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Abstract 
 

The contribution of this thesis is to examine the eParticipation research field using 

social networks analysis techniques with the aim of presenting an understanding of 

research collaboration of this scientific community. Using eGovernment Research 

Library (eGRL) as source, I separated the publications which were relevant with 

eParticipation field. Then, I constructed the co-authorship network and calculated four 

centrality measures (degree, betweenness, closeness, eigenvector) in order to point out 

the most influential researchers of the field. 

 

Keywords: eParticipation research field; social networks analysis; co-authorship 

networks.  
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1. Introduction 

 

eParticipation is a field that has greatly increased in recent years. It relates to 

democratic theory, political science, communication studies, technology studies and 

information science (Macintosh et al. (2009)). There are a lot of attempts to define 

this research field (Medaglia (2007), Sæbø et al. (2008), Freschi et al. (2009), 

Macintosh et al. (2009)). Although, the co-existence of different disciplines make it 

difficult not only to establish a clear definition but also its own framework. 

 

However, what is clear is that eParticipation has, as every field, its own scientific 

community. The most significant aspect of each scientific community is the 

communication between scientists. As Erman and Todorovski (2009a) mention, a 

scientific community is the totality of working, interacting, and knowledge sharing 

scientists that share common procedures of scientific communication. The analysis of 

these communities is usually effected using citation or co-authorship networks. 

 

In this thesis, I propose the use of Social Network Analysis (SNA) in order to study 

the community of researchers who are authors of publications related to eParticipation 

field and, as a result, to reveal interesting patterns and features within the academic 

community. 

 

A co-authorship network is a social network illustrating a collection of authors and 

the connections between them. A connection among two authors exist only if they 

have co-authored any publication. This network is represented as a set of nodes 

(denoting authors) and edges (denoting co-authorship among two authors). 

 

Aim 

In this thesis, I use SNA techniques to answer a variety of questions about 

collaboration patters among authors such as who is the central one, how active is the 

community, how community developed last years, which authors constitute the core 

of the field. 
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The second objective of this thesis is to visualize the co-authorship network, as 

visualization is an important part in analysis, giving a better perspective about 

network's structure and the flow of information. 

 

The rest of the thesis is organized as follows. Chapter 2 points out the fundamental 

structures and metric related to social networks. Chapter 3 discusses the term 

"eParticipation" and presents some frameworks used in order to define eParticipation 

field. In chapter 4, I introduce the idea of research collaboration and I analyze the 

importance of co-authorship networks in research of collaboration in a research 

community. Chapter 5, concludes the analysis and the findings of my research. 

Finally, Chapter 6 draws conclusions and outlines the directions for further research. 
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2. Social Network Analysis 

 

2.1. Introduction 

Since their birth, humans become part of social networks. Collaboration, friendship, 

financial exchange, relationships of beliefs are only few examples which present the 

connections among individuals. Despite the fact that social networks is mainly used 

for social and behavioral research, there is a large amount of researches from different 

disciplines which, based on social network and social network analysis, try to clarify 

complex patterns of interaction. 

 

The phases of the research, the fundamental concept of the social networks' field and 

the measures used in social network analysis are presenting in this section. 

 

2.2. Social Network 

There is a lot of discussion around the social networks' first use. Linton Freeman 

(2004) argues that the pioneers of social networks were Émile Durkheim and 

Ferdinand Tönnies in the late 1800s. Although, the first use of the term "social 

network" is attributed to Barnes in 1954. 

 

During the 1930s there was a lot of research around the field of social network 

analysis. Scott (2000) points out that the migration from Europe to United States 

because of Nazi German contributed in this flourishment. 

 

Morano, a psychiatrist, in the most important researcher of this generation. In 1933, 

he constructed a method to analyze group of people and in order to support it, he 

developed a graph which illustrates people and the relationships among them. He 

called it "sociogram". 
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Figure 1: Moreno's Sociogram in 1933 

 

Between 1940s and 1970s there were a lot of centers of social network research. 

Freeman (2011) summarizes them in a table (Table 1). 

 

Table 1: Centers of social network research from 1940 to 1969, Freeman (2011) 

Place Field Team leaders Country 

Michigan State Rural sociology Charles P. Loomis 

Leo Katz 

USA 

Sorbonne Linguistics Claude Lévi-Strauss 

André Weil 

France 

Lund Geography Thorsten Hӓgerstrand Sweden 

Chicago Mathematical Biology Nicolas Rashevsky USA 

Columbia Sociology Paul Lazersfeld  

Robert Merton 

USA 

Iowa State Communication Everett Rogers USA 

Manchester Sociology Max Gluckman Great Britain 

MIT Political Science Ithiel de Sola Pool  

Manfred Kochen 

USA 

Syracuse Community Power Linton Freeman USA 

Sorbonne Psychology Claude Flament France 

Michigan Sociology Edward Laumann USA 

Chicago Sociology Peter Blau  

James A. Davis 

USA 

Amsterdam Sociology Robert Mokken Netherlands 
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In 1950s-1960s, a scientific "leap" accomplished in University of Manchester. A 

group of anthropologists, centered around Max Gluckman and later J. Clyde Mitchell, 

investigated community networks in southern Africa, India and the United Kingdom, 

providing valuable information in the scientific community. 

 

In 1960s and 1970s, social network analysis gains its own identity, especially due to 

Harrison White, an associate professor of sociology at the Harvard University 

Department of Social Relations, and his students, who focused on social network 

concepts and techniques, achieving the so-called "Harvard Revolution" in social 

networks. The impact of this group in the subsequent development of social network 

analysis, is described by Freeman (2004, p. 127): 

"From the beginning, White saw the broad generality of the structural paradigm, and 

he managed to communicate both that insight and his own enthusiasm to a whole 

generation of outstanding students. Certainly the majority of the published work in the 

field has been produced by White and his former students Once this generation started 

to produce, they published so much important theory and research focused on social 

networks that social scientists everywhere, regardless of their field, could no longer 

ignore the idea. By the end of the 1970s, then, social network analysis came to be 

universally recognized among social scientists." 

 

All the above mentioned historical overview is summarized in a diagram (Figure 2) 

and in few words of Scott (2000): 

"Sociometric Analysts, focused on using and developing graph theory; Harvard 

researchers, who began studying models of interpersonal relationships and cliques, 

and then in the 1970's developed algebraic models of social network analysis; and an 

anthropologist part of the Manchester school, focusing on urban society 

communities." 

 

In the late 1990s, a part of academic community which was not at all active on the 

field of social network research, came on the scene. These were physicists. Based on 

the research of two pairs, Watts and Strogatz and Barabási and Albert, the effort of 

physicists to use social network theory was frustrating having as a consequence an 

irritating reaction from the side of traditional social network analysts (Freeman 

(2011)).  
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Figure 2: Lineage of Social Network Analysis (Scott 2000) 

 

2.3. Social Networks 

 

Before the presentation of social network analysis and how we can measure its 

effectiveness, it is crucial that we understand what a social network is and how it is 

used in our daily life. 

 

There are a lot of researchers who tried to define what a social network is. Wasserman 

and Faust (1994) determine social network as a set of nodes connected by one or more 

types of relations. Moreover, Streeter and Gillespie (1993) argue that social networks 

could be "... any bounded set of connected social units", an interesting approach but 

not at all useful, considering that a social network is usually part of a larger social 

networks and it is difficult the boundaries to be detected. 
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Although, if we want to give a more specific definition, we have to take into 

consideration the fundamental attributes of a social network. 

 

2.3.1. Node 

A node (also called vertex, actor, agent or entity) mainly represents people or 

organizations, but it can also be states and countries, web pages, keyword tags, videos 

or locations. The researches usually focus on collection of nodes of the same type, 

such as employees in an organization or specific places in a country. These collections 

are called "one-mode networks". It can be presented as a dot, a shape or a string. 

Sometimes it is very common that nodes have further attributes. These attributes can 

be relative to demographics, location etc. 

 

2.3.2. Edge 

An edge (also called relationship, tie, link or connection) connects a pair of nodes. 

The type of linkage between nodes could be of any type. According to Wasserman 

and Faust (1994), some of the most common types of edges are: 

 evaluation of one person by another 

 transfer of material resources 

 association or affiliation 

 behavioral interaction 

 movement between places or statuses 

 formal relations 

 biological relation (kinship) 

 

It is presented as a directed or undirected line. Directed edges (Figure 3b), or 

asymmetric edges, are the edges having a source and a terminal node. For example, an 

email is sent from sender A to recipient B. These are represented as lines with an 

arrow with direction from sender to recipient. Undirected edges (Figure 3a) are simple 

lines that connect two nodes. Co-memberships are examples of undirected edges. 
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An edge could also be weighted (Figure 3c). In this case, the edge is associated with a 

label (weight). This label is usually a real number which depicts the importance of the 

edge. For example, in a collaboration social network of an organization, the weight 

between two employees may represent the importance of the information transferred 

between them. Someone could argue that these two employees are too close or that 

the collaboration between them is very frequent. 

 

Figure 3: Undirected (a), directed (b), and weighted (c) edges 

 

Edges can also be classified in two other categories based on the frequency they recur 

in the network. So, edges can be strong or weak. The more frequent an edge is, the 

more stronger it is. To make it clear, let's give an example. If person A communicates 

with emails daily with person B, the relationship is strongest between them compared 

with the relationship person A and C have, who communicate once a week. 

 

2.3.3. Dyad 

A dyad represents the existent relationship an edge determines between two nodes. A 

dyad consists of a pair of nodes and at least one edge between them. Sometimes, the 

term dyad is confused with edge. This is not correct because dyad is the unit for 

analysis and not the edge. Dyadic analysis generally investigates under which 

circumstances specific types of edges occur simultaneously. 
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2.3.4. Triad 

A triad is an important structure in social networks. It consists of three nodes and the 

edge among them. Triads are subsets of social networks and there are many social 

network methods based on them.  

 

2.3.5. Subgroup 

After defining dyads and triads, we are able to determine what a subgroup is. 

Subgroups (Figure 4) are a more complex structure consisting of more than three 

nodes and the edges among them. This term is not so popular in bibliography 

considering that groups and subgroups may refer to the same set of nodes. The 

usefulness of subgroups is clear in cases of extended social networks with thousand 

nodes and edges. Imagine a company with thousand employees. Each employee 

works in an office and each office is part of a department. Illustrating the 

collaboration among employees, a large and unintelligible social network will be 

formed. In order to have a better visual effect, we create collections of employees 

based on the office the work. As a result, we create subgroups of people with direct 

conduct/collaboration related to the conduct/collaboration with intermediaries and 

employees outside the subgroup. 

 

2.3.6. Group 

Social network analysis is not focused only on dyads, triads and subgroups. The 

usefulness of network analysis is based on its ability to identify the relationships 

between large set of nodes. So, a group is the collection of all nodes and the edges 

among them which are going to be measured. Expanding the example referred in 

section 1.3.5, we could create groups of offices, based on the department each office 

belongs to. It is significant to mention that the factors to take into consideration when 

we are going to create subgroups must be more specific and "strict" than them used in 

groups.   
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Figure 4: A network with four subgroups 

 

2.3.7. Relation 

In the same way we create groups for nodes, we are able to collect all the edges of a 

specific type. This collection is called relation. It is important to mention that relations 

refer to groups of edges of a given type measured on pairs of nodes from a specific set 

of nodes. An example of how relations can be used, is the segmentation of the edges 

of a social network which represents the kinship in a village. Someone could create 

three different collections of edges which represent the first, second and third degree 

of kinship. 

 

2.3.8. Social network 

Taking all the above into consideration, a better and more comprehensive definition 

of the term "social networks" is the following one: 

Social network is a finite set or sets of nodes and the edge or edges among them. 
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2.4.  Social Network Analysis 

Social Network Analysis (SNA), or "structural analysis" according to Wellman and 

Berkowitz (1988), is the method that maps and measures the relationship between 

units in a network. Units could be nodes, subgroups or groups with similar attributes. 

Otte and Rousseau (2002) argue that social network analysis, for most researchers, is 

not only a formal theory but a strategy which allows them to investigate social 

structures. Furthermore, Wasserman and Faust (1994) introduce this method as "... a 

distinct research perspective within the social and behavioral sciences; distinct 

because social network analysis is based on an assumption of the importance of 

relationships among interacting units". 

 

As we mentioned before, social network analysis is not a new technique. Although, 

the interest around it increased the last years especially in physics, epidemiology and 

biology. Borgatti and Halgin (2011) illustrate this tendency by listing all the 

publications from 1970s and then which contain the term "social network" in their  

title. 

 

 

Figure 5: Articles indexed in Google Scholar with "Social Network" in the title, 

Borgatti and Halgin (2011) 

 

It is clear that the use of social network analysis is increasing as the amount of 

research areas which use this method is increasing. 
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This seems to be reasonable, taking into account the maturity of technology and the 

spread of Internet which facilitates the researcher's investigation in different 

disciplines. 

 

2.5. Social Network Analysis Metrics 

Brass (1993) aggregated all the measures used in social networks, dividing them in 

two categories. In these which measure the edges between nodes (Table 2) and those 

which are related to nodes (Table 3).  

 

The measures of Table 2 can be also used in order to describe a network. For 

example, 30% of edges are strong or 40% of edges occur at least 3 times. 

 

Table 2: Social Network Measure of Edges, Brass (1993) 

Measure Definition Example 

indirect links Path between two actors is mediated by one 

or more others 

A is linked to B, B is linked 

to C, thus A is indirectly 

linked to C through B 

frequency How many times, or how often the link 

occurs 

A talks to B 10 times per 

week 

stability Existence of link over time A has been friends with B for 

5 years 

multiplexity Extent to which two actors are linked 

together by more than one relationship 

A and B are friends, they 

seek out each other for 

advice, and work together 

strength Amount of time, emotional intensity, 

intimacy, and reciprocal services (frequency 

or multiplexity often used as measure of 

strength of tie) 

A and B are close friends, or 

spend much time together 

direction Extent to which link is from one actor to 

another 

Work flows from A to B, but 

not from B to A 

symmetry 

(reciprocity) 

Extent to which relationship is bi-directional A asks for B for advice, and 

B asks A for advice 

 

The measures of Table 3 actually represent the place of node in a network. 
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Table 3: Social Network Measure related to Nodes, Brass (1993) 

Measure Definition 

Degree Number of direct links with other actors 

In-degree Number of directional links to the actor from other actors (in-coming links) 

Out-degree Number of directional links form the actor to other actors (out-going links) 

Range (Diversity) Number of links to different others (others are defined as different to the extent 

that they are not themselves linked to each other, or represent different groups or 

statuses) 

Closeness Extent to which an actor is close to, or can easily reach all the other actors in the 

network. Usually measured by averaging the path distances (direct and indirect 

links) to all others. A direct link is counted as 1, indirect links receive 

proportionately less weight. 

Betweenness Extent to which an actor mediates, or falls between any other two actors on the 

shortest path between those two actors. Usually averaged across all possible 

pairs in the network. 

Centrality Extent to which an actor is central to a network. Various measures (including 

degree, closeness, and betweenness) have been used as indicators of centrality. 

Some measures of centrality weight an actor’s links to others by the centrality of 

those others. 

Prestige Based on asymmetric relationships, prestigious actors are the object rather than 

the source of relations. Measures similar to centrality are calculated by 

accounting for the direction of the relationship (i.e., in-degree). 

 

 

Additionally, Brass determined the roles a node can play in a network (Table 4). 

 

Table 4: Social Network Node's Role, Brass (1993) 

Roles Definition 

Star An actor who is highly central to the network 

Liaison An actor who has links to two or more groups that would otherwise not be linked, 

but is not a member of either group. 

Bridge An actor who is a member of two or more groups. 

Gatekeeper An actor who mediates or controls the flow (is the single link) between one part of 

the network and another. 

Isolate An actor who has no links, or relatively few links to others. 
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Finally, Brass collected and all the measures that can be used to describe an entire 

network. (Table 5) 

 

Table 5: Social Network Measures Describing Entire Networks, Brass (1993) 

Measure Definition 

Size Number of actors in the network 

Inclusiveness Total number of actors in a network minus the number of isolated actors (not 

connected to any other actors). Also measured as the ratio of connected actors 

to the total number of actors. 

Component Subset of network actors and links. All actors in the component are connected 

(either direct or indirect links) and no actors have links to nodes outside the 

component. 

Connectivity 

(Reachability) 

Extent to which actors in the network are linked to one another by direct or 

indirect ties. Sometimes measured by the maximum, or average, path distance 

between any two actors in the network. 

Connectedness Ratio of pairs of actors that are mutually reachable to total number of pairs of 

actors 

Density Ratio of the number of actual links to the number of possible links in the 

network [n(n-1)/2]. 

Centralization Difference between the centrality scores of the most central actor and those of 

other actors in a network is calculated, and used to form ratio of the actual sum 

of the differences to the maximum sum of the differences 

Symmetry Ratio of number of symmetric to asymmetric links (or to total number of links) 

in a network. 

Transitivity Three actors(A, B, C) are transitive if whenever A is linked to B and B is linked 

to C, then C is linked to A. Transitivity is the number of transitive triples 

divided by the number of potential transitive triples (number of paths of length 

2). 

 

 

However, the most important concepts used in social network analysis are Density 

and Centrality (Degree, Betweenness, Closeness and Eigenvector). A brief 

presentation of these terms are depicted below. 
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2.5.1. Degree Centrality 

Degree centrality counts the total amount of edges connected to a node. It could be 

argued that degree centrality measures the "popularity" of a node. For undirected 

networks, degree centrality measures the number of edges which connect each node 

with the rest. However, when we have to deal with directed networks, there are two 

further measures of degree. In-degree centrality measures the number of edges 

oriented to a node and out-degree centrality the number of edges with orientation 

from a node to the other nodes of the network. 

 

2.5.2. Betweenness Centrality 

Betweenness centrality measures the frequency a node appears on the shortest path 

between two other nodes in the network. This metric is very important. Assuming that 

we have a node with few ties, it could play an intermediate role and as consequence 

be very central to the network. Borgatti (1995) defines betweenness centrality as "... 

the number of shortest paths (between all pairs of nodes) that pass through a given 

node". 

 

2.5.3. Density 

Density is the ratio of the number of relationships that exist in a specific network 

divided by the total number of relationships it could be if all edges where connected 

among them. Its value varies between 0 and 1. If density is close to 1, the network is 

called dense. Otherwise, it is called sparse. Scott (2000) states that density can't be 

used to compare networks that have significant variance in size. 

 

2.5.4. Centralization 

Centralization is a metric which determines to what extend the network is centered on 

one or more nodes. A centralized network could be like this illustrated in Figure 6. It 

is clear that the network resembles star shape. 
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Figure 6: Centralized network 

 

2.5.5. Closeness Centrality 

Closeness centrality measures the average distance between a node and any other 

node of the network. A low closeness centrality means that a node is "directly" 

connected to most of the other nodes. Contrary, nodes with high closeness centrality, 

especially the peripheral ones, means that in order to connect to a distant node, they 

have to take a lot of "hops". 

 

To simplify all these, we can assume that closeness centrality is a "distance" metric. 

People who live near the center of a city have to take a bus covering few (kilo)meters. 

Contrary, people who live in the suburbs of the city, where the transport is very 

difficult, not only do they have to cover a large distance but also they take two or 

three different buses (hops) before they arrive in the center of the city. 

 

Eigenvector Centrality is a subset of closeness centrality. This metric focuses on the 

importance of the node's neighborhood. It is more significant to have popular 

neighbors than loners. Eigenvector centrality metric is based not only on the amount 

of connections a node has (degree), but also the degree of the nodes it is connected to. 
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A graphical depiction of all the above mentioned metrics is the following one (Figure 

7). As we can see, Linda is the node with the highest Degree. Its value is 15 and more 

specifically, because this network is directed, in-degree centrality is 8 and out-degree 

7. Furthermore, Conrad is the node with the highest betweenness centrality. It is clear 

with the naked eye that Conrand has a central role in this network. It connects the 

bottom left part of the social network with the upper right. As a consequence, the 

frequency of appearance in shortest paths between two nodes, and especially between 

them of the two different parts of social network, is high. Roger is the node with 

lowest closeness centrality score. Roger has a lot of direct connections with the other 

nodes of the social network but he is also near the central node (Conrad). So, we 

could say that Roger is "just a hop away" from most of the other nodes having an 

important position in the network. Finally, Linda has the highest eigenvector 

centrality score. In order to prove this, we have to take a look in node's neighborhood. 

Linda is connected with 8 nodes some of which are very important, based on their 

degree centrality metric. Tim's, Will's and Rick's degree centrality is equal to 12 and 

Roger's to 14. This is why, Linda has the highest value in eigenvector centrality 

metric.  

 

 

Figure 7: Aspects of centrality, Borgatti (2005) 
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2.6. Summary 

We have described the history of social network analysis. This field, having passed 80 

years from its first appearance, has been "embraced" by, if not all, the vast majority of 

disciplines. Sociology, Psychology, Medicine, Physics, Informatics are only few of 

them. If someone examines in depth the history of social network analysis, he can be 

convinced that it is not only a method which is used to illustrate set of images. Social 

network analysis is a very important way to define social concepts and to measure 

structures and systems which would be difficult to be described in differently. 

 

According to Freeman and Faust (1993) social network analysis may be viewed as a 

more general technique than those used in standard data analysis and applied 

statistics, because the social network analyst has to focus on relationships among the 

units of a network and not on observational units and characteristics. This is the main 

point of social network analysis and all theory and measures are related to this aspect. 
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3. eParticipation Framework 

 

3.1. Introduction 

eParticipation is a broad research field. During the few years of its existence, it 

achieved to become an established research field with a lot of researchers, 

publications, annual conferences and Research Programs (e.g. the European Network 

of Excellence Demo-net
1
). Although, there are still they who claim that eParticipation 

is a new field without identity which still tries to establish its own framework as to 

become a proper scientific discipline. 

 

In this chapter, I present a brief recommendation of the term "eParticipation" and its 

basic elements. Moreover, based on related literature concerning the construction of 

frameworks in eGovernment and eParticipation fields, I try to discover the more 

suitable for my further research. 

 

3.2. eParticipation 

The research interest concerning eParticipation increased in recent years. New forms 

of citizens' participation through information and communication technologies (ICT) 

in political decision making appeared, the increase of different disciplines, such as 

sociology, political science, management etc., involved in eParticipation research are 

the main reasons, according to Medaglia (2011) and Tambouris et al. (2007), which 

led eParticipation field to its current complexity. 

 

Therefore, it is difficult enough to establish a clear definition and the framework of 

eParticipation field. Although, eParticipation cannot be entirely detached from the 

wider field of eGovernment, as Susha and Grönlund (2012) argue. A fact that 

confirms the above is the coexistence of these fields in IFIP eGovernment 

conferences
2
. 

 

                                                      
1
 http://www.demo-net.org 

2
 www.egov-conference.org 
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Generally, the origination of eParticipation is based on a field called eDemocracy. 

According to Macintosh (2004), eDemocracy is concerned with: “….the use of 

information and communication technologies to engage citizens, support the 

democratic decision making processes and strengthen representative democracy”. As 

a result, it is too difficult to separate these two terms, as they often overlap 

(Medimorec et al., 2011). 

 

So, taking all the above into consideration, a definition for eParticipation field could 

be the following one presented by Macintosh (2004): 

"eParticipation describes efforts to broaden and deepen political participation by 

enabling citizens to connect with one another and with their elected representatives." 

 

There are a lot of actors participating in eParticipation processes and each one in a 

different way. A classification of them is determined by Tambouris et al. (2007) 

depicted in Table 6. 

 

Table 6: eParticipation actors, Tambouris et al. (2007) 

Actor Description 

Elected Representatives those elected through legally binding elections to represent 

citizens’ interests, in for example: the European Parliament, 

national parliaments, regional and local councils, etc. 

The government/executive those officials and representatives acting on behalf of the 

government in power. 

Political parties those groups acting as centers for political interests 

Non-Governmental Organisations 

(NGO’s) and Civil Society 

Organisations (CSO’s) 

(usually) democratic entities promoting particular goals, having 

no affiliation with governments or industry. 

Citizen Groups protecting common interests or pursuing common goals - 

including lay Stakeholders (unpaid citizens with a deep interest 

in a public concern who are willing to represent others with 

similar concerns). 

Academia and Research besides academics and researchers this group also includes think 

tanks. 

Industry private sector private sector companies, agencies and 

institutions involved in the use or provision of eParticipation 

tools and services. 
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Other diverse stakeholders including mass communication media and quasi 

nongovernmental organisations (QUANGOs) 

 

 

Nowadays, a large amount of tools are available enhancing eParticipation 

applications. Macintosh et al. (2005) summarized all them in the table below. 

 

Table 7: eParticipation tool, Macintosh et al. (2005) 

Actor Description 

eParticipation Chat Rooms Web applications where a chat session takes place in real time 

especially launched for eParticipation purposes 

eParticipation Discussion 

forum/board 

Web applications for online discussion groups where users, 

usually with common interests, can exchange open messages on 

specific eParticipation issues. Users can pick a topic, see a 

“thread” of messages, reply and post their own message 

Decision-making Games These typically allow users to view and interact with animations 

that describe, illustrate or simulate relevant aspects of an issue; 

here with the specific scope of policy decision-making 

Virtual Communities Web applications in which users with a shared interest can meet 

in virtual space to communicate and build relationships; the 

shared interest being within eParticipation contexts 

ePanels Web applications where a ‘recruited’ set, as opposed to a self-

selected set, of participants give their views on a variety of 

issues at specific intervals over a period of time 

ePetitioning Web applications that host online petitions and allow citizens to 

sign in for a petition by adding their name and address online 

eDeliberative Polling Web applications which combine deliberation in small group 

discussions with random sampling to facilitate public 

engagement on specific issues 

eConsultation Web applications designed for consultations which allow a 

stakeholder to provide information on an issue and others to 

answer specific questions and/or submit open comments 

eVoting Remote internet enabled voting or voting via mobile phone, 

providing a secure environment for casting a vote and tallying 

of the votes 

Suggestion Tools for (formal) 

Planning Procedures 

Web applications supporting participation in formal planning 

procedures where citizens’ comments are expected to official 

documents within a restricted period 
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Webcasts Real time recordings of meetings transmitted over the internet 

Podcasts Publishing multimedia files (audio and video) over the Internet 

where the content can be downloaded automatically using 

software capable of reading RSS feeds 

Wikis Web applications that allow users to add and edit content 

collectively 

Blogs Frequently modified web pages that look like a diary as dated 

entries are listed in reverse chronological order 

Quick polls Web-based instant survey 

Surveys Web-based, self-administered questionnaires, where the website 

shows a list of questions which users answer and submit their 

responses online 

GIS-tools Web applications that enable the users to have a look at maps 

underlying planning issues and to use them in various ways 

Search Engines Web applications to support users find and retrieve relevant 

information typically using keyword searching 

Alert services One-way communication alerts to inform people of a news item 

or an event, e.g. email Alerts and RSS Feeds 

Online newsletters One-way communication tools to inform a general audience or a 

preregistered audience of specific news items and events 

Frequently asked questions (FAQ) A ‘tree’ of questions and answers that can be searched using 

keywords or by inputting a question or statement 

Web Portals Websites providing a gateway to a set of specific information 

and applications  

Groupware tools Tool environment to support computer-based group works 

LIST SERVS Tool for information provision and two-way interaction that can 

be used for Citizen2Citizen, Citizen2Administration, 

Citizen2Politicians etc 

 

 

3.3. eGovernment Research Study 

In the field of eGovernment, few bibliometric studies are available. Grönlund (2004, 

2006) focuses on development of a model for measuring eGovernment Research 

maturity. The results of his studies show an increase of research collaboration 

between institutions and additionally an increase in the publication standards in terms 

of numbers of referenced papers and research rigor. Heeks and Bailur (2007) based on 

the analysis of academic talks in Europe articles published in two journals, identified 
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the departments and universities which make the main scientific contribution in 

eGovernment. Few years later, a similar study was made by Bolivar et al (2010), 

examining publications listed in the Social Science Citation Index (SSCI) of the 

Institute for Scientific Information (ISI) concerning the fields of Public 

Administration and Information Science, during the period 2000-2009. Moreover, 

Andersen and Henriksen (2005) making a research in 167 journal papers, during the 

period from 1998 to 2003, observed that the majority of papers are focused on 

capabilities of applications and interactions with citizens and businesses. All the 

above studies use different methodological approaches and a different framework of 

analysis. 

 

Although, the main problem is the limited number of publications used. Limited in 

collections of papers during a period or a conference, the results of these studies 

determine the overall growth of the field but their results can't be used as a norm by 

researchers.  

 

The most comprehensive study is this presented by Scholl (2009), demonstrating the 

eGovernment Research field. Particularly, he presented the core research community 

named the most prolific researchers, determined their disciplinary backgrounds and 

identified their preferred standards of inquiry. In order to make his investigation, 

Scholl used the data from EG Reference Library (EGRL) 2008 version 4.4. 

 

In the next section, I present the way this collection established, as it will be the 

source for my further investigation. 

 

3.3.1. Scholl's eGovernment Reference Library (EGRL) 

EGRL
3
 is a public available collection of publications related to eGovernment. 

Creator of this collection is also Scholl. From its first release in 2006 including 

approximately 1200 entries, this collection reached the version 8.5 including more 

than 5.500 articles or papers (December 2012).  

 

                                                      
3
 http://faculty.washington.edu/jscholl/2012/12/14/2012-record-year-for-e-government-related-

academic-productivity 
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In order to collect these data, Scholl use some principles. According to him, Scholl 

(2009), the minimum prerequisites for a paper or article to be included in this 

collection are: 

 Have passed an academic peer review process, 

 Be published in the proceedings of an academic conference or in an academic 

journal, 

 Be published in English (or, if published in another language, an English 

language translation had to be publicly available), 

 Be of at least seven pages (or equivalently, 3,700 words) in length (including 

references) for a non-technical article, or  

 Be of at least four pages (2,250 words) in length (including references) for a 

technical article. 

 

The references were collected by hand and electronically from journals and academic 

conferences by searching relevant keywords. The journals used were relevant to 

disciplines such as Public Administration Research (PAR), Political Science Research 

(PSR), Information Systems Research (ISR) etc. Also, there were included studies 

from proceeding of HICSS, DEY/EGOVERNMENT, dg.o, ICIS and AMCIS 

conferences and some regional or special-topic conferences in EG. Furthermore, basic 

search of keywords made on digital libraries such as JSTOR, Project MVSE, Science 

Direct, EBSCO, ACM Digital Library, IEEE Xplore and Springerlink. 

 

Finally, the keywords used for the research were: “e-Government,” “digital 

government,” “e-Governance,” “PMIS” (that is, Public Management Information 

Systems), “IT” or “ICT (that is, information technology or information and 

communication technology) in Public Administration or public sector,” “e-

democracy,” “digital democracy,” “eparticipation,” “e-inclusion,” “digital divide,” “e-

Services in government,” “e-voting,” “ecampaigning,” “e-rulemaking,” and the 

acronyms “G2G, G2B, G2E, G2C, IEE” and also spelling and acronym variations of 

those. 
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3.4. eParticipation Research Study 

Since eParticipation can be considered as an immature field, it is important to take a 

look in field's literature. As Webster and Watson (2002) claim the review of the 

literature is an important part of the development of a research field. 

 

Sanford and Rose (2007) were from the first researchers who tried to identify the area 

of eParticipation analyzing articles relevant to this field. Based on Webster and 

Watson (2002) guidelines, they search for articles in digital libraries such as ISI-Web 

of Science, EBSCO Host and IEEE Explore containing some keywords related to 

eDemocracy, eParticipation and eInclusion in their titles, abstracts and full texts. Then 

studying the titles and abstracts of these papers they selected 99 full text papers that 

are considered to be highly relevant. Analyzing these papers, they listed the most 

popular research areas, which are: e-Consultation, e-Deliberation, e-Inclusion, e-

Voting, e-Community. 

 

A year later, Sæbø et al. (2008) used the same data with Sanford and Rose (2007) 

trying to establish a framework for eParticipation. After collecting the first set of 

articles, they defined a number of search items such as voting, activism, opinion 

forming which are associated with some form of political process. Then, all the 

articles’ titles and abstracts were scanned by an author, in order to select the papers 

lying within the above mentioned set of terms. Finally, two authors independently 

scoped each of the remaining articles from one to ten according to the relevance with 

concept outline. The result of two authors compared and only the papers with score 

equal to ten were selected for further analysis but only 84 of them where full-texted. 

So, these 84 articles were the source of their analysis. 

 

Subsequently, the 84 full-texted articles and the 47 additional abstracts analyzed using 

a form of grounded content analysis. Content analysis is the “…relatively systematic 

and comprehensive summary or overview of the dataset as a whole” (Wikinson, 

1997). It observes repeating themes and categorizes them using or coding system. The 

whole study is summarized in the Figure 8 below. 
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Figure 8: eParticipation field, Sæbø et al. (2008) 

 

There are a lot of papers based on Sæbø et al. (2008) study. Medaglia (2011) divide 

eParticipation bibliography in two periods: from April 2006 to October 2008 and from 

November 2008 to March 2011. The main aim of this study is to present the longevity 

and maturity of eParticipation as a disciplinary field and the change displayed on the 

interests of researchers. 

 

The most recent study concerning eParticipation framework is this of Susha and 

Grönlund (2012). Starting the collection of papers as Sæbø et al. (2008) described, 

then, examined the titles, abstracts and keywords of papers which were published in 

journal which according to Scholl (2009) consist the core for eGovernment 

publications. Finally, he makes a research in International eGovernment Conference 

(2007, 2008, and 2009) which according to Scholl (2009) is one of the three core 

conferences for eGovernment. 
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Looking only for conceptual articles, they filtered all the collected papers having as a 

criterion the existence of models, frameworks or theories on the subject culminating 

to a 50 relevant conceptual article collection. 

 

Although, in all the above mentioned studies there are some limitations, such as 

language, data range, etc. In their study, Macintosh et.al (2009) identified the limits 

exist in order to investigate effectively the eParticipation field. Organizing six 

workshops with similar formats during May 2006 to March 2007, they investigate the 

challenges, barriers and needs. Finally, they divided them into six separate themes. 

Two of them are related to the fact that this field is still new without a broad number 

of researchers having some methodological weaknesses and the other four are related 

to the social and political complexity. 

 

Another, not so obvious limitation is this mentioned by Freschi et al. (2009). Setting 

up a group of researchers with different nationalities, the overcome the barrier of 

multinational studies, providing a cross-national analysis of eParticipation. The 

analysis is focused on 262 research items selected on the basis of their methodological 

consistency, published in six European countries (Austria, Denmark, France, 

Germany, Italy and Sweden). This study tries to demonstrate the contribution of non-

English studies in this field. The main results of this paper concern the research 

issues, the units of analysis, the methods used, and finally the main finding of the 

examined studies. 

 

3.5. Summary 

The findings summarized in this chapter suggest that eParticipation is still on its way 

towards mature (Medaglia (2011)). The lack of conceptual clarity, the large amount of 

disciplines involved and the different types of stakeholders are issues that 

eParticipation research methods have to overcome. Moreover, the different research 

methods used, the conservative number of publications used by research for their 

investigations and the small quantity of literature researches makes it difficult to 

determine a framework for eParticipation field. 
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4. Co-authorship 

 

4.1. Introduction 

Interaction between researchers has for long been the essence of scientific practice 

(Melin and Persson, 1996). Researches not only communicate research results and 

information to each other, they also co-produce and co-report research results (Melin 

and Persson, 1996). 

 

The last few decades, an increase of collaboration has been observed. The first one 

who tried to illustrate this was Smith (1958). Examining 4,189 papers published 

between 1946 and 1957 in "American Psychologist" he found that the mean number 

of authors per paper increased to 1.7.  According to Abramo et al. (2009) various 

factors are responsible for this. Some of them are the growing specialization of 

science, the complexity of investigated problems, and the increasing costs of scientific 

equipment needed to perform experiments. 

 

4.2. Research collaboration 

Collaborators are generally considered as “individuals who differ in notable ways 

sharing information and working toward a particular purpose”. (Amabile et al., 2001). 

According to Amabile et al. (2001), research collaboration is seen as a special form of 

collaboration. Although, there is not a clear definition of the term. There are a lot of 

attempts to define research collaboration. A general definition is this presented by 

Katz and Martin (1995): "... the working together of researchers to achieve a common 

goal of producing new scientific knowledge". Sonnenwald (2007) argue that research 

collaboration can be defined as the "... human behavior among two or more scientists 

that facilitates the sharing of meaning and completion of tasks with respect to a 

mutually-shared superordinate goal and which takes place in social context". 

 

None of these two definitions depict how close the researchers have to work. It has 

been observed that not all people named in a paper has worked on this. As La Follete 

(1992) says, we have to deal with "honorary co-authors". This issue appears, for 
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example, when the research leaders demand to have their names in the article without 

having any actual contribution to the work (Melin and Persson, 1996). Moreover, we 

must have in mind that not all collaborations between researchers lead to co-authored 

papers. Collaborations may lead to a patent, or, in the worst cases, to absurd inference. 

 

Thus, we have to be careful when we use the terms "research collaboration" and "co-

authorship". Confounding these terms we run the risk of insecure results. Therefore, 

we should use co-authorship data as a rough indicator of collaboration trying to 

collect other kinds of data as to reduce the uncertainness (Melin and Persson (1996)). 

In practice, we simply accept this uncertainness hoping that co-authored papers are 

products of collaboration, at least, at the majority of papers. 

 

4.3. Related Work 

Co-authorship Network Analysis has been generally used for evaluation a lot of times 

but there are only few attempts to use in eGovernment, and more specifically in 

eParticipation field. The only attempts made were form Erman and Todorovski who 

tried to establish a map of eGovernment Research field.  

 

Erman (2009) proposed a methodology for scientific research in terms of citation 

analysis and defined the citation network for the papers published in seven 

proceedings of the International Conference of eGovernment (EGOV conference) 

during the period from 2002 to 2008. Furthermore, based on the same papers, Erman 

and Todorovski (2009a, 2009b) create a co-authorship network, analyzing the 

centrality measures and the most central and active authors. 

 

So, in order to set up a starting point, due to the limited number of related papers  in 

eGovernment and eParticipation field, I examine various papers which deal with co-

authorship networks. 

 

Newman (2001a, 2001b) analyzes the scientific collaboration in physics, biomedical 

research and computer science. In his first study (2001a), he determines the 

differences between disciplines, pointing out that the collaboration in experimental 

disciplines is more common and in larger extent, due to the number of collaborators, 
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than in theoretical fields. In his second study, he focused on the distances between 

scientists. Using only the most central scientists he points out that typical distances 

between authors are small. Additionally, Newman (2004b) found that scientists who 

work as a team tend to have shorter average distances to other scientists in the graph. 

 

Liu et al. (2005) focus their investigation on digital libraries, trying to illustrate a co-

authorship network. Examining binary directed and undirected networks, they try to 

present the impact of an individual author in the network. They also show how 

beneficial some metrics, such as PageRank and AuthorRank, are. 

 

Based on the papers published during the period from 1978 to 2004 in international 

Journal "Scientometrics", Hou et al. (2008) analyze scientific collaboration networks 

using social network analysis, co-occurrence analysis, cluster analysis, and frequency 

analysis in words. Guns et al. (2011), studying the scientific collaboration in the fields 

of informetrics, bibliometrics, webometrics and scientometrics between 1990 and 

2009, indicate the existence of low degree in international collaboration. 

 

Several other intersecting papers have been published such as Wagner and 

Leydesdorff (2005) who claim that international collaboration increased, Leydesdorff 

and Wagner (2008) presenting that the level of collaboration is not the same in all 

countries, Lee and Bozeman (2005) who show that collaborations drive to scientific 

productivity. 

 

4.4. Measuring collaboration 

Collaboration can be measured using different research methods including 

bibliometrics, interviews, observations, controlled experiments, surveys, simulations, 

self-reflection, social network analysis and document analysis (Sonnenwald, 2007). 

However, the most formal ways to analyze collaboration are via co-authorship 

networks or via citation networks. 

 

A co-authorship network, according to Cheong and Corbitt (2009), is a social network 

consisting of a collection of researchers which are connected if they have co-authored 

one or more papers, whilst citation networks, Ding (2010), illustrate the citing 
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behavior in publications. In both networks, nodes represent the authors of studied 

papers. Although, the edges among nodes distribute respectively the co-authorship of 

one or more papers and the citing of one author by another. Co-authorship networks 

are undirected networks and citation networks are directed networks. It is important to 

mention that in both cases, the analysis of interaction between authors must be based 

on accurate bibliometric databases and software. Nevertheless, Melin and Persson 

(1996) point out that despite the use of automated systems, analysis requires 

considerable manual effort.  

 

Lie et al. (2005) argue that co-authorship implies a much stronger social bond than 

citation. This opinion is based on the assumption that co-authorship is based on a 

collegial relationship among the authors, while citation can occur without authors 

knowing each other. Moreover, Patel (1973) claims that there is a positive correlation 

between scientific collaboration and co-authorship. 

 

However, Katz and Martin (1995) express their doubts about the circumstances under 

which someone could be indicated as "co-author". Based on the assumption that not 

all co-authors are simultaneously and collaborators argue that in order to include 

someone as a co-author there must be some thresholds. Only when the level of 

collaboration is above this threshold could someone be mentioned as a co-author. 

 

So, it is important to define barriers in order to distinguish collaborators from other 

researchers. Katz and Martin (1995) listed them, as shown below: 

"The collaborators will normally include the following: 

 those who work together on the research project throughout its duration or for 

a large part of it, or who make frequent or substantial contributions; 

 those whose names or posts appear in the original research proposal; 

 those responsible for one or more of the main elements of the research (e.g. 

the experimental design, construction of research equipment, execution of the 

experiment, analysis and interpretation of the data, writing up the results in a 

paper). 

 those responsible for a key step (e.g. the original idea or hypothesis, the 

theoretical interpretation); 
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 the original project proposer and/or fund raiser, even if his or her main 

contribution subsequently is to the management of the research (e.g. as team 

leader) rather than research per se. 

 

Amabile et al. (2001) and Sonnenwald (2007) suggested some dimensions in order to 

describe research collaboration: 

1. the profession of the participants; 

2. the institution affiliation; 

3. the organizational level of the collaboration; 

4. the disciplinary focus; 

5. the geographical focus. 

 

4.5. Benefits and costs of collaboration 

Katz and Martin (1995) summarized the benefits and costs of research collaboration, 

which are presented briefly below. 

 

4.5.1. Benefits 

 Share of knowledge, skills and techniques between collaborators; 

 Transfer of knowledge or skills from one collaborator to another; 

 The coexistence of different perspectives lead to, sometimes, more 

indiscernible results and in less time; 

 Provides intellectual companionship; 

 Researchers become members of a wider circle of acquaintances; 

 Due to the wider circle of acquaintances, researchers  achieve faster diffusion 

of their findings. 

 

4.5.2. Costs 

 There is still high financial cost, especially in cases of inter-institutional, inter-

sectoral and international collaboration , where researchers have to travel 

frequently; 
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 Collaborators spend more time, especially in cases where the researcher 

remains the results of his collaborator in order to continue the research; 

 The administration is increased, creating problems of bureaucracy, as for 

example in cases of inter-institutional collaboration; 

 

4.6. Conclusion 

Research collaboration and co-authorship are phenomena that are extensively 

researched in different disciplines. Although, there is a consensus about when 

collaboration ends and co-authorship begins. So, there must exist some boundaries in 

order to distinguish co-authors from collaborators. Collaboration exists in different 

forms such as between individuals, institutions, and countries and there is also a great 

variety of reasons which enhance scientific collaboration. One of the most important 

is the high cost of the research which lead the researchers to collaborate so as to save 

money. Additionally, collaboration has a variety of benefits for scientists, despite the 

fact that in most cases they have to spend more time and money, especially when 

collaborators are in different locations. However, the lack of boundaries and the 

confusion of terms "collaborator" and "co-author" hold unanswered the issue to what 

extend co-authorship data reflect actual collaboration. 
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5. Analysis 

 

5.1. Introduction 

In this chapter I focus on the data analysis, which include the related to eParticipation 

field papers, found on eGovernment Reference Library (EGRL). In the continue of 

this chapter, I describe the process I followed in order to gather the data, the 

preparation of them in order to be editable, the limitations I had to deal with during 

the collection and the analysis process and finally the results of the analysis. 

 

5.2. Data Collection and Processing 

 

5.2.1. Software used 

EndNote
4
: EndNote, produced by Thomson Reuters, is a reference management 

software package. It is generally used to manage bibliographies and references. In this 

thesis, versions 6 was used. 

 

Microsoft Excel
5

: Microsoft Excel, developed by Microsoft, is a spreadsheet 

application. I used the version of 2007 in order to create some graphs and tables. 

 

NodeXL
6
: NodeXL is a free, open-source template for Microsoft Excel so as to 

explore network graphs. The version used was 1.0.1.229. 

 

5.2.2. Data collection 

Based on the eGovernment Reference Library (EGRL) ver. 8.5, I collected all the 

related to eParticipation field publications. In order to do this, I imported the EGRL 

data file in EndNote. Then, according Sæbø et al. (2008) framework, I searched in a 

                                                      
4
 http://endnote.com/ 

5
 http://office.microsoft.com/el-gr/excel/ 

6
 http://nodexl.codeplex.com/ 
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total of approximately 5.500 papers for them which have one of the terms below in 

title, related to paper keywords or abstract. These terms were: 

 e-Democracy, electronic democracy, digital democracy, democracy internet, 

democracy and information system; 

 e-Participation, electronic participation, e-Government and participation, e-

Governance and participation; 

 e-Voting, e-Inclusion, digital divide and participation. 

 

Moreover, according to Sanford and Rose (2007) analysis, I used also terms related to 

research areas of eParticipation such as: 

 e-Consultation, electronic consultation, internet consultation, digital 

consultation; 

 e-Deliberation, electronic deliberation, internet deliberation, digital 

deliberation; 

 e-Voting, electronic voting, internet voting, digital voting; 

 e-Community, electronic community, internet community, digital community. 

 

Moreover, I add in the total list the Ongoing Research and Projects papers of the 

conference “International Conference on Electronic Participation”. 

 

All this process gave me a collection of approximately 470 publications. The contents 

EndNote exported in XML format in order to be further processed. The next step was 

to investigate which of them are closely related to eParticipation field. So, all these 

publications were scanned by reading titles, keywords and abstracts where it was 

possible. I succeeded to exclude from my list all the non-related with the field 

publications, gathering 390 publications. 

 

Subsequently, I had to correct the way the authors' names were written. The main 

problems I faced were the use of special characters (apostrophes, letters such as æ, ø), 

the syntax of the name (surnames were either before or after the name), the use of 

middle names in some cases and not in others, and finally the use of aliases in names. 

So, in order to overcome these problems I adopted "Name Surname" as my way of 

presentation. In order to achieve this, I find the unique authors' names of my list 
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deleting duplicated values using Microsoft Excel. Then, I wrote the correct name form 

in the next column using Google Scholar so as to find the correct name of each author 

and to eliminate spelling mistakes. Finally, using a macro in Microsoft Excel, I 

replaced all the names with the new ones. 

 

After that, in Microsoft Excel I created the “couples” of co-authors for all publications 

using some simple function. Finally, I imported these couples in NodeXL, in order to 

calculate the metrics and illustrate the networks used in the rest of this chapter. 

 

5.3. Limitations 

There are a number of limitations that I have to take into account. First of all, my list 

consists of only publications written in English which means that a lot of other 

researches written in different languages in eParticipation field are not included. 

 

Secondly, the exclusive use of EGRL as source of my data, excludes a lot of relevant 

reports and white papers from governments and other organizations. 

 

Finally, in order to use the term “co-authorship network” I have to accept the 

assumption that co-authors are simultaneously and collaborators. Otherwise, we don’t 

measure co-authorship but collaboration, because, as I mentioned in Chapter 3, in 

some cases we have to deal with "honorary co-authors". 

 

5.4. eParticipation field analysis 

 

5.4.1. Bibliometric results  

This network consists of 665 authors and 390 publications. Each publication has by 

mean 2.46 authors. 

 

Figure 9 shows the number of publications and the number of authors in the field of 

eParticipation during the period between 2001 and 2012. The number of publications 

as well as the number of authors is steadily increased during all this period. Although, 
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despite the declining interest in year 2008, we can observe an increase after the year 

2009. More specifically, there is an increase from 18 to 68 for the number of 

publications and from only 43 to 191 for the number of authors. There was also a 

decrease in year 2010, but in the last two years, there seems to be a steady interest in 

eParticipation field. The increase can be attributed to the fact that in 2009 

eParticipation coexist with eGovernment in IFIP eGovernment conferences. 

 

 

Figure 9: Number of publications (squares) and number of authors (triangles) 

per year in the period between 2001 and 2012 

 

According to EGRL's attributes, my data can be classified based on their reference 

type. This classification is illustrated in Figure 10 indicating and the corresponding 

quantity of publications. It is observed that the vast majority of publications are 

journal articles and book sections.  

 

Moreover, useful findings can be drawn from Figure 11 presenting the allocation of 

different reference types from 2001 to 2012. It is clear that during the early years of 

eParticipation field's observation (2001-2007), the prevalent reference type is this of 

conference papers. From then on, there is a turn in book sections and conference 

proceeding. Finally, journal articles exhibit a steady growth progress.  
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Figure 10: Number of publications per reference type in the period between 2001 

and 2012 

 

 

Figure 11: Cumulative graph of reference types per year in the period between 

2001 and 2012 
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Figure 12: (a) Frequency of single-author publications; (b) Frequency of two-

author publications; (c) Frequency of three-author publications; (d) Frequency 

of ≥4-author publications 

 

In Figure 12, I compare percentages of singe-author, two-author, three-author and ≥4-
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percentage of single-author publications is decreasing (Figure 12a) whereas the 

percentage of three-author publications is increasing (Figure 12c). The percentage of 

two-author publications (Figure 12b) shows numerous variations, but from the year 

2008 and then, its value is apparently equal to 35% of annual publications. Finally, 

the percentage of authors with more than 4 publications (Figure 12d) remains almost 

steady having value between 10% and 15%. This indicates that there is a tendency of 

collaboration in eParticipation field  

 

Moreover, I find that the average number of authors per publication is increasing over 

time. The result is illustrated in Figure 13. In 2001, this metric was equal to 1 but in 

2012 the average number of authors per publication is about 2.55. So, we can infer 

that there is a tendency for collaboration between the researchers of eParticipation 

field. 

 

 

Figure 13: Average number of authors per publication 
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Figure 14: The whole network of eParticipation field 

 

Table 8:NodeXL results for the whole network 

Graph Metric Value 

Vertices 665 

Unique Edges 905 

Edges With Duplicates 269 

Total Edges 1174 

Self-Loops 102 

Connected Components 208 

Single-Vertex Connected Components 61 

Maximum Vertices in a Connected Component 70 

Maximum Edges in a Connected Component 236 

Maximum Geodesic Distance (Diameter) 9 

Average Geodesic Distance 2,915114 

Graph Density 0,004176102 

 

According to Table 8, this network consists of 665 nodes (authors) and 1174 edges 

(co-authorship links), from which 905 are unique and 269 are duplicates, meaning that 
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authors collaborated more than one time. Moreover, there are 102 self-loops. This 

means that there are 102 one-author publications. The density of the network, which 

identifies the level of connectedness, is equal to 0.004 which means that only 0.4% of 

all possible collaborations between authors are presented. So, we can deduce that we 

have to deal with a spare network. Baker (2000) argues that in low density networks, 

the social relationships tend to be large, open, diverse and externally focused. 

 

In order to continue, I had to take into consideration that degree centrality for single-

author publications is equal to 2, and betweenness and closeness centrality equal to 0. 

This is normal considering that in single-author publications there is a "loop" in 

author which means that there is a collaboration of author with himself. So, I excluded 

all the single-author publications because firstly their existence will affect the final 

results and secondly single-author publications can't be part of a co-authorship 

network as there isn't any kind of collaboration. Figure 15 illustrates the new co-

authorship network. 

 

 

Figure 15: Co-authorship Network 
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The metrics describing this structure are the following: 

Table 9: NodeXL results for the co-authorship network 

Graph Metric Value 

Vertices 602 

Unique Edges 828 

Edges With Duplicates 243 

Total Edges 1071 

Self-Loops 0 

Connected Components 146 

Single-Vertex Connected Components 0 

Maximum Vertices in a Connected Component 70 

Maximum Edges in a Connected Component 236 

Maximum Geodesic Distance (Diameter) 9 

Average Geodesic Distance 2,938129 

Graph Density 0,005091182 

 

In Table 9, we observe the metrics related to co-authorship network. This network 

consists of 602 authors collaborating each other 1071 times, from which 243 are 

repeated and 828 unique. Co-authored publications represent the 73.85% of the total 

number of examined publications. Only 0.5% of all possible collaborations between 

authors are presented. We have to deal with a spare network. 

 

Similar to any other large-scale network, the above co-authorship network consists of 

different components. It numbers 146 different components, the largest of which 

contains 70 authors (24.2% of total authors) who are highly productive as there exist 

236 co-authorships (22% of total co-authorships). In Figure 16, colored with light 

blue, is illustrated this component. It is clear that fills the center of the network.  

 

Moreover, the geodesic distance between two nodes is equal to 2.94. This means that 

in order to get from a random author to another only 2.94 steps are necessary, 

referring to a "close" community of scientists. The maximum geodesic distance is 

equal to 9. 
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Figure 16: Largest component in co-authorship network 

 

Table 10: Evolution of eParticipation community 

Network Authors Collaborations Graph Density 

2002 7 5 0,238 

2002-2003 22 23 0,099 

2002-2004 27 42 0,079 

2002-2005 50 77 0,044 

2002-2006 108 162 0,023 

2002-2007 156 233 0,016 

2002-2008 187 272 0,013 

2002-2009 318 538 0,009 

2002-2010 384 691 0,008 

2002-2011 500 870 0,006 

2002-2012 602 1071 0,005 
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Table 10, shows the properties of the cumulative co-authorship networks during the 

period 2002 to 2012. I used a cumulative perspective in order to depict the evolution 

of the community. The cumulative number of authors grew from 7 in 2002 to 602 in 

2012 while the cumulative number of collaborations from 5 to 1071 during the same 

period. Furthermore, the density dropped from 0.238 in 2002 to 0.005 in 2012. 

 

In order to give a more clear perspective on the evolution of co-authorship in the field, 

in Figure 17 were drawn the cumulative networks from 2002 to 2012. It is clear that 

the network become significant after 2006. 
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Figure 17: eParticipation field evolution
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5.4.2. Measures of centrality 

Measures of centrality are generally used in cases of undirected networks. In co-

authorship networks, an author is assumed to be more central if he is connected to 

many other authors. As we mention in a previous chapter, the most common centrality 

metrics are degree centrality, closeness centrality and betweenness centrality. 

 

Degree centrality 

Degree centrality counts the number of edges connecting each node with the rest. In 

co-authorship networks, it measures collaboration between authors. The most central 

author is the one who has the most connections to other network's authors. In other 

words, authors with high degree centrality are the central collaborators of the network.  

 

Table 11: Authors with the highest degree centrality in cumulative co-authorship 

networks 

Network Most central authors 

2002 Steve Farrell, Anna Malina, Ann Macintosh, Anthony Watson, Vincent Cordonnier, 

Laurence Monnoyer-Smith, Eric Maigret 

2002-2003 Ann Macintosh, Steffen Albrecht, Rolf Lührs, Birgit Hohberg, Maren Lübcke, Kapali 

Viswanathan, Ed Dawson, Colin Boyd, Riza Aditya, Steve Farrell 

2002-2004 Ann Macintosh, Rolf Lührs, Martin Karl Unger, Steffen Albrecht, Birgit Hohberg, 

Maren Lübcke, Alexander Prosser, Ed Dawson, Colin Boyd, Riza Aditya 

2002-2005 Annika Poppenborg, Stefanie Knocks, Ann Macintosh, Stefan René Salz, Oliver 

Märker, Susanne Michaelis, Robert Krimmer, Alexander Prosser, Robert Kofler, 

Chitu Okoli 

2002-2006 Robert Krimmer, Mário Jorge Leitão, Marcel Weinand, Kai Reinhard, Melanie 

Volkamer, Nils Meibner, Rudiger Grimm, G. Honor Fagan, Pierangelo Peri, Giolo 

Fele 

2002-2007 Robert Krimmer, C. Korakas, Athanasios Antoniou, Dimitrios Sofotassios, 

Anastasia Panagiotaki, Christos Manolopoulos, Paul Spirakis, Yannis Stamatiou, 

Mário Jorge Leitão, Kai Reinhard 

2002-2008 Robert Krimmer, Dimitrios Sofotassios, Paul Spirakis, Athanasios Antoniou, C. 

Korakas, Christos Manolopoulos, Yannis Stamatiou, Ann Macintosh, Anastasia 

Panagiotaki, Mário Jorge Leitão 

2002-2009 Melanie Volkamer, Ann Macintosh, Robert Krimmer, Evika Karamagioli, 

Efthimios Tambouris, Giuseppe Las Casas, Charalampos Karanikas, Maria Wimmer, 

Niki Krikeli, Beniamino Murgante 

2002-2010 Yannis Charalabidis, Melanie Volkamer, Ann Macintosh, Efthimios Tambouris, 

Maria Wimmer, Robert Krimmer, Konstantinos Tarabanis, Winfred Mitchell, 

Jerome McClendon, Priyanka Gupta 

2002-2011 Yannis Charalabidis, Konstantinos Tarabanis, Ann Macintosh, Melanie 

Volkamer, Maria Wimmer, Efthimios Tambouris, Robert Krimmer, Deirdre 

Lee, Juan Gilbert, Euripidis Loukis 

2002-2012 Yannis Charalabidis, Konstantinos Tarabanis, Ann Macintosh, Melanie 

Volkamer, Maria Wimmer, Efthimios Tambouris, Deirdre Lee, Euripidis Loukis, 

Robert Krimmer, Sotirios Koussouris 
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In Table 11, it is represented the ten most central authors between the period from 

2002 to 2012 through cumulative co-authorship networks in order to observe the 

dynamic of eParticipation field. We can observe that in most co-authorship networks, 

Ann Macintosh and Robert Krimmer are the authors with the highest degree 

centrality. Also, it is obvious that the list of authors in the last three co-authorship 

networks is almost the same with minor subtractions. 

 

Moreover, in Figure 18 we can see the frequency distribution of degree centrality for 

the whole co-authorship network, which can be modeled as power-law distribution. It 

is clear that only few authors have a high degree centrality. The vast majority of them 

have degree centrality between 1 and 3. The average degree centrality (Table 12) is 

equal to 3.060, while the degree distribution varies significantly. From the 602 

authors of this network, only 178 (29.57%) have degree centrality of 4 or more. 

 

 

Figure 18: Frequency distribution of authors' degree centrality in the whole co-

authorship network 

 

Table 12: Degree centrality 
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Closeness centrality 

Closeness centrality measures the average distance between a node and any other 

node of the network. So, the most central author is the one who can quickly interact 

with all the others. In this sense, lower closeness centrality means more direct 

collaboration with others and higher closeness centrality characterizes authors with a 

small amount of collaborations. In Table 12, it is presented the ten most central 

authors between the period from 2002 to 2012. 

 

Table 13: Authors with the highest closeness centrality in cumulative co-

authorship networks 

Network Most central authors 

2002 Vincent Cordonnier, Eric Maigret, Anthony Watson, Laurence Monnoyer-Smith, 

Ann Macintosh, Steve Farrell, Anna Malina 

2002-2003 Jorgen Svensson, Laurence Monnoyer-Smith, Eric Maigret, Vincent Cordonnier, 

Anthony Watson, Ronald Leenes, Alexander Prosser, Robert Kofler, Robert 

Krimmer, Birgit Hohberg 

2002-2004 Eric Maigret, Fernando Mendez, Laurence Monnoyer-Smith, Vincent Cordonnier, 

Anthony Watson, Tim Storer, Ronald Leenes, Alexandre Trechsel, Ishbel Duncan, 

Jorgen Svensson 

2002-2005 Alexandre Trechsel, Ronald Leenes, Jorgen Svensson, Ben Fairweather, Simon 

Rogerson, Fernando Mendez, L. Christian Schaupp, Eric Maigret, Laurence 

Monnoyer-Smith, Ishbel Duncan 

2002-2006 Tassos Dimitriou, Sonja Weddeling, Ben Fairweather, Dimitris Foteinakis, L. 

Christian Schaupp, Lemuria Carter, Klaus Deihl, Mirko Vintar, Henning Sten 

Hansen, Tarvi Martens 

2002-2007 Cristiano Maciel, Paulo Roberto Santhias, Ana Cristina Bicharra Garcia, Tarvi 

Martens, Ulle Madise, Henning Sten Hansen, Kristian Hegner Reinau, Sonja 

Weddeling, Regis Cabral, L. Christian Schaupp 

2002-2008 Sonja Weddeling, Klaus Deihl, Laurence Monnoyer-Smith, Tarvi Martens, 

Dimitris Foteinakis, Tassos Dimitriou, Eric Maigret, Orhan Cetinkaya, Peter van 

den Besselaar, Paulo Roberto Santhias 

2002-2009 Babis Magoutas, Tarvi Martens, Ursula Maier-Rabler, Tassos Dimitriou, Henry 

Kim, Mirko Vintar, Ulle Madise, Saggi Nevo, Christina Neumayer, Daniel Brandli 

2002-2010 Mirko Vintar, Tony Elliman, Panagiotis Panagiotopoulos, Andrew Tanenbaum, 

Nathanael Paul, Theodore Tseksos, Klaus Deihl, Christina Neumayer, Ursula 

Maier-Rabler, Gregoris Mentzas 

2002-2011 Patrizia Lombardi, Debbie Rodan, Marco Ramilli, Francesca Ricciardi, Cristian 

Peraboni, Fiorella De Cindio, Marc Holzer, Víctor Mari Saez, Marco Prandini, 

Klaus Deihl 

2002-2012 Rean Merwe, Saul Zulu, Ursula Maier-Rabler, Christina Neumayer, Laurence 

Monnoyer-Smith, Eric Maigret, Kelvin Joseph Bwalya, Anthony Meehan, Mirko 

Vintar, Karen Renaud 

 

Comparing the authors of Table 11 and Table 13 we can observe that there is a great 

difference in the list of authors for each co-authorship network. More specifically, the 

most central authors according to NodeXL in all co-authorship networks, except the 
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first two, have closeness centrality equal to 1
7
. This means that each author is directly 

connected with the rest authors of the network. This is very reasonable. Considering 

that the under examination networks consist of 146 separate components, which 

means that networks are disconnected, this metric can't be used, Dekker, (2008), in 

order to determine the most central authors. In these cases, measuring closeness 

centrality for the whole network is impossible as the distance between two nodes from 

different components is equal to infinite. So, NodeXL calculates the intra-component 

closeness centrality. 

 

Betweenness centrality 

Betweenness centrality, the third measure of centrality, concentrates on the 

appearance of a node in the shortest path of two other nodes. In co-authorship 

networks, an author is central if he lies between many other authors. Table 13 shows 

the list of the most central authors according to betweenness centrality. 

 

In the first co-authorship network, the most central author is Eric Maigret. From then 

on, Ann Macintosh is the leader of the list, apart from the periods 2002-2006, 2002-

2007, and 2002-2008 where she is third.  

 

Comparing Table 11 and Table 14 there are not major differences in authors who 

compose each list. Robert Krimmer is the leader of the list in both tables during the 

same periods. Moreover, in the last three periods there are few differences between 

the lists, which means that these authors, whatever the measure of centrality used, are 

the most central of all.  

 

Finally, I can argue that Ann Macintosh, even if it is not so obvious in Table 10, is the 

most central author. She has a lot of collaborators and, additionally, she controls the 

flow of information in the network. 

 

 

                                                      
7
 From version 1.0.1.113 and then, contrary to the statement that lower closeness centrality indicates a 

more central node, NodeXL states as central nodes those with the highest level of closeness centrality. 
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Table 14: Authors with the highest betweenness centrality in cumulative co-

authorship networks 

Network Most central authors 

2002 Eric Maigret, Anthony Watson, Vincent Cordonnier, Laurence Monnoyer-Smith, 

Ann Macintosh, Anna Malina, Steve Farrell 

2002-2003 Ann Macintosh, Laurence Monnoyer-Smith, Eric Maigret, Steve Farrell, 

Alexandros Xenakis, Anna Malina, Anthony Watson, Vincent Cordonnier, Ronald 

Leenes, Ella Smith 

2002-2004 Ann Macintosh, Ella Smith, Tim Storer, Ishbel Duncan, Steve Farrell, Laurence 

Monnoyer-Smith, Eric Maigret, Anthony Watson, Vincent Cordonnier, Alexandros 

Xenakis 

2002-2005 Ann Macintosh, Susanne Michaelis, Annika Poppenborg, Oliver Märker, L. 

Christian Schaupp, Stefan René Salz, Stefanie Knocks, Anna Malina, Birgit 

Hohberg, Steve Farrell 

2002-2006 Robert Krimmer, Mário Jorge Leitão, Ann Macintosh, Joan Josep Piles, Eric 

Maigret, Laurence Monnoyer-Smith, Tarvi Martens, Ulle Madise, Cynthia 

Alexander, Luciano Batista 

2002-2007 Robert Krimmer, Alexander Prosser, Ann Macintosh, Mário Jorge Leitão, 

Emmanouil Magkos, Tarvi Martens, Cristiano Maciel, Ulle Madise, Ana Cristina 

Bicharra Garcia, Anna Malina 

2002-2008 Robert Krimmer, Alexander Prosser, Ann Macintosh, Mário Jorge Leitão, 

Konstantinos Tarabanis, Efthimios Tambouris, Angus Whyte, Tarvi Martens, Ulle 

Madise, Steve Farrell 

2002-2009 Ann Macintosh, Robert Krimmer, Melanie Volkamer, Efthimios Tambouris, Peter 

Parycek, Alexander Prosser, Alexandros Xenakis, Evika Karamagioli, Stephen 

Coleman, Rony Medaglia 

2002-2010 Ann Macintosh, Yannis Charalabidis, Alexandros Xenakis, Efthimios Tambouris, 

Maria Wimmer, Robert Krimmer, Evika Karamagioli, Melanie Volkamer, Mehmet 

Levent Koc, Peter Parycek 

2002-2011 Ann Macintosh, Alexandros Xenakis, Yannis Charalabidis, Efthimios Tambouris, 

Maria Wimmer, Robert Krimmer, Deirdre Lee, Konstantinos Tarabanis, Melanie 

Volkamer, Evika Karamagioli 

2002-2012 Ann Macintosh, Alexandros Xenakis, Efthimios Tambouris, Yannis Charalabidis, 

Maria Wimmer, Euripidis Loukis, Deirdre Lee, Konstantinos Tarabanis, Robert 

Krimmer, Melanie Volkamer 

 

 

5.5. Analysing the core 

After having analysed the characteristics of the whole eParticipation field's network as 

an entity, it could also be interesting the analysis of the core of the field (Figure 19), 

consisting of the largest component of the whole network.  

 

The size of each node is associated with the degree centrality of each author. So, 

someone can recognize that Yannis Charalabidis, Konstantinos Tarabanis, Ann 

Macintosh, Maria Wimmer and Efthimios Tambouris have high degree centrality and 

are very important in the whole network. Additionally, it is clear that some edges are 

stronger than others. The stronger the edge the more collaborative this connected 
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nodes are. Ann Macintosh and Alexandros Xenakis, Konstantinos Tarabanis and 

Efthimios Tambouris, Maria Wimmer and Sabrina Scherer are the most "strong" pairs 

in this network. 

 

 

Figure 19: The core of eParticipation field 

 

The metrics presented in Table 15, are related to the network of the core of 

eParticipation field. According to them, the subnetwork consists of 70 authors 

collaborating each other 236 times. Only 127 of them are unique meaning that there is 

a large amount of collaboration between the researchers. Finally, graph density is 

equal to 0.066666667. In other words, about 6.67% of possible collaborations are 

presented in this network. 
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Table 15: NodeXL results for the core co-authorship network 

Graph Metric Value 

Vertices 70 

Unique Edges 127 

Edges With Duplicates 109 

Total Edges 236 

Self-Loops 0 

Connected Components 1 

Single-Vertex Connected Components 0 

Maximum Vertices in a Connected Component 70 

Maximum Edges in a Connected Component 236 

Maximum Geodesic Distance (Diameter) 9 

Average Geodesic Distance 3,892653 

Graph Density 0,066666667 

 

 

Figure 20, illustrates the evolution of the core network from 2002 to 2012. It is clear 

that the majority of the authors consisting this sub-network appear from 2012 and 

then. 
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Figure 20: Core evolution 
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Table 16: Centrality measures in core network 

Degree 

 

Betweenness 

 

Closeness 

 

Eigenvector 

 
Yannis Charalabidis 17 

 
Ann Macintosh 1547,416667 

 
Ann Macintosh 0,005556 

 
Yannis Charalabidis 0,091046 

 
Konstantinos Tarabanis 16 

 

Alexandros Xenakis 1181,45 

 

Alexandros Xenakis 0,005376 

 

Euripidis Loukis 0,063353 

 
Ann Macintosh 14 

 
Efthimios Tambouris 910,666667 

 
Yannis Charalabidis 0,005051 

 
Maria Wimmer 0,061273 

 
Maria Wimmer 13 

 
Yannis Charalabidis 818,65 

 
Efthimios Tambouris 0,004926 

 
Sotirios Koussouris 0,059387 

 
Efthimios Tambouris 13 

 
Maria Wimmer 651,7 

 
Euripidis Loukis 0,004878 

 
George Gionis 0,050856 

 
Euripidis Loukis 12 

 
Euripidis Loukis 445,05 

 
Simon Smith 0,004587 

 
Anna Triantafillou 0,046594 

 
Deirdre Lee 12 

 
Deirdre Lee 439,333333 

 
Rob Peters 0,004444 

 
Loukas Kipenis 0,041973 

 
Sotirios Koussouris 9 

 
Konstantinos Tarabanis 285,916667 

 
Nektaria Tseperli 0,004274 

 
Fenareti Lampathaki 0,038776 

 
Sabrina Scherer 8 

 

Evika Karamagioli 198 

 

Maria Wimmer 0,004219 

 

Dimitrios Askounis 0,038776 

 
Evika Karamagioli 8 

 
Simon Smith 145,083333 

 
Jeremy Millard 0,004149 

 
Enrico Ferro 0,03659 

 
David Price 7 

 
Stephen Coleman 135 

 
Stephen Coleman 0,004115 

 
Mehmet Levent Koc 0,03621 

 
George Gionis 7 

 
Mehmet Levent Koc 134 

 
Konstantinos Tarabanis 0,004098 

 
Riccardo Boero 0,030444 

 
Nikolaos Loutas 6 

 
Elena Sánchez-Nielsen 68 

 
Agnes Schneeberger 0,004082 

 
Michele Osella 0,030444 

 
Anna Triantafillou 6 

 
Orhan Cetinkaya 68 

 
Sotirios Koussouris 0,004082 

 
Vangelis Karkaletsis 0,027633 

 
Loukas Kipenis 6 

 
Sotirios Koussouris 38,833333 

 
Thomas Gordon 0,004049 

 
Alexandros Xenakis 0,02726 

 
Dimitrios Askounis 5 

 

Nikolaos Loutas 21,666667 

 

Steve Farrell 0,004049 

 

John Psarras 0,026453 

 
Vassilios Peristeras 5 

 
Sabrina Scherer 11,5 

 
Alastair Renton 0,004049 

 
Sabrina Scherer 0,025425 

 
Elena Sánchez-Nielsen 5 

 
Anna Triantafillou 8,2 

 
Anna Malina 0,004049 

 
Rob Peters 0,024976 

 
Yojana Priya Menda 5 

 
David Price 6 

 
Anna Triantafillou 0,004049 

 
Evika Karamagioli 0,022168 

 
Fenareti Lampathaki 5 

 
George Gionis 4,95 

 
Alexander Mikroyannidis 0,004032 

 
Manolis Maragoudakis 0,021228 
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5.5.1. Measures of centrality 

Table 16 shows the top 20 authors ranked on the centrality measures (Degree, 

Betweenness, Closeness, Eigenvector). 

 

The left part of Table 16 shows the ranking of the top 20 authors on the degree 

centrality. The top scorers are Yannis Charalabidis, closelly followed by Konstantinos 

Tarabanis, Ann Macintosh, Maria Wimmer, and Efthimios Tambouris. As shown in 

Table 17, the average degree centrality for this network is equal to 4,6 and the range 

of values is between 1 and 17. 

 

Table 17: Degree Centrality (core network) 

Minimum Degree 1 

Maximum Degree 17 

Average Degree 4,600 

Median Degree 4,000 

 

 

As far as betweeness centrality concerns, Ann Macintosh, Alexandros Xenakis, 

Efthimios Tambouris, and Yannis Charalabidis can be viewed as leaders of the 

network, because they have the highest score in betweenness centrality, meaning that, 

as they appear more frequently in the shortest paths between other authors, they have 

the ability to control the flow of information in the network. Without these authors, 

the network would be highly fragmented having separate unconnected components. 

The average betweeneess centrality (Table 18) is equal to 101,743 whereas its highest 

value is 1547,417 (Ann Macintosh). 

 

Table 18: Betweenness Centrality (core network) 

Minimum Betweenness Centrality 0,000 

Maximum Betweenness Centrality 1547,417 

Average Betweenness Centrality 101,743 

Median Betweenness Centrality 0,000 

 

 

The leading authors in terms of closeness centrality are Ann Macintosh, Alexandros 

Xenakis, Yannis Charalabidis, Efthimios Tambouris, and Euripidis Loukis. In other 



64 

 

words, these are the most "favored" authors of the network as they are closer to the 

rest authors than no one else. The range of values for this metric (Table 19) is from 

0.002618 to 0.005556 and the average closeness centrality is equal to 0.003758. 

 

Table 19: Closeness Centrality (core network) 

Minimum Closeness Centrality 0,0026180 

Maximum Closeness Centrality 0,0055560 

Average Closeness Centrality 0,0037580 

Median Closeness Centrality 0,0038095 

 

 

Yannis Charalabidis is by far the leading author observing the eigenvector centrality 

as he is connected with more popular authors than any other author, such as 

Alexandros Xenakis and Euripidis Loukis between whom there are multiple 

collaborations. The range of values for eigenvector centrality (Table 20) is between 

0.0001470 and 0.0910460 whilst the average value is equal to 0.0142858. 

 

Table 20: Eigenvector Centrality (core network) 

Minimum Eigenvector Centrality 0,0001470 

Maximum Eigenvector Centrality 0,0910460 

Average Eigenvector Centrality 0,0142858 

Median Eigenvector Centrality 0,0036390 

 

5.6. Conclusion 

The key findings of this chapter are: (1) the total number of publications has been 

growing, (2) the percentage of co-authored publications is equal to 74% of the total 

number of examined publications, (3) the main component of the co-authorship 

network consists of 70 authors containing more than 22% of total co-authorships. 
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6. Conclusions 

 

6.1. Results 

This thesis has examined the eParticipation research field focusing on collaborative 

activities between researchers establishing coauthoring publications. The 

collaborative aspect was captured using social network analysis, where nodes 

correspond to authors and edges correspond to co-authorships, defining the authors 

who constitute the core of the field and the more influential of them, based on 

centrality metrics. The data used were collected based on already established, by other 

authors, frameworks having as source the eGovernment Research Library (eGRL). 

This is a limitation of the study as it doesn't take into account papers written in other 

languages, apart from English, reports or white papers from governments and other 

organizations. 

 

The key findings of this study are: 

1. my study consists of 390 publications the vast majority of which are book 

sections and journal articles; 

2. the flourishment of eParticipation field occurred after 2009 where an increase 

in publications of about 377% appears;  

3. the percentage corresponding the increase of scientists in 2009 is equal to 

444.19%; 

4. the percentage of co-authored publications represents 73.85% of the total 

number of examined publications; 

5. the co-authorship network of the field has 602 authors and there are 1,071 co-

authorship links between them. It also consists of 146 separate components; 

6. the core of the field contains 70 authors and 236 co-authorships, yielded a 

ration of about 22% of the whole network; 

7. the most influential authors are Ann Macintosh, Yannis Charalabidis, 

Alexandros Xenakis, Konstantino Tarabanis, Efthimios Tambouris, Euripidis 

Loukis, and Maria Wimmer, having the best centrality metrics. 
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6.2. Further Study 

Although I focused on co-authorship networks, the publication used as source could 

be used for further research. One possibility is the analysis of citation networks of 

authors, where edges correspond to citations.  

 

Since there are publications in other languages apart from English, the analysis of data 

from eGRL cannot give a complete picture of eParticipation field. Thus, in order to 

cover this field completely, the boundary of the network should be extended including 

papers written in other languages or in conferences and journals which are not 

covered from eGRL. 
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