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Exploring three interdisciplinary areas and the 
extent to which they overlap. Are they all part 
of the same larger domain?

BY THANASSIS TIROPANIS, WENDY HALL, JON CROWCROFT, 
NOSHIR CONTRACTOR, AND LEANDROS TASSIULAS

THE OBSERVATION OF  patterns that characterize 
networks, from biological to technological and social, 
and the impact of the Web and the Internet on society 
and business have motivated interdisciplinary research 
to advance our understanding of these systems. Their 
study has been the subject of Network Science research 
for a number of years. However, more recently we have 
witnessed the emergence of two new interdisciplinary 
areas: Web Science and Internet Science.

Network Science can be traced to its mathematical 
origins dating back to Leonard Euler’s seminal work 
on graph theory15 in the 18th century and to its social 
scientific origins two centuries later by the psychiatrist 

Jacob Moreno’s25 efforts to develop 
“sociometry.” Soon thereafter, the 
mathematical framework offered by 
graph theory was also picked up by 
psychologists,2 anthropologists,23 and 
other social scientists to create an in-
terdiscipline called Social Networks. 
The interdiscipline of Social Networks 
expanded even further toward the end 
of the 20th century with an explosion 
of interest in exploring networks in 
biological, physical, and technologi-
cal systems. The term Network Sci-
ence emerged as an interdisciplinary 
area that draws on disciplines such as 
physics, mathematics, computer sci-
ence, biology, economics, and sociol-
ogy to encompass networks that were 
not necessarily social.1,26,35 The study 
of networks involves developing ex-
planatory models to understand the 
emergence of networks, building 
predictive models to anticipate the 
evolution of networks, and construct-
ing prescriptive models to optimize 
the outcomes of networks. One of the 
main tenets of Network Science is 
to identify common underpinning 
principles and laws that apply across 
very different networks and explore 
why in some cases those patterns 
vary. The Internet and the Web, given 
their spectacular growth and impact, 
are networks that have captured the 
imagination of many network scien-
tists.13 In addition, the emergence of 

Network 
Science,  
Web Science, 
and Internet 
Science

 key insights
 ˽ Web Science and Internet Science aim 

to understand the evolution of the Web 
and the Internet respectively and to 
inform debates about their future. These 
goals lead to different priorities in their 
research agendas even though their 
communities overlap.

 ˽ Network Science aims to understand 
the evolution of networks regardless 
of where they emerge including: the 
Internet as a network transforming and 
forwarding information among people 
and things, and the Web as a network of 
creation and collaboration.

 ˽ Given their intellectual complementarities, 
we propose sharing and harmonizing 
the data research infrastructures 
being developed across these three 
interdisciplinary communities.

http://mags.acm.org/communications/august_2015/TrackLink.action?pageName=76&exitLink=http%3A%2F%2Fdx.doi.org%2F10.1145%2F2699416
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the need for multidisciplinary re-
search on Internet Science that seeks 
to understand the psychological, soci-
ological, and economic implications 
of the Internet’s evolution along these 
principled directions. Hence, Internet 
Science is an emerging interdisciplin-
ary area that brings together scientists 
in network engineering, computation, 
complexity, security, trust, mathemat-
ics, physics, sociology, economics, 
political sciences, and law. This ap-
proach is very well exemplified by the 
early Internet topology study.16

Interdisciplinary relationships. All 
three areas draw on a number of dis-
ciplines for the study, respectively, of 
the nature and impact of the Web, of 
the Internet, and of networks in gen-
eral on government, business, peo-
ple, devices, and the environment. 
However, each of them examines 
how those actors co-create and evolve 
in distinct, unique ways as shown on 
Figure 1. For Web Science it is the 
aspect of linking those actors and 
the content with which they interact 
making associations between them 
and interpreting them. For Internet 
Science it is the aspect of communi-
cation among actors and resources 
as processes that can shape informa-
tion relay and transformation. For 
Network Science, it is the aspect of 
how these entities, when considered 
to be part of a network, exhibit cer-
tain characteristics and might ad-
here to underpinning laws that can 
help understand their evolution.

However, to understand better the 
similarities and differences between 
these areas and to establish the po-

online social networks and the poten-
tial to study online interactions on a 
massive, global scale hold the prom-
ise of further, potentially invaluable 
insights to network scientists on net-
work evolution.24

Web Science6 is an interdisciplinary 
area of much more recent vintage that 
studies the Web not only at the level of 
small technological innovations (mi-
cro level) but also as a phenomenon 
that affects societal and commercial 
activities globally (macro level); to a 
large extent, it can be considered the 
theory and practice of social machines 
on the Web. Social machines were 
conceptualized by Tim Berners-Lee in 
1999 as artifacts where people do the 
creative work and machines interme-
diate.3 Semantic Web and linked data 
technologies can provide the means 
for knowledge representation and rea-
soning and enable further support for 
social machines.20

Studying the Web and its impact re-
quires an interdisciplinary approach 
that focuses not only on the techno-
logical level but also on the societal, 
political, and commercial levels. Es-
tablishing the relationship between 
these levels, understanding how they 
influence each other, investigating 
potential underpinning laws, and ex-
ploring ways to leverage this relation-
ship in different domains of human 
activity is a large part of the Web Sci-
ence research agenda. Web Science 
draws on disciplines that include the 
social sciences, such as anthropology, 
communication, economics, law, phi-
losophy, political science, psychology, 
and sociology as well as computer sci-

ence and engineering. A major focus 
of the Web Science research agenda is 
to understand how the Web is evolv-
ing as a socio-technical phenomenon 
and how we can ensure it will contin-
ue to evolve and benefit society in the 
years to come.

Internet Science. The Internet has 
provided the infrastructure on which 
much of human activity has become 
heavily dependent. After only a few 
decades of Internet development it 
is self-evident that if the Internet be-
came unavailable, the consequences 
for society, commerce, the economy, 
defense, and government would be 
highly disruptive. The success of the 
Internet has often been attributed 
to its distributed governance model, 
the principle of network neutrality, 
and its openness.14 At the same time, 
concerns related to privacy, secu-
rity, openness, and sustainability are 
raised and researched as they are of-
ten at the center of contestations on 
the Internet.11 The Internet can be 
seen as an infrastructure, the social 
value of which must be safeguarded.18 
It is the infrastructure that enabled 
the evolution of the Web along with 
P2P applications, more recently the 
cloud, and, in the near future, the In-
ternet of Things. It has been argued 
the infrastructural layer of the Inter-
net and that of the Web must be kept 
separately to foster innovation.4 A 
recent study7 identified a number of 
principled directions along which the 
Internet needs to evolve; those include 
availability, inclusiveness, scalability, 
sustainability, openness, security, pri-
vacy, and resilience. This motivates 

Figure 1. Web, Internet, and Network Science aspects. 

Social Sciences

Engineering

Computer Science

Psychology

Law

Economics

Education

Mathematics

…

Peo
ple

Government

Business

Devices
Environment

Web Science

The content (co)creation, linkage, and evolution aspect: Web protocols, code, and policies

Internet Science

The information relay and transformation aspect: Internet protocols, code, and policies

Network Science

Network properties and network evolution



AUGUST 2015  |   VOL.  58  |   NO.  8  |   COMMUNICATIONS OF THE ACM     79

review articles

All three areas  
draw on a number 
of disciplines for  
the study, 
respectively, of the 
nature and impact 
of the Web, of the 
Internet, and of 
networks in general 
on government, 
business, people, 
devices, and  
the environment.

tential for synergies, a framework for 
a more detailed comparison is needed.

A Comparison of  
Interdisciplinary Areas
It takes only a quick read through 
a short description of each of these 
interdisciplinary areas5,32,35 for one 
to realize that, to a very large extent, 
they all draw from very similar sets of 
disciplines. Venn diagrams that have 
been used to illustrate the involve-
ment of different disciplines in each 
area are indicative of this overlap. For 
example, psychology and economics 
are considered relevant to Network 
Science,29 Internet Science,7 and Web 
Science.20 This can give rise to cer-
tain questions such as: “If there is so 
much overlap, aren’t these areas one 
and the same?” or “Would they all 
merge in the future?” Other questions 
include: “Which community is more 
relevant to my research?” or “What 
developments could we expect from 
each area in the future?” To explore 
those questions we propose a frame-
work of examining those interdisci-
plinary areas, which includes looking 
at the way these communities have 
formed, and the different languages 
of discourse these communities have 
employed in their research.

Community formation. Although 
not all three interdisciplinary do-
mains were established at the same 
time, one can argue that research in 
those areas dates back before their of-
ficial starting date. At the same time, 
one can also argue there are differenc-
es in how communities around those 
domains emerged.

The formation of the Social Net-
works community can be traced back 
to a series of social network conferenc-
es that started in the 1970s17 with an 
important conference in Dartmouth 
in 1975 that brought together sociolo-
gists, anthropologists, social psychol-
ogists, and mathematicians from the 
U.S. and Europe. This was followed 
by Lin Freeman’s launch of Social 
Networks in 1978, and Barry Wellman 
founding the International Network 
for Social Network Analysis (INSNA) 
in 1976 and its annual Sunbelt Social 
Networks conference in 1981. Begin-
ning in the 1990s, the social scientists 
were joined by a large and growing 
influx of scholars from the physical 

and life sciences who began explor-
ing networks in social systems. This 
effort was acknowledged and further 
catalyzed by the launch of the annual 
Network Science (NetSci) conference 
in 2006, a major infusion of fund-
ing in 2008 from the Army Research 
Laboratory for the development of 
an interdisciplinary Network Science 
Collaborative Technology Alliance 
(NS-CTA), and the launch of the  Net-
work Science Journal in 2013.a Clearly 
there was already a community in 
place, which engaged in interdisci-
plinary work long before those initia-
tives; one can argue a hybrid bottom-
up and top-down approach is the 
community formation model that was 
followed for Network Science.

For the Web Science community, 
it was around 2006 when it was real-
ized that understanding the impact of 
the Web was essential to safeguard its 
development in the future. The Web 
Science Research Initiative (WSRI) 
was established in 2006 and later de-
veloped into the Web Science Trust 
(WST) as part of the top-down ap-
proach to the formation of the Web 
Science community. The WSRI raised 
a banner for those who were engaged 
in research on the Web as a socio-
technical phenomenon, including the 
social network research community. 
A similar community formation mod-
el was followed for Internet Science, 
where the European Network of Excel-
lence in Network Science (EINS)b,32 is 
one of the most significant activities 
to bring together the research com-
munity in this area. Areas such as pri-
vacy and network neutrality have been 
highlighted as priorities in the Inter-
net Science agenda.

It can be argued the top-down 
model of community formation can 
accelerate research in emergent in-
terdisciplinary areas but, in order to 
be successful, it requires a signifi-
cant investment of resources from 
individuals, from research institu-
tions, and from industry or govern-
ment. Although the Web Science 
and the Internet Science commu-
nities were formed mostly in a top-
down fashion, the sustainability of 

a http://journals.cambridge.org/ 
action/displayJournal?jid=NWS

b http://www.internet-science.eu

http://mags.acm.org/communications/august_2015/TrackLink.action?pageName=79&exitLink=http%3A%2F%2Fjournals.cambridge.org%2Faction%2FdisplayJournal%3Fjid%3DNWS
http://mags.acm.org/communications/august_2015/TrackLink.action?pageName=79&exitLink=http%3A%2F%2Fjournals.cambridge.org%2Faction%2FdisplayJournal%3Fjid%3DNWS
http://mags.acm.org/communications/august_2015/TrackLink.action?pageName=79&exitLink=http%3A%2F%2Fwww.internet-science.eu
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in the future and the research meth-
ods or data will continue to mingle 
between these three areas. For ex-
ample, data on the Internet of Things 
might not remain exclusive to Inter-
net Science since that data could be 
combined with data on human be-
havior on the Web from the Web Sci-
ence perspective or to explore emer-
gence and outcomes of the networks 
they enable from the Network Science 
point of view. Similarly, data on the 
behavior of users on the Web will be 
used to explore the use of bandwidth 
in the underlying Internet infrastruc-
ture. The different types of measure-
ment point to the fact that often, part 
of the research, especially in the top-
down-formed areas of Internet Sci-
ence and Web Science, is associated 
to specific goals.

Given this shared pool of methods 
and data resources, each area em-
ploys mixed methods to leverage this 
pool in different ways according to 
their research agendas as illustrated 
in Figure 2. Those agendas are in-
formed by different research goals. 

Research goals. “Web Science is 
focused on how we could do things 
better, while Network Science is more 
focused on how things work;”36 the 
“doing things better” refers to lever-
aging the potential of the Web and 
ensuring its continuing sustainability. 
Similar claims are made on behalf of 
Internet Science and Network Science. 
Although the use of the term ‘science’ 
relates to the systematic organization 
of knowledge and is not directly linked 
to goals, we argue that goals do play a 
role in the formation of these interdis-
ciplinary areas and in shaping their 
research agendas, scientific contribu-
tion, and impact. In Web Science, the 
study of the Web itself is crucial,21 as 
is safeguarding the Web and its evolu-
tion.19 In Internet Science, the evolu-
tion and sustainability of the Internet 
and its services are central objectives; 
it is understood that tussles will al-
ways be the case on the Internet and 
that accommodating them is neces-
sary in order to ensure its evolution.11 
It seems that in both Internet Science 
and Web Science applied research 
comes first but it should be informed 
by the development of a basic research 
program. In addition, neither Web 
Science nor Internet Science is tech-

those communities was ensured by 
research funding from key research 
institutions, national research coun-
cils, the European Union, and signifi-
cant effort by individuals.

Use of a lingua franca. Beyond 
community formation, there are dif-
ferences in the language of discourse 
(the lingua franca) that is employed in 
each area. Network scientists initially 
shared graph theory as their lingua 
franca but have more recently em-
ployed models taken from physical 
processes (percolation, diffusion) and 
game theory13 to describe processes 
on graphs. They have also moved 
from descriptive network metrics to 
the development of novel inferential 
techniques to test hypotheses about 
the evolution of a network based 
on various self-organizing mecha-
nisms.27,28 As a result, the use of graph 
theory is not necessarily the founda-
tion for contemporary Network Sci-
ence research. Further, there is use of 
complex systems analysis to deal with 
phase changes and discontinuities 
between different operating regimes; 
these are used to study why epidemics 
and pandemics spread globally. As a 
result, many Network Science publi-
cations are featured in journals such 
as Nature.

The Web Science community has 
not yet embraced a lingua franca 
per se but one can argue that an un-
derstanding of Web standards, tech-
nologies, and models (HTTP, XML, 
JavaScript, REST, models of commu-
nication, ontologies) and of frame-
works of social theory are compo-
nents of what could develop into a 
lingua franca. The W3C has been fos-
tering a significant part of the discus-
sion on Web protocols and their im-
plications. A basic understanding of 
the evolution of the Web on both the 
micro and macro levels is the founda-
tion for Web Science research.

Similar means of discourse are 
employed in the Internet Science 
community. For Internet Science, 
the components of the lingua franca 
include the set of Internet standards 
(RFCs) and associated commentary 
and implementation (or even C code) 
as in Stevens’ books,30,31 as well as 
the existence of de facto standard 
implementations of systems in open 
source. They also include a basic 

understanding of the principles of 
Internet protocols, infrastructure 
(routers, links, AS topology), social 
science (preferential attachment 
models), law, and policy.

Research methodologies. In Net-
work Science, research methodolo-
gies involve network modeling and 
network analysis9,10 on networks that 
include, but are by no means restrict-
ed to, the Web and the Internet. In 
Internet Science, methodologies that 
employ measurements of engage-
ment of Internet users with online 
resources and the Internet of Things 
are prevalent. In Web Science, mixed 
research methods that combine inter-
pretative and positivist approaches 
are employed widely to understand 
the evolution of the Web based on 
online social network datasets, click-
stream behavior, and the use of the 
Web data.

Beyond methodologies, the Web 
Science community is working on 
providing the Web Science Obser-
vatory,33,34 a global-distributed re-
source with datasets and analytic 
tools related to Web Science. Simi-
larly, the EINS project is working 
on providing an evidence base for 
Internet Science research. And the 
Network Science community has a 
long tradition of making canonical 
network datasets available for use by 
the community along with network 
analysis software such as UCINET8 
and large-scale repositories of net-
work data such as SNAP.22

Clearly there is an overlap in the 
research methodologies of these 
three areas:

 ˲ They draw on data gathered from 
social networks, infrastructures, sen-
sors and the Internet of Things;

 ˲ They involve measurement, mod-
eling, simulation, visualization, hy-
pothesis testing, interpretation and 
exploratory research; and

 ˲ They use analytical techniques to 
quantify properties of a network (ab-
stract, virtual, or real) as well as more 
qualitative techniques.

So far, there has been significant 
emphasis on the social sciences in 
Web Science, on both social science 
theories and methodologies in Net-
work Science, and on protocols and 
computer science in Internet Sci-
ence. However, these foci will change 
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nology neutral; each one relies on spe-
cific protocols and standards. Further, 
one can argue that even the code that 
implements those standards embeds 
policy on which each respective com-
munity has reached some consensus. 
On the other hand, Network Science 
is technology agnostic and it overlaps 
only in part with Internet Science and 
Web Science, since it explores emer-
gent structural patterns and flows 
on network structures be they social, 
biological, the Web, or the Internet. 
Finally, Web Science and Internet Sci-
ence are both also engineering disci-
plines; they are about building better, 
stronger, more robust, efficient, and 
resilient systems. Network Science 
has been predominantly focused on 
understanding and describing emer-
gent processes, although access to 
large datasets has increased interest 
in both predictive analytics to antici-
pate network changes and prescrip-
tive analytics to optimize networks to 
accomplish certain desired goals. In 
essence, Network Science is aspiring 
to take insights from basic research to 
engineer better networks.12  

Comparisons. Despite the differ-
ences between these areas in terms 
of the community formation mod-
els, lingua francas, and goals, many 
of the research methods they employ 
are common. This points to potential 
synergies on topics in which these ar-
eas overlap and the potential for mo-
bilization within those communities 
on topics in which there is little or no 
overlap. Figure 3 shows such topics 
from each of these areas:

1. Web Science: The area of Web-
based social media is one example 
of primarily Web Science research. 
Network aspects are not the exclu-
sive part of this since social media 
research focuses on associations and 
interaction among people and social 
media resources.

2. Internet Science: Research on how 
the Internet of Things affects informa-
tion collection and transformation is 
primarily Internet Science research 
that cannot rely exclusively on network 
research either.

3. Network Science: Transport net-
works provide an example of network 
science research that does not neces-
sarily relate to Internet or Web science.

4. Web Science and Internet Science: 

Network neutrality is an example that 
requires understanding of both Web 
and Internet technology and it does 
not necessarily draw primarily on net-
work science techniques.

5. Internet Science and Network Sci-
ence: Content Delivery Networks can 

require network techniques for distri-
bution prediction and optimization 
and, at the same time, understanding 
of how Internet protocols and people 
relate to shaping that demand.

6. Network Science and Web Science: 
Diffusion on social media such as 

Figure 2. Network, Internet, and Web Science methodologies.
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Twitter is an example that relies on 
Web Science socio-technical research 
methods and, at the same time, on 
network analytic methods.

7. Web Science, Internet Science, and 
Network Science: Research on trust on-
line or on SOPA (Stop Online Piracy 
Act) and its side effects draws on all 
networks and on techniques that are 
aware of Web and Internet protocols 
and code. 

As the Web and the Internet con-
tinue to evolve it could be that some of 
these topics will shift.

Conclusion
We provide a comparison among Net-
work, Web, and Internet Science. We 
also propose a framework for com-
paring interdisciplinary areas based 
on their community formation, lin-
gua francas, research methods and 
resources, and research goals. We 
can gain additional insights of the 
relationship among these areas by 
conducting co-author and co-citation 
analysis of publications within these 
areas and explore the extent to which 
these are distinct or merging interdis-
ciplinary intellectual communities. 
Such an analysis would be even more 
meaningful as the related confer-
ences and journals mature and as the 
similarities and differences among 
these areas potentially crystallize.

Both Internet Science and Web Sci-
ence are technology-aware and their 
respective lingua francas include 
knowledge of the protocols and sys-
tems supporting the Internet and 
the Web, while Network Science is 
technology-agnostic. There are argu-
ments in keeping the two layers of 
the Internet and the Web separate 
to foster innovation;4 consequently, 
Internet Science and Web Science 
remain two distinct interdisciplinary 
areas given they have different goals, 
those of safeguarding the Internet 
and the Web, respectively. Network 
Science explores phenomena that in-
clude, but are not limited to, the Web 
or the Internet.

However, given the shared pool of 
mixed methods and datasets among 
these three interdisciplinary areas, 
there are compelling benefits for col-
laboration to harmonize and share re-
sources; this should be a high priority 
for researchers and funding agencies.
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