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This special issue of the Proceedings of the IEEE focuses on how

digital technology is changing the structure and dynamics of social

networks and the tools we have for studying and designing them.

As a testament to the importance of this topic consider that as of
2014, 72% of Internet users in the

United States and 64% of users world-

wide use social media [1], [2]. Face-

book alone has 1.15 billion users, up

from 1 million in 2004, just ten years

ago [2]. In the United States, the

average user spends more than one

fourth of every online hour on social
media, and almost 50% of Americans

say that Facebook is their #1 influen-

cer of purchases [2]. Google+ has

been around for only three years and

already there are 1 billion Google+

enabled accounts [2].

This rapid growth in connectivity

stands in stark contrast to the vast
majority of human history in which social networks were small and geograph-

ically localized, institutions changed slowly, and power and influence were

concentrated in a small subset of the population [3]. The rise of the world wide

webVand particularly the invention of powerful search technologies, social

media platforms, and novel file sharing technologiesVhas led to an explosive

growth in social network size and connectivity as well as the development of

new kinds of reputation-based barter systems (e.g., reviewed in [4] and [5]) and

underground economies (e.g., [6]). Standard geographic definitions of popula-
tion compete for causal relevance with definitions that group people together

based on behavioral criteria, including hyperlinking on the web [7]. It is now

possible to track events as they unfold

in real time, to coordinate relatively

rapidly over long space scales (for a

potential example, see [8]), and to
access semiglobal and global informa-

tion to make decisions. This means

that individuals and subgroups with-

out much power in the traditional

sense potentially can serve as instru-

ments of large-scale social change.

The growth of social networks on di-

gital media also means it is possible to
collect big, reliable data sets on human

behavior and associated events such as

earthquakes [9], as human behavior

on digital media leaves a relatively

easily harvestable data trail [10].

These technological changes, the

new social structures they seem to be

producing, and the data being gener-
ated permit reconstructing the behav-

ior of individuals from their digital

footprints (e.g., [11]; see also the pa-

per by Coviello et al. of this special

issue [12]). This will enable empirical

study of how different kinds of social

structures arise from interactions

among individuals at the microscopic
level and what the implications are of

alternative social structures for social

stability and contagion processes. As

progress is made on this front,

large-scale intervention into human
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behavior and demographics will no
longer be restricted to coarse man-

ipulation of environmental variables

or interventions based on qualitative

understanding of how social systems

work (as an example, consider the so-

called causal loop diagram produced

to describe the counter insurgency

dynamics in Afghanistan [13]).
Precision, quantitatively justified

interventions into behavioral dynam-

ics will become increasingly feasible.

Already such interventions are being

employed; the Facebook ‘‘61-million-

person experiment’’ in which users’

affective states were manipulated [14]

serves as one example. These inter-
ventions will allow the interveners to

influence individual decision-making

and permit modulation and possibly

control of macroscopic properties of

social systems; currently, for example,

large, digital data sets on online social

behavior are being harvested to inform

the design of social media platforms
(e.g., [15]). Although these large-scale

experiments on human behavior will

initially occur in the digital world,

they will eventually inform the mech-

anism design of real-world infrastruc-

ture to optimize communication and

better meet basic human needs such as

access to food, sanitation, healthcare,
and schooling (e.g., [16]).

Hence social media, search, and

data extraction technologies are not

only changing the structure and dyna-

mics of social networks but are also

potentially changing how controllable
these systems are. The purpose of this

special issue is to review what is cur-
rently known about how these tech-

nologies are changing social networks

and what the consequences will be for

human social dynamics. Understand-

ing the impact of changing technology

on social networks is relevant to the

readers of the Proceedings of the

IEEE for several reasons. One reason
is that it is engineers, mathema-

ticians, and computer scientists who

are largely responsible for developing

the social media technology, file shar-

ing protocols, and pattern extraction

algorithms that are producing changes

to social networks. An understanding

of cognitive principles and behavioral
interaction rules underlying social

network formation can facilitate the

development of social media applica-

tions that individuals are more likely

to use.

A second reason is that an under-

standing of cognitive and behavioral

constraints could improve the perfor-
mance of machine learning and other

pattern detection and data extraction

algorithms by providing principled

means to restrict the search space.

Finally, with the rise of online

social networks information becomes

a concept as central as energy to

informing design of infrastructure.
Societies are composed of multiple,

overlapping social networks. This is

true for networks developing in ‘‘real’’

space as well as on digital media. The

local connections of a node in these

multiple, overlapping social networks

can be thought of as that node’s social

niche [17], with the edges in each of
the networks representing different

kinds of relationships, for example,

friends, co-workers, mentors, and stu-

dents. Whereas the ecological niche

[18] (the term ‘‘niche construction’’

was invented in ecology; see [19]) is

composed of resource vectors (avail-

ability of wood for building dams, prey
items, and so on), an individual’s social

niche is composed of its vector of be-

havioral relationships in the set of

overlapping social networks in which it

participates [17]. These behavioral

relationships provide critical informa-

tion that facilitates resource extraction,

and the construction of these networks
by users can be thought of as a form of

social niche construction [17], [20].

To the extent this conceptuali-

zation is correct, social networksV
perhaps more than other types of

networksVare about the flow of in-

formation. This means that higher

order features of network structure
(that is, minimally, connections be-

yond a node’s direct connections) may

be of critical impotence to under-

standing the functional consequences

of a given network for its nodes, both

individually and collectively. This ob-

servation is increasingly valid as social

networks move online and become
further divorced from direct resource

extraction. In addition, issues of so-

ciotechnical congruenceVthe match

or mismatch between social networks

and the technological networks they

build and rely uponVhave implica-

tions for information flow that need to

be considered when assessing how in-
formation impacts function and ener-

gy extraction (e.g., [21]). As Weaver

and Shannon [22] noted more than

60 years ago, although we have a good

theory of information defined as un-

certainty, we have no theory relating

information to function. The migra-

tion of social interactions into the di-
gital domain means that the absence

of semantic and functional theories of

information is no longer a curious

omission but a central challenge for

theory and analysis.

In the first paper, Bettencourt

suggests that a property of social, in-

formational networks is superlinear
scaling, which translates into increas-

ing returns to scale. Bettencourt pro-

poses that network dynamics in these

kinds of complex social systems need

to be understood in relation to evo-

lutionary learning and inference

principles. He develops a conceptual

framework to explain the transition
from relatively static, homogenous,

in format ion-poor networks to

information-rich, diverse, and highly

interconnected ones using current

understanding of social scaling in ur-

ban environments to develop his argu-

ment, and then extending it to the

digital social domain using the Inter-
net and Wikipedia as case studies.

Networks typically have organiza-

tion at multiple levels of scale, from

correlations between individual nodes

to larger scale modular structures and

groupings into communities of nodes

with similar characteristics. Under-

standing how to reliably detect these
structures remains a central activity in

the study of networks, especially as

the goal is to connect structural fea-

tures with the function of a network.

This task is increasingly challenging

as we comprehend the extent to

which multiple communities can
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overlap in nontrivial ways. In the
second paper, Yang and Leskovec

tackle this issue by considering each

community as a ‘‘tile’’ which can

overlap extensively with other tiles.

Their methodology decomposes the

network into a combination of over-

lapping, nonoverlapping, and hierar-

chically organized communities. In
contrast to previous work, they show

that nodes residing in the overlap

between communities are more

densely connected than those in

nonoverlapping regions. Moreover,

they show that overlap between

multiple communities identifies

dense network cores, revealing the
coreYperiphery structure in networks

and thus offering a method to unify

the study of network modularity and

coreYperiphery structure.

Singh et al. point out, in the third

paper, that the line between real or

physical social networks and those on

digital media is not as strict as many
assume. The authors observe that

fine-grained behavioral data on indi-

viduals collected from online sources

and smartphones are now being

merged to give an increasingly com-

prehensive picture of an individual’s

location, social ties, actions, and con-

text in both settings. These merged
data can be used to influence the ac-

tions and beliefs of individuals in both

settings, largely because smartphones

function as a bridge between worlds.

This bridge allows individuals to

behave simultaneously in both the

digital and physical domains, create-

ing real-time couplings between their
social behavior in both worlds.

The question of how coupling oc-

curs between social behavior in the

online and physical worlds can be re-

framed as a question of synchrony and

contagion: How does behavior spread

over social networks through conta-

gion and other mechanisms and when
do contagion dynamics lead to corre-

lation in social preferences and deci-

sion making and even behavioral

synchrony? The large quantity of

quantitative data on behavior and

contagion available from social media

sites means that this question can be

addressed at a variety of scales, and it
means that, in principle, the causal

mechanisms and factors that influ-

ence spread and synchrony can be

identified.

There are two broad classes of ap-

proaches that can be used to quantify

causal relationships. One is experi-

mental intervention. This can include
perturbing the social media platform

itself (e.g., how individuals are al-

lowed to make posts, how long those

posts can be, etc.), perturbing the so-

cial media environment (e.g., chang-

ing the aesthetics of the site, site

branding, types of advertising to

which users are exposed, etc.), and
injecting information or behavior into

the system (e.g., creating users and

posts), and tracking its effects using

time-series analysis.

The second approach for quantify-

ing casual relationships is observa-

tional with statistical ‘‘interventions’’

(e.g., Pearl’s ‘‘do’’ operator [23]). Al-
though it is relatively easy to perform

large-scale experiments using social

media data, there are, as the Facebook

controversy discussed above illus-

trates, many ethical issues that need

to be carefully considered before pro-

ceeding. Developing methods for per-

forming ‘‘statistical’’ interventions on
observational data is consequently of

utmost importance. The fourth paper

by Coviello et al. develops a method

for quantifying influence of users on

one another. The method combines

geographic aggregation and instru-

mental variables regression to mea-

sure the effect of an exogenous
variable on an individual’s expression

and the influence of this change on

the expression of others to whom that

individual is socially connected. The

authors demonstrate the power of the

approach in the context of emotional

contagion of semantic expression but

also show that the approach is quite
general and can be applied to many

kinds of data collected from a variety

of social networking platforms.

These ideas are reviewed in a

broader, technical context by Holme,

in the fifth paper. Holme highlights

that the data available from social

media sites and online social networks
typically have time stamps. These

time stamps allow analysis of how
the timescales on which contacts and

interactions occur can influence con-

tagion dynamics and network con-

struction. Holme reviews methods

for analyzing temporal networks. He

addresses challenges in representing
temporal interactions in networks

and in the construction of appropri-

ate null models of temporally evolv-

ing network structure. He also

discusses principled means for sim-

plifying temporal networks to make

them amenable to rigorous analysis.

As discussed above, a growing
proportion of human activity is leav-

ing behind digital footprints. In the

sixth paper, Lamboitte and Kosinski

show how pervasive details left in

these footprints can be used to infer

an individual’s personality, where

personality refers to the major psy-

chological framework identifying in-
dividual differences among people in

behavior patterns, cognition, and

emotion. In addition to reviewing the

factors of personality, they review a

range of recent works focused on

predicting personality from digital

traces. They conclude with discussion

of the increasingly important implica-
tions for privacy, security, and data

ownership as well as future directions

for research.

In the final paper, Walker and

Muchnik delve into how our tradi-

tional methods of experimental

design, which divide subjects into

control and treatment groups, need
to be radically redesigned for our di-

gital world. Traditional methods ne-

glect the natural connections that

exist between individuals, and, more

so, that the impact of treatment can

propagate through such connections.

In analogy to big data, they survey the

burgeoning movement of big experi-
ments (such as the 61-million-person

experiment on Facebook [14]). They

discuss the broad range of aspects

that need to be considered for

appropriate design of network-

randomized trials, including the ex-

perimental setting, the process under
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study, and the impact of connectivity.
Equally important is their discussion

on emerging methods to draw statis-

tically meaningful conclusions from

such experiments as well as develop-

ing novel treatment schemes that

leverage connections in social net-

works. They repeatedly highlight the

important and subtle distinctions be-
tween offline and online experimental

settings.

In conclusion, this is an exciting

moment in human history as the di-

gital world and the physical world

become increasingly intertwined in a

seamless manner. We offer three

take-home messages.
• Social media, search, and data

extraction technologies are

not only changing the struc-

ture and dynamics of social

networks, but are also chang-
ing how controllable these

systems are.

• Precision, quantitatively jus-

tif ied interventions into

behavioral dynamics are in-

creasingly feasible within the

digital domain, permitting

large-scale experiments on
human behavior and social

systems. This is useful and

presents challenges.

• We understand the rela-

tionship between energy and

informationVhow bits get

converted to wattsVfor elec-

trical circuits, but not for
social networks. In biology,

computational social science,

and the science of social engi-

neering, the development of a

functional theory of informa-
tion is a central theoretical

challenge that needs to be ad-

dressed if these disciplines are

to have strong foundations. h
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