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Abstract

The e-learning platform was made for PhD students who intended to integrate the social network analysis in their doctoral
research. The objective of this e-learning material is to provide comprehensive review on the research methodology of
social network analysis. The scope of the e-learning platform includes how to design a social network analysis and how
to integrate it in your research.

The social network analysis can complete the methodological repertoire of researchers in the field of work and
organizational psychology. The network approach presumes that the behavior of individuals highly depends on the
connections within social structures. What does the analysis of the social network offer comparing to other social research
approach? According to Zhang (2010), the most important difference between social network analysis and traditional
social psychological approach concerns the explanation of human behavior. The first consideration of social network
analysis is the pattern of relations between actors while the traditional social psychological approach focuses on individual
characteristics. This difference has an impact on how the information about social structures are processed and analyzed.
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1. Introduction
The e-learning platform was made for PhD students who intended to integrate the social network analysis in
their doctoral research. The objective of this e-learning material is to provide comprehensive review on the
research methodology of social network analysis. The scope of the e-learning platform includes how to design
a social network analysis and how to integrate it in your research.

The social network analysis can complete the methodological repertoire of researchers in the field of work and
organizational psychology. The network approach presumes that the behavior of individuals highly depends
on the connections within social structures. What does the analysis of the social network offer comparing to
other social research approach? According to Zhang (2010)1, the most important difference between social
network analysis and traditional social psychological approach concerns the explanation of human behavior.
The first consideration of social network analysis is the pattern of relations between actors while the traditional
social psychological approach focuses on individual characteristics. This difference has an impact on how the
information about social structures are processed and analyzed. You can read more about the methodology,
software applications and professional communities of social network approach in the chapters of e-learning
platform!

Introduction video [https://www.youtube.com/watch?v=e-eHzuLNfG8]

1Zhang, M. (2010). Social Network Analysis: History, Concepts, and Research in B. Furht (ed.), Handbook of Social Network Technologies
and Applications. Springer, New York

https://www.youtube.com/watch?v=e-eHzuLNfG8
https://www.youtube.com/watch?v=e-eHzuLNfG8
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2. Methodology

2.1. Basic Concepts of Social Network Analysis

Introduction

"Networks are truly everywhere." - Manuel Lima

The introduction includes three kinds of materials. The Video [http://www.youtube.com/watch?
v=AF1B0_4SnXg] presents issues that should be taken into consideration before designing a network
research. The Summary describes the basic concepts of social network analysis. The Prezi [http://
prezi.com/2xk30wuqjswk/basic-concepts-of-social-network-analysis/] highlights a wide variety of fields
where the network concepts can be utilized.

Summary

Social network is a collection of individuals in which some individuals are connected. The network is
conceptualized as a structure of connections that channels information or resources. The social network is built
from nodes and ties (Zhang, 2010).

Figure 1. The social network is built from nodes and ties (source: common.wikimedia.org 06.12.2013)

These elements are defined briefly in the following sections:

Actors, nodes

Actors or nodes form the base units of social structures. Actors are distinct individuals (for example, workers
at a manufactory) or collective units (for example, project teams within a company). Recent research broadens

http://www.youtube.com/watch?v=AF1B0_4SnXg
http://www.youtube.com/watch?v=AF1B0_4SnXg
http://www.youtube.com/watch?v=AF1B0_4SnXg
http://prezi.com/2xk30wuqjswk/basic-concepts-of-social-network-analysis/
http://prezi.com/2xk30wuqjswk/basic-concepts-of-social-network-analysis/
http://prezi.com/2xk30wuqjswk/basic-concepts-of-social-network-analysis/
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this definition, as any interconnected unit can be studied as actors, not just human entities. Considering the
homogeneous and heterogeneous characteristics of the actors in a given network, we distinguish one-mode and
multi-mode networks. The one mode network involves relations among a single set of similar actors, while the
multi mode network involves relations among different sets of actors.

Figure 2. Multi mode network involves relations among different
sets of actors. (source: common.wikimedia.org 06.12.2013)

According to Zhang (2010)1, social networks operate on many levels, from families up to the level of nations,
and play a critical role in determining the way problems are solved, organizations are run, and the degree to
which individuals succeed in achieving their goals.

Ties, edges

Relational ties link actors within a network. These ties can be classified in several ways. First of all you should
consider whether the ties under consideration are directed or undirected. In case of directed graphs, there is
an initial and final node as well as a directed link between them (see Figure 2.). Undirected graphs represent
mutual relations: a link between A node and B node necessarily implies the existence of a link between B
node to A node.

Ties can represent several types of relations. These ties can be informal (for instance, who has friends with
whom in an organization) or formal (for example, who sends reports to whom within an organization).

1Zhang, M. (2010). Social Network Analysis: History, Concepts, and Research in B. Furht (ed.), Handbook of Social Network Technologies
and Applications. Springer, New York
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Valued ties

Values can be assigned to each tie in a network in order to represent the intensity of the relations: for instance
a value can represent the strength or the amount of resources transmitted or the frequency of contacts within
a relation.

The effects of the strength of the ties are an emphasized research topic in the field of network analysis.
According to Granovetter (1973) 2the strength of a tie “is a combination of the amount of time, the emotional
intensity, the intimacy (mutual confiding), and the reciprocal services which characterize the tie. Each of these
factors is somewhat independent of the other, though the set is obviously highly intercorrelated.” In this sense,
strong ties represent close and frequent social contacts and they tend to be embedded in tightly-linked social
structures (e.g. teams or groups) within a network. Weak ties represent more casual and distinct social contacts.
Weak ties tend to form bridges between teams and groups in order to deliver valuable information and resources
between these structures (Zhang, 2010).

Approaches of Analysis

Social Network Analysis is a vital methodological tool in modern social psychology. It examines patterns of
relations. It provides quantitative measures to study the qualitative nature of relationships among individuals
within a social group (Thilagam, 2010)3.

Social networks are analyzed in three different ways (Thilagam, 2010):
1. Analyzing the pattern of relations.
2. Analyzing ego-centric networks which are created by focusing on one particular individual and his/her

interactions. In this case, it is important to understand personal community networks and their effect on
involved persons.

3. Analyzing hybrid networks which are formed by choosing particular subjects and links from a given social
network and analyze the interactions using links to external related players that are not formally available
within the given network.

Applications of Social Network Analysis

Networks play an important role in several areas of everyday life where interactions happen. The graph
representation of social structures allows analysts to use the Social Network Analysis to predict the functioning
of the structures. Some examples for the applications of network analysis are introduced in this section.
Thilagam (2010) defined the following domains of the application of Social Network Analysis (SNA):
• Organizational psychology domain
• Web services
• Network analysis and the well-being of society

2Granovetter, M. (1973). The strength of weak ties. American Journal of Sociology. 81. 1287 1303.
3Thilagam, P. S. (2010). Applications of Social Network Analysis. In Borko Furth (ed.) Handbook of social network technologies and
applications. Springer, New York
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Organizational psychology domain

Cooperation and information sharing play a crucial role in the success of a company. Four issues have been
identified within organizational psychology where social networks strongly determine the performance of an
organization.

Teams are widely employed in organizations as basic units of production. According to Thilagam (2010),
network analysis can give insight into the functioning of teams in order to enhance team performance and
effectiveness. Social network analysis gives answers to the following questions that determine a team’s success:
• Is the project team cohesive enough to achieve the given project?
• Do the team members trust the leaders of the project team?
• Does the team share knowledge with other teams that work on similar projects?

The most important SNA measures related to the team formation are the following (see details in the Measures
chapter):
• Centrality
• Closeness

Information sharing determines not just the success of a project team but the success of the whole
organization. SNA techniques can discover sources of information, the structure of information sharing and
ways to access available knowledge (Thilagam, 2010).

Figure 3. Information sharing determines not just the success of a project team but
the success of the whole organization (source: common.wikimedia.org 06.12.2013)

Identifying bottlenecks in the flow of communication, resources or work can help balance the workload in
any unit of an organization. Planning the flow of resources and avoiding bottlenecks improve the efficiency
within the organization (Thilagam, 2010).
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Hidden barriers can arise within an organization because of differences between employees’ race, religion,
age, gender, professional or educational background. According to theories of homophily (see details in the
Theories chapter) interactions amongst similar people are more effective and are more satisfactory than those
amongst dissimilar people. Homophily can lead to isolated units within an organization.  According to Thilagam
(2010) social network analysis can identify the hidden barriers as well as the effects of these barriers on the
functioning of the social structure under consideration.

Web services

SNA has been used for the planning and development of various web services. Recommendation and E-
commerce Systems are web services that provide information about entertainment, scientific papers, books,
fashion, etc. Recommendation systems allow internet users to create personalized lists of items that include
their favorites. The e-commerce systems (Amazon, ebay) apply recommendation systems in order to offer
similar products for customers with similar preferences. The aim of recommendation systems is to predict
users’ preference towards a set of items being published.

A recommendation system can be modeled as a network graph consisting of customers as nodes and similar
products purchased as links between the nodes. These links can be weighted by the extent of similar choices
on products (Thilagam, 2010). A central node in this graph means that it has high impact on other nodes. SNA
helps to identify customers who have strong influence on what other customers purchase. The engagement of
these customers to e-commerce sites can be a prior issue for e-commerce systems.

Influential customers can be identified by using the following centrality measures (see details in the Measures
chapter):
• betweenness centrality
• closeness centrality

Network analysis and the well-being of society

SNA can serve the wellbeing of societies in different ways. SNA has been used to enhance the effectiveness
of public services (e.g. in designing traffic networks in a city) or prevent harmful events (e.g. terror attack).

For instance, SNA has been used to reveal the covert networks of harmful organizations that intend to
endanger the safety of a society. Good examples of these covert networks are terrorist and criminal networks.
According to Thilagam (2010), covert networks have cellular network structure which is basically different
from hierarchical organizations. SNA has been successfully applied to map terrorist networks as well as to
understand covert cells’ operations and their organization. SNA discovers who is central within an organization,
which individual’s removal would most effectively disrupt the network, what roles individuals are playing, and
which relationships are vital to monitor (Thilagam, 2010).

SNA has been employed in the field of epidemiology as well. SNA has been used to track the spread of diseases
such as HIV within a population. SNA may explore the patterns of human contact in order to predict how fast
a disease can spread within a community. SNA helps to improve strategies that make the operative units more
prepared in case of disasters or diseases.
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Recommended to read

• Chapter 1: Easley, D. and Kleinberg, J. (2010). Networks, Crowds and Markets: Reasoning about a Highly
Connected World. University Press, Cambridge

• Chapter 1: Zhang, M. (2010). Social Network Analysis: History, Concepts, and Research. In Furht, B. (ed.)
Handbook of Social Network Technologies and Applications. Springer, New York

• Borgatti, S.P. and Foster, P. (2003). The network paradigm in organizational research: A review and
typology. Journal of Management. 29. 991-1013.

• Granovetter,M. (1973). The strength of weak ties. American Journal of Sociology. 81. 1287- 1303.

• Hansen, M. T. (1999). The search-transfer problem: The role of weak ties in sharing knowledge across
organization subunits. Administrative Science Quarterly. 44. 82-111.

• Henttonen, K. (2010). Exploring social networks on the team level - A review of the empirical literature.
Journal of Engineering and Technology Management. 27. 74-109.

• Mérei, F. (1996). Közösségek rejtett hálózata. Budapest. Osiris Kiadó

• Nahapiet, J. and Ghoshal, S. (1998). Social capital, intellectual capital, and the organizational advantage.
Academy of Management Review. 23. 242-386.

2.2. The Measures of Social Network Analysis

Introduction

This chapter includes three kinds of materials. The Summary describes fundamental network
measures. The descriptions include interpretations of values. The Video [https://www.youtube.com/watch?
v=rBImN_UQHWM] helps to analyze network data. The Prezi [http://prezi.com/2mwysgvtdlme/measures/]
includes the classification of measures and the description of special nodes.

Summary

This summary describes fundamental network measures. The descriptions include interpretations of values.
The aim of the chapter is to present the most significant network measures that network scientists apply.

First, it is important to distinguish in-degree and out-degree measures, in order to have accurate interpretations.
Out-degree measures include the outward ties that are sent by any node, while in-degree measures include
incoming ties that are received by any node. If an actor receives many ties, they are possibly prominent, or have
high prestige. That is, many other actors seek to direct ties to them, and this may indicate their importance.
Actors who have high out-degree values are able to exchange information with many others, or make many

https://www.youtube.com/watch?v=rBImN_UQHWM
https://www.youtube.com/watch?v=rBImN_UQHWM
https://www.youtube.com/watch?v=rBImN_UQHWM
http://prezi.com/2mwysgvtdlme/measures/
http://prezi.com/2mwysgvtdlme/measures/
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others aware of their views (Hanneman and Riddle, 2005)4. In case of Centrality measures, the actors who
display high out-degree values are often said to be influential actors.

Measures from holistic perspective

From the perspective of network research measures can be divided into holistic and individual measures. For
instance "Centrality" could be seen as an attribute of individual actors, but we can also see how "centralized"
the graph as a whole is.

Structural measures

I. Central-Marginal measures

The Central-marginal measures reveal whether the network has an identifiable center and how the margin
surrounds this center. According to Mérei (1996)5 the center can described as a closed formation (see figures 1b
and 1c) that includes at least 25% of the actors. However, the margin can be identified in relation to the center;
it includes nodes without any direct connection to the nodes in the centre. The Central-marginal measures
contain 3 distinct measures:
• Sum of nodes in the centre
• The extent of the social area directly connected to the centre
• The extent of the margin separated from the centre

According to Mérei (1996) if a group has a small center and an extended margin, the group becomes hard to
control. However, if the center is extended, then the information can quickly spread through the network and
the group becomes easier to manage.

II. Frequency of network units

Social network researchers have identified network units that frequently appear in social communities. Figure
1 summarizes the prototypical network units:

4Hanneman, R. A. and M. Riddle (2005). Introduction to Social Network Methods. Riverside, California (published in digital form at
http://www.faculty.ucr.edu/~hanneman/nettext/)
5Mérei, F. (1996). Közösségek rejtett hálózata. Osiris Kiadó. Budapest

http://www.faculty.ucr.edu/~hanneman/nettext/
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Figure 1. Network forms

Frequency of network units determines the characteristics of networks. High frequency of star units and chain
units indicates a fast spread of information. High frequency of closed units (e.g.: circles, wheels) indicates
that several sub-groups are separated and disconnected. According to Mérei (1996) low frequency of pairs is
characteristic of an achievement oriented community.

Cohesion measures

According to Mérei (1996) Cohesion is the power that holds together the members in a group. Cohesion is
manifested in common duties and practices.  Groups with high levels of Cohesion perform tasks in a way
that actively involves all members, who often enjoy working together. Members in a team with low levels of
Cohesion prefer individual tasks. Cohesion can be represented by two measures:
• Density
• Cohesion index
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I. Density

Network Density is the ratio of the number of real ties to the number of possible ties. The following formula
describes the value of Density in case of non-directed ties:

The following formula describes the value of Density in case of directed ties:

If each node has a tie to all other nodes in the network, then the value of Density is 1. If there is no edge
between the nodes, then the value of Density is 0. The value of Density is always between 0 and 1. According
to Mérei (1996) the average value of Density in a large group is around 0,12-0,13. Higher values represent
the stability of the information spread and easy organizability of common acts. If anybody leaves the group,
stability remains constant because each member has several connections to others. If the Density value is too
high, team members tend to enjoy being together rather than focusing on achievements. Lower values represent
instability of information spread and common acts, and the team can become easily disorganized.

II. Cohesion index

Network Cohesion index is the ratio of the number of mutual connections to the maximum possible number
of mutual connections.  According to Mérei (1996), the average value of Cohesion index in a team is 10-13%.
Under 10%, the team can become easily disorganized and high or satisfying achievement is not possible.

Cohesion is closely related to appreciation and interaction within a group: cohesion enhances reciprocal
appreciation that results in more interaction. Cohesion is also connected to mutual trust and norms. Members
in a group with high Cohesion trust each other, they share common values and they are willing to help each
other (Lochner et al., 1999)6.

Measures of centrality

Measures of Out-degree/In-degree, Closeness and Betweenness describe locations of individuals in terms of
how close they are to the "center" of the network - although definitions of what it means to be at the center
depends on perspective.

I. Network centralization

Network Centralization is a macro-level measure. According to Scott (1991)7 network Centralization computes
the degree to which an entire network is focused around a few central nodes. This measure expresses the degree

6Lochner K., Kawachi, I. and Kennedy, B. P. (1999). Social Capital: A Guide to its Measurement. Health and Place. 5, 259-270.
7Scott, J. (1991). Social Network Analysis. A Handbook. SAGE Publication, London
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of Centralization variability within an observed network comparing it to a (perfectly centralized) “star network”
with the same size (Freeman, 1977)8.

High level of centralization is often accompanied by high vulnerability. A centralized group is dominated by
a few central members. If these individuals leave the group, the network quickly falls into unconnected sub-
networks. A central node can become the locus of failures. A less centralized network is less dependent on
central nodes and thus may be more resilient of unexpected failures.

Measures from an individual perspective

I. Out-degree/In-degree

The simplest way to compute a Centralization measure is to apply an Out-degree/In-degree measure, which is
the sum of ties that a node receives or sends.

A central position is always an advantaged position. Actors who have more ties to other actors may hold
these advantaged positions. Because they have many ties, they may have alternative ways to satisfy needs, and
hence are less dependent on other individuals (Hanneman and Riddle, 2005). They are able to benefit from the
brokerage of the flow of information and resources. The Out-degree/in-degree is a simple, but very effective
measure of an actor's Centrality.

The high number of ties indicates easier access to resources and information. Higher Out-degree value means
being more influential in case of out-going information. This measure however does not take into account to
whom the information has been sent. Higher In-degree value means being reliable with high prestige.

II. Betweenness

Betweennes is an index of Centrality for each node in a network. It is a measure of gatekeeping.  In order to
understand the substance of this measure, an introduction of the path definition is needed: the length of a path
is the number of edges that the path includes (see in Figure 2).

8Freeman, L. C. (1977). A Set of Measures of Centrality Based on Betweenness. Sociometry 40, 35–41.
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Figure 2. Betweenness in a network

An example for computing Betweenness for a given node G in the flow of information between node A and
D : Betweenness concerns the paths between A and D. Betweenness is the ratio of the number of all possible
paths between A and D involving node G to the number of all paths between A and D.

The following formula describes the value of Betweenness:

Any node with high Betweenness value has an advantaged position in the network. If any node with high
Betweenness value wants to connect to any other node, it can simply do so. If any node with low Betweenness
value wants to connect to any other node, it must do via nodes with high Betweenness. This gives actors with
high Betweenness the capacity to broker contacts among the others. For example, they can extract service
charges, isolate actors or prevent contacts.

III. Closeness

While Betweenness concerns the number of paths between two given nodes, the Closeness measure focuses on
the number of ties that separate two nodes from each other. According to Hanneman and Riddle (2005) actors
who are able to reach other actors at shorter path lengths, or who are more reachable by other actors at shorter
path lengths have favored positions. This approach emphasizes the distribution of Closeness and distance as
a source of power.

For a given node, this index is the inverse of the sum of the Distances from that node to all other nodes. Distance
is the sum of ties between two nodes. The following formula describes the value of Closeness (whether in a
directed or nondirected network):
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In a circle network (see figure 1.b) each actor lies at different path lengths from the other actors, however,
all actors have same Closeness value because they have equivalent structural positions. In the line network,
the middle actor (see F in the figure 1.e) is closer to all other actors than the peripheral actors (e.g. D or B
in the figure 1.e). The peripheral positions are disadvantaged positions, because they are far away from the
transactions between most actors. Having the central position in a star network allows the central actor to reach
all other actors through the shortest paths. This makes the central actor powerful: shorter distance comes along
with direct influence on the views of other actors.

Power centrality

Measures of Centrality might be criticized because they only take into account the immediate ties that an actor
has. One actor might be tied to a large number of others, but those others might be rather disconnected from
the network as a whole. In this case, the actor could be quite central, but only within a local neighborhood.

Bonacich (1987)9 proposed a new approach to the degree of Centrality. The original measures of Centrality
assume that actors who have more ties are more likely to be powerful because they can directly influence
others. This is a widely accepted approach, but having the same amount of ties does not necessarily make
actors equally important. Hanneman and Riddle (2005) illustrate the difference between the approaches of the
original and Bonacich’s Centrality measures:

"Suppose that Bill and Fred each have five close friends. Bill's friends, however, happen to be pretty isolated
folks, and don't have many other friends, save Bill. In contrast, Fred's friends each also have lots of friends,
who have lots of friends, and so on. Who is more central? We would probably agree that Fred is, because the
people he is connected to are better connected than Bill's people. Bonacich argued that one's Centrality is a
function of how many connections one has, and how many connections the actors in the neighborhood had."

Bonacich questioned the presumption that more central actors are more likely to be more powerful actors. In
the example from Hanneman and Riddle (2005), Fred is more central but is he more powerful? Some argue
that one is likely to be more influential if one is more connected to central others, because one can easily reach
the large proportion of others in the network. “But if the actors that you are connected to are, themselves, well
connected, they are not highly dependent on you; they have many contacts, just as you do” – argue Hanneman
and Ridle (2005). However, if you are connected to others who are not well connected, they are more dependent
on you. Bonacich assumes that being connected to others that are well connected makes an actor more central,
but not more powerful.

Recommended to read

• Bonacich, P. (1987). Power and centrality: a family of measures. American Journal of Sociology 92,
1170-1182.

9Bonacich, P. (1987). Power and centrality: a family of measures. American Journal of Sociology 92, 1170-1182.
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• Freeman, L. C. (1977). A set of measures of centrality based on betweenness. Sociometry 40, 35–41.

• Freeman, L. C. (1979). Centrality in social networks: Conceptual clarification. Social Networks, 1(3), 215–
239.

• Hanneman, R. A. and M. Riddle (2005). Introduction to Social Network Methods. Riverside, California
(published in digital form at http://www.faculty.ucr.edu/~hanneman/nettext/)

• Lochner K., Kawachi, I. and Kennedy, B. P. (1999). Social capital: a guide to its measurement. Health and
Place. 5. 259-270.

2.3. Network Theories

IntrRduction

This chapter includes three kinds of materials. The Summary introduces Graph Theory, Network Science
and Social Network Theories. The Theory presents the mechanisms that govern network formation. The
Video [https://www.youtube.com/watch?v=OhBxHDDVm_Q] summarizes Social Network Theories. The
Prezi [http://prezi.com/swxz7uhp4ugd/network-theories/] includes the classification and illustration of theories
for better understanding.

Summary

Networks have been studied in various academic fields such as in computer science, biology, sociology or
in linguistics. Network science is an interdisciplinary field, which offers a comprehensive interpretation of
the network characteristics. The aim of network science is to define the universal nature of different types of
networks. According to the results of network scientist neural networks in the brain are surprisingly similar
to the World Wide Web.

Graph Theory

Graph theory, which includes network science, studies networks from a mathematical perspective with the
purpose of modeling several types of relations. The history of graph theory begins in 1735 with a paper written
by Leonhard Euler about the mathematical problem of "Seven Bridges of Königsberg" (see Figure 1).

The mathematical problem that was presented in Euler’s publication involved finding a walk through a town,
visiting each part of the town and crossing each bridge only once. The island within the town (see figure 1)
can only be reached across the bridges. Every bridge must be crossed and the walk has to start and end at the
same spot. Such a walk with the rules above is called Eulerian path or Euler walk in his honor. Euler proved
that the problem has no solution.

http://www.faculty.ucr.edu/~hanneman/nettext/
https://www.youtube.com/watch?v=OhBxHDDVm_Q
https://www.youtube.com/watch?v=OhBxHDDVm_Q
https://www.youtube.com/watch?v=OhBxHDDVm_Q
http://prezi.com/swxz7uhp4ugd/network-theories/
http://prezi.com/swxz7uhp4ugd/network-theories/
http://prezi.com/swxz7uhp4ugd/network-theories/
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Figure 1. The illustration of "Seven bridges of Königsberg" mathematical problem
(source: http://en.wikipedia.org/wiki/File:Konigsberg_bridges.png, 2013.07.13.)

As the simplified figure of the problem (see Figure 2) illustrates, if a network has 2 or more nodes with odd
number of ties, then any Eulerian path will start at one of the nodes and end at the other. In the problem
of "Seven bridges of Königsberg", there are 4 nodes (parts of the town) with odd number of ties (bridges),
therefore the problem has no solution.

Figure 2. The simplified representation of "Seven bridges of Königsberg" Mathematical problem

The following models had a notable impact on the development of graph theory and network science.

Model of random networks

Two Hungarian mathematicians, Pál Erdõs and Alfréd Rényi, defined the principles of network science. They
have developed a mathematical model that describes the nature of complex networks (e.g.: network of cities
connected by roads, telecommunication networks, supply-chain networks etc.). They argued that the complex
networks are too complex for being described by a straightforward mathematical formula. According to their
model, any link in a complex network connects random nodes, therefore the complex network patterns equal
to random patterns. The mathematicians defined the following characteristics of the complex networks:

• the density of nodes is equally distributed in every part of the network
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• the probability of a node owns one, two or more ties follow Poisson-distribution (see Figure 3)

Figure 3. The Poisson-distribution that describes the probability of a node owns one, two or more ties

Model of scale-free networks

Complex networks are not random networks, their formation follows two certain mechanisms – stated Barabási
Albert-László (2001)10. First mechanism is the incremental growth mechanism: it means that an "older" node
has more possibility to connect other nodes than a "younger" one. The first node that has started to build up the
network (the "oldest") owns the highest potential to make connections to all other nodes that come later into
the network. The second mechanism is the preferential attachment mechanism. The new nodes are more likely
to make connections to central nodes with multiple connections than peripheral nodes with less connections.
The preferential attachment mechanism facilitates the "the rich get richer" phenomenon.

According to the model, the possibility of a node owning one, two or more ties (P(k)) must follow the power
function (see Figure 4):

10Barabási A.-L., Ravasz, E. and Vicsek, T. (2001). Deterministic Scale-Free Networks, Physica A 299. 559-564.
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Figure 4. The power function that describes the probability of a node owning one, two or more ties

In this formula, "k" is the number of ties that a node has. The characteristics of a given network can be set�
based on the value of the exponent "Ȗ". Networks of our everyday life (biological, transportation, economical�
networks) follow the characteristics of scale-free networks defined by Barabási Albert-László. Most networks�
created by nature or society can be described by the formula mentioned above with the following value "Ȗ":
2 ≤ γ ≤ 3.

 As figures 5.a and 5.b illustrate, the distribution of nodes within scale-free networks is less homogeneous
than the distribution of nodes within random networks. Therefore, scale-free networks are vulnerable because
systematic attack against their central nodes can disintegrate the whole network. Barabási Albert-László
emphasizes the vulnerability of scale-free networks against systematic attacks: for instance, the network link
between websites may fall apart if some central website is hacked.
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Figure 5.a) distribution of nodes in a random network; 5.b) distribution of nodes in a scale-free network

Social-psychological theories

Mathematical models describe complex networks, and as such they concern social networks as well. Models
of random networks state that the nodes are connected randomly while models of scale-free networks argue
that connections are more likely to be tied to central nodes. However, social-psychological theories describe
additional "rules" concerning the motivation to connect to each other. Different theories propose different
motivations.

Self-interest paradigm assumes that people form relations in order to maximize their personal benefits. This
approach introduces a new concept: the social capital. Social capital is the "sum of the resources, actual
or virtual, that accrue to an individual or group by virtue of possessing a durable network of more or less
institutionalized relationships of mutual acquaintance and recognition" (Bourdieu and Wacquant, 1992)11.
Individuals tend to "deploy this social capital and reap returns on their investment" (Katz et al., 2004)12 in the
form of brokering the flow of resources between those who are not directly connected. However, brokering
ability is strongly related to the measure of "betweenness".

Theories of social exchange assert that people establish ties with whom they can exchange resources.
According to Richard Emerson (1972)13, individuals' motivation to create ties with others is not based on
maximizing their personal gain - as self-interest paradigm stated. Individuals’ motivation to create ties with
others "is based on their ability to minimize their dependence on others from whom they need resources and
maximize the dependence of others who need resources they can offer" (Katz et al., 2004). In other words,
individuals tend to maximize their centrality in case of in-coming ties and tend to maximize their betweenness
in case of out-going ties.

11Bourdieu, P. and Wacquant, L. J. D. (1992). An Invitation to Reflexive Sociology. Chicago. University of Chicago Press.
12Katz, N., Lazer, D., Arrow, H. and Contractor, N. (2004). Network theory and small groups. Small Group Research, 35. 307–332.
13Emerson, R. M. (1972). Exchange theory: Part I.–Part II. A psychological basis for social exchange and A psychological basis for social
exchange. In J. Berger, M. Zelditch and B. Anderson (eds.) Sociological theories in progress. Boston. Houghton Mifflin.
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Theories of collective interest propose that people form relations to each other because they perceive that
possibility of benefits from coordinated action can exceed the possibility of benefits from individual actions.
This approach assumes that there is no advantaged position in the network (e.g. central position, or position
with high betweenness): every position can be an advantaged one, if it contributes to the success of the whole
network.

Cognitive theories posit that people tend to form relations with others who have similar opinions and
evaluations on others. If two friends do not agree about the evaluation of a third person, they may experience
a state of discomfort and strive to reduce this tension by changing their evaluation of either the third person
or their own friendship.

Theories of homophily propose that people who perceive others as similar to themselves, are likely to create
connection. These approaches assume that there is no advantaged position in the social network: the individuals’
motivation to create ties with others is based on perception of similarity which can be related to these others’
opinions or their certain characteristics.

Recommended to read

• Barabási, A.-L. (2010). Bursts: The Hidden Pattern Behind Everything We Do. Penguin Group Inc. New
York

• Barabási A.-L., Ravasz, E. and Vicsek, T. (2001). Deterministic Scale-Free Networks, Physica A 299.
559-564.

• Henttonen, K. (2010): Exploring social networks on the team level – A review of the empirical literature.
Journal of Engineering and Technology Management, 27. 74–109.

• Katz, N., Lazer, D., Arrow, H. and Contractor, N. (2004). Network theory and small groups. Small Group
Research, 35. 307–332.

2.4. How to Design a Network Research

Introduction

This chapter includes three materials. The Summary presents the critical analysis of three network researches
from methodological point of view. The Prezi [http://prezi.com/rtgqrzum1gms/how-to-design-network-
research/] presents issues concerning the research design. The Video [https://www.youtube.com/watch?v=Eh-
Fm9dZRO4] summarizes tips for data collection.

Summary

This chapter is about how to design a network research. The chapter includes critical analysis of network
researches from a methodological perspective. The aim of the chapter is to focus on methodological issues. The

http://prezi.com/rtgqrzum1gms/how-to-design-network-research/
http://prezi.com/rtgqrzum1gms/how-to-design-network-research/
http://prezi.com/rtgqrzum1gms/how-to-design-network-research/
https://www.youtube.com/watch?v=Eh-Fm9dZRO4
https://www.youtube.com/watch?v=Eh-Fm9dZRO4
https://www.youtube.com/watch?v=Eh-Fm9dZRO4
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chapter considers questions like how network researches form their hypotheses, what variables they define,
how data are collected and how those data are analyzed.

The presented studies are:
• Morrison (2002). Newcomers’ relationships: the role of social network ties during socialization. Academy

of Management Journal. 8. 1149-1160.
• Grund, T. U. (2012). Network structure and team performance: The case of English Premier League soccer

teams. Social networks. 34.682-690.
• Liu-Thompkins, Y. (2012). Seeding Viral Content. The Role of Message and Network Factors. Journal of

Advertising Research. 52. 465-478.

The researches have been chosen because:
• they represent a wide variety of fields where social network analysis is applied
• they give an insight into how to collect network data
• they define variables accurately
• they reveal limitations that are the best starting-points for network researches in the future

Social network analysis in an organizational context

Morrison (2002). Newcomers' relationships: the role of social network ties during socialization. Academy of
Management Journal. 8. 1149-1160.

This study investigates the relationship between network structure, competences and attitudes. The study
concerns the relationship between newcomers' informational network and the success of socialization.

Literature review and hypotheses

The article introduces relevant concepts of organizational socialization and social network analysis. The
introduction emphasizes the role of newcomers' informal social networks in the process of socialization. It
hypothesizes a significant effect of network density, strength of ties, network range and the status of colleagues
in the informational and friendship network on the success of the socialization process. The research does not
deal with the whole organizational social network. The study focuses on ego-networks: the individuals’ unique
set of social relations (see Figure 1).
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Figure 1. Ego-network of a newcomer (Morrison, 2002)

Variables

Independent variables

Strength of tie: according to Granovetter (1973)14, "the strength of a tie is a combination of the amount of
time, the emotional intensity, the intimacy and the reciprocal services of the other." The major body of network
literature concerns the nature of the tie's strength. Network scholars emphasized that for an individual to
attain career-related information it is more beneficial to have weak ties to people who are not themselves
interconnected (Burt, 1992)15. Having strong ties to people who themselves are highly interconnected may lead
to the acquisition of more redundant information. However, other scholars (Hansen, 1999)16 argue that weak
ties are not able to mediate valuable information or other resources.

Network range: this network measure corresponds to network diversity in this study. Network researches prove
that the access to useful information is easier if the available network contains diverse members, e.g. individuals
from different departments within an organization.

The status of colleagues in the newcomers' informal and friendship network is defined as the extent to which
one's network contacts hold high positions in the relevant status hierarchy (Lin, 1982)17. Previous researches

14Granovetter, M. (1973). The strength of weak ties. American Journal of Sociology, 78. 1360-1380.
15Burt, R. S. (1992). Structural holes: The social structure of competition. Cambridge, MA: Harvard Press.
16Hansen, M. T. (1999). The search-transfer problem: The role of weak ties in sharing knowledge across organization subunits.
Administrative Science Quarterly, 44. 82–111.
17Lin, M. R. (1982). Social resources and instrumental action. In P. V. Marsden and N. Lin (Eds.), Social structure and network analysis.
Beverly Hills, CA
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emphasized the political advantages of a high-status network (Ibarra, 1992)18, which is able to deliver valuable
information.

Network density is usually the measure of network analysis from a holistic perspective. However, Morrison
(2002)19 applied network density in her study. In the survey respondents were asked to indicate the number of
links between those colleagues (alters) with whom they have informal relation (see dotted lines in Figure 1).
Therefore the density has been computed as:

where T is the number of links that the alters supposed to have to each other and n is the total number of alters
identified.

Dependent variables

According to socialization literature, the success of socialization depends on the learning process in which
newcomers acquire and integrate a wide range of information. According to Morrison (2002), the competences
that the newcomers acquire are the following:

Organizational knowledge: the sum of information about organizational issues and attributes - norms, policies,
reporting relationships, terminology, goals history and politics. This variable was assessed by the scale from
Ostroff and Kozlowski (1992)20.

Task mastery is the competence about how to perform work tasks. This variable was assessed by scales from
Morrison (1993)21 and Chao et al. (1994)22.

Role clarity: the knowledge about the role expectations and role clarities. Role clarity was assessed by the scale
from Morrison (1993).

Further dependent variables in the study:

Social integration was assessed by a scale from Morrison (1993). Social integration focuses on the newcomers'
engagement to their immediate work group.

>Organizational commitment is measured by the affective commitment scale from Allen and Meyer (1990).
 This variable focuses on the newcomers’ engagement to the organization.

18Ibarra, H. (1992). Homophily and differential returns: Sex differences in network structure and access in an advertising firm.
Administrative Science Quarterly, 37. 422-447.
19Morrison, E. W. (2002). Newcomers’ relationships: the role of social network ties during socialization. Academy of Management Journal,
8. 1149-1160.
20Ostroff, C. and Kozlowksi, S. W. J. (1992). Organizational socialization as a learning process: The role of informaiton acquisition.
Personnel Psychology. 45. 849-874.
21Morrison, E. W. (1993). Longitudinal study of the effects of information seeking on newcomer socialization. Journal of Applied
Psychology, 78. 173-183.
22Chao, G. T., O'Leary, Kelly, A. M., Wolf, S., and Klein, H. J. (1994). Organizational socialization: Its content and consequences. Journal
of Applied Psychology, 79. 730-743.



Introduction to network analysis

0HWKRGRORJ\ 23

Data collection method

Timing of survey distribution

Morrison (2002) used surveys for data collection. Concerning the socialization as a dynamic and time-
demanding process, the timing of survey distribution might have an important impact on the results. Therefore,
the timing of survey-distribution in this research was planned accurately: based on prior researches and
interviews, Morrison (2002) chose the time nine months after the commencement of employment for survey
distribution.

Instructions in the survey

Respondents received a packet containing two surveys. They were instructed to complete the surveys at
different sittings, in order to reduce common source of bias. In the first survey, respondents were instructed
to write the initials of people at the firm who gave them regular and valuable job related information. Eight
columns were provided for the initials and respondents were told to list "as many or as few people as are
relevant". The decision about the number of columns is based on interviews with newcomers, who proposed
zero to six sources of information. After fulfilling the first row, respondents were asked to answer the set of
questions about each relation listed in the first row. Newcomers were asked to indicate each alters' hierarchical
position, the industry group within which each alter worked, the average frequency with which they were talked
to or exchanged information with each alter, and the number of other persons in the network with whom each
alter talked during any given week. The second survey was similar unless the respondents were asked to list
the name of their friends instead of information sources.

Statistical analysis

The analysis involved cross-sectional analysis in absence of longitudinal data. Regression analysis was applied
that revealed the effect of network measures computed from ego-centric networks on the dependent variables.

Results

The research proved that the overall structure of newcomers' relationships play an important role in
socialization. It emphasizes how important "social network management" is. Newcomers must choose between
different strategies and sources when seeking information: a large information network appears to facilitate
organizational learning, whereas a dense information network appears to facilitate job and role learning.

Limitations

Direction of causality

The predictions in the study were based on the assumption that the network structure influences socialization.
However, the direction of causality is not so evident: the newcomers who have more knowledge and
competence may choose different strategy for social network development than those who have less knowledge
and competence. Further researches are needed that can make the direction of causality more clear.
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Responsibility and objectivity of self-report data

The self-report data raises questions about the accuracy and objectivity of responses, especially in case of
density measure. Some network researchers argue that individuals vary in their ability to accurately perceive
ties between alters (Kilduff and Krackhardt, 1994)23.

In spite of the several issues that need further investigation, this study provides a useful first look at the
relationship between social network structure and newcomer socialization.

Social network analysis and team performance

Grund, T. U. (2012). Network structure and team performance: The case of English Premier League soccer
teams. Social networks. 34.682-690.

This research concerns those network factors that explain why some teams are more successful than others. The
research uses a dataset from 23 soccer teams, where passes build up the network structure between professional
soccer players. Although the research focuses on network structure of football teams, the results may provide
useful conclusions for other types of teams. According to Grund (2012)24, the football context is ideal for
several reasons: the game has well-defined rules; teams are more comparable in a soccer setting than in other
settings where the performance can be influenced by more external factors, the boundaries of the teams are
well defined, and the strength of interaction and team performance can be measured objectively.

Literature review – hypotheses

The present study summarizes previous findings on the relationship between within-team network structure
and team performance. These results raise questions such as whether the centralized or decentralized
communication patterns lead to better team performance and how network density affects team performance.

Grund (2012) identifies four core limitations of previous researches. Grund (2012) mentions that the most
important limitation of previous researches concerns the issue of causality. It is questioned whether network
structures drive team performance or performance promotes certain network configurations in a team.
Most studies applied cross-sectional design because of the difficulty of collecting longitudinal network or
performance data.

According to Grund (2012), the second limitation concerns the concept of social network applied in previous
network researches.  Scholars focused on friendship or advice rather than the interaction of individuals. The
third issue is that most network researches consider relationships in a binary perspective:  ties either exist or not.
According to Grund (2012), the intensity of interactions should be taken into consideration, which are especially
significant in teams in which everybody is likely to be associated with everybody else. The fourth limitation
concerns the assessment and comparability of performance measures: some previous researches applied team
evaluation from managers in order to define the performance of a given team. These evaluations probably
contained biases. However, this approach of data collection is often necessary because of the unavailability
of objective measures.

23Kilduff, M. and Krackhardt, D. (1994). Bringing the individual back in: A structural analysis of the internal market for reputation in
organizations. Academy of Management Journal, 37. 87-108.
24Grund, T. U. (2012). Network structure and team performance: The case of English Premier League soccer teams. Social networks,
34.682-690.
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According to Grund's (2012) hypothesis, increased interaction leads to increased team performance while
increased centralization leads to decreased team performance.

Variables

Independent variables

The network structure is built from ties which are represented by passes between soccer players. Other forms of
team interactions can be important as well, but according to Grund (2012), "the direct passes between players of
the same team are most likely the most consequential form of interaction in soccer matches". Treating passes as
binary relations would lead to redundant analysis, because during soccer matches, almost every player passes
at least once to another. The structural analysis based on interaction frequencies would reveal distinguishing
patterns between teams (see figure 2).

Figure 2. Pass network of a soccer team

Network density is traditionally calculated as the number of existing ties divided by the number of potential
ties. Density is less useful in case of complete networks and weighted ties. The frequency and extension of
interactions was computed by another measure called intensity which considers the weights of ties. Grund
(2012) defines the strength of out-going (Cos (i)) and in-coming (Cis (i)) ties as the number of passes (W) made
or received by a player in a team match:
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Furthermore Grund (2012) defines network intensity (I) as the passing-rate for a team and standardizes the
measure by the time (T) when the team possesses the ball:

Network centralization as a node based measure concerns the position of nodes in the network. Grund (2012)
proposes a more recent approach to computing network centralization. Grund (2012) considers a network highly
centralized when one actor is clearly more central than all other actors in the network, while a network is
decentralized when all actors have the same node centrality. The simplest node-based network centralization
measure is the degree centralization. Regarding the football context, "in-degree centralization (Ci) is the highest
when one player receives all the passes and lowest if every member of the team receives an equal number of
passes. Similarly, out-degree centralization (Co) is the highest when one player makes all the passes and lowest
when every member makes the same number of passes" (Grund, 2012). The following formula describes these
centralization measures:

Tie based network centralization – Grund (2012) computes tie centralization measure similarly to node based
centralization: this measure is about how unequally distributed the tie values are. Grund considers a network
decentralized when all tie values are the same and most centralized when the sum of the differences between
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the highest tie value and all the other tie values is at its maximum. In other words: the most decentralized
interaction pattern is one where everybody interacts with everybody with the same intensity. In contrast, "the
most centralized network would be one in which most interactions involve the same two individuals" (Grund,
2012). The following formula describes the tie-based centralization measure:

where w* is the maximum empirically observed tie value.

Dependent variables

Grund (2012) considers the number of goals as a dependent variable. The number of goals scored by a team is
a count variable that determines the statistical model applied in data analysis.

Data collection method

The study investigates the interaction network and performance of professional soccer teams in the English
Premier league. In the study 1 050 411 in-match events (incl. goals, passes, player behaviors) were observed.
A dataset contained 283 259 passes between individual players in 760 soccer matches. The network structure
of 23 soccer teams were analyzed in up to 76 repeated observations. In total, 1520 networks were analyzed.

Statistical analysis

As Grund (2012) argues, a longitudinal analysis would be necessary to make the casual relationship more
clear between network features and performance outcomes. According to Grund (2012), the mixed-effects
models provide a powerful and flexible tool for the analysis of grouped and longitudinal data. They allow
taking the heterogeneity and dependence structure into account. Mixed effects models are useful in settings
where repeated measurements were made on the same statistical unit. The soccer data used in this study have
cross-classified data structure. The number of goals scored by a team is a count variable and modeled with
a Poisson regression.

Results

The study could repeat previous findings about teams, network intensity and centralization: increases in the
passing rate lead to increased team performance, while increases in the centralization of team play lead to
decreased team performance. An important contribution of this article is the application of mixed-effects
modeling.

Limitations

A limitation would be the degree to which the results from soccer teams can be generalized to teams, which
perform in other contexts. Moreover, the study could not present any novel results about teams and the
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relation between inner structure and performance. However, the methodological approach is remarkable. Other
limitations are rooted in the nature of professional football: the consequences of the change of team members,
the effects of tactical setup and the roles of players on the outcome variable.

The role of Message and Network factors – network science and marketing

Liu-Thompkins, Y. (2012). Seeding Viral Content. The Role of Message and Network Factors. Journal of
Advertising Research. 52. 465-478.

Social network analysis is not only applied in the fields of organizational and team psychology but also in other
areas like marketing. The aim of this study is to analyze the spread of viral messages on YouTube through the
network of online consumers.

Literature review – hypotheses

This study identifies the role of social network in the spread of viral messages. According to Liu-Thompkins
(2012)25, "viral marketing refers to the act of propagating marketing messages through the help and cooperation
from individual consumers". The introduction of the study summarizes the factors that determine the viral-
marketing process. Three types of factors are suggested:
• the message characteristics
• the characteristics of the senders or receivers
• the characteristics of the social network where the message spreads

Liu-Thomkins (2012) identifies two basic limitations in previous marketing researches. Previously most studies
relied on computer simulations or consumer surveys. The main advantage of computer simulations is the control
of network properties, but they often prove unrealistic phenomena.  Although consumer surveys offer a closer
view of consumers’ attitudes and intentions, the results based on self-report and retrospective data can be
biased. Moreover, consumer surveys often use homogenous samples, such as college students.

According to Liu-Thomkins (2012) network size, tie strength, influence of consumers and network
homogeneity have an effect on the spread of viral messages.

Variables

Independent Variables

The size of the network (see Figure 3): the seed network of a viral message (e.g.: a video) consists of individuals
(seeds) who are directly connected to the poster of the message. The size of this network equals to the total
number of seeds.

25Liu-Thompkins, Y. (2012). Seeding Viral Content. The Role of Message and Network Factors. Journal of Advertising Research, 52.
465-478.
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Figure 3. Video seed network

Tie strength: on YouTube, there are two ways to connect to an individual:

• as a subscriber which represents a one-way connection to the video poster

• as a friend which represents a two-way connection.

Liu-Thomkins (2012) assumes that friendship connection represents a stronger relationship with the video
poster while the subscriber connection represents a weaker relationship.

Seed influence is the number of individuals who are directly connected to each seed consumer.

Video quality: YouTube allows users to rate each video on a five-point scale. An average rating at the end of
the observation period is the measure of video quality.

Network homogeneity: according to Liu-Thomkins (2012) consumers who have overlapping subscriptions
on YouTube with one another are more likely to share common interests with one another. Based on
homophily theory, Liu-Thomson assumes that the higher level of homogeneity comes along with more
intensive information spread. Liu-Thomkins (2012) defined the measure of homopfily based on the common
subscriptions:
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where G is the sum of subscriptions by all seed consumers. Liu-Thomson computed the Homogeneity measure
based on the dyadic interest of homophily regarding the following formula:

Dependent Variables

Number of views: YouTube summed the number of views in the 60 days long period of research.

The method of data collection

The present study applies viral videos posted on YouTube to test the impact of network characteristics on the
spread of viral messages. YouTube is a video-sharing portal and online-community as well. In the study, 105
videos were sampled over 7 days. Each day, a random sample of 15 videos was uploaded to YouTube. Each
video was uploaded just once to the video-sharing portal in the research.

Statistical analysis

The study used the proportional rates/means model which is a frequently used model for studying event
recurrence.

Results

According to the results, in order to broadcast a viral message on YouTube, "it is better to have a large number of
easily influenced individuals with weak ties than to have a few highly connected hubs with strong ties in a social
network" (Liu-Thomkins, 2012). The study proved an inverted U-shape relationship between homogeneity and
diffusion outcome: if seed consumers have too few or too much common subscriptions then the diffusion of
viral message is less optimal.

Limitations

By focusing on YouTube, the study did not take into account other processes that may contribute to the spread
of the videos. Furthermore, it did not consider other channels like Twitter or blogs. The seed influence factor
can also be extended by the explicit measures of connection quality and the extent of real influence that a seed
consumer has on others. The research examined the spread of viral videos for only 60 days, however it would
be beneficial to enlarge the period of observation to test the results.

Recommended to read

• Grund, T. U. (2012). Network structure and team performance: The case of English Premier League soccer
teams. Social networks, 34.682-690.
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• Liu-Thompkins, Y. (2012). Seeding Viral Content. The Role of Message and Network Factors. Journal of
Advertising Research, 52. 465-478.

• Morrison, E. W. (1993). Longitudinal study of the effects of information seeking on newcomer socialization.
Journal of Applied Psychology, 78. 173-183.

• Morrison, E. W. (2002). Newcomers’ relationships: the role of social network ties during socialization.
Academy of Management Journal, 8. 1149-1160. Reagans, R. and Zuckerman, E. W. (2001). Networks,
diversity and productivity: The social capital of corporate R&D Teams. Organization Science, 12. 502-517
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3. Social Network Analysis Software
Commetrix

The main advantage of this software is the analysis and visualization of dynamic network formation. The
software can use wide range of network data sources, e.g.: communication logs or survey data. Free trial is
available for 30 days on the website: www.commetrix.de

CoSBiLab Graph

This application is an easy-to-use tool for network analysis, visualization and manipulation. The software is
free for non-commercial use. The input and output data format can be .dl format file, which is originally applied
by UCINET. The software is available from the CosBiLab’s website: http://www.cosbi.eu/index.php/research/
prototypes/graph/.

Cytoscape

Cytoscape is a sophisticated open-source software for complex network data analysis and visualization. The
format of input datasets can be Excel table or text tables. The App Manager extends the large number of
functions. You can download the application from the Cytoscape website: www.cytoscape.org

Gephi

Gephi is specialized to network visualization and exploration using a 3D render engine. The aim of Gephi is
to help scientist to discover and understand complex graphs. The input dataset can be .dl (UCINET) as well
as .gml, .net (Pajek). Gephi is available from this website: www.gephi.org

NetMiner

NetMiner is a high-level application with internal Python-based script engine. Script Generator function
supports beginner users to create new algorithms and functions. A 3D render engine was built in the software
which generates a network map in three dimensions. NetMiner is a commercial software with free trial version.
www.netminer.com

UCINET

UCINET is a widespread and easy-to-use network analysis software developed by three influential network
researcher, Steve Borgatti, Martin Everett and Linton Freeman. The software provides an effective and
multifunctional tool for analysis of smaller social structures (e.g.: teams, organizations). However, the software
can hardly use large datasets (the maximum number of nodes is around 32 000). www.analytictech.com/ucinet

www.commetrix.de
http://www.cosbi.eu/index.php/research/prototypes/graph/
http://www.cosbi.eu/index.php/research/prototypes/graph/
www.cytoscape.org
www.gephi.org
www.netminer.com
www.analytictech.com/ucinet
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4. Social network related blogs and online communities

Blogs about social network analysis and its application:
• http://www.thenetworkthinkers.com/
• http://network.blog.hu
• http://orgtheory.wordpress.com/?s=network
• http://www.networkweaver.blogspot.hu
• http://blogs.iq.harvard.edu/netgov/

Blog about organizational network analysis:
• http://www.pattianklam.com/blog
• http://connectedness.blogspot.hu/
• http://finance.groups.yahoo.com/group/ona-prac/?m=0

Blog about methodological issues:
• http://toreopsahl.com

Research groups:
• http://snap.stanford.edu/data/
• http://barabasilab.com

Influential researchers:

Albert-László Barabási
• http://www.barabasi.com

Jure Leskovec
• http://cs.stanford.edu/people/jure/

Lada Adamic
• http://www.ladamic.com

Nicholas Christakis
• http://christakis.med.harvard.edu

Stever Borgatti
• http://www.steveborgatti.com

http://www.thenetworkthinkers.com/
http://network.blog.hu
http://orgtheory.wordpress.com/?s=network
http://www.networkweaver.blogspot.hu
http://blogs.iq.harvard.edu/netgov/
http://www.pattianklam.com/blog
http://connectedness.blogspot.hu/
http://finance.groups.yahoo.com/group/ona-prac/?m=0
http://toreopsahl.com
http://snap.stanford.edu/data/
http://barabasilab.com
http://www.barabasi.com
http://cs.stanford.edu/people/jure/
http://www.ladamic.com
http://christakis.med.harvard.edu
http://www.steveborgatti.com
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