










Scholars who have high degree centrality are those with many connections
with other network members. Such scholars are involved in relations with
many others and could be recognized by other scholars as major channels
of scholarly information and activity. Well-connected network members usu-
ally play key roles in shaping the behavior and perceptions of others in the
network, particularly in the diffusion of innovations and the use of available
media (Rogers, 1983; Valente, 1995). Central network members tend to use a
variety of media (Haythornthwaite & Wellman, 1998), have the most positive
experiences with media use (Papa & Tracy, 1988), be early adopters of new
information systems, and facilitate the development of critical masses of users
for the systems (Rice, 1997; Rice et al., 1990).

When directionality is taken into account, there are two kinds of degree
centrality:In-degree centralitymeasures how many other network members
report having a relationship with a speciÞed person. For example, others men-
tion scholars with high in-degree centrality as people they approach for advice
or discussions. Thus, in-degree centrality is one measure of the prestige of
a network member. In contrast,out-degree centralitymeasures how many
other network members a person reports being connected with. Thus, it is an
indicator of the extent to which a scholar reports reaching out to others.

Betweenness centralitymeasures the extent to which a network member oc-
cupies a location between others in the network. Persons with high between-
ness are often positioned in the collaborative and communication network
between people who are not directly connected. Network members with high
betweenness facilitate communication and information ßows. They broker
information, link otherwise disconnected scholars, and transmit information
across disciplinary and organizational boundaries (Ahuja & Carley, 1999;
Burt, 1992; Orlikowski & Barley, 2001; Tushman & Scanlan, 1981). Thus,
scholars with high betweenness are in powerful collaborative and communi-
cation brokerage positions between otherwise disconnected scholars.

Central scholars are better able to control and diffuse information. They
also are better able to sustain more central communication roles because of
their prestige, popularity, and grant funding (Crane, 1972). This has positive
feedback effects, leading to increased conference attendance, speaking en-
gagements, and interaction with disparate others (Perry & Rice, 1998). All
of these interactions expose scholars to more ideas, make them better known
within professional and policy circles, and popularize their research. This sus-
tains the cycle of centrality and prestige because central scholars are better
able to respond to promising ideas, inßuence the direction of policy, and retain
funding.

Central scholars tend to have a more sophisticated level of knowledge of
the things worth knowing: the debates and lore that are crucial for leading-
edge scholarship. While peripheral scholars may be apt to discover new
ideas because of their connections to other scholarly communities, central
scholars may introduce such peripheral ideas into the mainstream or else
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the ideas otherwise might lack attention or awareness within scientific com-
munities (Perry & Rice, 1998). Thus central scholars both disseminate and
filter, for as Erickson (1996) suggests, one of the useful consequences of
being in the center is that central people know what they can afford not to
know.

4.3. Density

The density of a social network is the extent to which its members are in
direct contact with one other. Hence, the rate of information flow in networks
partly depends on whether networks are densely or sparsely knit. Densely
knit, bounded networks (i.e., “groups”) usually experience frequent contact
among members. In such networks, most relationships remain within the
population, with the exception of a few boundary spanners and gatekeepers
who maintain links outside. Frequent contact within these groups and the wide
range of group activities fostered by members create close relationships among
members.

In contrast, members of sparsely knit networks have many ties with people
who are more closely linked to other networks. Ties in such sparsely knit
networks tend to be more variable than those in densely knit networks in
terms of what network members do together, how supportive they are, and
how frequently they interact (Danowski, 1986; Wellman, 1997).

Computer-mediated communication supports both densely knit and
sparsely knit networks. Focused task and work groups, MUDs and some
moderated newsgroups, and listserves are densely knit communities. As they
develop, they often evolve rules and leadership structures and require atten-
tion and commitment from their members (Kollock & Smith, 1998). Message
management features of email systems can increase network density and en-
able friends and colleagues to keep informed. Third parties spread the word
about who has help, who needs help, who has been helpful in the past, and
who has been a free rider. Forwarding communications to third parties also
provides indirect connections between previously unconnected people. Ease
of direct reply can then transform a transitive, indirect tie to a direct tie.

Computer networks also support sparsely knit networks. Participants can
send email to anyone whose address they know, and they can simultaneously
belong to multiple discussion lists and chat groups. They can engage in dif-
ferent kinds of discussions about different subjects on different lists, varying
their involvement and commitment in different work groups, maintaining con-
nections with distant acquaintances, and forming new ties with strangers. In-
formation may come unsolicited through blogs, distribution lists, chat groups,
forwarded messages from friends, and direct e-mail from strangers con-
nected through mutual ties. Sparsely knit networks are usually connected
through weak ties to a variety of social circles. Hence, they are more apt to

1437



be sources of new information and potential alliances (Granovetter, 1973;
1983).

4.4. Tie Strength

The strength of a tie is a multidimensional construct comprising social close-
ness, voluntariness, and multiplexity. Some scholars also add frequent contact
to the defining criteria (Granovetter, 1973; 1983; Wellman & Wortley, 1990).
Strong ties often provide more support and information, and a sense of be-
longing. However, Granovetter contends that weak ties are useful for specific
purposes. He argues that people belong to clusters of others with whom they
have strong and weak ties. Information circulates at high velocity within these
clusters, and each person tends to know what other cluster members know.
Hence, the spread of new information, ideas, and opportunities often comes
through the weak ties that connect people in separate clusters.

Some studies have focused on the effect of tie strength on the flow of
resources and information among scholars. Friedkin’s (1980, 1982) study of
university faculty contrasts the importance of strong versus weak ties for
information flows. He shows that in the aggregate, the large number of weak
scholarly ties contribute significantly to information flows. Although strong
ties provide much information about activities within an organization, weak
ties provide useful information about activities outside of a work group or
organization (Levin et al., 2002).

Despite e-mail and IM’s limited social presence and absence of social
cues, their ease and ubiquity supports strong, frequent, supportive, and com-
panionable contact (Garton & Wellman, 1995; Kling, 1996; Nie et al., 2002;
Rheingold, 2000; Sproull & Kiesler, 1991; Quan-Haase & Wellman, 2004;
2005; Wellman & Gulia, 1999). So, strong and supportive are some online
relationships that some participants in an online group came to feel that
fellow members were close friends (Bastani, 2001; Hiltz & Turoff, 1993;
Kendall, 2002). Concerns about how computer-mediated communication sup-
ports strong ties ignore the many relationships that combine online and offline
communication. Computer-mediated communication is often used to maintain
contact between face-to-face meetings and phone calls. Indeed, computer-
mediated communication often coincides with in-person meetings, fills in
gaps between, and helps arranges future meetings. Conversations began in
one medium and drift to another. For example, computer scientists and pro-
grammers working in the same physical space often communicate by email
and IM as well as in-person (Haythornthwaite & Wellman, 1998; Quan-Haase
& Wellman, 2004; 2005). Learning communities are no different, with friend-
ship and informal relationships—online and offline—being the fluid that lu-
bricates the formality of collegial and academic collaborations (Carley &
Wendt, 1991; Glanz, 1999; Gresham, 1994; Grimshaw, 1989; Toren, 1994).
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5. TECHNET: A SCHOLARLY COMMUNITY

TechNet is a network of scholars and professionals in a North American
university interested in a coherent set of issues at the intersection of the social
sciences, humanities, sciences and engineering. It began informally in the
early 1990s as a scholarly network at one university and formally became a
university research institute “a visible college” in the mid-1990s (Nazer, 2000;
Walsh & Bayama, 1996). TechNet’s goals are to:

facilitate an intellectual community of scholars, researchers, and students
from a number of disciplines;

facilitate appropriate partnerships with other universities, the private sector,
non-profit organizations, and government;

afford the intersection of the relevant disciplines a more prominent place
and role within the university;

create and support colloquia and lecture series;
facilitate visits to the university of distinguished scholars and re-

search working in these areas and to increase support for graduate
students;

establish one or more appropriate funded chairs and professorships;
create additional relevant courses, and increase awareness of existing course

that cross disciplinary boundaries;
create a new collaborative degree program;
develop and offer short professional development courses for industry and

society.

TechNet’s activities have been guided by a multidisciplinary steering com-
mittee that meets monthly. Membership in TechNet is voluntary and open to all
faculties with an interest in TechNet’s domain. At the time of our data gather-
ing at an early stage of TechNet’s development, administration was informal,
with only one part-time paid administrative assistant. There were 24 members
of TechNet—from the social sciences, physical sciences, medical sciences,
humanities, and engineering. Members of TechNet organize and meet in a
variety of online and offline forums to exchange ideas, to discuss emerging
research, and to socialize. Some of these are weekly multidisciplinary semi-
nars, annual conferences and symposia, retreats, end-of-semester/year parties.

TechNet is a scholarly network or more broadly, a community of practice
with a shared history and cosmology (Barab & Duffy, 2000). Many founding
members and some other members were initially linked through participation
in joint research, conference attendance, reading the same journals, mem-
bership in university committees, and advising on graduate student projects.
TechNet is also linked with other communities interested in the intersection
of the humanities, social sciences, and technology. As one member explains
in an interview:
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The ways that an entire citizenry can be much more actively and suc-
cessfully involved in knowledge development and knowledge society is
the core interest of mine and that of a number of TechNet members. I just
think that this interest is grossly under-represented in the kind of work
that is done in the university and underrepresented in formal structures.
There are lots of faculty who are doing exciting things, but there are no
formal structures to network together.

6. RELATIONSHIPS AND NETWORKS IN TECHNET

To learn more about TechNet, one of us (Emmanuel Koku) interviewed all 24
TechNet members in 1997–1998 about their work, friendship, and media use
inside and outside of TechNet, asking members to describe their scholarly and
social relations with each other TechNet member. This elicited reports about
405 pairs of scholars: their work relationship, social closeness, friendship,
frequency of scholarly communication, and type of communication media
used. Although much of these interviews are analyzed statistically, we also
rely on notes of conversations held during the interviews and Wellman and
Koku’s own active participation in TechNet [this section summarizes material
presented in Koku and Wellman (2004); see also Koku et al. (2001)].

TechNet scholars report having an average of five “friends” within
TechNet (22% of the total membership), 10 “colleagues” (43%), 9 “acquain-
tances” (39%), and 4 others of whom they are “just aware” (17%; Koku and
Wellman, 2004; Koku et al., 2001). They are in email contact with 19 (82%)
other members and in face-to-face contact with 14 (61%). Most use email
where necessary for work relationships such as discussion of research, and
supplement this with face-to-face communication when they meet in person
in workshops, seminars, and other collegial gatherings. These statistics un-
derestimate the significance of face-to-face contact, as it is usually longer in
duration than email contact and provides more communication bandwidth.
Those pairs of TechNet scholars who are in touch are in relatively frequent
contact: a mean of 20 times per year and a median of 10 times per year. As
all TechNet members are comfortable with computers, they use email often:
56% of all Technet pairs have some email contact.

Email and computer-mediated communication supports face-to-face con-
tact rather than supplants it, with members using it to arrange face-to-face
meetings, disseminate news, and exchange documents. Those TechNet mem-
bers using email send messages to each other at a mean rate of 24 times per
year, an average of twice per month. To Technet members, non-face-to-face
communication means computer-mediated communication. Only a minority
use telephones, faxes, and couriers, and those who do use these media, use
them infrequently. The most widely used of these are local telephone calls,
used by only 25% of TechNet members to communicate with other members.
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Those who telephone do so on the average of once per month (mean = 11 calls
per year). Most TechNet pairs use a combination of communication media to
keep connected. Thirty-two percentage use two media while 23% use three
or more.

Discussing and seeking research advice are not uniformly distributed in
collegial communities. The more intense the work relationship, the smaller
the scholar’s network. The average TechNet member discusses work with 17
other TechNet members (74%), but reads the work of only five (22%) and
also collaborates with five (22%; not necessarily the same five) in research
and proposal writing. These may be overlapping networks, with some schol-
ars discussing each other’s work, reading these works, and collaborating in
research.

Larger scholarly networks vary more in the intensity of their communi-
cations (e.g., email) and scholarly (e.g., discussion) networks. Thus, email
contact networks are as large and heterogeneous as face-to-face contact net-
works. Similarly, research discussion networks are larger and more heteroge-
neous than reading or collaborative networks. The size and heterogeneity of
email networks stem in part from the ease of making contact without regard
to spatial and temporal separation, and the ease of including several schol-
ars in the same message. Moreover, forwarding email messages fosters the
development of more extensive and intensive relationships among scholars.
The development of such heterogeneous linkages is facilitated by TechNet’s
weekly seminars, workshops, and other social events that provide an in-person
focus (Feld, 1981) where scholars make and sustain collegial and sociable
contact with people from different disciplines [for a similar pattern in another
scholarly network, see Koku et al. (2001) and Nazer (2001)]. Such networks
are important avenues for the provision of social, instrumental, and emotional
support and for the mobilization and co-ordination of collective activity.

Email and face-to-face contact play complementary roles and reinforce
each other. Rather than substituting for face-to-face contact, those who use
email often also tend to have more face-to-face contact (Chen et al., 2002;
Quan-Haase & Wellman, 2002; 2005). The impact of email is not so much in
what is communicated, but in who communicates with whom, how frequently,
and over what distances. Despite TechNet’s frequent public gatherings, face-
to-face contact is more centralized than email contact. Core planners and
researchers combine face-to-face, email and occasional phone contacts. Pe-
ripheral members are more apt to use one of these media to keep in touch with
TechNet activities. Some rely on scheduled face-to-face get-togethers to find
out what is happening administratively and intellectually. Others, who do not
want to go across campus to meetings, rely on broadcast email and occasional
focused exchanges. These networks have fluid and permeable boundaries for
the structure of relationships in TechNet varies according to the activity be-
ing performed (Ahuja & Carley, 1999; Koku & Wellman, 2004). These net-
worked scholars use email for a wide range of things: exchanging drafts among
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coauthors, setting up meetings, asking for information, or gossiping about col-
leagues. Although pundits worried a decade ago about whether merely textual
email could sustain a wide range of interactions—from information seeking
to emotional stroking—it is the social context, more than the nature of the
medium that affects whether email will be used. Expectations only a decade
ago that email would only be used for purely instrumental communication
appear to have been a product of an early fascination with the novelty of email
and an over-reliance on McLuhan’s (1962) speculation that the medium is the
message.

In short, TechNet has been a success in building a scholarly network and
turning it into a visible college. It has:

1. linked scholars across a variety of disciplines in the humanities, social
sciences, and sciences;

2. provided a milieu where most members are aware of each other’s
work;

3. fostered a large amount of innovative collaborative work and discus-
sions across disciplines;

4. integrated the use of email and face-to-face contact into useful means
of communication.

TechNet has continued to develop. The scholarly network has become more
visible and institutionalized. Collaborative research has become more exten-
sive, and well-attended lecture series solidify internal communication and
reach out to other scholars, policymakers, technology companies, and the
public. A graduate program offers a set of core interdisciplinary courses and
an extensive list of affiliated courses with collaborating scholarly departments
in the social sciences, physical sciences, and engineering. Although most ar-
rangements remain informal, there is a full-time paid director, additional paid
part-time staff, and steering and executive committees.

CONCLUSIONS

We are living in a paradigm shift in which the way in which people and
institutions are becoming more connected through social networks and less
so through formal groups. Members of old-paradigm societies deal only with
fellow members of the few groups to which they belong: at home, in the neigh-
borhood, at work, or in voluntary organizations. They belong to a discrete work
group in a single organization; they live in a household in a neighborhood;
they belong to one or two kinship groups, and to one or two voluntary orga-
nizations: churches, bowling leagues, professional associations, and the like.
All of these are hierarchically structured bodies with precise boundaries for
inclusion.
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