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Finding and selecting the appropriate personnel in work organizations has always been a problem. Companies
need to exploit the potential of their employees to take advantage of their knowledge, connections and contacts,
to engage in new projects and jobs or to move them to other positions. In doing their jobs employees establish
contacts within the company and the business environment. Until the advent of the Internet, communication was
carried out in a conventional manner and business did not allow to simply follow the links and communication
between employees and their relationships with the business environment. Today, as part of e-business, employees communicate with each other, send and receive messages, simply put, create a social network. The
analysis of these networks provides a wealth of information that can be used to promote business, find employees who represent the nodes of communication, but also provides a wealth of information on employees or
those who are interested in the right jobs, who use social networks to post information about themselves.
This paper explored the possibility of obtaining information relevant to the selection of internal human resources based on an analysis of corporate online social networks. Research methods are taken from the field
of graph theory and social network analysis (SNA), whereas in addition to quantitative parameters of nodes
also additional dimensions of data filtering are considered. This approach is called the extended SNA. In addition to demonstrating and explaining, the extended SNA has developed an application that simulates the
communication between employees within a corporation, for the analysis and detection of suitable employees, and visualizes the results in the form of a graph.
Keywords: Corporate social network, human resources, social network analysis, simulation
1. Introduction
Human resource management is a strategic position in the company, which is aimed at planning, managing, and scheduling of employees within the corporation. Activities of human resource planning determine
the actual need of employees and they can be provided both from an external supply on the labor market
or from existing resources. The process of planning the required staff begins by identifying the jobs for which
executives are needed. Filling of vacancies can be provided through the analysis of internal supply and selection from the existing human resources or by hiring labour from the labor market. Depending on the activities of the corporation, the analysis of internal human resources can be done by exploring the interaction
of employees in the corporate online social network. The online corporate social network (OKSM ) is an information and communication platform that includes a variety of communication channels based on telephony, Web 2.0, instant messaging and e - mail technology.

2. Corporate social network - enterprise 2.0 concept
The Web 2.0 implies the evolution of a passive viewing of content and the possibility of generating and sharing the content on the Web. With the advent of interactive Web comes the creating of online social cohesion
user, through the application of social networking. The SixDegrees.com [4] was the first example of social net-
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working as we know it today. This application is worked out based on user profiles similar to what is currently
done with Facebook and was active in the period from 1997 to 2001. The term social network refers to a connection between members of the network, while in the virtual environment it refers to the use of the existing tools
for communication, collaboration, interaction and sharing of ideas, interests and knowledge [4].
Examples of virtual social networks are profiled applications, communities, instant messaging, blogs and
wikis. What is unique about these networks is that the social connections of the participants are easily visible, while social interactions in the real world are hardly visible and inaccessible for measurement [18]. Also,
social networks participants set available personal information, which significantly facilitates a social research to be conducted. The concept of social networking is mapped to a network of employees in a company called [15], Enterprise 2.0 refers to the use of social application platforms within companies ( E2E ),
business partners ( B2B) and customer ( B2C ) with the aim of better collaboration and information sharing
in an enterprise environment. In terms of the interaction of employees ( E2E ), Enterprise 2.0 means an environment in which communication processes employed circumvent the existing formal and bureaucratic
structures enabling new forms of cooperation and collaboration and thus the sharing of knowledge and expertise, which plays an important role in the formation of intelligent organizations. In this way, possible shortcomings in the existing structure are overcome, the creation of informal groups is established through social
interactions that are formed on the basis of performance of everyday tasks, and not on the basis of formal
manager`s task [3].
A successful example of the corporate social network Yammer is Microsoft product, which is implemented
as a platform in the Deloitte company [20]. Yammer offers integration with the well-known Office package
to enable the sharing of materials in different formats. Another example is the in-house developed solution
for the IBM [14] called ThikPlace, back in 2005, with the aim of sharing knowledge and ideas when, within
the period of two years 18,000 new approaches to solving of daily work problems were generated, while
about 350 ideas were applied in practice, earning about $ 500 million. [14]
BeeHive [7] is designed as a Web site based on the user profile and share blogs. This system was implemented in 2010 and has provided significant benefits in terms of building social capital and knowledge transfer within the multinational companies.
Cooler [6] is an in-house built platform to Hewlett-Packard Company, which has properties of aggregated
social communication channels such as blogs, wikis, instant messaging, etc. The given platform enables the
analysis of communication.

3. Metrics analysis of online social network
The massive use of social applications brings opportunities of monitoring actual communications with the
aim of measuring the mutual staff relations. It includes social application platforms within companies and corporations, enabling new sources of information of interest to human resource managers in terms of recognizing hidden relations and employee relationships [21]. Techniques and methods of investigation of
corporate social networks are in the area of social network analysis, which aims to determine the characteristics of the actors in the network and their mutual relations.
The measurement and analysis of social networks (hereinafter SNA) is an approach to research which sees
the analyzed network as a graph, and is grounded in the field of mathematics called the Graph theory. A
graph consists of a set of nodes (vertex) and a number of branches (edge) with a quality that each branch
has two (it is not obligatory for them to be different) nodes. The Graph is represented as a tuple G = (V, E)
where V is the set of nodes, and E is the set of edges [3]. Research and analysis of social networks is made
in a manner that the nodes are people or sometimes groups of people, while the branches represent a kind
of social interaction among the people, such as friendship. [16]
This approach which is seen as a complex network graph allows for the identification of hidden relationships
and connections, provides visualization and insight into the structure, allows for measurement, testing of connectivity and optimization of elements within the network. The Graph theory allows for the prediction, organization, a different view of the structure of the network or its components, tracking the spread of useful
information, but also of harmful components such as viruses in computer networks.
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Depending on a manner in which the network is observed the analysis of the whole network (macro analysis), of a certain part (mezo analysis) or ego network analysis (micro analysis) can be distinguished. Ego
network refers to a network node with which the analyzed node is connected. The network analysis is done
with the pre-defined metrics and they is divided into three categories [22]:
a) monadic metric-calculation of individual nodes,
b) dyadic-metric computations for a pair of nodes,
c) metric-graph computations for a graph instance network density.
Here is an example method in the field of monadic metrics: degree of the node, normalized node degree,
closeness node, the centrality of the node, connections between, Jordan centrality, ranking pages and so on.
For each of these there is a mathematical definition of the metric. In this paper, the calculation of the metric
used is open source software with built-in algorithms to calculate the above metrics. Moreover, it discusses
the possibility of using some metric methods of analysis of social networks with the objectives of selection
and identification of appropriate staff within the corporation.
The following connectons were used: degree of the node, HITS analysis, connections between identification of hidden clusters and the density and cohesion of the network.

4. Description of research
One of the tasks of the human resource manager is shifting and employment of new labour within the corporation. Applying online SNA method in the process of identifying the type of staff is possible if the corporation has implemented some form of online social applicative platforms. In this way it is possible for
corporations, in addition to the existing data, to include the social component of employees if it is relevant
to their choice [17].
The SNA techniques are suitable for detecting hidden groups that may exist as a result of physical boundaries (different geographical locations) and organizational structure ( rigid hierarchical structure or different
domain expertise). In addition, these techniques are suitable for the detection of individual leaders in the network or the employees that connect multiple organizational units into a harmonious whole. Some possible
research objectives of corporate social networks are [10]:
• development and improvement of social networks with the aim of sharing knowledge and expertise,
• detecting differences between formal and social structure of employees of the corporation for the purpose of restructuring,
• discovering ‘hidden’ leaders,
• detecting bottlenecks of information flow,
• creating of a community instead of teams in the execution of tasks,
• implementation of education and training through Enterprise 2.0 platform,
• and other.
This paper explores the example of predefined organizational units to reach a number of employees who fit
the required profile. The main weakness of SNA techniques is their fundamental quantitative parameters of
nodes in the network. In this paper we present an approach where, in addition to quantitative, additional parameters are introduced in combination with SNA method to enable HR managers to perform complex
queries against a corporate social network.
The approach is based on multiple filtering data in order to enhance query performance for a large number
of records, and a more efficient use of IT resources. The paper used the JUNG Java libraries [12] designed
to explore the data set using the method of analysis of social networks, which include research algorithms.

5. Review of the concept of extended sna analysis
The introduction of new dimensions in the SNA is necessary for two reasons. The first reason is a more precise data filtering and getting to new information, obtained through classical SNA analysis [13]. Another rea-
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son lies in the absence of JUNG framework, which requires loading of test data sets in the internal memory,
which in case of large amounts of data can be a significant problem.
A total of six defined dimensions are involved in the analysis process. The framework represents the employees, and is formed on the basis of actual communication while dimensions are filters that help in identifying the required grades.
The basic dimensions of the extended SNA is an organizational unit defining the scope of the analysis in relation to the organizational structure of the corporation. This means that we determine the subset of social
communication in relation to the organizational structure of the corporation where there is a possibility of simultaneous analysis of multiple organizational units.
Time as a dimension of analysis can be given as an arbitrary date range or a period of execution of a specific project. In this way it is possible to determine the characteristics of the nodes / employees of the port
specified period of time, for example. It may be a period of crisis for the execution of a project. In this way,
we can identify employees who are willing to take responsibility, to share knowledge and provide expertise
to other employees. It is possible to set the time step in which the analysis will be carried out where steps
may be days, months, and years.
Location is important as a dimension if a corporation that is distributed over a wider geographical area. In
this way we obtain information on communications between employees in different locations.
The dimension of personal data is a classic collection of data that organizations keep on their employees.
This dimension is of utmost importance in identifying employees. It is through this dimension that human resource managers define the characteristics that the required employee must fulfill.
The dimension context of the message refers to the message content to be transferred. In our case, the
context of the message is determined by its title, which must contain the name of the project when it is assumed that the content of messages is related to the project from the title of the message.
The dimension type of communication refers to communication channels and is defined as e-mail or blog post
system. The simulation enables a simultaneous analysis of social interaction in both communication channels.

Figure 1. Dimensions of SNA

6. SNA features applications
For demonstration purposes, the functionality extended SNA developed an application that simulates a corporate social network. The application can be classified as type blog system that uses posts and e-mail
messaging. All communications, profiles and data in the study were created by typing random strings in the
database. The selection is performed in files:names.txt. surname.txt, cities.txt, LevelofProfessionalDegre.txt.
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etc. containing arrays of strings. By random selection of a string from the mentioned files, the object employee is established and entered into the database. In the same way, objects Training and projects are established whereas in the next stage objects profileEmployee would be created. After completing the
database it is possible to run the application.
The application consists of two main modules: administrator and user. It is possible to log on as an administrator or as a user application. Administrator has the right to view the user profiles and performance of the
extended SNA. In the admin module the user selects the parameters needed to execute the extended SNA.
The selection of the parameters is carried out in several steps, where each step corresponds to one dimension of the SNA that was previously mentioned herein. After setting the parameters and selecting the
presentation, the results will be displayed in the form of charts and graphs, and the tabulation of results.

Figure 2. Employee profile in SNA application

7. Used technologies
The application is made to the model -view- controler software patterns. To build the model, components are
written in DAO and DTO classes that communicate with the MySQL database. Within the model components the JUNG ( Java Universal Network / Graph Framework) framework [12] was used, which enables the
creation and visualization of objects graphs. Jungle is an open source library that enables the development
of Web and desktop application for exploring and analyzing data sets of its theoretical basis found in the area
of mathematics called the Graph theory. The basic phases of the data sets are importing, modelling, analysis, visualization and data filtering. For each of these phases the JUNG package provides classes that implement the interface methods and algorithms from the field of graph theory, data mining and analysis of
social networks. For the development of component controler JavaServlet technology was used, while the
presentation used JSP, jQuery and java script d3js [11] frameworks.

8. Description of the implemented SNA methods
Degree of the node
This analysis gives us a quantitative sociological data on social ties of individual employees. The sociological aspect is reflected in the relationship between input and output connections. Employees with the highest output connections can be hidden leaders in the organization. According to the survey [18], 50% -70%
of knowledge required to perform daily tasks employees receive from their colleagues in the region. The
node with the highest ratio of output and input level shall be determined by the employees (Authority) who
are the initiators of communication and knowledge sharing across the network and the audience (Hubs)
that receive the information. The input level is the ratio of the amount of input and total communication network while the output stage is the ratio of the amount of output and total communication. Determining of the
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degree of the node for the purpose of identifying the leaders in the network can play an important role if it
determines a “critical” days of the project. The critical days means the period in which difficulties appear or
unforeseen circumstances in the project emerge. Figure 3 shows the movement of the degree level of randomly selected employees for the duration of the project and for two different communication channels. If
the peak of the degree of the node level coincides with the days when the project was in critical stages of
implementation, it is likely that it involves a hidden leader from whom other employees are seeking assistance and expertise. Figure 4 shows the degree of node stage of the three top-ranked employees where the
output follows the input stage of the employee by day.
In Figure 5, data are visualized and analyzed in the form of the graph in which nodes are employees who
meet the requirements defined in the dimensions of SNA. The graph is directed and in it you can see trends
and directions of information within the study area. During the net visualization, input and output degree of
node are not concidered, whereas the position of node in the graph is determined by the number of connected neighboring nodes and weight value of branchies amounts to1 for any number of realised communications.

Figure 3. Display of two degrees of nodes for different communication channels

Figure 4. Gantt value of the degree of a node level of the top-ranked employees
By measuring the degree of a node employees we obtain the means by which we identify nodes that have
the highest level of communication within the corporation. These employees have specific knowledge of
the importance of carrying out everyday tasks.
If the human resource manager needs a worker with specific skills and knowledge, it is advisable to conduct
this type of analysis.

9. HITS analysis
The HITS analysis is based on the discovery of the best ‘recipient‘ and the best ‘sender’ (‘Hub and Authority‘) information. The Authority estimates the value of the node importance as a source of information, while
the Hub provides an assessment of the significance of the value of the node as a gatherer of information
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[16]. the value of Hub factors is higher if a node receives information from high-ranking Authority nodes [19].
Employees identified as sources of information tend to transfer their knowledge, while employees identified
as gatherers of information / knowledge/ tend to learn and absorb new information.
The HITS analysis may be particularly interesting for human resource managers if they strive to identify a
prospective employee who shows characteristics of constant learning and development. A possible application scenario for the HITS analysis would be the identification of young, promising workers with the aim
of setting up a post which requires continuous learning and training where the requested person has developed contacts with leading experts within the corporation. This task can be performed by ranking the
value hub of factors employed and the inclusion of the extended SNA, by defining the selection of data such
as age, location, qualification, etc..

10. Analysis of betweennes
Analysis of betweenness indicates the number of shortest paths from all vertices to all other peaks that pass
through the node analyzed [5]. These are bridges in the network, the employees who connect different clusters. This type of analysis is particularly important in identifying leaders in the network and employees who
are of significant importance to the corporation on account of their hard work and knowledge of the associated group as a whole [5]. It is based on the calculation demonstrating the level of role of a particular
node in terms of connecting two or more groups within the network. The corporation is most commonly
employed to work with the departments for different purposes e.g. employees who coordinate the work of
the department of marketing and development, etc. [17].
It is a measure of the burden and significance of the observed node. It shows that employees are more important for the exchange of information between other employees. It is also used as data indicating where
the network communication would fall apart if particular nodes were elininated, that is, which employees
would be disconnected if part of nodes/ employees is removed.
The application allows examination of data for analyzing connections between employees, with predefined
dimensions search. Figure 5 shows the generated graph from which it is clear that there are three employees with the highest level of connections between them.

Figure 5. View graph of employees

Betweenness may be relevant to human resource managers in terms of identification of employees who
have the ability to transfer information and coordinate activities among various departments, clusters and
groups. These employees are characterized by the ability to coordinate activities between organizational
units and by expertise in many different areas. If it is necessary to identify employees with the ability to coordinate and manage teams, it is advisable to conduct an analysis of betweenness.
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11. Identification of hidden cluster
Clusters are closely related subgroups within the organization network. The algorithm identifies clusters as
input parameters using size density and number of branches per node. In this way it is possible to discover
the social structure of the organization, which can significantly differ from the formal structures. An interesting approach is presented in the study [1] where the actual network structure is obtained on the basis of the
LDAP directory and the degree of difference with overlapping two graphs, structural and social. On the basis
of the degree of diversity, managers make decisions about the need for changing the structure of the organization. Identification of cluster has an important role in the context of the change process and the restructuring of the organization and also, very important information may be obtained by detecting the leading
node within each cluster.
Ranking and discovering of the leading node in the cluster is done by measuring the output of the input level
of the nodes in the cluster. In this way, we can identify employees who are informal leaders forming clusters.
This information is important for human resource managers if they are trying to identify employees with the
capabilities of team leaders or department leaders.
Table 1: Identified clusters and leaders of clusters
Clusters



Employee ID

Leader ID

Cluster 1
Cluster 2
Cluster 3

12
8
5

2,15,23,20,11,49,52,38,33,34,14,5
17,19,8,44,32,39,50,11
26,7,3,13,31

15
44
7

12. Density and cohesion
Unlike previous measures that address the ego network, i.e., the individual employee, density and cohesion
are parameters that tell us about the state of the entire network [22]. Density is a parameter that tells us
about the relationship between the number of existing and possible branches in the network. This size is in
the range from 0% to 100%. Researched networks have a size from 5% to 30% for frequently used and
connected network, although this value may vary depending on the size and purpose of the network. The
measure of cohesion refers to the measurement of the maximum distance between two nodes in the network. Preferably, the network has a lower degree of cohesion because it implies shorter distance for submissions. For example, density of 3 means that any employee may submit the information to the other
without having information pass through node 3.
Measures of density and cohesion play an important role in the analysis of individual organizational units.
From the standpoint of management, if analyzed network has no specific density or if it has a density less than
5% [2], the results of previously performed analysis can be safely treated as valid. This is especially the case
if the communication performed by the analysis was done in a short period of time, or if the application in use
is in social terms fully operational within a corporation. It can be said that the measure of density is proportional to the credibility of the results obtained by the extended SNA analysis. In this case, the density was 15%.

Figure 6: Flow of extended SNA
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13. Closing remarks
The above method of the analysis of social communication allows us to discover the profile of an employee
who meets the requirements of human resource managers. In addition to formal information about employees, when making selection, managers also have social factors at their disposal. Staff selecting follows
the steps shown in Figure 6.
In the first step, the HR manager defines the formal requirements that the employee should satisfy. Formal
requirements are related to the personal data of employees, location and organizational affiliation. After that,
based on testing network communication, density factor for the validation of the reliability of the results is
measured and if it is greater than 5%, it goes to the next step. If the density of the network is less than 5 %,
the human resource managers must take actions in order for the use of social applications to become massive within the corporation. This can be achieved by adopting special procedures or conducting internal marketing campaigns to use social applications in their daily work [2].
The next step is a selection of social characteristics that employees must possess. In our case, there are four
groups of characteristics of employees. The first group of characteristics is selected if an employee is sought
who is an expert in its domain, the second group is selected if an employee is needed who is prepared to
invest in their own development efforts, the third group is selected in case a coordinator is required between
multiple organizational units while the fourth group is selected if the team leader is required.
Finaly, the method of analysis is selected automaticly depending on the characteristics of a selected employee. A format presentation of the results depends on the selected SNA method and is given in the form
of charts, graphs and spreadsheets ranking.

Conclusion
In this paper the possibility of using the social network analysis in the selection process and selection of employees with a
view to fill the jobs from existing resources or the replacement of employees in the existing workplace is discussed. An application is developed that aims to simulate the communication network of employees, generating a profile of employees
and their mutual communication. On the basis of these data several analyzes were performed and their possible application in terms of selection of employees is explained. A new concept, the so-called extended SNA, was introduced to application where, in addition to the quantitative approach to research networks also, formal parameters related to the personal
data of users as well as contexts that are related to the content of messages that users exchange, were introduced. This
approach allows for the introduction of additional dimensions in the process of analyzing online corporate social networks.
The inclusion of elements of business intelligence and semantic analyses represent the future challenges in the development of application mentioned in this paper.
In the next stage of research, introduction of weight coefficients for analysis of nodes in network is planned.
Further work is focused in two directions. In the first case it is necessary to test the operation of the application in a real
environment, which should serve as a Social Application Platform in the organization and eliminate technical deficiencies
and improve the operation of the application. Subsequently, on the basis of actual communication between employees, it
is necessary to test the approach of the extended SNA by examining the validity of the results.
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