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Abstract
Relationships make social media social. But, not all relationships are
created equal. We have colleagues with whom we correspond intensely,
but not deeply; we have childhood friends we consider close, even if we
fell out of touch. Social media, however, treats everybody the same:
someone is either a completely trusted friend or a total stranger, with
little or nothing in between. In reality, relationships fall everywhere
along this spectrum, a topic social science has investigated for decades
under the name tie strength, a term for the strength of a relationship
between two people. Despite many compelling ﬁndings along this line
of research, social media does not incorporate tie strength or its lessons.
Neither does most research on large-scale social phenomena.
Simply put, we do not understand a basic property of relationships
expressed online. This monograph takes a wide view of the problem,
merging the theories behind tie strength with the data from social
media. We show how to reconstruct tie strength from digital traces in
online social media, and how to apply it as a tool in design and analysis.
Speciﬁcally, this article makes two core contributions. First, it oﬀers a
rich, high-accuracy and general way to reconstruct tie strength from
digital traces, traces like recency and a message’s emotional content.
For example, the model can split users into strong and weak ties with
nearly 89% accuracy. We argue that it also oﬀers us a chance to rethink
many of social media’s most fundamental design elements. Next, we
showcase an example of how we can redesign social media using tie
strength: a Twitter application open to anyone on the internet which
puts tie strength at the heart of its design. Through this application,
called We Meddle, we show that the tie strength model generalizes to
a new online community, and that it can solve real people’s practical
problems with social media. It may be fair to see this monograph as
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2
linking the online to the oﬄine; that is, it connects the traces we leave in
social media to how we feel about relationships in real life. We conclude
the article by reﬂecting on other ways design might appropriate ideas
like tie strength in social computing.
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1
Introduction

When we chat via email or instant messages, do we leave clues about
the closeness of our relationship? If so, what clues? How often we talk?
How often I initiate the conversation, or how often you do? How quickly
we reply to one another? The particular words and phrases we type to
each other? Our positions in our social networks? The purpose of this
monograph is to ﬁnd these answers, and to show that they matter for
the design and analysis of social media.
In modern social media like Facebook, Twitter and email, relationships are the stuﬀ that makes the medium social. However, take a look
through your email address book or Facebook friend list. Reﬂect on
your relationships with the people there. Before long, we bet you will
agree that not all relationships are created equal. We have colleagues
with whom we correspond intensely, but not deeply; we have childhood
friends we consider close, even if we fell out of touch. Or, take this
example reported in the press: some Human Resources departments
have taken to cold-calling an applicant’s Facebook friends instead of
asking for references! One HR manager said that by using social media
“you’ve opened up your rolodex for the whole world to see.” Of course,

3
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sometimes they call someone hoping for reference, “only to ﬁnd that
you were just drinking buddies” [135].
Academics see it too. For decades, various social sciences have documented how diﬀerent types of relationships aﬀect individuals and organizations [56]. In this line of research, relationships are measured in the
currency of tie strength [58]. Loose acquaintances, known as weak ties,
can help a friend generate creative ideas [19] or ﬁnd a job [54]. They
also expedite the transfer of knowledge across workgroups [63]. Trusted
friends and family, called strong ties, can aﬀect emotional health [127]
and often join together to lead organizations through times of crisis
[85]. Despite many compelling ﬁndings along this line of research, social
media does not incorporate tie strength or its lessons. Instead, all users
are the same: friend or stranger, with little or nothing in between. Most
empirical work examining large-scale social phenomena follows suit. A
link between actors either exists or not, with the relationship having
few properties of its own [1, 3, 111]. We simply do not understand a
fundamental property of how relationships express themselves online.
Consider the following quote from a special issue of PNAS on computational social science, a reﬂection on what actually constitutes a social
relationship:
. . . Important questions remain unanswered. Observers have
debated whether digital communications oﬀer new methods of creating intimacy or are inﬂated measures of social
connectedness that skim the surface of real attachments.
Despite these important issues, little is known about
whether electronic data indeed are a valid proxy for the
real social connections they purportedly measure. Previous
work has not scientiﬁcally addressed the level of agreement
between actual social ties and electronic communication
means.
— “What is a Social Tie?” [152]
In other words, tie strength is a blind spot. This monograph addresses
this problem, merging the theories behind tie strength with the data
from social media. We show how to reconstruct tie strength from digital
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traces in online social media, and how to apply it as a tool in design
and analysis. Tie strength is more than a methodological or theoretical
preoccupation; a model of tie strength has the potential to signiﬁcantly
impact social media users. Consider automatically allowing the friends
of strong ties to access your information on a site, without having to set
any permissions ahead of time. Or, as one of our participants cleverly
suggested, consider remaking Facebook’s Newsfeed to get rid of “people
from high school I don’t give a crap about.”
Sometimes, when we talk about social media, it is easy to think of
it as a new internet fad. However, social media is old, as old as the
internet perhaps. It is important to review this point at the outset.
Consider what this 1977 article had to say about the role of email in
the early days of the internet:
The initial goals in creating the ARPAnet were to promote
more eﬀective use of geographically dispersed computing
facilities . . . A new use emerged, however . . . network message service was an immediate success. Message ﬂow grew
in volume to become the most visible (if not the heaviest)
traﬃc on the network [69].
Even then, at the beginning of the internet, email (a social medium)
had a tremendous presence. Today, social media has exploded on the
internet: Facebook boasts over 1 billion users and is one of the most
visited sites on the internet. Yet, both Facebook and email have roots
in human language and personal relationships which build over time.
Although the sheer scale is diﬀerent, many things remain the same. We
still type to each other. We still build up relationships, and generate and
articulate social networks. But still questions remain. Do relationships
express themselves online in predictable ways? Can we automatically
infer what they mean? If so, can it help us build and analyze social
media?

1.1

What is tie strength?

This section is about tie strength. Tie strength is a diﬀuse concept: it
refers to a sense of closeness with another person. When that feeling
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is strong, we call it a strong tie; when it is weak, we call it a weak tie.
Who are you close to? Who are your acquaintances? Mark Granovetter,
who introduced the concept, had this to say about tie strength’s fuzzy
deﬁnition: “Most of us can agree, on a rough intuitive basis, whether a
given tie is strong, weak, or absent.”
While most studies initially deﬁne tie strength as a feeling towards
another person, we usually see them operationalize it as a single, countable measure. Since these studies want to know about “real life,” we
see interview questions like, “How many times have you talked in the
last month?” and “How often do you chat about political and social
issues?,” as the way tie strength is measured. For these studies, in these
contexts, this makes some amount of sense. Asking participants how
often they see each other, while probably misreported [11], seems like
hard data against which we make claims — even if it is not what we
really want to measure.
In this monograph, we return to the original intent of tie strength:
how close we feel to the people in our lives. We have the hard data:
in social media, as opposed to real life, every interaction is recorded.
Here, we map that concrete, irrefutable data to the feeling of closeness.
This approach to tie strength has big advantages. Most importantly, it
probably generalizes. Imagine we encounter a new context we have not
studied yet. We studied instant messaging in the workplace, but not
how non-proﬁts use email. We could start from scratch. Or, we could
start from what we already know about interpersonal closeness.

1.2

Scope

Tie strength can mean closeness in real life or in some mediated channel,
like email or Facebook. Many of us maintain relationships in online
media as often (or sometimes even more often) than in real life. Most
existing tie strength work is set in real life [56]. Questions like “How
do mixtures of strong and weak ties aﬀect someone’s ability to succeed
in the workplace?” commonly make appearances in these studies.
The focus of this monograph, however, is how tie strength expresses
itself in social media on the internet. While we study the ways in which
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tie strength shows itself through traces in social media, the dependent
variable is the very “real life” question, “How strong is your relationship with this person?” (In follow-up interviews, it was clear that participants interpreted the question in its real-life sense.) Clearly, not
everyone from our real life comes with us online. As we have presented
this work in various forms, inevitable questions arise: “My mom does
not email me. We always call each other. How can you model that?” At
a high level, however, it may be fair to see this monograph as linking
the online to the oﬄine; that is, linking social media traces to how we
experience relationships in the real world.

1.3

Existing approaches

We are not the ﬁrst people to care about tie strength, or the ﬁrst person
to try to model it. Until now, however, we have used simple heuristics
to estimate tie strength. We take a diﬀerent approach here. In most
tie strength work, tie strength itself is not the object of interest. For
instance, all of the following have substituted for tie strength at one
time or another: communication reciprocity [46], possessing at least
one mutual friend [129], recency of communication [98] and interaction
frequency [51, 58]. Instead of studying tie strength itself, these studies
wanted to examine macroscopic network properties, or the eﬀect of
relationships on job hunting. Tie strength is only a tool.
Is a simple heuristic like “call it a strong tie if they message each
other at least N times” good enough? If it is bad, how bad? Before this
work, we did not know. However, from our data we now estimate that
this commonly used heuristic classiﬁes strong vs. weak ties at roughly
61% accuracy (letting N = 10 for this example). A fuller model, like
the one presented here, classiﬁes strong vs. weak ties at roughly 89%
accuracy. (In other words, diﬀerent people communicate diﬀerent ways
at diﬀerent times. Frequency does not usually work as a substitute.)

1.4

Scenarios

If we could model tie strength, how could we actually use it? Could we
build something around it? We demonstrate one potential application

Full text available at: http://dx.doi.org/10.1561/1100000044

8

Introduction

in this monograph (a re-rendering of social streams via tie strength),
but we can imagine many. Consider a woman interacting with her
friends and family via a social network site. She posts photos, talks
about her job, her family life and how night classes are coming along.
And she uses it to keep up on everybody else’s life. Now let us imagine
that the next time she logs in, she has been on vacation for a month
with limited internet access. She wants to catch up. What should the
system show her? Everything? Probably not. Ideally, we would show
her the most important things that happened to the most important
people. Maybe her best friend changed jobs, or her sister took some
great photos of her vacation. Understanding the core of personal relationships is the ﬁrst step to building systems that can do these things.
Other scenarios come to mind, as well. Most social media applications on the internet allow users to set privacy levels, policies like
“allow this person access to photos, but not this person,” “permit this
person to post content on our proﬁle, but not these others,” and so on.
And, they are notoriously hard to manage. In fact, the blog TechCrunch
quoted1 Mark Zuckerberg, the founder of Facebook, as saying “Guess
what? Nobody wants to make Lists,” referring to Facebook’s aﬀordance
for grouping friends in lists and applying policies en masse. Note that he
uses the word “make,” not the word “use.” Two things make it a particularly thorny problem: (1) social relationships and boundaries are often
fuzzy and change over time; (2) it is simply a lot of work to manually
sort everyone you know into groups. We believe tie strength can make
this problem tractable. A system that understands tie strength might
make reasonable initial guesses at who gets what access, which users
could subsequently clean up. We could make a lot of headway getting
users 90% of the way.

1.5

Contributions

This monograph makes the following two speciﬁc contributions:
1. A rich, high-accuracy and general way to reconstruct tie
strength from digital traces. The model presented in here uses
1

http://techcrunch.com/2010/08/26/facebook-friend-lists.
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more than 70 carefully chosen, theoretically meaningful indicators
of tie strength. It is built from Facebook data, and it splits users
into strong and weak ties with nearly 89% accuracy. Among many
potential applications, the model oﬀers a computational way to
rethink and redesign social streams, the topic we later explore
with We Meddle. With We Meddle, we show that the model presented in Section 3 generalizes to a new online community in
which the model did not train: Twitter. It was unclear that it
would. Maybe dynamics diﬀer so much between the two communities that a general purpose model does not work. However,
this work also reveals an error structure just like the Facebook
model — evidence for its generalizability. This is the ﬁrst work
to demonstrate stable interpersonal relational properties across
online media, a new direction in online communities research [80].
Section 4 also examines the model’s mistakes in terms of its predictors, revealing directions for future reﬁnements.
2. A social media application on the web which puts tie
strength at the heart of its design. We built an application for Twitter users called We Meddle, open to anyone on the
web with a Twitter account. It applies the tie strength model
presented in Section 3 to a user’s contacts and interaction history in Twitter, a diﬀerent social medium than the one in which
the model trained. We Meddle is both an experimental platform
and simply a tool we hoped makes social media a bit better. It
is the ﬁrst application we are aware of to put a calibrated relational model at the heart of its design. With it, we examine both
the generalizability of computational tie strength and its worth
in design. Overall, feedback from users has been very positive
and suggests that computing tie strength can solve real people’s
real problems. Over 5000 people from around the world used We
Meddle with no coercion or payment; they used it because they
thought they would ﬁnd value in it. We report on its design, its
architecture, the reaction it received on the web and on follow-up
interviews with users.

Full text available at: http://dx.doi.org/10.1561/1100000044

References

[1] L. A. Adamic and E. Adar. Friends and neighbors on the Web. Social
Networks, 25(3):211–230, 2003.
[2] P. S. Adler and S. W. Kwon. Social capital: Prospects for a new concept.
Academy of Management Review, 27(1):17–40, 2002.
[3] R. Albert and A. L. Barabási. Statistical mechanics of complex networks. Reviews of Modern Physics, 74(1):47–97, 2002.
[4] N. Archak, A. Ghose, and P. G. Ipeirotis. Show me the money!: Deriving
the pricing power of product features by mining consumer reviews. In
KDD ’07: Proceedings of the ACM SIGKDD International Conference
on Knowledge Discovery and Data Mining, pages 56–65. 2007.
[5] L. Backstrom, D. Huttenlocher, J. Kleinberg, and X. Lan. Group formation in large social networks: Membership, growth, and evolution. In
KDD ’06: Proceedings of the ACM SIGKDD International Conference
on Knowledge Discovery and Data Mining, pages 44–54. 2006.
[6] R. Barzilay and M. Elhadad. Using lexical chains for text summarization. In Proceedings of the ACL Workshop on Intelligent Scalable Text
Summarization, pages 10–17. 1997.
[7] P. S. Bearman, J. Moody, and K. Stovel. Chains of aﬀection: The
structure of adolescent romantic and sexual networks. American Journal
of Sociology, 110(1):44–91, 2004.

101

Full text available at: http://dx.doi.org/10.1561/1100000044

102

References

[8] B. B. Bederson and J. D. Hollan. Pad++: A zooming graphical interface
for exploring alternate interface physics. In UIST ’94: Proceedings of the
Annual ACM Symposium on User Interface Software and Technology,
pages 17–26. 1994.
[9] Y. Benkler. The Wealth of Networks: How Social Production Transforms
Markets and Freedom. Yale University Press, 2006.
[10] J. Berger and K. Milkman.
Social transmission and viral culture.
Preprint. Retrieved August 28, 2010. Available at: from
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1528077, 2009.
[11] H. R. Bernard, P. Killworth, D. Kronenfeld, and L. Sailer. The problem of informant accuracy: The validity of retrospective data. Annual
Review of Anthropology, 13(1):495–517, 1984.
[12] R. H. Bernard, P. D. Killworth, and L. Sailer. Informant accuracy
in social network data IV: A comparison of clique-level structure in
behavioral and cognitive network data. Social Networks, 2(3):191–218,
1979.
[13] S. P. Borgatti, A. Mehra, D. J. Brass, and G. Labianca. Network analysis
in the social sciences. Science, 323(5916):892–895, 2009.
[14] D. Boyd. Faceted id/entity: Managing representation in a digital world.
MIT Master’s Thesis, 2002.
[15] S. Boyd. Friends, friendsters, and top 8: Writing community into being
on social network sites. First Monday, 11(12), 2006.
[16] R. Burt. Structural Holes: The Social Structure of Competition. Harvard
University Press, 1995.
[17] R. Burt. The network structure of social capital. Research in Organizational Behavior, 22:345–423, 2000.
[18] R. S. Burt. Social contagion and innovation: Cohesion versus structural
equivalence. The American Journal of Sociology, 92(6):1287–1335, 1987.
[19] R. S. Burt. Structural holes and good ideas. American Journal of
Sociology, 110(2):349–399, 2004.
[20] C. T. Butts. Revisiting the foundations of network analysis. Science,
325(5939):414–416, 2009.
[21] C. Castellano, S. Fortunato, and V. Loreto. Statistical physics of social
dynamics. Reviews of Modern Physics, 81(2):591+, 2009.
[22] D. Centola and M. Macy. Complex contagions and the weakness of long
ties. American Journal of Sociology, 113(3):702–734, 2007.

Full text available at: http://dx.doi.org/10.1561/1100000044

References

103

[23] S. Chopra, T. Thampy, J. Leahy, A. Caplin, and Y. Lecun. Discovering the hidden structure of house prices with a non-parametric latent
manifold model. In KDD ’07: Proceedings of the ACM SIGKDD International Conference on Knowledge Discovery and Data Mining, pages
173–182. 2007.
[24] N. A. Christakis and J. H. Fowler. The spread of obesity in a large social
network over 32 years. New England Journal of Medicine, 357(4):370–
379, 2007.
[25] N. A. Christakis and J. H. Fowler. The collective dynamics of smoking in
a large social network. New England Journal of Medicine, 358(21):2249,
2008.
[26] H. H. Clark. Arenas of Language Use. University Of Chicago Press,
1993.
[27] S. Cohen, I. Brissette, D. P. Skoner, and W. J. Doyle. Social integration
and health: The case of the common cold. Journal of Social Structure,
1(3):1–7, 2000.
[28] J. Coleman, E. Katz, and H. Menzel. The diﬀusion of an innovation
among physicians. Sociometry, 20(4):253–270, 1957.
[29] C. Collins. Docuburst: Document content visualization using language
structure. In Proceedings of IEEE Symposium on Information Visualization (InfoVis 2006), pages 112–113. Poster Session, 2006.
[30] comScore. comscore media metrix ranks top 50 u.s. web properties for june 2008. Retrieved from http://www.comscore.com/press/
release.asp?press=2339, 2008.
[31] D. Constant, L. Sproull, and S. Kiesler. The kindness of strangers:
The usefulness of electronic weak ties for technical advice. Organization
Science, 7(2):119–135, 1996.
[32] D. Cosley, D. Frankowski, L. Terveen, and J. Riedl. Suggestbot: Using
intelligent task routing to help people ﬁnd work in wikipedia. In IUI ’07:
Proceedings of the International Conference on Intelligent User Interfaces, pages 32–41. 2007.
[33] W. H. Cunningham, I. C. Cunningham, and R. T. Green. The
ipsative process to reduce response set bias. Public Opinion Quarterly,
41(3):379–384, 1977.
[34] M. De Choudhury, W. A. Mason, J. M. Hofman, and D. J. Watts.
Inferring relevant social networks from interpersonal communication.
In WWW 2010: Proceedings of the International Conference on World
Wide Web, pages 301–310. 2010.

Full text available at: http://dx.doi.org/10.1561/1100000044

104

References

[35] S. T. Dumais, G. W. Furnas, T. K. Landauer, S. Deerwester, and
R. Harshman. Using latent semantic analysis to improve access to textual information. In CHI ’88: Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems, pages 281–285. 1988.
[36] D. Easley and J. Kleinberg. Networks, Crowds, and Markets: Reasoning
About a Highly Connected World. Cambridge University Press, 2010.
[37] A. Esuli and F. Sebastiani. Sentiwordnet: A publicly available lexical
resource for opinion mining, 2006.
[38] S. Farnham, W. Portnoy, A. Turski, L. Cheng, and D. Vronay. Personal map: Automatically modeling the user’s online social network. In
Proceedings of INTERACT’03. 2003.
[39] L. Festinger, S. Schachter, and K. Back. Social Pressures in Informal
Groups. Stanford University Press, 1963.
[40] D. Fisher, B. Hogan, A. J. Brush, M. Smith, and A. Jacobs. Using social
sorting to enhance email management. In Human-Computer Interaction
Consortium (HCIC’06). Fraser, Colorodo, 2006.
[41] G. W. Flake and S. Lawrence. Eﬃcient SVM regression training with
SMO. Machine Learning, 46(3):271–290, 2002.
[42] J. H. Fowler and N. A. Christakis. Dynamic spread of happiness in a
large social network: Longitudinal analysis over 20 years in the framingham heart study. British Medical Journal, 337(dec04):a2338+, 2008.
[43] W. B. Frakes and R. Baeza-Yates. Information Retrieval: Data Structures and Algorithms. Prentice Hall, 1992.
[44] L. C. Freeman. The sociological concept of “group” an empirical test of
two models. The American Journal of Sociology, 98(1):152–166, 1992.
[45] J. K. Frenzen and H. L. Davis. Purchasing behavior in embedded markets. The Journal of Consumer Research, 17(1):1–12, 1990.
[46] N. E. Friedkin. A test of structural features of granovetter’s strength of
weak ties theory. Social Networks, 2(4):411–422, 1980.
[47] L. Friedland and D. Jensen. Finding tribes: Identifying close-knit individuals from employment patterns. In KDD ’07: Proceedings of the
ACM SIGKDD International Conference on Knowledge Discovery and
Data Mining, pages 290–299. 2007.
[48] N. Garg and I. Weber. Personalized, interactive tag recommendation
for ﬂickr. In RecSys ’08: Proceedings of the 2008 ACM Conference on
Recommender Systems, pages 67–74. 2008.

Full text available at: http://dx.doi.org/10.1561/1100000044

References

105

[49] D. Gergle, R. E. Kraut, and S. R. Fussell. The impact of delayed visual
feedback on collaborative performance. In Proceedings of CHI, pages
1303–1312. 2006.
[50] E. Gilbert and K. Karahalios. Predicting tie strength with social media.
In CHI ’09: Proceedings of the International Conference on Human Factors in Computing Systems, pages 211–220. 2009.
[51] E. Gilbert, K. Karahalios, and C. Sandvig. The network in the garden:
An empirical analysis of social media in rural life. In CHI ’08: Proceeding
of the Annual SIGCHI Conference on Human Factors in Computing
Systems, pages 1603–1612. 2008.
[52] B. Glaser and A. Strauss. The Discovery of Grounded Theory: Strategies
for Qualitative Research. Aldine Transaction, 1967.
[53] S. Golder, D. M. Wilkinson, and B. A. Huberman. Rhythms of social
interaction: Messaging within a massive online network. In 3rd International Conference on Communities and Technologies (CT2007). 2007.
[54] M. Granovetter. Getting a Job: A Study of Contacts and Careers. University Of Chicago Press, 1974.
[55] M. Granovetter. Threshold models of collective behavior. The American
Journal of Sociology, 83(6):1420, 1978.
[56] M. Granovetter. The strength of weak ties: A network theory revisited.
Sociological Theory, 1:201–233, 1983.
[57] M. Granovetter. The impact of social structure on economic outcomes.
Journal of Economic Perspectives, 19(1):33–50, 2005.
[58] M. S. Granovetter. The strength of weak ties. The American Journal
of Sociology, 78(6):1360–1380, 1973.
[59] I. Greif. Venturing into social software. In CTS ’09: Proceedings of
the 2009 International Symposium on Collaborative Technologies and
Systems, pages xiv+. 2009.
[60] J. Grudin. Why CSCW applications fail: Problems in the design and
evaluation of organizational interfaces. In CSCW ’88: Proceedings of
the 1988 ACM Conference on Computer-Supported Cooperative Work,
pages 85–93. 1988.
[61] D. Gruhl, R. Guha, D. Liben-Nowell, and A. Tomkins. Information diffusion through blogspace. In Proceedings of WWW 2004, pages 491–501.
2004.

Full text available at: http://dx.doi.org/10.1561/1100000044

106

References

[62] K. Hampton and B. Wellman. Neighboring in netville: How the internet
supports community and social capital in a wired suburb. City and
Community, 2(4):277–311, 2003.
[63] M. T. Hansen. The search-transfer problem: The role of weak ties in
sharing knowledge across organization subunits. Administrative Science
Quarterly, 44(1):82–111, 1999.
[64] E. Hargittai. Whose space? diﬀerences among users and non-users of
social network sites. Journal of Computer-Mediated Communication,
13(1):276–297, 2007.
[65] C. Haythornthwaite. The strength and the impact of new media, system sciences, 2001. In Proceedings of the Annual Hawaii International
Conference on System Sciences, pages 10+. 2001.
[66] C. Haythornthwaite. Strong, weak, and latent ties and the impact of
new media. Information Society, 18(5):385–401, 2002.
[67] C. Haythornthwaite and B. Wellman. Work, friendship, and media use
for information exchange in a networked organization. J. Am. Soc. Inf.
Sci., 49(12):1101–1114, 1998.
[68] F. Heider. Attitudes and cognitive organization. Journal of Psychology,
21(1):107–112, 1946.
[69] D. A. Henderson Jr and T. H. Myer. Issues in message technology. In
Proceedings of the Symposium on Data Communications. 1977.
[70] C. A. Hidalgo, B. Klinger, A. L. Barabasi, and R. Hausmann.
The product space conditions the development of nations. Science,
317(5837):482–487, 2007.
[71] B. J. Hogan. Networking in everyday life. University of Toronto, PhD
Thesis. Department of Sociology, 2009.
[72] G. Hsieh. Don’t ask me: Designing social q&a services. Crossroads,
16(2):24–26, 2009.
[73] B. A. Huberman, D. M. Romero, and F. Wu. Social networks that
matter: Twitter under the microscope. First Monday, 14(1), 2008.
[74] S. T. Iqbal. A framework for intelligent notiﬁcation management in
multitasking domains. University of Illinois, PhD thesis. Department of
Computer Science, 2008.
[75] Z. Ivkovic and S. Weisbenner. Information diﬀusion eﬀects in individual
investors’ common stock purchases: Covet thy neighbors’ investment
choices. Review of Financial Studies, 20(4):1327–1357, 2007.

Full text available at: http://dx.doi.org/10.1561/1100000044

References

107

[76] M. O. Jackson. Social and Economic Networks. Princeton University
Press, 2008.
[77] I. Kahanda and J. Neville. Using transactional information to predict
link strength in online social networks. Proceedings ICWSM, 2009.
[78] E. Katz, P. F. Lazarsfeld, and E. Roper. Personal Inﬂuence: The Part
Played By People in the Flow of Mass Communications. Transaction
Publishers, 2006.
[79] D. Kempe, J. Kleinberg, and E. Tardos. Maximizing the spread of
inﬂuence through a social network. In KDD ’03: Proceedings of the
ACM SIGKDD International Conference on Knowledge Discovery and
Data Mining, pages 137–146. 2003.
[80] A. Kittur and R. E. Kraut. Beyond wikipedia: Coordination and conﬂict
in online production groups. In CSCW 2010: Proceedings of the 2010
ACM Conference on Computer Supported Cooperative Work, pages 215–
224. 2010.
[81] A. Klovdahl. Social network research and human subjects protection:
Towards more eﬀective infectious disease control. Social Networks,
27(2):119–137, 2005.
[82] G. Kossinets, J. Kleinberg, and D. Watts. The structure of information
pathways in a social communication network. In KDD ’08: Proceeding of
the ACM SIGKDD International Conference on Knowledge Discovery
and Data Mining, pages 435–443. 2008.
[83] G. Kossinets and D. J. Watts. Empirical analysis of an evolving social
network. Science, 311(5757):88–90, 2006.
[84] D. Krackhardt. The strength of strong ties: the importance of philos
in organizations. In N. Nohria and R. Eccles, editors, Networks and
Organizations: Structure, Form, and Action, pages 216–239. Harvard
Business School Press, Boston, MA, 1993.
[85] D. Krackhardt and R. N. Stern. Informal networks and organizational crises: An experimental simulation. Social Psychology Quarterly,
51(2):123–140, 1988.
[86] R. Kraut, M. Patterson, V. Lundmark, S. Kiesler, T. Mukopadhyay,
and W. Scherlis. Internet paradox: A social technology that reduces
social involvement and psychological well-being? American Psychologist, 53:1017–1031, 1998.
[87] H. Kwak, C. Lee, H. Park, and S. Moon. What is twitter, a social network or a news media? In WWW ’10: Proceedings of the International
Conference on World Wide Web, pages 591–600. 2010.

Full text available at: http://dx.doi.org/10.1561/1100000044

108

References

[88] C. Lampe, N. Ellison, and C. Steinﬁeld. Changes in participation and
perception of facebook. In CSCW 2008: Proceedings of the 2008 ACM
Conference on Computer Supported Cooperative Work, pages 721–730.
2008.
[89] T. Lau.
Venture research. communications of the acm blog.
Available from: http://cacm.acm.org/blogs/blog-cacm/38421-ventureresearch/fulltext, 2009.
[90] E. O. Laumann, J. H. Gagnon, S. Michaels, R. T. Michael, and J. S.
Coleman. Monitoring the AIDS epidemic in the united states: A network
approach. Science, 244(4909):1186–1189, 1989.
[91] D. Lazer, A. Pentland, L. Adamic, S. Aral, A.-L. Barabasi, D. Brewer,
N. Christakis, N. Contractor, J. Fowler, M. Gutmann, T. Jebara,
G. King, M. Macy, D. Roy, and M. Van Alstyne. Computational social
science. Science, 323(5917):721–723.
[92] J. Leskovec, L. A. Adamic, and B. A. Huberman. The dynamics of viral
marketing. ACM Transactions on the Web, 1(1):5, 2007.
[93] J. Leskovec, D. Huttenlocher, and J. Kleinberg. Signed networks in
social media. CHI 2010: Proceedings of the Annual SIGCHI Conference
on Human Factors in Computing Systems, pages 1361–1370, 2010.
[94] D. Z. Levin and R. Cross. The strength of weak ties you can trust: The
mediating role of trust in eﬀective knowledge transfer. Management
Science, 50(11):1477–1490, 2004.
[95] D. Liben-Nowell and J. Kleinberg. The link prediction problem for social
networks. In CIKM ’03: Proceedings of the International Conference on
Information and Knowledge Management, pages 556–559. 2003.
[96] D. Liben-Nowell and J. Kleinberg. Tracing information ﬂow on a
global scale using internet chain-letter data. Proceedings of the National
Academy of Sciences, 105(12):4633–4638, 2008.
[97] E. Lieberman and R. C. Miller. Facemail: Showing faces of recipients to
prevent misdirected email. In Proceedings of the Symposium on Usable
Privacy and Security, pages 122–131. 2007.
[98] N. Lin, P. W. Dayton, and P. Greenwald. Analyzing the instrumental
use of relations in the context of social structure. Sociological Methods
& Research, 7(2):149, 1978.
[99] N. Lin, W. M. Ensel, and J. C. Vaughn. Social resources and strength
of ties: Structural factors in occupational status attainment. American
Sociological Review, 46(4):393–405, 1981.

Full text available at: http://dx.doi.org/10.1561/1100000044

References

109

[100] M. W. Macy and R. Willer. From factors to actors: Computational
sociology and agent-based modeling. Annual Review of Sociology,
28(1):143–166, 2002.
[101] A. Marin. Are respondents more likely to list alters with certain characteristics?: Implications for name generator data. Social Networks,
26(4):289–307, 2004.
[102] P. V. Marsden. Core discussion networks of americans. American Sociological Review, 52(1):122–131, 1987.
[103] P. V. Marsden. Network data and measurement. Annual Review of
Sociology, 16(1):435–463, 1990.
[104] P. V. Marsden and K. E. Campbell. Measuring tie strength. Social
Forces, 63(2):482–501, 1984.
[105] M. Mcpherson, L. S. Lovin, and J. M. Cook. Birds of a feather:
Homophily in social networks. Annual Review of Sociology, 27:415–444,
2001.
[106] C. Meagher. Caught on the Web: Internet Used More and More Often
in Criminal Investigations. The Santa Barbara Independent, 2008.
[107] S. Milgram. The small world problem. Psychology Today, 2(1):60–67,
1967.
[108] S. Milgram. The familiar stranger: An aspect of urban anonymity. The
Individual in a Social World, pages 51–53, 1977.
[109] C. Neustaedter, A. Brush, M. Smith, and D. Fisher. The social network
and relationship ﬁnder: Social sorting for email triage. In Conference
on E-mail and Anti-Spam. 2005.
[110] M. E. J. Newman. Modularity and community structure in networks.
Proceedings of the National Academy of Sciences, 103(23):8577–8582,
2006.
[111] D. L. Nowell and J. Kleinberg. The link prediction problem for social
networks. In CIKM ’03: Proceedings of the International Conference on
Information and Knowledge Management, pages 556–559. 2003.
[112] G. M. Olson and J. S. Olson. Distance matters. Human–computer
Interaction, 15(2):139–178, 2000.
[113] J. P. Onnela, J. Saramaki, J. Hyvonen, G. Szabo, D. Lazer, K. Kaski,
J. Kertesz, and A. L. Barabasi. Structure and tie strengths in mobile
communication networks. Proceedings of the National Academy of Sciences, 104(18):7332–7336, 2006.

Full text available at: http://dx.doi.org/10.1561/1100000044

110

References

[114] B. Pang, L. Lee, and S. Vaithyanathan. Thumbs up?: Sentiment classiﬁcation using machine learning techniques. In EMNLP, pages 79–86.
2002.
[115] M. R. Parks and K. Floyd. Making friends in cyberspace. Journal of
Computer-Mediated Communication, 1(4), 1996.
[116] J. W. Pennebaker and M. E. Francis. Linguistic Inquiry and Word
Count. Lawrence Erlbaum, 1999.
[117] J. J. Potterat, S. Q. Muth, R. B. Rothenberg, H. Zimmerman-Rogers,
D. L. Green, J. E. Taylor, M. S. Bonney, and H. A. White. Sexual network structure as an indicator of epidemic phase. Sexually Transmitted
Infections, 78:i152–i158, 2002.
[118] S. Proulx, D. Promislow, and P. Phillips. Network thinking in ecology
and evolution. Trends in Ecology & Evolution, 20(6):345–353, 2005.
[119] Rapleaf. Rapleaf study of social network users vs. age. Available from
http://business.rapleaf.com/company%5C_press%5C_2008%5C_06%
5C_18.html, 2008.
[120] R. Reagans and E. W. Zuckerman. Networks, diversity, and productivity: The social capital of corporate R&D teams. Organization Science,
12(4):502–517, 2001.
[121] S. Redner.
Networks: Teasing out the missing links.
453(7191):47–48, 2008.

Nature,

[122] E. Riloﬀ and J. Wiebe. Learning extraction patterns for subjective
expressions. In Proceedings of the 2003 Conference on Empirical Methods in Natural Language Processing, pages 105–112. 2003.
[123] E. M. Rogers. Diﬀusion of Innovations. Free Press, 4th edition, 1995.
[124] R. B. Rothenberg, J. J. Potterat, D. E. Woodhouse, S. Q. Muth, W. W.
Darrow, and A. S. Klovdahl. Social network dynamics and HIV transmission. Aids, 12(12):1529, 1998.
[125] B. Ryan and N. C. Gross. The diﬀusion of hybrid seed corn in two iowa
communities. Rural Sociology, 8(1):15–24, 1944.
[126] G. Salton, A. Singhal, M. Mitra, and C. Buckley. Automatic text
structuring and summarization. Information Process Management,
33(2):193–207, 1997.
[127] C. Schaefer, J. C. Coyne, and R. S. Lazarus. The health-related functions of social support. Journal of Behavioral Medicine, 4(4):381–406,
1981.

Full text available at: http://dx.doi.org/10.1561/1100000044

References

111

[128] C. W. Scherer and H. Cho. A social network contagion theory of risk
perception. Risk Analysis, 23(2):261–267, 2003.
[129] X. Shi, L. A. Adamic, and M. J. Strauss. Networks of strong ties. Physica
A: Statistical Mechanics and its Applications, 378(1):33–47, 2007.
[130] D. A. Siegel. Social networks and collective action. American Journal
of Political Science, 53(1):122–138, 2009.
[131] M. A. Smith and A. T. Fiore. Visualization components for persistent
conversations. In CHI ’01: Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems, pages 136–143. 2001.
[132] D. Strang. Inducing a network inﬂuence structure from multiple diﬀusion processes. In Annual Meeting of American Sociological Association.
New York, 1996.
[133] D. Strang and S. A. Soule. Diﬀusion in organizations and social movements: From hybrid corn to poison pills. Annual Review of Sociology,
24(1):265–290, 1998.
[134] E. Sun, I. Rosenn, C. Marlow, and T. Lento. Gesundheit! Modeling
contagion through facebook news feed. In Proceedings ICWSM. 2009.
[135] E. Tahmincioglu. Facebook friends as job references? Retrieved September 14, 2008. Available from http://www.msnbc.msn.com/id/26223330,
2008.
[136] M. Thomas, B. Pang, and L. Lee. Get out the vote: Determining support
or opposition from congressional ﬂoor-debate transcripts. In EMNLP,
pages 327–335. 2006.
[137] B. Uzzi. Embeddedness in the making of ﬁnancial capital: How social
relations and networks beneﬁt ﬁrms seeking ﬁnancing. American Sociological Review, 64(4):481–505, 1999.
[138] S. van Dongen. Graph clustering by ﬂow simulation. University of
Utrecht. PhD Article, 2000.
[139] F. B. Viégas, F. van Ham M. Wattenberg, J. Kriss, and M. McKeon.
Manyeyes: A site for visualization at internet scale. IEEE Transactions
on Visualization and Computer Graphics, 13(6):1121–1128, 2007.
[140] F. B. Viégas, M. Wattenberg, and K. Dave. Studying cooperation and
conﬂict between authors with history ﬂow visualizations. In CHI ’04:
Proceedings of the 2004 Conference on Human Factors in Computing
Systems, pages 575–582. 2004.

Full text available at: http://dx.doi.org/10.1561/1100000044

112

References

[141] B. Viswanath, A. Mislove, M. Cha, and K. P. Gummadi. On the evolution of user interaction in facebook. In Proceedings of the ACM Workshop on Online Social Networks. 2009.
[142] M. Wattenberg. Arc diagrams: Visualizing structure in strings. In Information Visualization, IEEE Symposium on Information Visualization,
pages 110–116. 2002.
[143] M. Wattenberg and F. Viegas. The word tree, an interactive visual
concordance. In Information Visualization, IEEE Symposium on Information Visualization. 2008.
[144] D. J. Watts. Six Degrees: The Science of a Connected Age. W.W.
Norton & Co, 2004.
[145] B. Wellman, J. Salaﬀ, D. Dimitrova, L. Garton, M. Gulia, and
C. Haythornthwaite. Computer networks as social networks: Collaborative work, telework, and virtual community. Annual Review of Sociology,
22(1):213–238, 1996.
[146] B. Wellman and S. Wortley. Diﬀerent strokes from diﬀerent folks: Community ties and social support. The American Journal of Sociology,
96(3):558–588, 1990.
[147] S. Whittaker, Q. Jones, B. Nardi, M. Creech, L. Terveen, E. Isaacs, and
J. Hainsworth. Contactmap: Organizing communication in a social desktop. ACM Transactions on Computer-Human Interactaction, 11(4):445–
471, 2004.
[148] S. Whittaker, Q. Jones, and L. Terveen. Contact management: Identifying contacts to support long-term communication. In CSCW ’02:
Proceedings of the 2002 ACM Conference on Computer Supported Cooperative Work, pages 216–225. 2002.
[149] S. Whittaker, L. Terveen, W. Hill, and L. Cherny. The dynamics of mass
interaction. In CSCW ’98: Proceedings of the 1998 ACM Conference on
Computer Supported Cooperative Work, pages 257–264. 1998.
[150] D. Williams, N. Ducheneaut, L. Xiong, Y. Zhang, N. Yee, and E. Nickell.
From tree house to barracks: The social life of guilds in world of warcraft.
Games and Culture, 1(4):338, 2006.
[151] T. Wilson, P. Hoﬀmann, S. Somasundaran, J. Kessler, J. Wiebe,
Y. Choi, C. Cardie, E. Riloﬀ, and S. Patwardhan. Opinionﬁnder: A
system for subjectivity analysis. In Proceedings of HLT/EMNLP on
Interactive Demonstrations, pages 34–35. 2005.
[152] S. Wuchty. What is a social tie? Proceedings of the National Academy
of Sciences, 106(36):15099–15100, 2009.

Full text available at: http://dx.doi.org/10.1561/1100000044

References

113

[153] R. Xiang, J. Neville, and M. Rogati. Modeling relationship strength in
online social networks. In WWW ’10: Proceedings of the International
Conference on World Wide Web, pages 981–990. 2010.
[154] V. Zanardi and L. Capra. Social ranking: Uncovering relevant content
using tag-based recommender systems. In RecSys ’08: Proceedings of the
2008 ACM Conference on Recommender Systems, pages 51–58. 2008.

