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ABSTRACT 
Context. There are many aspects that govern the performance of an organization. One of the 
most important thing is their organizational structure. Having a well-planned organizational 
structure facilitates good internal communication among the employees, which in turn 
contributes to the success of the organization. Today, company re-structuring is very common 
in the industry. When various key employees are re-organized (moved to different hierarchical 
positions), the company might experience certain incidents which can be damaging or 
beneficial for the company. To leverage the potential gain, having an efficient organizational 
structure is very important for a company. 
Objectives. The primary objective of this study is to analyse the existing organizational 
structure of the company by the evaluation of email communications between the employees, 
and if required suggest the need for re-organization. We also aim to study the possible benefits 
of various re-organization scenarios for the company. 
Methods. We have done a case study to achieve our objectives. In this study, we have applied 
various cluster validation techniques to evaluate the email communications between the 
employees. There are many ways in which internal communication of employees takes place, 
but email is still a primary communication tool for employees in a company to interact with 
each other. The data (email logs) are provided by the company which have been recorded at 
different time periods. It increases the precision of our study by giving us a broader picture. 
We have analysed the organizational structure through the analysis of these email logs. We 
have then simulated various re-organization scenarios.  
Results. By applying various cluster validation metrics, we have examined the quality of the 
existing organizational structure. We have also recorded how re-organization (moving 
employees from one organizational unit to other) effects the overall quality of the existing 
organizational structure of the company. 
Conclusions. In this study, we have presented how different cluster validation metrics will be 
helpful in assessing the quality of the organizational structure by reflecting the different 
aspects of the organizational structure. We have shown that our approach makes it possible to 
evaluate the effects of different re-organization scenarios on the internal communication 
patterns of an organization. All these metrics can be used by the company to improve their 
existing organizational structure.  
To proceed further, the future work could be to analyse other forms of internal communications 
along with email, which would further help in analysing and improving the existing 
organizational structure of the company. 
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1 Introduction 
Every corporate organization or company will strive to become successful in its field of 
operation. According to Boeva et al. [1], every successful company makes good use of their 
human capital by having them well placed in key positions according to their organizational 
structure. The term organizational structure refers to the formal configuration between 
individuals and groups regarding the allocation of tasks, responsibilities and authority within 
the organization [2]. Recent studies in the field of management, emphasize the need for the 
twenty-first century organizations to be flexible and adaptive to their environment to stand tall 
among its competitors. Having an effective organizational structure benefits the company in a 
myriad of ways as illustrated in the following Fig. 1: 

 

Figure 1 Advantages of having an efficient organizational structure. Summarized from [3], [4], [5], [6] 
 

The rise of information technology and various communication methods have indeed made 
the 21st century organizations to be more adaptive. For example, in the 80’s when the internet 
just started to grow, the idea of global software teams working together on a single project was 
not possible. But today, it is a reality. The rise of information technology dramatically changed 
the way people in an organization communicate with each other to complete an assigned task. 
Organizational communication, therefore plays an important role for the success of an 
organization. According to Borza et al. [7], organizational communication is of two types. 
They are: 

▪ Internal Communication 
▪ External Communication 
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Internal communication deals with communication within the organization (i.e., 
communication among the people of the organization like employees, managers, etc.). The 
communication of employees with people outside the organization (i.e., customers, clients, 
government agencies, etc.) is termed as external communication. Both internal and external 
communication are crucial for the success of an organization. In our study, we are concerned 
with internal communication in an organization. 

This internal communication in an organization has been further classified into two types [8]. 
They are: 

▪ Intra – department (i.e., communication among employees within a division). 
▪ Inter – department (i.e., communication among employees in two or more divisions). 

Effective internal communication is important for an organization to coordinate the different 
organizational subunits (i.e., divisions or departments or teams) to solve various tasks. Intra-
department communication (i.e., communication among employees within a division) 
additionally plays an important role during organizational changes like re-organization or re-
structuring as it promotes a positive outlook among the employees towards the change [8], [9].   
Therefore, it reduces organizational change resistance and thereby improves organizational 
performance.  

Internal communication among the employees takes many forms like emails, phone calls, 
formal meetings, face to face conversations, etc. The growing number of ways people can 
communicate and exchange information within an organization (i.e. internal communication) 
provide us with a previously unknown way to evaluate company’s organizational structure 
[10]. Out of the many available forms of internal communication, emails are still playing a 
major role in interactions among employees of both formal and informal character [11]. Email 
data contain hidden patterns of collaboration among employees waiting to be discovered.   

So, in this study, we try to examine the organizational structure of a company by evaluating 
the internal communication (based on email interactions) at an organizational level by 
applying different cluster validation techniques.  

1.1 Problem Outline 
We now know the different positive effects; an effective organizational structure can bring 
into a company. But re-organizations (moving employees and other people from one position 
to another in the organizational structure) are quite common in the industry. These re-
organizations or re-structuring are done to accommodate new people, improve efficiency, 
balance authority in the company and to reflect the need from the outside world. But 
sometimes, these structural changes can have disruptive impact on the company. For example, 
there may be group of employees who are not actively working with the newly joined 
employee and as a result, the entire project of that team may be affected. Therefore, the 
company must be able to assess the organizational structure every time after a re-organization, 
to know if it creates the best fit for its human capital. 

The re-organizations should create an organizational structure such that each task can be 
handled within the organizational units (divisions, departments, etc.). Performing any task in 
an organization involves email communications among the employees involved. These 
communications reveal the informal networks of communities that get formed and go along 
with the formal organizational structure [11]. By analysing such communications, we can 
judge the clusters of people performing tasks together. By comparing such informal clusters 
with existing formal organizational structure, we can observe how well the formal 
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organizational structure and the informal structure reflected by the email communications 
stack together.  

We can use several cluster validation metrics like Silhouette Index (SI) [14], Connectivity 
[15], etc. to quantitatively measure the fit between formal and informal organizational 
structures. Each metric reveals a different aspect related to the quality of the existing 
organizational structure. These metrics are explained in detail in the Section 3.  

Therefore, these metrics can be helpful for the company in assessing the quality of different 
organizational structures before and after the re-organization thereby prove useful in fine 
tuning the organizational structure. 

1.2 Research Objectives 
In this study, we analyse the organizational structure of a company by evaluating email 
communications under two perspectives. They are:  

▪ Individual 
▪ Group 

At an individual perspective, we study the email communications of each employee with all 
other employees individually. In group perspective, we study the email communications of 
each group of employees with all other available groups of employees in the company. The 
grouping of employees is done based on the existing formal organizational structure of the 
company. A detailed description about grouping of the employees is presented in Scenario 3 
of Section 4.2.2. Furthermore, we will also study the effect of various re-organization 
scenarios on organizational structure at both individual and group level perspectives. 
The major objectives of our study are: 
 
▪ To investigate the usefulness of cluster validation techniques in assessing the quality of 

the organizational structure. 
▪ To investigate the effect of various re-organization scenarios, in fine tuning the 

organizational structure. 
▪ To evaluate the existing organizational structure (for example, number of divisions, 

departments) and to estimate the optimal number of divisions (or departments) using k-
means clustering algorithm. 

Overall, our objective is to assist the managing department in improving the effectiveness of 
their organizational structure. 

1.3 Research Questions 
In order to achieve our research objectives, we have defined the following research questions. 
They are: 

RQ1. What do the internal communication among the employees, reveal about the 
organizational structure when evaluated using cluster validation techniques? 

Motivation. This research question is motivated by the fact that internal communication 
among the employees contains information about the communication and collaboration 
patterns of employees (i.e., informal structure) in an organization [11]. Nowadays, the 
managing departments of most organizations are finding new ways to improve their existing 
organizational performance by transforming their organizational structure in every possible 
aspect they can to gain a competitive advantage. 
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Therefore, it will be helpful if the company can tap into this already existing data (i.e., email 
logs) and make the best possible use of it in improving their organizational structure. This will 
help the company in realising its goal to obtain the most effective and dynamic organizational 
structure.  

RQ2. How will different re-organizations done based on cluster validation techniques, effect 
the organizational structure? 

Motivation. This question is motivated by the fact that re-organizations in a company are 
common and are done to improve existing quality and make the best possible use of their 
human capital. In this study, we are going to compare multiple re-organization scenarios based 
on cluster validation techniques namely: 

▪ Re-organizations of employees at an individual level. 
▪ Re-organizations of employees at a group level. 

This helps us to understand the effect of different re-organization scenarios on the 
organizational structure and in turn their effect on overall organizational performance. It also 
helps the company to consider the best suitable re-organization strategy applicable to them.  

RQ3. How to evaluate the existing number of divisions (or departments) in an organization 
and estimate the optimal number of divisions (if required) using cluster validation techniques? 

Motivation. Any company or an organization consists of number of divisions (or departments) 
chosen specifically during its setup, to execute their work efficiently. Later on, there may arise 
the need for setting up a new division or merging some already existing divisions into one, 
owing to the need to improve their performance or due to re-organizations.  

Therefore, the company must evaluate its number of working organizational units (number of 
divisions or departments) from time to time. In our study, we would like to estimate the optimal 
number of divisions based on the cluster validation techniques. This will also be helpful for 
the organization in re-structuring their existing formal structure.  

1.4 Structure of Thesis 
This thesis is organized in 6 Sections. In Section 2, we present the related work done in this 
research domain. We will also present how our study builds on top of the existing literature. 
In Section 3, we present the research method along with the design of the study. We also 
present the data preprocessing steps and discuss the different analyses that will be performed 
in this study. In Section 4, we present the results along with their implications. In Section 5, 
we try to find answers to our research questions, we will then evaluate the threats to validity. 
We finally conclude by presenting the limitations of this study and the future direction in this 
research area. Throughout this work, the terms “email interactions” and “email 
communications” have been used interchangeably.  
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2 Related Work 
In this Section, we present a clear description of related work applicable to our study. We also 
present how our study builds on top of the existing knowledge. 

2.1 Earlier Studies 
There are many studies which tend to extract information from the internal communication 
among the employees. Joshua R. Tyler et al. [11], states that internal communications among 
the employees in the form of email interactions can be used to extract hidden patterns of 
collaboration and leadership in the communities. They have analysed the email 
communications of the employees by applying social network analysis metrics like 
betweenness centrality, to identify various informal communities that co-exist along with the 
formal organizational structure. They go further to identify leader nodes in that communities 
(i.e., the most influential employees) using social network analysis procedures.  

Recent studies like that of Sebastian Palus et al. [10], have applied most popular social network 
metrics in order to compare ranks of social network position to organizational structure. The 
idea mentioned in [12], describes the effectiveness of matching formal organizational structure 
and the structure extracted from email interactions. Their analysis is based on differences 
between employees’ social scores within each division. These two studies have used Enron 
email data logs [13], for evaluation of their approaches. 

Sebastian Palus et.al [16], in their work discuss the application social network analysis 
measures like centrality measures, degree measures for group detection (or community 
discovery) to manage human capital. Batrinica et al. [17], have also presented the basic 
terminology and techniques used in social media analytics. 

Christopher et al. [18] and Aron et al [19], in their work used a combination of content analysis 
and network analysis techniques to identify clusters of experts from email data. Aron et al. 
[19], in their study further tries to generate keywords to describe the expertise of the identified 
cluster. Their study is solely focussed on discovering clusters of experts in different topics. 

Ding Zhou et al [20], also focussed their work on extracting structural information from the 
email corpus. They have defined two of their own metrics to evaluate the email logs. Their 
proposed system works in two phases. In the first phase, they tend to apply their own defined 
metrics to discover leadership nodes between any two employees. In the second phase, they 
have employed a greedy algorithm to identify the informal structure based on the leadership 
nodes discovered earlier. 

Marko Grobelnik et al. [21], in their work try to extract the informal structure of an 
organization from the email interactions by using semantic technology. They intend to 
understand the information flow among the employees as reflected from the email interactions. 
They construct a sparse matrix using cosine similarity function between individual email 
addresses. They also tend to visualize the informal structure represented from the email corpus. 

Some studies like [22], [23] illustrate the influence of organizational structure on internal 
communication. Holtzhausen [23], in his research specifically showed that implementing 
structural changes in process implementation led to increased information flow and 
communication among employees.  
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2.2 Our Contribution 
From the existing literature, we have learned that the internal communication among the 
employees in the form of email interactions, has a lot of hidden information about the 
organizational structure. All the above works analyse the employee email interactions data 
using Social Network Analysis metrics (e.g., centrality measures, degree measure, etc.) to 
answer the following questions: 

▪ To discover informal networks of employees. 
▪ To identify leader nodes and experts among employees. 

Building on top of the existing knowledge, we intend to use email interactions data to find 
answer the following questions through our study: 

▪ The use of cluster validation techniques in evaluating email interactions. 
▪ To investigate the effect of various re-organization scenarios on organizational structure. 
▪ Estimating optimal number of divisions for an organization basing on email interactions 

to help in fine tuning the organization. 
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3 Methodology 
In this Section, we present the research methodology to which we adhered to, during this study. 
We present the rationale behind using the selected research method, data collection procedures 
and data analysis procedures in detail. 

3.1 Research Method 
According to Easterbrook et al. [24], we have 5 classes of research methods namely 
Experiments, Case Study, Survey, Ethnographies and Action Research. According to Per 
Runeson [25], Ethnographies and Action Research are special categories of case study 
research. We have employed Case Study research method in our thesis. According to Per 
Runeson et al [25], a case study is an empirical research method aimed at investigating a 
contemporary phenomenon in its context. 

Case Study method is well suited for our research because, 

▪ The purpose of our research is exploratory, as we want to explore and analyse the 
organizational structure basing on the insights from email interactions. According to Per 
Runeson et al [25], if the primary objective of the research is exploratory, Case Study is 
arguably the suitable methodology. 

▪ A Case Study is purely observational while an action research is focussed on changing 
some aspect of the focus of a research. In this study, we observe and analyse the insights 
from the email interactions among the employees without any modification or change. 

▪ Case Studies are flexible in design. We can add new data and change key parameters of 
the study at any time, which helps in understanding the phenomenon in a more lucid way. 

▪ Case Studies are performed in a realistic situation with a high degree of realism [25]. Since 
we are dealing with a real-world company data, it helps the study to be more realistic at 
the expense of level of control. 

▪ Since we are not investigating any kind of cause-effect relationship between variables or 
any kind of correlation between variables, an Experiment is not suitable. A Survey cannot 
answer our research questions. 

Also, according to Klein & Myers [26] classification of the types of Case Studies, ours is an 
interpretive Case Study which attempts to understand and observe a realistic scenario (i.e., 
organizational structure in our case) through participants (i.e., employees internal email 
interactions in our case). 

3.2 Case Study Design 
This study is planned and executed according to the prescribed procedure in literature [25], 
[26]. The different elements involved in conducting a case study from planning to completion 
are discussed below in a step by step process. 

3.2.1 Case & Subject Selection 
Case is nothing but “what is being studied?” or “what is the object of study?”. The case in our 
study is the email data. We know that the internal communications among the employees can 
be in many forms like formal meetings, phone calls, text messages, emails, skype calls, etc. 
The list will continue to grow as the organizations continue to embrace new technology in 
their everyday operation. This creates a complex social network which contains embedded 
information about employee communication i.e., employee collaboration patterns, their 
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common interests, etc. According to Michalski et al. [10], email has been and has become the 
predominant means of communication. 

Also, email provides personal communication among employees and this is valuable resource 
to understand the dynamics of the organization. Therefore, email interactions data contains 
hidden wealth of information waiting to be discovered. This data is collected from the subjects 
of the study i.e. those providing the information [25]. In our case the telecommunication 
company is the information provider. 

3.2.2 Unit of Analysis & Triangulation 

In Case Studies, the case and unit of analysis should be selected intentionally. Prior to the 
beginning of the study, the researcher must determine the unit of analysis suitable for this 
study [25]. In our study, we are considering two units of analysis within our case i.e., we study 
the email interactions data both at an individual employee level and at a group level (i.e., initial 
groups that are setup according to the formal organizational structure). 

So According to Per Runeson [25], ours is an embedded Case Study with multiple units of 
analysis. The following Fig. 2, best describes our Case Study. 

 

Figure 2 Our embedded Case Study Design according to [25]. 
 

Triangulation is taking different angles towards the object being studied and thus providing a 
broader picture [25]. Triangulation in some way is important as it acts as a cross-verification 
of the data and improves the accuracy of the study. In this study, we tend to apply data (or 
source) triangulation. It means using two different sources of data or collecting the data from 
same source at different intervals. We tend to use latter in order to investigate the email 
interactions of employees collected at different time periods. 
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3.2.3 Data Collection Methods 
The data for this study is provided by the telecommunication company. According to Per 
Runeson’s [25] classification of data collection methods, we collected the data using indirect 
methods. In indirect methods, the researcher directly collects the raw data without actually 
interacting with the subjects during data collection. 

The telecommunication company provided the email communication data of the employees 
collected in multiple time periods. The company might have used methods like document 
analysis and software tools to collect the raw data. 

By saying collected data, we mean to say that the company has specifically collected the data 
for the purpose of this study using software tools. We have decided the data to be collected as 
email interactions of the employees basing on the research objectives we want to achieve. This 
technique of choosing what data to be collected, basing on the research goals is defined as 
Goal Question Metric (GQM) method [25].  

Also, any research should be built on trust between the researcher and the subjects (i.e., 
telecommunication company in our case). Explicit measures should be taken to prevent ethical 
problems [25]. Information about the employees should be kept confidential. The company 
has provided the employee email interactions data by anonymizing the name and personal id 
of the employees. 

3.2.4 Data Analysis Procedures 
In this part of the Section, we present the data analysis procedures in two stages. In the first 
stage (i.e., from Sections 3.2.4.1 to 3.2.4.2), we will present a detailed description of the 
clustering algorithm that we will be using in this study along with the cluster validation 
techniques. In the second stage (i.e., from Sections 3.2.4.3 to 3.2.4.4), we will present how the 
data obtained from the company is preprocessed and how these cluster validation techniques 
are applied on the data. 

3.2.4.1 Partitioning Clustering Algorithms 
Clustering is an unsupervised learning technique that organizes objects into groups, such that 
objects within a group are similar to each other and dissimilar to objects in other groups [27]. 
There are a variety of clustering algorithms proposed mainly because, no single clustering 
technique is universally applicable to all scenarios. It depends on the type of the given problem 
[27]. The two major categories [27] of clustering algorithms are (although there are other 
categories like density based clustering algorithms and graph based algorithms [28]): 

▪ Partitioning clustering algorithms 
▪ Hierarchical clustering algorithms 

A partitional clustering is a division of the data objects into non-overlapping subsets (clusters), 
such that each data object is in exactly one cluster (i.e., exclusive and non-overlapping [28]). 
If the clusters are allowed to have sub-clusters then it is hierarchical clustering, in which all 
the clusters are arranged as a tree (i.e., overlapping [28]). In this study, we will be using k-
means partitional clustering algorithm to divide the data objects (i.e., employees in our case) 
into k disjoint clusters (i.e., k number of divisions in our case) in order to estimate the optimal 
number of divisions for the company (also refer Analysis-3 of Section 3.2.4.4). 

k-means clustering algorithm is a method in which data objects assigned into pre-specified k 
number of clusters. The objects are assigned to the clusters whose center is nearest to it and 
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the cluster centers are re-computed. The process is repeated until no further object re-
assignment is possible. The cluster center is defined as the mean data vector averaged over all 
objects [29] in the cluster. 

In our study, we have used k-means algorithm because it is: 

▪ Popular and widely used algorithm. 
▪ Time constraints (i.e., the data from the company got delayed due to some internal issues 

in the company which left us with no time to investigate other clustering algorithms). 

In the next section, we will look at the different metrics available to assess the quality of the 
clustering solution.     

3.2.4.2 Cluster Validation Techniques 
We now know that clustering is a technique that partitions the data into groups that contain 
similar data objects. But according to the point mentioned by Aggarwal et al. [30], the 
clustering results are significant basing on the model used. For example, some clustering 
models work based on a similarity function, whereas some models use a distance based 
approach & work based on a distance function. Therefore, the most important issue in cluster 
analysis is validation of clustering results. The cluster validation techniques are designed to 
evaluate the goodness of the clustering results [30]. All the available cluster validation 
measures have been classified into two major categories [30], [31]. They are: 

▪ External cluster validation measures. 
▪ Internal cluster validation measures. 

External validation measures, evaluate the clustering results in comparison with a known 
external clustering structure. For example, entropy measure evaluates the purity of clustering 
results based on a given prespecified class labels [30]. 

Internal validation measures on the other hand, evaluate the clustering results on its own 
without any need for a known external structure. For example, silhouette index validates the 
clustering results solely based on the pairwise difference of between- and within- cluster 
distance of all the data points in the clustering result [30]. Both these measures play a key role 
in determining the quality of clustering results.  

The goal of good clustering is to partition the objects (or data points) such that objects within 
a cluster are alike and objects in different clusters are different. The internal validation 
measures assess the following properties while validating a clustering scheme. They are: 

▪ Compactness – It indicates how closely related the objects in a cluster are. It marks cluster 
homogeneity. 

▪ Separation – It indicates how distinct or well separated a cluster is from other clusters (i.e., 
degree of separation between individual groups). 

▪ Connectedness – It marks the extent to which the nearest neighboring objects of any object 
are placed into the same cluster. 

Each clustering scheme cannot fully optimize all the above properties while clustering the 
objects. Therefore, we must use multiple validation measures that measure and reflect the 
strength of the above properties in the clustering solution. We choose to employ the following 
two internal validation measures to measure those properties in order to evaluate the internal 
email interactions of the employees at organizational level. They are: 

▪ Silhouette Index (For assessing compactness and separation). 
▪ Connectivity (For assessing connectedness). 
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Silhouette Index. Silhouette Index (SI) measures the quality of the clusters based on cohesion 
(compactness) and separation of the clustering solution. The Silhouette Index for an object i 
can be calculated as: 

S(i) = (𝑏𝑖 −  𝑎𝑖  )/max { 𝑎𝑖, 𝑏𝑖 } 

Where 𝑎𝑖 is the average distance from object i to other objects of the cluster to which i is 
assigned, 𝑏𝑖 is the minimum of the average distance from object i to objects in other clusters. 

The overall Silhouette Index for a clustering solution C = {𝐶1, 𝐶2, 𝐶3, . . . 𝐶𝑘} of m objects, 
where k is the number of clusters (i.e., number of divisions in our case) is given as: 

S(c) = (1/𝑚) ∑ (𝑏𝑖 − 𝑎𝑖 )/max { 𝑎𝑖, 𝑏𝑖 }𝑚
𝑖=1  

Its value ranges from -1 to +1. Negative value is undesirable, while a higher positive value 
indicates that the clusters produced are cohesive as well as distinctly separated. In our context, 
i.e., if we consider each object i as an employee, the distance between any two employees is 
based on the intensity of email communications between those employees (also refer Section 
3.2.4.3 for more information). 

Connectivity. It measures the degree to which the objects (i.e., the employees in our case) are 
connected within a cluster by keeping track of whether the neighboring objects are put in the 
same cluster [15], [32]. 

Let 𝑚𝑖𝑗 be the jth nearest neighbor of object i. 

Let 𝑋𝑖𝑚𝑖𝑗
 be zero if object i and 𝑚𝑖𝑗 are in the same cluster and be 1/j otherwise. Then for a 

given clustering solution C = {𝐶1, 𝐶2, 𝐶3, . . . 𝐶𝑘} of m objects and a neighborhood size 𝑛𝑟, the 
Connectivity is defined as: 

Conn(C) = ∑ ∑ 𝑋𝑖𝑚𝑖𝑗

𝑛𝑟
𝑗=1

𝑚
𝑖=1  

The Connectivity has a value between zero and m𝐻𝑛𝑟
. The connectivity value must be 

minimized very close to zero which shows that the objects within cluster are well connected. 
In our study, we have fixed the neighborhood size as 5. It implies that for an employee to be 
termed as well connected, he needs to communicate to at least 5 other employees within his 
division. The neighborhood size is decided basing on the preliminary analysis of the email 
logs (i.e., on an average, an employee has sent a mail to at least 5 other employees in the 
company). 

We also intend to employ external validation measures like F-measure. External validation 
measures take a single clustering result as input (it is equivalent to informal organizational 
structure reflected from the email interactions in our case) and compares it with known true 
clustering solution (it is equivalent to known formal organizational structure in our case).  

We will apply k-means clustering algorithm on the employee email interactions data to obtain 
clusters (which reflect the informal structure present in email interactions data) and compare 
those clustering solutions with the existing formal organizational structure that partitions the 
employees into given number of working units (or divisions) using F-measure.  

F-Measure. The F-measure is the harmonic mean of the precision and recall values for each 
cluster [15], [33]. Let us consider two clustering solutions C = {𝐶1, 𝐶2, 𝐶3, . . . 𝐶𝑘} and 𝐶′ = 
{𝐶1

′ , 𝐶2
′ , 𝐶3

′ , . . . 𝐶𝑙
′} of the same dataset. The solution C is the known clustering of the data while 

𝐶′ is the clustering solution generated by the algorithm. The F-measure for a cluster 𝐶𝑗
′ is 

given as: 
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𝐹(𝐶𝑗
′) =  2| 𝐶𝑖 ∩ 𝐶𝑗

′ | |𝐶𝑖| + |𝐶𝑗
′|⁄  

Where 𝐶𝑖 is the cluster that contains the maximum number of objects from 𝐶𝑗
′. The overall F-

measure for complete clustering solution 𝐶′ is defined as the mean of cluster-wise F-measure 
values. It is given as: 

𝐹(𝐶′) =  1 𝑙⁄  ∑ 𝐹𝑗

𝑙

𝑗=1
 

For a perfect clustering, when l = k, the maximum value of the F-measure is 1. 

All the above-mentioned cluster validation measures will be employed in evaluating the 
internal email interactions of the employees. 

3.2.4.3 Data Preprocessing Procedures 
In this part of the Section, we present the detailed description of the preprocessing steps taken 
on the data obtained from the company is to make it fit for the analysis. We will then discuss 
how we will apply our cluster validation metrics on this data in a step by step procedure. 

Stage 1 

The telecommunication company provides the data consisting of all the email interactions of 
its employees and its formal organizational structure in two separate files namely profile.csv 
and events.csv. The profile.csv file consists of the anonymized employee details for each 
employee i.e. their id, division to which they belong to, location in which they work, their 
manager email. The events.csv file consists of email messages exchanged between the 
employees. Each record in the file has from-email, to-email sections. 

The following Fig. 3 and Fig. 4 shows a sample view of the profiles.csv and events.csv file 
respectively.  

 

Figure 3 Sample View of Profile.csv file with anonymized employee details 
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Figure 4 Sample view of events.csv file with email interactions between the employees 
 

Stage 2 

In the second stage, we will create a symmetric communication matrix between the employees 
where each entry between any two employees is the number of mails exchanged between them 
in the company during the studied time period. Note that here we are considering only the 
mails exchanged between the employees within the organization (i.e., only internal 
communication) and not the mails sent by employees to people outside the organization (as it 
comes under external communication). This implies that the communications of employees 
who have sent mails only to external people will not be included in the symmetric matrix 
generation. This matrix now represents an undirected communication graph. 

Stage 3 

In this stage, we will construct a distance matrix from the above generated communication 
matrix as follows: 

Let us say that there are n employees working for a company. From the undirected 
communication graph in which the vertices represent the employees and the edges represent 
the communication between them, we can generate an adjacency matrix where each entry of 
this new matrix consists a value 𝑑𝑖𝑗 ∈ [0, 1] (i, j = 1, 2, 3, …. n) expressing the distance 
(dissimilarity) between the employees i and j. The distance 𝑑𝑖𝑗  can be calculated by 
considering the intensity of email interactions between the two employees. For example, 𝑑𝑖𝑗 
(i ≠ j) can be defined as: 

𝑑𝑖𝑗 =  (𝑒𝑚𝑎𝑥 − 𝑒𝑖𝑗) 𝑒𝑚𝑎𝑥⁄  
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Where 𝑒𝑖𝑗  is the number of emails exchanged between employees i and j and 𝑒𝑚𝑎𝑥  is the 
maximum number of emails exchanged between any two employees in the company. Both 
these values will be obtained from the previously generated communication matrix. Note that 
𝑑𝑖𝑖 = 0 by default for all i = 1, 2, 3, …., n. 

The following Fig. 5 shows a sample distance matrix generated according to the above equality. 

 

Figure 5 Sample view of the distance (dissimilarity) matrix generated 
 

3.2.4.4 Types of Analysis 
Now we have the email communications data in the form that can be used to analyze and 
evaluate the organizational structure. The analysis procedures are given below in step by step 
procedure. 

Analysis 1 

We will calculate the Silhouette Index (SI) using the distance matrix to assess whether we 
have a cohesive and well separated organizational units (divisions) or not. The Connectivity 
measure is also calculated on the distance matrix. It enables us to know how well the 
employees are connected to other employees within their division. Using this distance matrix, 
we can compare the performance of individual divisions and also the performance of the entire 
organization by employing the above-mentioned cluster validation measures. 

Analysis 2 

Here, we will discover the worst performing divisions (i.e., the ones with the lowest Silhouette 
Index and highest Connectivity scores). We can further analyze such divisions by investigating 
the Silhouette Index of individual employees in that division. Since they are in the worst 
performing division, naturally they have very low or negative Silhouette Index scores. These 
employees can be moved to their closest division (i.e., the other division to which the employee 
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communicates more often than the division to which he/she currently belongs to) as suggested 
by the Silhouette Index according to his email interactions, to improve the performance of the 
division. We will simulate different re-organization scenarios and then study their effect on 
organizational structure. 

Analysis 3 

In this analysis, we will also be using this distance matrix to estimate the optimal number of 
divisions for the organization.  

Firstly, we will run k-means clustering algorithm in order to partition the employees into a 
number of clusters (i.e., divisions in our case) for k = 2, 3, …, 12. Secondly, we already know 
the existing number of divisions and number of employees in each division i.e. given existing 
formal structure. Having these two clustering solutions, we will apply F-measure to match the 
generated cluster partition solutions with the existing formal structure to investigate to what 
degree the partitions generated by k-means differs from the existing structure. By doing so, we 
can discover the best cluster partition and recommend further re-designing in the 
organizational structure. The Fig. 6 shows the summary of the entire data preprocessing and 
analysis process. 

In Section 4, we present the results of all these measures in a chronological order which will 
give us the clear picture about the organizational structure of that company. 

 

 

Figure 6 Data preprocessing and analysis steps in brief 

Data from the telecommunication company is 
collected.

We will then prune external email 
communications and generate a communication 

matrix that solely reflects the internal email 
communications of the employees.

We will then generate a distance (dissimiarity) 
matrix which represents the intensity of 

communications between any two employees in 
the range of [0,1].

We will then apply Silhouette Index, 
Connectivity and F-measure to evaluate the 

email communications and analyze the 
organizational structure.

Finally, we will present the results and 
discussion.
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3.2.5 Case Study Structure 
Our case study is classified according to Benbasat et al. [34] as follows: 

Theme  Analysis of Organizational Structure 
Research Thrust Exploratory 
Sample Selection Telecommunication Company 
Units of Analysis Individual Employees and Groups of 

Employees 
Data Collection Methods Indirect methods mostly using software 

tools. 
Table 1 Structure of our case study in brief 
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4 Results 
In this Section, we preset the results of our study in two parts. In the first part, we present the 
analysis results for email interactions dataset 1 and in the second part, we present the analysis 
results for email interactions dataset 2 of the telecommunication company. Having two 
datasets provides data triangulation and helps improve accuracy of the study. We also present 
a comparison of the results from these two datasets, and also provide a complete collective 
interpretation of all these results. 

4.1 Analysis of Email Communications Dataset 1 
This part of the Section is organized into 3 sub-parts. The first part describes the given dataset 
and its preprocessing steps taken. The second part presents the analyses conducted on this 
dataset and its results. In the final part, we present the inferences that can be drawn about the 
organizational structure of the company from the analysis of the dataset 1. 

4.1.1 Dataset Description and Preprocessing Procedures  
Just like we mentioned in Section 3, the telecommunication company has provided the data in 
the forms of email logs and organizational structure in two separate files namely profiles.csv 
and events.csv. The profiles.csv contains the anonymized identity of each employee and the 
division in which they work. There are 6 divisions: Broadband & Tv, Business, Consumer 
Marketing, IT, Network and Stab (Management). The events.csv file consists of the emails 
exchanged between the employees for one week. That file has two columns from-email, to-
email.  

Initially in the profiles.csv file, there are 1852 employees in the organization. Out of those1852 
employees, 791 employees have neither sent nor received any mails during the studied time 
period (one week). These employees have been pruned, which means that we are left with 
1061 employees.  

Initially in the events.csv file, there are 72522 emails exchanged between the employees. Out 
of those, only 42366 messages have been exchanged between the considered 1061 employees. 
The other messages are exchanged with persons outside the organization (they come under 
external communication). Therefore, those external communications have also been removed. 

Now we are left with 1061 employees and 42366 email messages exchanged between them. 
Adhering to the procedure depicted in Fig. 6 of Section 3, we have initially created a symmetric 
1061 x 1061 communication matrix, where each entry in the matrix is the number of emails 
exchanged between the two employees in the company, i.e. the communication graph is 
undirected. Then we have used this communication matrix to build the distance (dissimilarity) 
matrix according the equation in Stage-3 of Section 3.2.4.3. This matrix is used to perform all 
the analyses discussed in Section 3.2.4.4. 

4.1.2 Analyses Results 
A. Analysis 1 

We have initially assessed the communication behavior of the 6 divisions individually and the 
entire organization by calculating their Silhouette Index (SI) and connectivity scores. The 
results are illustrated in the following figures: 

 



 

18 
 

 

Figure 7 Silhouette Index values for the 6 divisions and the entire organization from dataset 1 
 

The Silhouette Index values are just barely positive, which indicates that the employees in 
every division mostly communicate externally with other divisions. The Connectivity scores 
are reasonably high which indicate that the employees are not connected to all employees 
within their division and it also indicates that the communication is dominated by a few 
employees.  

 

Figure 8 Connectivity scores for the 6 divisions and the entire organization from dataset 1 
 

From Fig 7, the SI values of Consumer Marketing division and Stab are very close to zero. 
Also, the Connectivity score of the Stab division is the highest. Therefore, Stab division can 
be considered the worst performing division with respect to both metrics (low SI and high 
Connectivity score). 
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B. Analysis 2 

From the above analysis, we have identified Stab as the worst performing division. Now, we 
will further analyze the communication behavior of employees in that division. There are a 
total of 101 employees in the Stab division. We have calculated the individual Silhouette Index 
of all these employees and these values have been plotted in ascending order in the following 
figure: 

 

Figure 9 Silhouette Index values for employees in Stab Division 
 

From the above figure, there are nearly 15 employees with negative SI values. This means that 
these 15 employees communicate more with employees in one of the other 5 divisions than 
with the employees in his/her own Stab division.  

We have also simulated a re-organization scenario in order to improve the existing 
organization by moving a small number of employees (i.e., the ones with the lowest SI scores) 
from the worst performing division (i.e., Stab division in this case) to some other division (its 
closest competitor as indicated by SI scores). For example, an employee of Stab division might 
be communicating more with another employee belonging to Network division, here network 
division is the closest competitor. 

Accordingly, we have migrated 0% (0 employees), 2 % (2 employees), 4% (4 employees), 6% 
(6 employees), 8% (8 employees) and 10% (10 employees) from the Stab division to their 
second-best division. After the migration, the SI of the Stab division and the entire 
organization are recalculated and their values have been given in the Fig. 10 below.  
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Figure 10 Comparison of the Silhouette Index of the Entire organization and Stab Division as a function of 
percentage of employees migrated 

 

The above Fig. 10 shows that the SI of the entire organization and Stab division increase after 
migrating the employees with lowest SI scores. 

The following Fig. 11 presents the improvement in the SI value of each migrated employee in 
the Stab Division after migrating him/her to their second-best division. For example, from Fig. 
11 we can see that the employee 1 has a negative SI value of -0.00393 before migration from 
Stab division, at the same time we can also see that his SI value has increased to 0.003703 
after migrating to his second-best division. 

 

Figure 11 Comparison of Silhouette's Index of the worst performing employees of Stab Division 
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C. Analysis 3 

Now we will try to estimate the optimal number of divisions for the telecommunication 
company basing on the distance (dissimilarity) matrix of the 1061 employees. To estimate the 
optimal number of divisions, we have run k-means clustering algorithm for different number 
of clusters i.e. the 1061 employees are clustered by k-means algorithm for all k values between 
2 and 12. We have used Silhouette Index and Connectivity scores as validity indices on the 
clustering solutions generated by k-means algorithm in order to estimate the best partitioning 
scheme.  

The following Fig. 12, Fig. 13 show the SI and the Connectivity scores of the generated 
clustering solutions by k-means for the set of 1061 employees respectively. 

 

Figure 12 Silhouette Index values of the clustering solutions generated by k-means algorithm on the set of 1061 
employees 

 

 

Figure 13 Connectivity scores of the clustering solutions generated by k-means algorithm on the set of 1061 
employees 
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We can see that both the validity indices increase as the number of clusters increases. Here, 
we search for the values of k at which local change in the value of the index occurs. In the case 
of Silhouette Index, we look at the k value at the local maxima, and in the case of Connectivity 
we look at the k value at the local minima [15]. Accordingly, the optimal number of divisions 
according to the SI measure is 10 (as evident from Fig. 12). However, we could not specify 
the optimal number of divisions based on Connectivity scores because the Connectivity 
increases without any local changes in its value (as evident from Fig. 13). This increase in 
Connectivity can occur sometimes since the probability that some nearest neighbors will 
belong to another cluster increases when there are more clusters. 

Now if we compare the SI and Connectivity scores generated by k-means on 1061 employees 
for k = 6 (i.e. the informal structure as obtained by k-means) with the corresponding values of 
the entire organization (which has 6 divisions, i.e. the given formal structure), we can clearly 
see that the latter values are worse than the ones produced by k-means (i.e. SI and Connectivity 
scores for the informal structure). This shows that there is some space for improvement in the 
current formal organizational structure. 

We now have the clustering solutions by k-means which reflect the informal structure present 
in the email interactions of the 1061 employees. We also have the existing formal structure of 
the company (i.e., known formal structure) according to profiles.csv file. Therefore, we can 
use the F-measure on these two clustering solutions to assess to what degree the generated 
clustering solutions are in accordance with the formal structure. The following table shows the 
F-measure values generated on the clustering solutions for all value of k between 6 and 10. 

 

Number of Clusters 6 7 8 9 10 
F-Measure 0.306 0.308 0.215 0.214 0.165 

Table 2 F-Measure values for the generated clustering solutions 
 

The highest F-measure is obtained for k = 6 and k = 7. Combining this result with the findings 
from Fig. 12, Fig. 13 we could conclude that the optimal number of divisions is 6 or 7. The 
clustering partitions generated by k-means can be used in the future re-designing of the 
company. 

4.1.3 Implications about Organizational Structure from 
Email Communications Dataset 1 
From the above results, we can say that in the existing formal organizational structure, the 
worst performing divisions are Consumer Marketing (according to SI) and Stab (according to 
both SI value and Connectivity scores). Employees in those divisions mostly communicate 
with employees in divisions other than their own division. We have seen one re-organization 
scenario in which, moving the worst performing employees (i.e., employees with negative SI 
values) to their second-best division improves the performance of the organization. We have 
also seen that there is some room for improvement in the organizational structure. We have 
also estimated the optimal number of divisions for the company can either be six or seven as 
indicated by F-measure. 

In the next part, we will discuss the results obtained from the email communications dataset 2. 
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4.2 Analysis of Email Communications Dataset 2 
This part of the Section is also organized into 3 sub-parts. The first part describes the given 
dataset and the preprocessing steps taken. The second part presents the analyses conducted on 
this dataset and its results. In the final part, we present the inferences that can be drawn about 
the organizational structure of the company from the analysis of the dataset 2. 

4.2.1 Dataset Description and Preprocessing Procedures  
Just like we mentioned in Section 3, the telecommunication company has provided the second 
data in the forms of email logs and organizational structure in two separate files namely 
profiles.csv and events.csv. The profiles.csv contains the anonymized identity of each 
employee and the division in which they work. There are 6 divisions: Broadband & Tv, 
Business, Consumer Marketing, IT, Network and Stab (Management). The events.csv file 
consists of the emails exchanged between the employees for one week. That file has two 
columns from-email, to-email.  

Initially in the profiles.csv file, there are 1852 employees in the organization. Out of those1852 
employees, 436 employees have neither sent nor received any mails during the studied time 
period (one week). These employees have been pruned, which means that we are left with 
1416 employees.  

Initially in the events.csv file, there are 332331 emails exchanged between the employees. Out 
of those, only 161626 messages have been exchanged between the considered 1416 employees. 
The other messages are exchanged with persons outside the organization (they come under 
external communication). Therefore, those external communications have also been removed. 

Now we are left with 1416 employees and 161626 email messages exchanged between them. 
Adhering to the procedure depicted in Fig. 6 in Section 3, we have initially created a symmetric 
1416 x 1416 communication matrix, where each entry in the matrix is the number of emails 
exchanged between the two employees in the company, i.e. the communication graph is 
undirected. Then we have used this communication matrix to build the distance (dissimilarity) 
matrix according the equation in Stage-3 of Section 3.2.4.3. This matrix is used to perform all 
the analyses discussed in Section 3. 

 

4.2.2 Analyses Results 
A. Analysis 1 

We have initially assessed the communication behavior of the 6 divisions individually and the 
entire organization by calculating their Silhouette Index (SI) and Connectivity scores. The 
results are illustrated in the following figures: 
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Figure 14 Silhouette Index values for the 6 divisions and the entire organization from dataset 2 
 

From Fig. 14, we can see that the Silhouette Index values are just barely positive, which 
indicates that the employees in every division mostly communicate externally with other 
divisions. But this time, the Connectivity scores are reasonably close to zero (see Fig. 15) 
which indicate that the employees are well connected to all employees within their division. 

 

Figure 15 Connectivity scores for the 6 divisions and the entire organization from dataset 2 
 

From Fig. 14, the SI values of Consumer Marketing division and Stab division are very close 
to zero. Also from Fig. 15, the Connectivity score of the Broadband & Tv division is the 
highest. Also note that both Consumer Marketing and Stab divisions have second highest 
Connectivity. Therefore, Consumer Marketing division can be considered the worst 
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performing division with respect to both metrics (i.e., due to low SI and high Connectivity 
score). 

B. Analysis 2 

From the above analysis, we have identified Consumer Marketing as the worst performing 
division. Now, from a similar analysis conducted on the worst performing division according 
to dataset 1 in Section 4.1.2, we can conclude that some of the employees in Consumer 
Marketing division also have negative Silhouette Index values.  

In our previous analysis in Section 4.1.2, we have simulated a re-organization scenario, in 
which we have moved the worst performing employees (i.e., employees with very low or 
negative SI) from the worst performing division to their second-best division as indicated by 
the SI score. We also observed a positive trend in which the performance of the worst 
performing employees (w.r.t SI values) has always increased when they were migrated to their 
second-best division.  

Now, according to the dataset 2, the Consumer Marketing division is the worst performing 
division. It has a total of 471 employees. Here, in addition to the re-organization scenario we 
have seen in Section 4.1.2, we will also simulate two new re-organization scenarios. Let’s go 
through them one by one. 

Scenario 1.  

The original re-organization scenario just like the one we used in Section 4.1.2, in which we 
migrate some percentage of the worst employees from Consumer Marketing division to its 
closest competitor. Accordingly, we have migrated 0% (0 employees), 2 % (8 employees), 4% 
(16 employees), 6% (24 employees), 8% (32 employees) and 10% (40 employees) from the 
Consumer Marketing division to their second-best division. After the migration, the SI values 
of the Consumer Marketing division (i.e., mean value of the SI values of the employees in that 
division) and the entire organization are recalculated and their values have been given in the 
Fig. 16 below.  

 

Figure 16 Comparison of the Silhouette Index of the Entire organization and Consumer Marketing Division as a 
function of percentage of employees migrated 
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We can observe that the SI values of the entire organization and Consumer Marketing division 
have increased after migrating the employees with lowest SI scores to their second-best 
division. The positive trend that we observed in Fig. 10 in Section 4.1.2 has been observed 
here again.  

Scenario 2. 

Now, we will simulate a new re-organization scenario. From Fig. 14, we know that SI values 
of all divisions are not very high. They are just positive. This means that there may be worst 
performing employees in every division. Though the number of worst performing employees 
might vary, they might be present in every division. Therefore, in this new re-organization 
scenario, we will try to identify the worst performing employees in all divisions and try to 
migrate them to their closest competitor. 

The following table shows the worst performing employees in each division. 

Division Number of Worst Performing Employees 
Broadband & Tv 3 
Business 20 
Consumer Marketing 74 
IT 44 
Network 10 
Stab (Management) 17 

Table 3 Number of worst performing employees in each division 
  

Accordingly, we have a total of 1416 employees in all divisions. Therefore, we have migrated 
0% (0 employees), 2 % (28 employees), 4% (56 employees), 6% (84 employees), 8% (112 
employees) and 10% (140 employees) from the all the divisions in a round robin-way to their 
second-best division. The following Fig. 17 shows the comparison of the SI values of the entire 
organization after employee migration done using the strategy 1 used in scenario 1 (i.e., 
migrating employees only from the worst performing division (Consumer Marketing)) and 
after employee migration done using the strategy 2 used in this new scenario 2 (i.e., migrating 
worst performing employees from all the divisions).  

 

Figure 17 Comparison of Silhouette's Index of the Entire Organization after applying different employee 
migration strategies from scenario 1 and scenario 2  
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In both employee migration scenarios, we can see an increase in organizational performance. 
But we can also clearly observe that the increase in the SI values of the organization is higher 
when we migrate the worst performing employees from all divisions than when we migrate 
employees only from one division. 

Scenario 3. 

Let us now examine another different re-organization scenario. So far, we have migrated only 
individual employees. Now let us see the effect of migration of groups of employees on 
organizational performance. Out of the 1416 employees, there are 236 employees acting as 
managers. Basing on this fact, we can group the 1416 employees into 236 groups. The 
employees in a group belong to the same division. Each group might contain different number 
of employees. After grouping, each division has the following number of groups: 

Division Number of Groups 
Broadband & Tv 23 
Business 27 
Consumer Marketing 102 
It 32 
Network 25 
Stab 27 

Table 4 Employee groups according to their manager in each division 

Instead of migrating the worst performing employees individually, now we try to move groups 
of employees. Here, we perform a small simulation. We move each group to all the available 
5 divisions (excluding the original division in which the group is already in) and then try to 
observe, which among these migrations produces the highest increase in Silhouette Index 
values of the organization. Accordingly, we have a total of 236 groups. Therefore, we have 
migrated 0% (0 groups), 2 % (4 groups), 4% (8 groups), 6% (12 groups), 8% (16 groups) and 
10% (20 groups) from the all the divisions in a round robin-way to their second-best division. 

The following Fig. 18 compares the two new re-organization scenarios i.e., scenario 2 (In 
which we have migrated individual worst performing employees from all divisions) and the 
present scenario 3 (In which we moved groups of employees from all the divisions to their 
second-best division). 

 

Figure 18 Comparison of the Organizational Performance of the entire organization after applying different 
employee migration strategies from scenario 2 and scenario 3 
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Figure 19 Comparison of Silhouette's Index of the Entire Organization after applying different employee 
migration strategies from scenario 1 and scenario 3 

 
The above Fig. 19 shows the comparison of the SI values of the entire organization after 
employee migration done using the strategy used in scenario 1 (i.e., migrating individual 
employees from a single worst performing division (Consumer Marketing) only) with the SI 
values of the entire organization after employee migration done using the current strategy used 
in this scenario 3 (i.e., migrating groups of employees from all the divisions). 
 
We can see a considerable increase in the Silhouette Index value of the organization, when we 
attempt to move groups of employees rather than moving individual employees as in re-
organization scenario 1. 
 

Both the new re-organization strategies in scenarios 2 and 3, are effective than the original 
strategy in scenario 1. But we can see that the SI value has increased more, when individual 
worst performing employees are migrated from all the divisions. It can be because of the 
number of employees migrated (i.e., nearly 140 employees at 10% migration). As we 
mentioned that the number of employees in a group are different, maybe we have groups with 
a fewer count of employees. Overall, the re-organization strategy based on migration of 
individual worst performing employees from all the divisions (i.e., the strategy in scenario 2) 
has produced the highest improvement in the organizational performance.   

C. Analysis 3 

Now we will try to estimate the optimal number of divisions for the telecommunication 
company basing on the distance (dissimilarity) matrix of the 1416 employees using the same 
procedure we have used before in Section 4.1.2. To estimate the optimal number of divisions, 
we have run k-means clustering algorithm for different number of clusters i.e., the 1416 
employees are clustered by k-means algorithm for all values of k between 2 and 12. We have 
used Silhouette Index and Connectivity scores as validity indices on the clustering solutions 
generated by k-means algorithm in order to estimate the best partitioning scheme.  

The following Fig. 20, Fig. 21 show the SI values and the Connectivity scores for the generated 
clustering solutions by k-means for the set of 1416 employees respectively. 
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Figure 20 Silhouette Index values of the clustering solutions generated by k-means algorithm on the set of 1416 
employees 

 

 

Figure 21 Connectivity scores of the clustering solutions generated by k-means algorithm on the set of 1416 
employees 
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the existing structure of the company (i.e., known formal structure) according to profiles.csv 
file. Upon applying the F-measure just like we did for the dataset 1 in Section 4.1.2, we get 
the maximum F-measure value for k = 7 (0.307).  Therefore, we could conclude that the 
optimal number of divisions for the company is 7 from analyzing the dataset 2.  

4.2.3 Implications about Organizational Structure from 
Email Communications Dataset 2 
From the above results, we can say that in the existing formal organizational structure, the 
worst performing divisions are Consumer Marketing (according to both SI values and 
Connectivity scores), Broadband & Tv and Stab (according to Connectivity scores). 
Employees in those divisions mostly communicate with employees in divisions other than 
their own division. We have seen 3 re-organization scenarios. In the first re-organization 
scenario, we have moved the individual worst performing employees (as indicated by SI values) 
from a single worst performing division to their second-best division. In the second scenario, 
we have migrated individual worst performing employees from all the divisions to their closest 
second-best division. In the third scenario, we have migrated groups of employees (i.e., we 
identified 236 groups of employees according to their managers) from all the divisions to their 
second-best divisions. We have seen that all these re-organization strategies had a positive 
effect on the organizational performance. But we have obtained maximum increase in 
organizational performance when we have applied the second re-organization scenario. We 
have also estimated the optimal number of divisions for the company as seven as indicated by 
F-measure. 

4.3 Comparison of the Results 
In this part of the section, we present a comparison of the results obtained from the two datasets 
about the organizational structure. 

Results Email Communications 
Dataset 1 

Email Communications 
Dataset 2 

Number of Employees 1061 1416 
Number of Emails 
Exchanged 

42366 161626 

Silhouette Index 0.0024 0.00183 
Connectivity 0.31 0.145 
Worst Performing Divisions Stab, Consumer Marketing Stab, Consumer Marketing, 

Broadband & Tv 
Optimal Number of 
Divisions according to SI 
measure 

10 5 and 10 

Optimal Number of 
Divisions according to 
Connectivity measure 

Could not say 7 and 9 

Optimal Number of 
divisions according to F-
measure 

6 or 7 7 

Table 5 Comparison of the results from both the datasets 
 

Upon analyzing both the internal email communication datasets, we have observed that both 
the datasets indicate a very similar SI value for the entire organization which is just positive, 
which indicates that the employees communicate more with employees in other divisions 
rather than their own division. On the other hand, the Connectivity score of the entire 
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organization as indicated by dataset 1 and dataset 2 are relatively close to zero (especially, the 
Connectivity score from dataset 2). The barely positive connectivity score indicates that 
employees are well connected with other employees within their division. It appears as if both 
the metrics are contradicting each other about the organizational structure, but they are not. If 
we synchronize the results from both the metrics, overall, we have an organization in which 
each employee is well connected with other employees in his/her division (according to the 
low Connectivity score from both datasets) and at the same time there are a few employees 
(i.e., employees with negative SI) who are mostly communicating with employees in other 
divisions (naturally, causing the SI value to be low). The company can use this data to identify 
those employees who are mostly communicating with employees in other divisions rather than 
their own division. 
 
Also, from both the datasets, the worst performing divisions are almost similar (see Table. 5). 
We can also see that the optimal number of divisions can either be 6 or 7 as suggested from 
both datasets. Overall, we could find the worst performing divisions, we have evaluated the 
effect of 3 different re-organization scenarios on organizational structure and we were also 
able to suggest the optimal number of divisions which would be helpful for the company in 
future re-designing of the company. 
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5. Discussion 
In this Section, we will analyze the results and try to find answers to our research questions. 
We will also evaluate the threats to validity. 

5.1 Answering the Research Questions 
RQ1. What do the internal communication among the employees, reveal about the 
organizational structure when evaluated using cluster validation techniques? 

We have evaluated the internal communication (which has many facets) in the predominant 
form of email interactions using cluster validation metrics like Silhouette Index and 
Connectivity. Generally, both these metrics assess the following three features of any 
clustering solution. They are: 

▪ Compactness 
▪ Separation 
▪ Connectedness 

A description of these properties in presented in Section 3. Now these features can be helpful 
in assessing different aspects of the organizational structure. 

Generally, Silhouette Index measures the cluster homogeneity and also how well the clusters 
and separated from each other. Applying this idea to the organizational structure domain, we 
can assess whether the employees, who are frequently communicating are placed in same 
division (cluster homogeneity) or not. We can also assess whether the clusters (i.e., divisions 
in our case) are well separated or not. We can know that basing on the intensity of employees’ 
internal communication, i.e., if employees communicate more with other employees within 
their own division than with the employees in other divisions, we can say that the divisions in 
the organization are well separated. 

On the other hand, Connectivity is generally used to measure the extent to which objects in a 
cluster are connected. Applying this idea to our domain, we can use it to assess how well the 
employees within a division are connected to each other. Are they communicating with each 
other or not? Therefore, using cluster validation techniques, we can find answers these kinds 
of questions about the organizational structure.  

In our case, we have found the SI value of the organization to be 0.00211 (average of SI value 
from both datasets). This value is positive and it is desirable. A much higher value (close 
enough to 1) is expected as it would be indicative of well separated and compact clusters (i.e., 
divisions in our case). The connectivity score of the organization is found to be 0.22 (average 
of Connectivity score from both datasets). This value is somewhat close to zero and is very 
much desirable as it is an indication that employees within a division are communicating 
enough to be well connected with each other. Therefore, these measures can be used for future 
redesigning of the company or even for forming efficient temporary groups that work together 
for a specific project or for a given time period to complete an assigned task. 

RQ2. How will different re-organizations done based on cluster validation techniques effect 
the organizational structure? 

In our study, we have been able to find the worst performing division in the company, i.e., the 
division in which most employees communicate with employees in other than their own 
division, thereby affecting the overall organizational structure w.r.t SI values. To tackle this 
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issue, we have simulated 3 different re-organization scenarios and measured the effect of each 
scenario on the overall organizational structure (in terms of SI value). They are: 

▪ Migrating a limited number of individual worst performing employees (w.r.t SI values) 
from a single worst performing division to their second-best division (i.e., the division to 
which that worst performing employee is communicating the most when compared to 
his/her communications within their own division). 

▪ Migrating a limited number of individual worst performing employees from all the 
divisions to their second-best division in a round-robin way. 

▪ Migrating a limited number of groups of employees (i.e., groups formed w.r.t to managers, 
see Scenario 3 in Section 4.2.2) from all the divisions to their second-best division in a 
round-robin way.  

All these re-organization strategies have positively affected the performance of the 
organizational structure measured in terms of Silhouette Index values. Out of all the 3 
strategies, the second strategy, in which we move individual worst performing employees from 
all the divisions to their second-best division has achieved maximum increase in the 
performance of the organizational structure when compared with other two re-organization 
strategies. 

RQ3. How to evaluate the existing number of divisions (or departments) in an organization 
and estimate the optimal number of divisions (if required) using cluster validation techniques? 

In our study, we tried to compare the existing organizational structure with a simulated 
partitioning of employees obtained using k-means clustering algorithm that optimizes the 
chosen metrics (in our case it is Silhouette Index and Connectivity). 

We have also used F-measure to match the partitions generated by k-means with the existing 
structure to assess the degree to which these generated partitions match the original structure. 
Upon combining the results from all the three validity indices, we have predicted the optimal 
number of divisions for the organization as either six or seven. This number can be used in 
future re-designing of the company. 

5.2 Evaluation of Validity 
The validity of a study denotes the trustworthiness of the results i.e., to what extent the results 
are true and not biased by the researchers’ subjective point of view [25]. According to 
Easterbrook et al. [24], there are 4 kinds of threats to validity namely, construct validity, 
internal validity, external validity and reliability. Some authors in [35] argue that in the 
qualitative research paradigm, the reliability and validity of the study are based on credibility, 
fittingness, auditability and conformability. 

But in our study, we stick to the validity assessment checklist proposed by Per Runeson et al. 
[25] and Yin et al. [36]. Yin also states that the categories of threats to validity are applicable 
to all empirical research methods and thereby applicable to case study research also. These 
threats have been mitigated at different stages of the case study. We discuss each of them 
below: 

5.2.1 Construct Validity 
Construct validity deals with establishing correct operational measures for the concepts being 
studied [36]. It is the most interesting of all validities to develop because it is based on some 
underlying construct or – idea behind the research [37]. To ensure construct validity, we have 
answered the two key questions pointed by Yin et al. [36]. 
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A. Selecting the specific types of changes that are to be studied in relation to the original 
objective of the study 

In this study, our main objective is to study and analyze the organizational structure of a 
company by evaluating the changes in email interactions (i.e., our case) among its employees. 
We have chosen to evaluate email interactions to analyze organizational structure because it 
is still the predominant mode of communication among employees in a company as discussed 
in [10], [16], [21]. Email interactions data, reveal patterns of collaboration among employees 
which gives us an idea about which employees are working together for a project in the studied 
period of time. Also, the telecommunication company involved in the study, has chosen to use 
email data to analyze its organizational structure. Therefore, it reflects the informal structure 
[16] of collaboration that can be compared with existing formal structure which is the main 
idea behind this study. 

B. Demonstrate that the selected measures of the changes in the object of study (in our case 
it is email interactions), really measure what they intend to. 

We have chosen cluster validation metrics like Silhouette Index, Connectivity Scores, F- 
measure, to evaluate the email interactions. These measures reflect different aspects about the 
organizational structure at a divisional level by assessing the extent to which the divisions are 
well clustered, i.e., how well is each division working independent of other divisions 
(separation), how well employees in a division are connected (connectedness) and the extent 
to which the employees within a division are cohesive (compactness). Therefore, these metrics 
which measure different features of good clustering solution, can be used to reflect different 
aspects about the organizational structure. 

5.2.2 Internal Validity 
Internal validity focusses on the study design and whether the results do follow from the data 
[24]. This is an aspect concern only when studying causal relations [36]. Though in our study 
we do not explicitly measure any causal relationships, one might argue that the email 
communications among the employees may be affected by the projects that the company is 
working on. In order to mitigate this threat, we have applied data triangulation in which we 
studied the email communications among the employees of the company, collected in different 
parts of a year for the same period of time (one week). We have also presented a brief 
comparison of the results from both the datasets in Section 4.3, before reaching to a conclusion 
about the organizational structure. In this way, we have tried to mitigate the threat to internal 
validity. 

5.2.3 External Validity 
External validity deals with establishing the domain to which the study’s findings can be 
generalized [24]. Our study is solely based on the internal communication among employees 
in a company through emails. We cannot assume all the companies to have similar number of 
employee workforce (or) have them working on similar projects, etc. Also, there may be some 
companies that work on projects that do not involve too much employee interaction. Therefore, 
the findings in this study are specific to the telecommunication company involved in this study. 

But, what could be generalized is the idea of using cluster validation techniques on different 
forms of internal communication (may not necessarily be in the form of email communications) 
of employees within the company to analyze their organizational structure. Also, we can use 
different clustering algorithms (not necessarily k-means) in order to estimate the optimal 
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number of divisions for their workforce. These ideas can be used by the company as a tactic 
process in future redesigning of the company. 

5.2.4 Reliability 
Reliability focusses on the aspects that say whether the study yields the same results if other 
researchers replicate it. Problem to reliability occurs when the researcher introduces bias [24]. 
To ensure reliability, we have presented the detailed data collection and preprocessing steps 
taken. We have also applied data triangulation to confirm the results and build a coherent 
picture about the organizational structure. We have also clearly mentioned which cluster 
validation metric is being used to assess which aspect of the organizational structure.  

All the feedback, suggestions, improvements from our supervisors was used to prevent any 
kind of bias in the study and to ensure reliability of our findings. 
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6. Conclusions & Future Work 
In this study, we have evaluated the internal email communications of the employees using 
different cluster validation techniques (Silhouette Index, Connectivity scores, F-measure) to 
analyze the organizational structure of a company. We have used the data from the 
telecommunication company for our evaluation. We presented the different aspects of 
organizational structure that can be extracted from the email interactions using the cluster 
validation techniques. We have simulated 3 different re-organization scenarios and identified 
the re-organization strategy that achieves maximum improvement in the performance of the 
organizational structure w.r.t Silhouette Index.    

Using external validation measures like F-measure, we have also estimated the optimal 
number of divisions for the company. The company can also use these measures to evaluate 
their organizational structure before and after re-organization to measure the information flow 
(through email interactions) among the employees. All these findings will be helpful for the 
company in its quest for obtaining a dynamic and effective organizational structure. 

6.1 Limitations 
The results of this study are solely dependent on the internal email interactions of employees 
in a company. The results are specific to a company and cannot generalized as discussed in 
Section 5.2.3. We were only able to use k-means algorithm for generating clustering solutions 
in order to match the existing structure due to time constraints. More advanced algorithms can 
be produce more interesting results. 

6.2 Future Work 
For, future work for our study, we aim to employ a few more cluster validation metrics to 
extract more different aspects about the organizational structure. Also, we intend to study the 
email interactions for longer periods of time. Also, additional information about an email like 
number of characters, subject of the mail, etc. will also greatly help in analyzing the 
organizational structure of the company. Even though email is still the predominant form of 
communication among the employees, it would be great if we could study other forms of 
communication like phone calls, meetings etc. as well. We can also use more sophisticated 
clustering algorithms other than k-means (like cut clustering algorithm [38], Multilevel graph 
partitioning algorithms, etc.) and their evaluation metrics to analyze the organizational 
structure in an even more comprehensive way. 
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APPENDIX A 
Here are the links to the anonymized datasets.  

[1]. Dataset 1 – events.csv file [Online] Available: https://studentbth-
my.sharepoint.com/personal/sakf16_student_bth_se/_layouts/15/guestaccess.aspx?docid=0c
617e9bcf8e24bc085821d323917e119&authkey=AV89FMGbN1OrOvfkhCb5DGg&expirati
on=2018-12-21T21%3A30%3A23.000Z&e=6e914693737e4c8a8ebe888e79fa709c [Last  
Modified: 3rd January 2018]. 

[2]. Dataset 1 – profile.csv file [Online] Available: https://studentbth-
my.sharepoint.com/personal/sakf16_student_bth_se/_layouts/15/guestaccess.aspx?docid=0e
38d4e6a9fd14ef588c99850d8406039&authkey=AUwobwpqpmhENixVUubrKk4&expiratio
n=2018-12-21T21%3A32%3A09.000Z&e=a620573c8f15453d8df1bff069ad51b2 [Last  
Modified: 3rd January 2018]. 

[3]. Dataset 2 – events.csv file [Online] Available: https://studentbth-
my.sharepoint.com/personal/sakf16_student_bth_se/_layouts/15/guestaccess.aspx?docid=0e
dbd55dc164b4e08baa1e50ddaf1f8fa&authkey=AXGqbrOrwnFjMK8UCCiIzyI&expiration=
2018-12-21T21%3A23%3A28.000Z&e=0fb560203b0a4511b44224bc0dd94ee5 [Last  
Modified: 3rd January 2018].  

[4]. Dataset 2 – profile.csv file [Online] Available: https://studentbth-
my.sharepoint.com/personal/sakf16_student_bth_se/_layouts/15/guestaccess.aspx?docid=0d
e3b984481c048af8e0afef1477aa98c&authkey=AWrsVc21ee1syxXMu83tGUE&expiration=
2018-12-21T21%3A25%3A48.000Z&e=d4a68a732a064d4ea8ec17f84b43d284 [Last 
Modified: 3rd January 2018]. 
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APPENDIX B 
Here are the links to the commands and code written for this study. 

[1]. Commands used to generate individual communications matrix from given dataset files 
using Neo4j Graph Database [Online] Available: https://studentbth-
my.sharepoint.com/personal/sakf16_student_bth_se/_layouts/15/guestaccess.aspx?docid=00
dc28ff7207841b99269155fbe1602b4&authkey=AfDAa3UNfAIKoE0BRCEcncs&expiration
=2018-12-28T17%3A41%3A31.000Z&e=7753c018824140a49779a3f3ca6ee6a0 [Last 
Modified: 3rd January 2018]. 

[2]. Java Program to generate the individual distance matrix (dissimilarity matrix) from the 
above generated communications_matrix.csv file [Online] Available: https://studentbth-
my.sharepoint.com/personal/sakf16_student_bth_se/_layouts/15/guestaccess.aspx?docid=06
9a61e0cee7643d787f5b85378c7d240&authkey=AXv63e-
yeLg8Ph1ul0Uso78&expiration=2018-12-
28T17%3A42%3A27.000Z&e=ac8e376b7eeb47e88016e38d16a7db12[Last Modified: 3rd 
January 2018].  

[3]. Java Program to generate the group communications matrix from individual 
communications_matrix.csv file [Online] Available: https://studentbth-
my.sharepoint.com/personal/sakf16_student_bth_se/_layouts/15/guestaccess.aspx?docid=0a
d380d479be541e0bf3effd850b56ddc&authkey=AWIPD8tXlc2fYYPq0htsY5Y&expiration=
2018-12-28T17%3A43%3A06.000Z&e=89715b6a6c254608bcfa53994c8d00d2 [Last  
Modified: 3rd January 2018]. 

[4]. Java Program to generate group distance matrix (dissimilarity matrix) from above 
generated group_communications.csv file [Online] Available: https://studentbth-
my.sharepoint.com/personal/sakf16_student_bth_se/_layouts/15/guestaccess.aspx?docid=00
bf1cd470db64eb5ab77119c348ad8c5&authkey=AbPJk5kjrhwoNYK9NhuX0rU&expiration
=2018-12-28T17%3A44%3A31.000Z&e=2f4e1e7f767742ff8d1d806ffd846366 [Last  
Modified: 3rd January 2018]. 

[5]. R Script to simulate the re-organization strategy used in Scenario 3 in Section 4.2.2 and 
also calculate the Silhouette Index [Online] Available: https://studentbth-
my.sharepoint.com/personal/sakf16_student_bth_se/_layouts/15/guestaccess.aspx?docid=06
a2e10de9b044f7fa0f2477b7ece5f22&authkey=AUWlP1Nc4_VVO1tSpAOqlhk&expiration
=2018-12-28T17%3A44%3A55.000Z&e=273fc20ad4bf429e8ab6536c2e42df0e [Last  
Modified: 3rd January 2018]. 
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