students,
technical staff, faculty, and research fellows who have a common focus on a broad research
area. The group operates in a similar manner to a research and development group in the
private sector. The individuals in the group encounter demanding problem-solving tasks
that require quick response on complex and constantly changing problems. We report here
only on those group members (the majority) whose office space was within the computer
science building.
There is a strong work ethic in the Cerise group, with a high degree of work sharing.
The work products are computer programs, hardware setups, research papers, and conference presentations. The work is generally unstructured, but students and faculty have deadlines to meet for work associated with lectures, grading, course requirements, etc. Work
takes place at all hours, with office space and equipment in use around the clock. Students
are involved in all administrative and research aspects of the group, including purchase
of equipment, design of office space, and writing gram proposals. Faculty and students
meet regularly on-site in classes, research meetings, faculty meetings, and social activities.
In addition to considerable opportunities for scheduled and unscheduled face-to-face communication, Cerise members have access to telephone, e-mail, fax, and a desktop videoconferencing system. Most Cerise members also have access to e-mail at home, and many
also use e-mail while they travel. At the time of our data collection in early summer 1992,
only e-mail provided asynchronous support. The videoconferencing system was under development and there were only nine videoconferencing units available, located in offices and
in laboratory spaces. Although many Cerise members had permission to use videoconferencing, in practice it was used only by a limited set of Cerise members.

2.2. The questionnaire
Social network analysis guided the form of our questionnaire (see Rice 1994; Rogers and
Kincaid 1981; Scott 1991; Wellman 1988b, 1993). Information was gathered about respondents' use of communication media for a wide range of activities that occur regularly within
Cerise and which require individuals in the group to communicate with each other. Questions were predominantly centered around work and work-related communications, but
we also asked about the frequency of socializing and about receiving and giving emotional
support because many sociological studies have shown that informal relations underpin
work relations.
Each "question" was actually a set of multiple questions because we asked respondents
to provide separate frequencies of contact for six communication media: unscheduled meetings, i.e., face-to-face encounters that were not planned in advance, scheduled face-to-face
meetings, e-mail, desktop videoconferencing, telephoning, and faxes. We separated unscheduled from scheduled face-to-face meetings because much work in organizations is done
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in unplanned, informal, "unscheduled" encounters (Kraut et al. 1990). Frequencies were
recorded as yearly, monthly, weekly or daily, accompanied by a number if the frequency
was not covered by these amounts (e.g., 6Y for six times a year, or 2D for twice daily).
In analyzing the data, these frequencies were converted into numeric estimates of the number of communications per year (daily interactions were multiplied by 260; weekly by 52;
monthly by 12; and yearly by 1).
Respondents were provided with a list of the Cerise members, and asked to identify the
20 correspondents with whom they communicated most frequently. Respondents then answered each question on the survey in relation to each of their 20 correspondents. For each
question, respondents were asked to record a frequency indicating "how often" they communicated with each correspondent (see also Haythornthwaite 1992). Respondents were also
asked to indicate their working and their social relationship with each of the correspondents.
Reported work relationships could be formal, informal or non-working; reported social
relationships could be close friend, friend, acquaintance, co-worker only, or heard of only.

2.3. The sample
The total population included 35 co-located Cerise members: 4 faculty, 26 graduate students,
and 5 staff employees. Of the total population, 3 were female and 32 male. Questionnaires
were completed by 25 individuals (71% of the total population): 19 students (76% of the
sample of 25); 2 faculty (8%); and 4 employees (16%). Questionnaires were returned by
3 female and 22 male Cerise members.
Although respondents were asked to list up to 20 correspondents, the actual number of
names they provided ranged from 10 to 20. The number of respondents multiplied by the
number of correspondents they named gave a total of 417 respondent-correspondent pairs.
One might think of this as a series of 417 duets at a dance were the 25 respondents each
danced with from 10 to 20 of the 35 people in the group (the 25 respondents + the 10
non-respondents). Note that 417 pairs does not indicate 417 different correspondents. Overall, the 25 respondents named each of the group members as correspondents from one
to 22 times, with a mean of 12 and a median of 13. By any measure, the 417 pairs are
a large fraction of all possible pairs, showing how widely interconnected are relationships
among Cerise members?
Our focus here is on the work relationship between respondent and correspondent as seen
by the respondent. While some pairs involve the same two people (there was mirror data on
105 pairs, 210 of the 417 duets), the data reflects different types of social network ties. For
example, a s/udent-faculty pair is two different ties: a student-to-faculty tie and a faculty-tostudent tie. The work relationships engaged in by these pairs is likely to differ from each
individual's perspective, ranging from the basic relationship of receiving versus giving work
to more subtle relationships such as providing emotional support. Indeed, the possible differences between what two pairs report makes a fascinating study for our future inquiry.
The respondents reported having an informal working relationships with a large majority
(62%) of the 417 people they named, a formal (only) working relationship with 20%, and
a non-working relationship with 19 %. Respondents regarded half of the people they named
as either "friends" (42%) or "close friends" (9%). Thirty-six percent were identified as
"acquaintances," and 13 % as co-workers only.
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3. Patterns of communication

3.1. Research expectations
Because the group's research work is complex and unstructured, details of the work cannot
be totally defined ahead of time, nor can people predict when they may next need to discuss
their work. Therefore, we expected consultation about work tasks to be frequent and spontaneous. Unscheduled face-to-face encounters, videoconferencing, and the telephone all
support frequent and spontaneous communications. Although they all facilitate immediate
feedback, videoconferencing provides less social presence than unscheduled face-to-face
encounters, and the telephone provides much less. Since the group was co-located, we expected that face-to-face unscheduled encounters would be used for such consultation (Kraut
et al. 1990). However, due to the asynchronous nature of many individuals' schedules,
we also expected that Cerise members would use e-mail extensively. We also expected that
different types of work, i.e., different work relationships, would show different media use,
and that differing degrees of social sensitivity of the communication would lead to differing
media use (Fish et al. 1992).

4. Overall work

4.1. Frequency and medium of communication
Aggregating responses to the one question, "Overall how often do you interact with this
person on work-related activities?" provides a picture of overall group practice for workrelated communications. While the total number of pairs is 417, not all Cerise pairs engage
in all activities (not all duets dance every type of dance). Because of this, we calculate
the frequency of communication for each relationship based on the number of pairs who
reported engaging in that relationship. Thus, Cerise members who communicate about work
(359 pairs, as shown at the top of Table 1), report communicating (by all media) about
some aspect of overall work 227 times a year, i.e., each pair communicates by some means
approximately once every working day? Subsequent columns in Table 1 show the extent
to which unscheduled meetings, scheduled meetings and e-mall were used for communication (use of telephone, videoconferencing and fax was minimal and is discussed below;
the final column shows the factor toadings which are explained below).
For overall work (Table 1), unscheduled encounters predominate: about half (53 %) of
all communications about work were made in unscheduled face-to-face meetings (120/227).
The incorportation of e-mail into the work routine in Cerise is also apparent: approximately
one-third (31%) of the work communications are conducted via e-mail.
The heavy reliance on unscheduled encounters and e-mail (84 % of all communications)
for overall work communication supports expectations that, due to the nature of the group's
schedules and work, communication would be frequent and spontaneous (unscheduled),
and that asynchronous e-mail would be used extensively. The fact that unscheduled encounters and e-mail are the two main media of communication indicates that they are both able
to carry the type of information required by work in Cerise. Cerise members tell us that
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Table 1. Annual mean frequency of communication and the number of communicating pairs (maximum 417 pairs)
for each dimension and relationship via unscheduled meetings, scheduled meetings, and e-mail. (Percentage communication by each medium is given in parentheses.)

Annual Mean Frequency of Communication

Relationship

Dimension: Number Total Unscheduled Scheduled
of Pairs (100%)
Meetings
Meetings

Overall work
I. Receiving Work
Receiving disagreement
Giving minor emotional support
Giving disagreement in discussion
Receiving support in a discussion
Receiving advice re work
Receiving work assignments
Receiving instructions re work
Giving support in a discussion
II. Giving Work
Giving instructions re work
Giving work assignments
Collaborating on admin, work
Giving advice re work
Giving instructions in new hw/sw
Collaborating on non-written work
III. Collaborative Writing
Collaborating on written work
Exchanging documents
IV. Major Emotional Support
Receiving major emotional support
Giving major emotional support
V. Sociability
Socializing
Receiving instructions new hw/sw
Recewing minor emotional support
VI. Computer Programming
Collaborating on computer pgms
Demonstrating own work

120 (53%)

E-mail

359

227

215

127

52
77
52
111
139
43
48
132

60
25
38
34
54
63
51
38

24 (11%) 70 (31%)

215

142

45
54
72
131
9
132

84
92
86
45
9
80

120

61

34

65
107

84
22

44 (53%)
11 (51%)

28

45

21

20
24

25
32

326

70

49

11

10

306
93
65

68
17
15

48 (70%)
8 (47%)
11 (73%)

11 (16%)
2 (14%)
2 (12%)

8 (12%)
7 (40%)
2 (13%)

212

23

11

9

3

72
199

38
11

18 (49%)
4 (41%)

11 (28%)
6 (54%)

7 (19%)
1 (5%)

59
24
17
13
13
28
24
25
15

(40%)
(69%)
(35%)
(38%)
(52%)
(38%)
(49%)
(40%)

35

(39%)
(40%)
(36%)
(45%)
(50%)
(43%)

12 (46%)
15 (46%)

32

11
4
12
13
10
17
11
15

(19%) 21 (36%)
(16%)
1 (5%)
(31%) 10 (27%)
(38%) 8 (23%)
(19%) 14 (26%)
(27%) 18 (29%)
(21%) 13 (26%)
(39%) 7 (19%)

13
16
15
11
2
21

(16%)
(17%)
(17%)
(25%)
(18%)
(26%)

62
33
37
32
20
4
34

Factor
Loadings

32

14

1.03
1.00
0.94
0.83
0.81
0.78
0.76
0.76

49
31
33
33
13
3
22

(38%)
(36%)
(39%)
(29%)
(32%)
(27%)

1.04
0.99
0.73
0.63
0.60
0.59

14

15 (18%) 20 (24%)
6 (27%) 3 (14%)
3

21

1 (3%)
3 (10%)

13 (51%)
14 (44%)

0.92
0.67

0.99
0.96

0.81
0.78
0.61

0.96
0.80

Note: Totals for relationships include communications via telephone, videoconferencing and fax, and therefore
the percentages for unscheduled, scheduled, and electronic mail do not always sum to 100%.
they u s e e - m a i l b e c a u s e t h e i r s c h e d u l e s vary. However, they r o u t i n e l y c o n d u c t t h e i r w o r k
o n c o m p u t e r s a n d thus a c c e s s to, a n d u s e of, e - m a i l is c o m p a t i b l e w i t h t h e i r w o r k habits.
T h i s suggests t h a t the ability to s e n d m e s s a g e s conveniently, spontaneously, as well as async h r o n o u s l y , m a k e s e - m a i l a h i g h l y useful m e d i u m in this e n v i r o n m e n t .
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Cerise members also report that e-mail is used almost synchronously in the following
fashion: if messages are short enough, the announcement of the arrival of e-mail can also
contain the entire message. Since most Cerise members work with multiple windows open
on their workstations, they can readily respond to an arriving message with another short
message. In this case, a series of exchanges may take place much like a conversation. Thus,
this usage of e-mail makes it very much like an unscheduled meeting, especially since coworkers have the ability to check the network to see who is logged into it.
Scheduled meetings occur far less frequently than unscheduled meetings or e-mail communications, accounting for approximately 11% of communications about work. The average
pair has a scheduled meeting about once every two weeks. This corresponds to the scheduled
seminars and research meetings that are part of the Cerise environment. Except for individual meetings between faculty and students or staff (approximately one per week), most
meetings are large. The larger size of scheduled research meetings (which routinely comprise 5-30 people) in the Cerise group means that much business is conducted in a few
meetings. If one scheduled meeting is worth many e-mail messages, the lower frequency
of scheduled meetings also reflects their greater communications richness, both in terms
of social presence and immediate feedback.
Hardly any communication takes place by telephone (a mean of 9 communications per
year between the 359 pairs, 4% of total communication for overall work). This may be
due to the fact that, since the group is co-located, spontaneous communications can be
accomplished by unscheduled encounters, or even by e-mail, as described above. Moreover,
there was no telephone voice mail; a receptionist forwarded telephone messages via e-mail.
Under such circumstances, e-mail can fill in when individuals are not temporally or spatially
co-located, whereas the telephone can only substitute when not spatially co-located. However, Markus et al.'s (1992) findings suggest that when voice mail allows the telephone
to be used asynchronously, it will be used extensively.
Access to the telephone may also have been a limiting factor. Students only had access
to a shared telephone, available in the lab. Calling someone usually meant imposing on
the individual working closest to the telephone, which co-workers were reluctant to do.
This situation also meant that there was little privacy for telephone conversations.
Videoconferencing use is also extremely low (a mean of 12 communications per year
between the 88 pairs who reported that they could communicate via videoconferencing,
representing 1% of total communications regarding overall work). The frequency of videoconferencing use is not directly comparable to the use of other media, because only 88
of the 417 pairs reported that they had access to videoconferencing. This small pool of
users accounts in part for the low frequency of videoconferencing. However, even if we
examine only those pairs using videoconferencing, there is a low mean frequency of 12
videoconferencing communications a year about all aspects of work, i.e., once a month.
Note that videoconferencing is used marginally more often than the telephone for workrelated communications even though all Cerise members have access to a telephone at work
and home and few have videoconferencing equipment. The low use of telephone videoconferencing and fax is also related to the co-location of the studied group. When members
wanted to see each other in real time, they could easily walk to each others' offices or desks.
Fax was barely used by this co-located group. Respondents indicated that, for overall
work, they communicated via fax with their correspondents only 32 times over the entire

202

HAYTHORNTHWAITE,WELLMAN AND MANTEl

group. This amounts to a fax use of approximately 0.09 faxes per pair and 0.0004% of
communications within the group. These results are not surprising given the fact that the
group is co-located. Cerise members could easily exchange documents by leaving them
in co-workers mail boxes or desks. Fax was used primarily when members of the group
were travelling.

5. Work relationships and communication
5.1. Factor analysis
To what extent are different communication media used for different work relationships?
Because many specific types of work are closely associated with each other, we used factor
analysis and were able to reduce the 24 specific work relationships reported on in our survey
to a more manageable six dimensions of work.4 Twenty-three of the 24 work and social
relationships each loaded on one and only one factor at a level of 0.6 or greater (see Table
1).5 Relationships that load heavily on the same factor are highly correlated, indicating that
the Cerise pairs who communicate frequently (or infrequently) in one work relationship
behave similarly in the other.
We treated all relationships loading at 0.6 or higher on a factor as defining variables to
guide the construction of six work relationship dimensions: receiving work, giving work,
collaborative writing, major emotional support, sociability, and computer programming.
The fact that there are six dimensions shows the diversity and specialization of work relationships among Cerise members: if most Cerise members had behaved similarly on all
of our 24 measures, we would have found only one or two factors.
To provide an estimate of the frequency of communication on each dimension, the number of communications on all the relationships making up a dimension between each pair
who engaged in any of the relationships were aggregated. Note that these are not exclusive
dimensions: the same pair may communicate frequently on more than one dimension, and
Cerise members may engage in different dimensions of work with each correspondent with
whom they are paired. Note, too, that while we used all communication media in our factor analysis, our discussion in this section focuses on e-mail and face-to-face interactions
since the telephone and videoconferencing were rarely used, and fax usage was insignificant (see Figure 1).

5.LL Receiving work. The first dimension, receiving work, and the second, giving work,
are the most common work relationships. Both involve nearly half the Cerise pairs (215/417)
and there are approximately twice as many communications for these two dimensions as
for the next most frequent dimension, sociability (see Table 1).
The separation and importance of these two dimensions highlights direction of communication as a key distinction in Cerise communication patterns. Cerise has a clear hierarchy:
faculty are mentors and supervisors of graduate students, who are usually their (somewhat
autonomous) research assistants, and supervisors of Cerise employees. Thus, the first two
dimensions may capture aspects of the faculty-student and faculty-employee ties for communication of work requirements.
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ll Unscheduled Meetings I
[] Scheduled Meetings I
II Electronic Mail
I

i

[] Telephone
B Video

,L,
Receiving Work

GivingWork

Collaborative Major Emotional
Writing
Support
Dimension

Sociability

Computer
Programming

Figure 1. Mean number of communications per medium for each dimension,

However, despite its hierarchy, Cerise also has an informal, collaborative style of working. This working style is captured in this first dimension. Receiving work includes not
only the receipt of work, but also support and disagreement in discussions (both giving
and receiving), and further affective relationships such as receipt of advice, and giving
minor emotional support. The to-and-fro of discussion reflects the recognition given to
peers in Cerise of their competence and implicit professional autonomy. The inclusion of
affect-laden relationships also shows that these are not just dry instrumental bonds. Cerise
pairs who score heavily on this factor mix the receiving of wor k with affective bonds. The
strong association of work and support fits Eveland and BiSon's finding that for e-mail
"even task-oriented interactions were conducted in a highly sociable manner, and the system
was also used for interactions of an exclusively social nature" (1988, p. 372).
Cerise pairs who were involved in some aspect of the receiving work dimension, communicated on average 127 times a year (twice a week; see Table 1). Nearly twice as many
communications (59) were conveyed through unscheduled encounters than through schedttled
meetings (35) or e-mail (32; see Table 1 and Figure 1). In keeping with the recognition
of the autonomy of colleagues, far more Cerise pairs receive advice and exchange support
(32 % of pairs) than recieve instructions or work assignments (12 %).
The pattern of media use holds in general for all but one variable in the dimension. The
one anomaly is heavy use of e-mail, along with unscheduled encounters, to express disagreement. Respondents report that they receive more disagreements than they give, and receive
it less often at scheduled meetings. Support, on the other hand, is usually exchanged faceto-face, in unscheduled or scheduled meetings, rather than via e-mail. Since scheduled
meetings usually include more people, this suggests that group practice in Cerise is to avoid
public confrontations, with disagreement being expressed in private, unscheduled encounters
and in private e-mail messages.
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The difference in media use between support and disagreement suggests that the general
label of "social sensitivity" may not be adequate to capture the effects of both positive
and negative sentiments. Communication appears to be directed away from public, face-toface encounters when the information to be conveyed contains disagreement, a negative
sentiment. Alternatively, it is reasonable to assume that negative sentiments are perceived
as more socially sensitive than positive sentiments. In that case, the difference in media
use may be directly attributable to the increased social sensitivity.

5.1.2. Giving work. In contrast to the dimension of receiving work, giving work is not
associated with affective bonds. The average Cerise pair has somewhat more communications for this dimension (142) than for receiving work (127). Media use also differs across
these dimensions, with a higher percentage and number of e-mail communications for giving work than for receiving work (e.g., 36% e-mail use for giving work assignments versus 29% for receiving work assignments; see Table 1). This higher use of e-mail fits with
the more purely instrumental nature of the giving work dimension, requiring less social
presence to convey the message.

5.1.3. Collaborative writing. The collaborative production of written documents is one of
the main activities in Cerise. As such, it is not surprising that 120 out of 417 pairs (29%)
communicate about this dimension of work. Pairs communicate about their writing an average of 61 times a year, more than once a week (see Table 1). This reflects typical modes
of collaborative writing, with different people writing drafts sequentially or taking responsibility for different sections of a document (Posner and Baecker 1993). With such procedures, communications are directed toward resolving difficulties and integrating various
versions and sections.
The use of communication media is consistent with the pattern found for receiving work,
with twice as many unscheduled communications as scheduled or e-mail communications
(see Table 1 and Figure 1). Despite preferences for face-to-face collaboration, e-mail can
substitute when group members cannot get together in the same time or space to deal with
problems. There is a greater use of e-mail for collaborative discussions than for actually
exchanging documents. In this co-located group, people prefer to print their own documents
and give them to others rather than to impose on others by asking them to use a computer
screen to read a document or to print the document themselves. The limitations of e-mail
also discourage document exchange, given the way many e-mail programs lose formatting
codes and are cumbersome to use with long files.

5.1.4. Major emotional support. This fourth dimension focuses on the exchange of major
emotional support, both giving and receiving. Cerise members exchange emotional support, although not as widely or as frequently as most work-related communications (only
28 pairs communicate about this dimension, with an average frequency of 45 times/year;
see Table 1). Such support is needed and provided when work or domestic stress causes
major upset or breakdown (Wellman and Wortley 1990). Those pairs who do exchange
emotional support, give or receive it on average about two or three times a month (see
Table 1). Although this is more frequent than the average of one to two times a month
for pairs to exchange minor emotional support (see Table 1), the averages can be quite
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misleading. In practice, the provision of major support is lumpy: much is given and received
in short periods of need and then not provided for a long period (Wellman 1992).
In contrast to the media profile for other dimensions of work relationships, Cerise members use e-mail as much as unscheduled encounters to exchange major emotional support
(see Figure 1). The asynchronous medium of e-mail comes into play only when the need
to communicate reaches the threshold separating minor from major emotional support. By
contrast, most exchanges of minor emotional support occur in unscheduled encounters,
with e-mail being only a secondary, complementary medium of communication (compare
major emotional support with receiving work and sociability). The fact that major emotional support appears as a separate dimension indicates that minor and major support are
provided separately, by different pairs in different working relationships.
Why e-mail? It is a useful medium for maintaining long-term emotional support when
the desire to communicate is frequent and urgent and yet correspondents are not physically
available, a common occurrence with the unpredictable and varied work schedules of Cerise
members. Moreover, e-mail can insulate recipients from the reaching-out of others. Those
in need of major support can use e-mail to call out immediately to others in moments of
need without having to wait to encounter them physically. Those who provide major emotional support can do so instantly on receipt of the person's e-mailed cry for help without
having to confront the other person's upset physically or in real time. In addition, the response can be worked out non-spontaneously, so that the wording conveys just the right
message. We believe that e-mail, not the telephone, is used partially out of habit but mainly
because e-mail is asynchronous and because the suppression of social cues insulates one
correspondent from the anguish of the other.

5.L5. Sociability. Informal, unscheduled socializing encompasses the most number of pairs
of the dimensions identified, 326 out of 417 (78 %). Cerise members have much occasion
for informal encounters in the hallway, labs, cafeteria, and annual and weekly social events.
Communications for this dimension are the third most frequent after giving work and receiving work (see Table 1). Most sociability is in sheer socializing in unscheduled meetings,
engaged in by 73 % of all Cerise pairs (306/417), an average of once a week (50 times/year)
for each pair (see Table 1).
The less common and less frequent receipt of minor emotional support (engaged in by
65 pairs, 16%) and instruction in new hardware and software are also included in this dimension (see Table 1). Although giving minor emotional support is associated with the receiving work dimension, here receiving minor emotional support is associated with informal
sociability relationships. This suggests that Cerise members are willing to give minor emotional support in conjunction with work, but receive it (which may also include soliciting
it) in more informal situations. Similarly, receiving instructions in new hardware and software appears to be something people do informally with the same people with whom they
socialize. The Cerise group is a very technical workgroup, with a culture that exalts system
and mathematical skills. Therefore, it may be that when software or hardware support is
needed, members seek out friends to avoid being embarrassed by their lack of knowledge.

5.L6. Computer programming. This dimension covers relationships associated with a major
work product in Cerise, computer programs. It is distinct from the production of written
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reports (collaborative writing), reflecting the role separation in Cerise between those who
program and those who write papers. This dimension encompasses the two relationships
of collaboration on computer programming and demonstrations of one's own work. It is
apparent that Cerise programmers tend to work alone: collaborative programming shows
the lowest frequency of communication, occurring on average only 38 times a year for
those 72 pairs (17% of all Cerise pairs) who do collaborate (see Table 1). In Cerise, students
work on their own to produce computer programs for their degree requirements. Thus,
the collaborative aspect of computer programming may be restricted in this environment
relative to what one could expect to find in a non-academic computer program development environment.
Programming collaboration takes place more often in unscheduled encounters than in
scheduled meetings or via e-mail (see Table 1 and Figure 1). Programmers need to see
each other's work flexibly and fully: this is more easily done by going down the hall when
a problem arises than by delaying contact until a scheduled meeting. Because programmers
frequently have unique set-ups on their own equipment, e-mail cannot communicate the
nature of many problems. By contrast, demonstrations tend to take place slightly more
frequently in scheduled meetings than unscheduled encounters due to the need to reach
and coordinate many people simultaneously for a demonstration.

6. Summary
Overall, Cerise group members communicate frequently, spontaneously, synchronously,
and asynchronously about work, emotional states, and sociability. These work relationships
fall into separate dimensions, distinguished by task (receiving or giving work, collaborative
writing, computer programming), direction (receiving or giving), and the inclusion of affect
(receiving work, sociability, and major emotional support). The medium most used is the
unscheduled face-to-face encounter; the amount of additional communication via e-mail
or in scheduled face-to-face meetings varies according to the type of work relationship.
The dominance in Cerise of unscheduled over scheduled encounters is commonly found
in organizational analyses, and it is particularly fostered here by the group's informal culture,
asynchronous working hours, and relatively egalitarian status as professionals.
Group members report little use of the telephone, fax, and videoconferencing. Although
there is no reason to fax co-located colleagues when a note in a mailbox does the trick,
it is clear that unscheduled encounters (and to a lesser extent, e-mail) substitute for the
telephone when both correspondents are on site and that e-mall substitutes when one correspondent is not available locally. The low use of videoconferencing is more surprising because the main mission of almost half the group members has been to develop computersupported videoconferencing. Yet about half of Cerise members did not have videoconferencing, and the absence of video mail meant that videoconferencing could only be used
when both correspondents were at videoconferencing stations simultaneously. We believe
that videoconferencing will be used more when it is more widely available, connects users
who are not co-located, and when video mail supports asynchronous use. However, it should
be noted that the established use of e-mail in the Cerise group may represent a barrier
to the adoption of videoconferencing where videoconferencing replaces rather than extends
existing communication capabilities (Yin 1981; Markus 1990).

WORK RELATIONSHIPSAND MEDIA USE

207

Cerise's existing computer system fosters the high use of e-mail by instantly announcing
the arrival of messages. Although Cerise members can ignore such notices, few do for
long, especially when they are expecting a message. Social pressures are also brought to
bear on e-mail use (see also Markus et al. 1992). For example, one Cerise member, who
also has an off-site office, was informally chided for only checking his e-mail four times
a day. As Rice et al. (1990) have also found, the widespread availability and use of e-mail
fosters its continued high use: people who cannot reasonably expect to reach others via
e-mail will switch to another medium. Thus, in the Cerise group, the richness of e-mail,
in terms of its capacity to provide feedback, is maintained by critical mass, social pressure,
and routinized group norms regarding its use.
When the members of social networks are geographically dispersed, e-mail can increase
the range of contacts, allowing people to be connected even if they rarely or never meet.
It is also likely that under such circumstances e-mail will foster a more socially-diverse
network, given the ease of contacting weak ties (Granovetter 1973, 1982; Wellman 1988a;
Sproull and Kiesler 1991). Yet in geographically compact Cerise, no one is contacted by
e-mail who is not also seen face-to-face. There are no virtual pairs.
E-mail intensifies and broadens existing relationships. It is more a full partner in Cerise
communications than a second-class substitute. Despite the low social presence of e-mail,
or perhaps even because of it, Cerise members use it extensively and the group culture
maintains it as a rich, responsive medium. At the same time group members' relationships
are maintained by rich face-to-face encounters: high e-mail use is matched by an equally
high use of unscheduled encounters. Under such conditions, the availability and asynchronous flexibility of e-mail foster its use when face-to-face encounters are not possible or
are inconvenient. The reliance on e-mail for major emotional support suggests that low
social presence may be a reason for using e-mail to communicate. Thus the use of e-mail
in a geographically compact social network can be high but for different reasons and with
different consequences than in a dispersed network.
Differences in the frequency of media use across the dimensions show that the type of
work relationship affects the kinds of media use (see Figure 1). For example, receiving
work, which included supportive relationships, is accomplished with fewer communications, and with fewer e-mail communications, than the more instrumental giving work.
This may be because social presence is not as necessary for the relationships that make
up the dimension of giving work, or for the pairs involved in this dimension.
On the other hand, the dimension of major emotional support, and the relationship of
receiving disagreement in a discussion, make great use of e-mail. While the fact that both
giving work and socially sensitive communications appear to make greater use of e-mail
appears contradictory at first, the similarity can be found in the need to communicate.
Socially sensitive tasks require extended contact and thus expand to use of e-mail. More
administrative tasks, on the other hand, need to expand to reach individuals asynchronously
when deadlines, etc., are imminent. In each case, the increase in e-mail usage can be traced
to an increased need to communicate in an environment where individual's schedules vary
considerably. In cases of support with less need, such as minor emotional support, social
support, or support in a discussion, the frequency of communication is lower, and the media
used more likely to be face-to-face. The rate of communication face-to-face is sufficient
to satisfy these less urgent tasks.
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With respect to the two dimensions associated with Cerise work products, there are fewer
communications about computer programming work than about written work. Proportionally
more scheduled meetings and less e-mail are used to communicate about computer programming than for written work. This suggests that communication about computer programming
is neither handled spontaneously nor asynchronously whereas written work is handled this
way more often. Written work may also be tied to deadlines more so than programming,
e.g., in producing final documents for conference submissions, or theses. The increased
pressure of meeting deadlines may increase the need for spontaneous communication.

7. Conclusions
In the introduction it was stated that the results of this research can suggest how systems
can be designed to fit actual operations of a group, where gaps exist in what computermediated communications media provide, and what systems might best fit what applications. We note in generalizing from the group studied that although computer access was
available from home for most members of the group, the group's office space was co-located.
Thus, compared to a non-co-located group, this group is able to make greater use of unscheduled face-to-face meetings and may show a lower use of computer media than a group
whose offices are not co-located. However, communication patterns in this group are consistent with findings for R&D type groups, showing a high use of unscheduled and spontaneous communication (Kraut et al. 1990). The high use of unscheduled encounters also
shows the importance of such encounters for those who work in problem-solving environments similar to that of the group studied. Our study suggests some implications for the
selection and the design of communication media.

Group norms and practices: Informal communications are an important and integral part
of the day-to-day work in the environment studied, where the group culture combines hierarchy with collegiality and the sharing of work, and where problems both need and receive
quick response. Open environments such as this one, that allow spontaneous communication, will profit from media that allow spontaneous interaction. Thus, support for informal
communication is needed when selecting and when designing media (see also Kraut et al.
1990; Fish et al. 1992).
Work schedules are an important attribute of group practices. Asynchronous work schedtries require asynchronous capabilities. Videoconferencing and telephone need asynchronous
support to be useful for a group with asynchronous habits. For many groups, asynchronous
capabilities may need to be a primary, rather than a secondary aspect of medium selection
and design.
Social networks: Our research highlighted pair relationships and the direction of communication as factors in communication and media use. Our findings suggest that different
types of people, and different types of relational pairs, use different media to communicate
their messages. Therefore, the selection and design of communication media may require
separate functionality for the senders and the receivers in an organization, or for the collaborative workers and the hierarchical workers. When selecting media, it may be necessary
to provide different media choices for each group, or it may be necessary to employ adop-
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tion strategies for non-targeted groups. This also suggests that the integration of different
media on a single platform may be highly useful in heterogeneous work environments.
Further investigation of the types of people involved in the different work dimensions is
necessary to explore this further.
Social bonds between pairs affect the manner in which work gets communicated. This
suggests that a more sociable or informal group will use media differently from a more
formal group. Again, this suggests selecting and designing media to include both formal
and informal mechanisms for communication.

Work dimensions: In the current study, the two main work products of the group were
each identifiable as separate dimensions of work. This suggests that for this particular environment, effort in designing media for collaborative writing and for computer programming
seems appropriate. In general, this may also suggest that for any work environment, selection or design of media for support of communication regarding work products is appropriate.
In addition, however, the media need to support the more major dimensions of giving and
receiving work.
The distinctive pattern of media use for major emotional aid supports previous research
indicating that the support needed for socially sensitive communications is different from
that needed for other communications. This area needs further exploration. The important
aspect of this type of communication may be immediacy, physical distance (i.e., reduction
of social cues), privacy from public exchange, spontaneity, or insulation from spontaneity.
Overall, our findings suggest that neither the medium nor the individual user should
be considered in isolation when evaluating media use. Who group members communicate
with, what they communicate about, and which media they use, are all intertwined in the
communication profile of the group. This study highlights the need to consider group norms
and practices, work schedules, social networks and social bonds, as well as work tasks
and social sensitivity of communications, when fitting systems to the actual operation of
a group. By examining these factors, designers and purchasers can arrive at a more comprehensive view of what is the best fit between the available communication media and
the needs of their group.
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Notes
1. Althoughthe present studylooks only at dyads, follow-onstudies of this data will report on the structureof
communicationpatterns in this workgroup.
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2. If all respondents had listed 20 correspondents, there would have been 25 • 20 = 500 pairs. If all Cerise
members had completed the questionnaire, there would have been 35 • 20 = 700 pairs. If all respondents
were fully connected to Cerise members there would be 25 • (35 - 1) = 850 pairs.
3. What is not available from this data is the duration of meetings, the number of people communicated with
during one meeting, or the perceived success of the meeting in exchanging information.
4. We used principal components factor analysis under the SAS-PC statistical analysis system, with oblique promax rotation. We retained only those factors with an eigenvalue greater than one. (A full listing of the factor
analysis results is given in Haythornthwaite, Wellman, and Mantei 1994.)
5. One frequent work relationship, arranging meetings, did not load on any factor because it is correlated with
most other specific work relationships. In other words, people communicate about arranging all kinds of meetings.
They principally use unscheduled encounters and e-mail to do this.
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