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ABSTRACT 

Email has become a central means of communication in an 

organization with which work is received, managed and 

delegated. For these reasons it represents a very important source 

of information to organizations. In this research we will present a 

novel methodology for the analysis of email threads with process 

mining techniques. An email thread is a set of emails that are 

replies to each other. To accomplish this analysis the email 

threads must be converted into an event log so they can be 

analyzed with process mining techniques. This analysis provides 

quantitative information about the flow of emails inside the 

organization. The analysis of the email communication can help 

identify patterns in the data and to provide insights related to the 

inefficiencies of the organization caused by the wrongful 

utilization of emails. With this information the organization can 

improve the performance of its email communication. We tested 

the application of this methodology on emails of a real life 

organization. The results showed that this methodology allows the 

identification of deficiencies in the email communication of the 

organization and explains them using process mining techniques. 

Keywords 

email mining, process mining, email, analysis, data mining, 

business process. 

1. INTRODUCTION 
Email is one of the most widely used forms of written 

communication over the Internet. Its popularity is growing at a 

“terrific speed due to its high efficiency, extremely low cost and 

compatibility with many types of information” [21]. Nowadays, 

email interactions are a common occurrence in people’s 

professional and personal lives. Email has become such an 

important part in the work of the employees inside an 

organization that it has become a “habitat”, the central place 

where work is received, managed and delegated in organizations. 

They are the primary interface to one’s workplace, supporting task 

such as: activity management, meetings scheduling and file 

transfer [6]. Email has also become the primary communication 

mechanism for people to communicate and to coordinate 

collaborative work [6] [27]. 

Inside business settings, most email messages involve tasks 

which require collaboration with other colleagues, both within 

and across the organization to coordinate collaborative work 

[6],[5],[9],[11],[22],[27]. Due to the fact that the employees 

inside an organization spend a significant amount of time 

communicating through email, organizations are starting to 

recognize the importance of emails in Business Process 

Management [6], [12], [16], [19]. Most email interaction inside a 

business is related to process related activities. The overall goal of 

managing the emails in a business process setting is to control and 

improve the communication flow inside the organization. 

According to Stuit & Wortmann [21] the collaborative work that 

is performed through emails is not defined. In other words, there 

exists no explicit process definition of human email 

communication. This is a very important issue, since email 

communication consumes a lot of time in the daily work of the 

employees. 

In this paper we use the notion of message threads (i.e. sets 

of email messages that are replies to each other) as the building 

block for Process Mining. Contemporary information systems 

(e.g., WfM, ERP, CRM, SCM, and B2B systems) record business 

events in so-called event logs. Business process mining takes 

these logs to discover, process and control the organizational data 

and social structures [24]. This event log is typically composed 

by; a case which represents what is being done at the moment; an 

activity or task which represents the operation that is being 

accomplished regarding to a specific case; and a timestamp 

indicating the time of the occurrence. More information can also 

be stored in the event log such as the resources carrying out the 

job, the cost of each task or any additional attribute that is present 

and that may be of importance for the analysis. 

We will treat the email threads as if they were processes and 

analyze them with process mining techniques. The goal is to 

improve the performance and efficiency of the email 

communication inside the organization. Process Mining assumes 

that it is working with a structured event log, which means that 

the information present on it is already organized in a way the 

different Process Mining tools can use. This is not the case for an 

email database, therefore it is necessary to discover and recreate 

the email threads present in the email server of the organization. 

Related work to this research can be associated to Email 

Mining and Process Mining. Email Mining is mostly concerned 

with the development of tools which help individual users manage 

their email [20]. Tang et. al. [21] developed a survey which 

organized the email Mining tasks in five different categories, 

namely; spam detection, email categorization, contact analysis, 

email network property analysis and email visualization. There 

has also been work done related to summarizing email 

conversations [29]. In this approach, the email conversations are 

reconstructed and the body of the emails summarized. Within the 

field of Process Mining, the existing research consists on the 

discovery of processes and activities from an email server. The 

work by Van der Aalst and Nikolov [25] was a first attempt to 

extract processes from email logs, in this case the process to be 

discovered must be already known.  Di Ciccio and Mecella [3] 

presented a methodology to automatically build workflow models 

from email messages that represent artful processes. They define 

artful processes as informal processes that are not defined by the 

organization. The work by Stuit and Wortmann [20] also focuses 

on discovering business processes from emails by using the notion 

of message threads. There has also been related work regarding 

the identification and grouping of activities in an email database 

but not for the identification of the complete business process. 

The work from Liu et. al. [14] addresses the problem of 

automatically identifying process activities from an email logs 
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using machine learning algorithms. Section 2 will discuss the 

work related to process mining in detail.  

None of the existing studies uses the notion of email threads 

to build processes that can be analyzed with Process Mining 

techniques. So far, the research performed in the Process Mining 

domain mostly dealt with the identification and reconstruction of 

business processes from email logs, it did not consider email 

threads as the process. On the other hand, the research related to 

Email Mining concentrates primarily on extracting information 

about social interactions between email users, ignoring business-

process related information [25]. In other words, the research 

mostly consisted on the analysis of the communication between 

email users, rather than analyzing the organization’s business 

processes. 

In this paper, we focus on the problem of analyzing the 

performance of the email communication inside an organization, 

using email threads as processes and applying process mining 

techniques to them, in order to find relevant information which 

allows a better management of the email communication. We will 

analyze the attributes present in the email headers such as 

timestamps, importance of the email, presence of attachments, 

email size in bytes and other additional information, e.g. if the 

email is going outside  the domain or if the email is coming from 

outside the domain. 

For this purpose we have developed a new technique called 

Email Miner which will be presented in section 4. With the 

insights gathered with the application of this technique the 

organization can learn to understand its inefficiencies by the 

wrongful usage of emails. This is done by analyzing the email 

communication flow inside the organization, where performance 

related inefficiencies can be found such as issues related to long 

response times. To help discover the organization’s inefficiencies, 

we have decided to formulate 5 questions which will be presented 

in more detail in section 5. By answering these questions we will 

be able to understand the flow of emails and the inefficiencies 

inside the organization. This technique also allows the discovery 

of hidden patterns in the data which are related to performance 

issues. For example, patterns related to the amount of emails over 

time, distribution of emails for heavy email users such as 

@servicedesk or the propagation of documents inside and outside 

the organization. 

The importance of this technique lies in the fact that it 

provides quantitative information about the email communication. 

It also provides information about the way coworkers collaborate 

to each other. Specifically, the contribution of this paper to the 

existing research consists on: (i) the discovery of the email threads 

present in the organization's email server, (ii) the creation of a 

process model associated to the email threads, (iii) the analysis of 

the discovered process model using process mining techniques. 

All of which is done in order to analyze the performance of the 

email communication inside the organization. 

This paper is organized as follows. Section 2 introduces the 

work related to Email Mining and Process Mining. Section 3 

presents the background information needed to develop the 

research; it will discuss the concepts of emails and Process 

Mining. Section 4 presents the technique created, which extracts, 

creates conversations and analyses the emails, we called it Email 

Miner. Section 5 discusses the results collected and finally in 

Section 6 we will present the conclusions obtained, the limitations 

and future work. 

2. RELATED WORK 
In this section we will present the existing work related to 

our research. We have divided the related work into two different 

areas, Email Mining and Process Mining. 

2.1 Email Mining 
As we discussed in the introduction, email is one of the most 

popular forms of communication nowadays. In order to facilitate 

this communication various data mining techniques have been 

applied to this purpose. Tang et. al. [21] identified five mayor 

areas of research or tasks regarding Email Mining: Spam 

Detection, Email Categorization, Contact Analysis, Email 

Network Property Analysis, and Email Visualizations.  

2.1.1 Spam Detection 
According to Cormack and Lynam [1] email spam are 

“unsolicited, unwanted emails that were sent indiscriminately, 

directly or indirectly, by a sender having no current relationship 

with the recipient”. Internet Threats Trend Report Q1 2014 [8] 

reported that 57% of all global emails are spam, where the 

“average daily spam level was 54 billion emails per day”.  In the 

context of Email Mining, Spam detection is the identification of 

unsolicited emails using data mining techniques. This can be 

divided into two categories; Content-based detection, the spam 

email is identified by analyzing the content of the emails; and 

Sender-based detection, the spam email is identified using the 

email sender information. According to Tang et.al. [21], 

“Effectively detecting spam emails not only can reduce financial 

losses, but also can improve email user’s satisfaction". 

2.1.2 Email Categorization 
Email categorization is the assignation of emails to different 

categories according to some predefined conditions, Neustaedter 

et. al. [18] defined email categorization as “the process of going 

through unhandled emails and deciding what to do with them”. 

Dabbish and Kraut [2] showed that the absence of a proper email 

categorization can lead to massive negative effects on personal 

and organizational performance. For this reason it is important to 

develop automatic methods that can help people to organize and 

categorize their emails properly. 

2.1.3 Contact Analysis 
In the context of Email mining, contacts can be seen as the 

senders and receivers of emails. Tang et. al. [21] defines contact 

analysis as “the identification of special contacts or groups of 

contacts by analyzing the contacts characteristics from the email 

content or the email network structure”. Contact Analysis has two 

subtasks: contact identification and contact categorization. 

Contact identification is to discover contacts with special 

characteristics or attributes. Contact categorization is the 

assignation of email contacts into specific groups which share 

common characteristics.  

2.1.4 Email Network Property Analysis 
According to Tang  et. al.  [21]  an email network is “a social 

network made up of email contacts as nodes and email 

interactions as edges”, under this definition, email network 

property analysis is to “analyze the critical properties of an email 

network, such as general network structures, relation strength and 

organizational structures”. We can find two different types of 

social networks; Personal (or egocentric) email networks refers to 
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a network built from one user’s email account; Complete (or 

whole) email networks are built from the emails of an entire 

organization, it can also be seen as a combination of many 

personal email networks. By analyzing the email social network 

inside an organization, useful information regarding the way 

people communicate to each other can be obtained. 

2.1.5 Email Visualizations 
Tang  et. al.  [21] defines email visualizations as “the use of 

visualization techniques to help users identify, retrieve and 

summarize useful information hidden in numerous emails”. Email 

visualization can be useful in helping users find relevant 

information in one’s email account, by optimizing the interface 

and the way emails are displayed. 

 

It is important to mention the work done by Zhou [29], his 

research is also related to email analysis but a main difference is 

that he is using the notion of email threads. His research consists 

on the discovery and summarization of email threads present in 

the mailbox of a specific user. According to the author, his 

research can help users to manage their emails more efficiently. 

To remain faithful to the original information, he chose to select 

sentences from the original emails and use them as part of the 

summary of the conversation. 

2.2 Process Mining 
Related research to emails and Process Mining is mostly 

related to the identification of organizational processes from 

emails. The work by Van der Aalst and Nikolov [25] was a first 

attempt to extract processes from email logs. They analyze the 

senders, receivers, message tags and subject to extract the process 

model from an email database.  In this research the process to be 

extracted from the email database is already known and special 

process related keywords are used to discover the business 

process using text mining techniques. A plugin for the ProM 

Process Mining tool was developed called EMailAnalyzer, which 

transforms email messages in MS Outlook to a format that can be 

used by the ProM framework. 

Di Ciccio and Mecella [3] presented a methodology to 

automatically build workflow models from email messages that 

represent artful processes. They define artful processes as 

informal processes that have not been identified and defined by 

the organization. They use object matching algorithms and the 

threading of emails to cluster related email conversations. Once 

the clustering is complete, they use text mining techniques to 

identify the tasks related to the emails. The main difference 

between this approach and the one presented by Van der Aalst 

and Nikolov [25] is that Di Ciccio and Mecella [3] do not know 

the process to be discovered beforehand. Also the latter uses the 

information present in the body of the emails.  

The work by Stuit and Wortmann [20] also focuses on 

discovering business processes from emails by using the notion of 

message threads (email messages that are replies to each other). 

They present a new method called Email Interaction Mining 

(EIM) to discover email driven processes. The constraint in this 

solution is that only emails related to a particular process are used 

for the analysis. 

Mavaddat et. al. [15] proposed an approach to find business 

process related to emails by using the “conversation for action” 

concept introduced by Winograd and Flores [28]. The idea behind 

this approach is that business processes are a network of 

conversations happening inside and outside the organizations. The 

business process model is discovered from the action diagram 

obtained.  

There has also been work done related to the identification 

and grouping of activities in an email database but not for the 

identification of complete business processes. Work from Liu et al 

[14] addresses the problem of automatically identifying process 

activities from an email logs using machine learning algorithms. 

The work by Dredze et. al. [5] also tries to discover the activities 

from emails and classify them. They use the message in reply-to 

threads and a naïve Bayes classifier to accomplish this. The work 

by Khoussainov and Kushmerick [9] focuses on grouping emails 

from similar activities; they use machine learning approaches and 

semantic message analysis. 

In this section we have discussed the work related to our 

research. We introduced the different Email Mining tasks 

identified by Tang et. al. [21] namely: Spam Detection, Email 

Categorization, Contact Analysis, Email Network Property 

Analysis, and Email Visualizations. We also introduced the work 

related to Process Mining and the discovery of business processes 

from emails, where the work by Van der Aalst and Nikolov [25] 

was a first attempt to extract business processes from email logs. 

As we have seen, the related work concerning Process Mining is 

associated to the discovery of business processes from email logs. 

Our research instead of doing this, uses the notion of email 

threads to create a process model, and then analyzes this process 

model with Process Mining techniques. 

In the next section we will provide a brief theoretical background 

about emails and the event log used for Process Mining. 

3. THEORETICAL BACKGROUND 
In our research, email messages represent the data source used for 

the analysis. In this section we will discuss the format of the email 

message; the message header, and message body. We will define 

an email thread and the different techniques for its discovery. We 

will also present the definition of event log under the context of 

Process Mining 

 

3.1 EMAILS 

3.1.1 Message Format 
Email messages have two different sections; the Header which 

contains control information such as the emails of the participants, 

dates, subject and descriptive information; and the Body of the 

email which contains, in the same way as a regular letter, the 

message of the email, often followed by a signature. 

Message Header 
The message header contains control information used by the 

email client. It includes the address of the originator of the email, 

one or more recipients and descriptive additional information, 

such as the date and time stamp, a subject field and other 

information about the email.  The Header Field must contain at 

least the following fields: 

i. Sender: email address of the originator of the email 

ii. From :  email address and/or display name of the originator 

of the email 
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iii. To : The email addresses and optionally the display names 

of the recipients of the message. 

iv. Bcc : email addresses added to the recipients list but 

invisible to the recipients. 

v. Cc : email addresses added to the recipients list.  

vi. Subject : Topic of the email message. 

vii. Date : Local date and time when the message was created. 

viii. MessageID : Globally unique message identifier which is 

generated by the email client. 

ix. InReplyTo : Contains a single MessageID of the message 

which the message is a reply to. 

x. References : Contains a list of MessageID’s of the message 

which the message is a reply to. 

All email messages have a unique MessageID, but only the emails 

which are a reply to another email have the InReplyTo and 

References fields. 

Message Body 
The body of the email represents the full email message. Most 

modern email clients support plain text or HTML for the body of 

the email. 

 

3.1.2 Email Threading 
According to Lewis and Knowles [13] an email thread is “a 

hierarchy constructed from the email headers, e.g., Subject, 

MessageID and InReplyTo”, where each node in this hierarchy 

corresponds to one email.  

Zhou [29] discusses the difficulties of the discovery of email 

threads. He states that “emails conversation are asynchronous 

which may span over days and even weeks with many 

participants, many of whom may just join the discussion in the 

middle. How to accurately identify all emails involved in one 

conversation and extract the corresponding conversation structure 

is a challenging problem”. It is also important to remark that 

according to one study, about 60% of emails belongs to 

conversations or threads [10]. 

Most email clients support different ways to organize the user’s 

email messages. Commonly, emails are sorted by date and most 

email clients provide the functionality to view a set of emails 

messages by conversation or thread.  Threads are sets of messages 

which are replies to each other that together form a conversation 

[13]. The messages inside an email thread are sorted by date and 

are grouped together in a parent-child relation depending on who 

replied to whom. 

The simplest threading method is the threading by subject. 

Threads are created using the email’s subject. This means that 

emails with the same subject will be grouped together in the same 

conversation. This method poses problems when the subjects are 

repeated or when the subject of the email is changed. Another 

method of threading is done with the use of the MessageID and 

the InReplyTo fields, this is called threading by reference. In this 

method all the emails that belong to the same conversation will 

have the same MessageID value in the InReplyTo field. On our 

research we will recreate the email threads by using the threading 

by reference method, which is available by the email client used 

to test this technique. 

3.2 PROCESS MINING 
Van der Aalst [26] defines the idea of process mining as “to 

discover, monitor and improve real processes by extracting 

knowledge from event logs readily available in today’s systems”. 

He also identifies that the goal of process mining is “to extract 

information about processes from transaction logs” [23].  

In the context of Process Mining, the event log represents the log 

of the events carried out by a specific system. In this case, the 

event log will represent the threads of emails that were extracted 

from the email server. For our research, we will use an email 

server as the system from which the events will be extracted, each 

event will be represented by an email message. We will treat the 

email threads as if they were processes, and after discovering the 

process model with the use of the Process Mining tool Disco [4], 

we will be able to discover inefficiencies in order to improve the 

performance of the email communication inside an organization. 

3.2.1 Event Log 
Van der Aalst et. al. [24] identifies the following qualities that a 

process mining event log must have “(i) each event refers to an 

activity, (ii) each event refers to a case, (iii) each event can have a 

performer also referred to as originator, and (iv) events have a 

timestamp and are totally ordered”.  

Under this definition we can see that the email conversation 

extracted from an email server can serve as a process mining log. 

(i) each email represents an activity (Start, Reply or Forward), (ii) 

each event or email belongs to a specific case or conversation, (iii) 

each email has a performer or sender, and (iv) emails have a 

timestamp representing its creation date, which are ordered inside 

a conversation. The event log for Process Mining contains 

information regarding events that refer to a specific activity which 

has been carried out and that belongs to a specific case, in our 

research the case are the email threads. 

In this section we have seen the format of emails and its attributes. 

We discussed the section of an email Message, the email Header 

and the email Body. We presented a definition of email threading 

and the different methods for its creation. The idea of Process 

Mining was introduced and we discussed the minimum qualities 

an event log must have so it can be used as a data source for 

Process Mining. 

In the next section we will present the developed technique called 

Email Miner. This technique consists on the extraction of emails 

from an MS Outlook email server, the creation of conversations or 

threads and the analysis of the data with the help of the Process 

Mining tool Disco [4]. 

 

4. EMAIL MINER 
The purpose of the developed technique is the analysis of the 

email communication inside an organization. This can help 

organizations identify inefficiencies related to the performance of 

the email communication. 

For this we have decided to use the Process Mining tool Disco [4] 

to load the event log. This tool allows automatic process 

discovery from the event log. It also provides detailed statistics 

about the processes, as well as the functionality to filter the data in 

order to drill down into it. 
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This methodology is divided in 4 stages: 

 Data extraction: In this stage the data or emails are extracted 

from the email Server. 

 Conversation Creation: In this stage the email threads or 

conversations are created using the threading by reference 

method.  

 Data-preprocessing: In this stage the extracted data is 

transformed and cleaned so it can be used by Disco [4].  

 Process Mining: In this final stage the data is analyzed with 

the help of the Process Mining tool Disco [4].  

Figure 1 shows a screen capture of the tool Email Miner which 

was created to extract and discover the conversations from the 

emails. This tool was developed in C# .NET using the Microsoft 

Exchange Web Service (EWS) API. This is a proprietary API 

from Microsoft that facilitates the connection to a Microsoft 

Exchange mail server in order to extract the emails. 

4.1 Data Extraction 
The first stage of the Email Miner technique is the data extraction. 

It consists of extracting the emails of all the organization’s 

employees from the email server. We will only use the following 

fields from the extracted emails: 

i. Subject : Subject of the email. 

ii. DateTimeCreated : Date and time of the creation of the 

email. 

iii. DateTimeReceived : Date and time of the reception of 

the email. 

iv. DateTimeSent : Date and time of the dispatching of the 

email. 

v. Sender : Display Name and email of the sender of the 

email. 

vi. ReceivedBy : Display Name and email of the receiver of 

the email. 

vii. Display To : Display name of the main recipients. 

viii. Display CC : Display name of the other recipients. 

ix. InternetMessageId : Unique identifier of the email. 

x. References : List of InternetMessageId’s of all the 

emails being referenced. 

xi. In Reply to : InternetMessageId of the first email being 

referenced. 

xii. Important :  Importance of the email. Normal or High. 

xiii. Attachments : Identify if the email has attachments. 

True or False 

xiv. Size : Size in kilobytes of the  email. 
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The Email Miner technique does not require information from the 

body of the emails for the creation of the threads or for the 

analysis of the data. For these reasons we will not be extracting 

the body of the emails. 

Once the Data extraction is complete, all the emails are saved so 

the next stage can use them to create the conversation.  

4.2 Conversations Creation 
Once the emails are extracted from the server it is time to start 

creating the conversations or threads. As we have seen before, 

conversations or email threads represent a consecutive chain of 

emails, regarding a specific subject or topic. Conversations are 

created using the field InternetMessageID of the email, all emails 

have a globally unique InternetMessageID created by the email 

client. When an email belongs to a conversation the field 

References of the email contains all the InternetMessageID’s of 

the emails that the email reference to. In this way we can 

reconstruct the conversations from the email server. 

To create the conversations it is necessary to follow the next 5 

steps: 

4.2.1 Step 1: Create the email Dictionary  
Create a Hash Table  to store the unique InternetMessageID of all 

the extracted emails where the key of the Hash table is equal to 

the InternetMessageID field in the email, and the value is an array 

of emails which represent the threads. 

4.2.2 Step 2: Create the Conversations 
In order to create the conversations, all the different 

InternetMessageID values present in the references field of each 

email must be searched in the Hash Table created in the previous 

step. If the InternetMessageID is found in the Hash Table, then 

the email is added to the array of email messages, the 

conversations are created here, each array of emails in the Hash 

Table represents a different conversation.  

4.2.3 Step 3: Clean and Sort the Conversations 
In this step we will perform some data cleaning in order to use the 

conversations. The previous step created conversations which 

contain other conversation inside them. For example, the Hash 

Table can contain the following conversation (each letter 

represent a unique email) A->B->C->D->E->F,  but also the 

conversation  C->D->E can be found. In this step we will remove 

all the contained conversations, in this case the second 

conversation C->D->E, so we do not have repeated conversations 

which are shorter than the original conversation.  Once all the 

valid conversations are discovered they are sorted by the 

DateTimeCreated field in ascending order. 

4.2.4 Step 4: Create Additional Information 
Before this step we will only have the valid conversations in the 

Hash Table. For the purpose of the analysis, additional 

information which is not present in the Header of the email is 

required. This information consists of the following fields: 

i. Conversation ID : The unique ID of the conversation, this 

field represents the case id of the process and is required by 

the Process Mining Tool Disco.  

ii. Activity : As we have seen in the previous section, an event 

log must have an associated activity associated to each event. 

In the context of this research three different activities can be 

performed when communicating by email: Start, when a 

conversation is started; Reply, when an email is replied; and 

Forward, when the email is forwarded to another address.   

In our methodology we recreate the activity field of each 

event by analyzing the subject of the email. We can identify 

the following Activities:  

 Reply: If the text in the Subject field starts with “RE:” 

 Forward: If the text in the Subject field starts with 

“FW:” or “FWD:” 

 Start:  All other cases, or when the subject has no 

special tag. 

iii. Activity Counter: This field represents the number of times 

each activity has been carried out in the conversation. It is 

created by counting each different activity in the 

conversation. 

iv. To Outside Domain: This field identifies with a True or False 

value if the email is going outside the domain of the 

organization. To create this field the recipients of the email 

found in the DisplayTo and DisplayCC fields are extracted. 

Then each recipient is searched in the MSExchange directory 

of the organization. If the recipient is found then it belong to 

the organization and the field ToOutsideDomain is marked as 

False, if the recipient is not found then the value is True, 

because the recipient does not belong to the organization. 

v. From Same Domain: This field identifies with a True or 

False value if the email was sent from the same domain of 

the organization. If the domain of the email address of the 

sender of the email belongs to the organization then the 

variable FromSameDomain is marked as True, if the domain 

does not belongs to the organization then the 

FromSameDomain field is marked as False. 

4.2.5 Step 5: Create the Event log 
In this final step, the event log is created with the information 

extracted from the emails and the additional information obtained 

in the previous step. This event log is saved to a file. The event 

log file created in this step will be the input data for the process 

Mining tool Disco. 

4.3 Data Pre-Processing 
The Event log created may contain invalid data. In order for the 

data to be loaded correctly into Disco [4], the event log must be 

cleaned from invalid characters, such as quotes or empty lines, 

and all the dates must be converted to the same format. 

4.4 Process Mining 
Once the event log is created it is imported into the Process 

Mining tool Disco [4]. According to the type of analysis done to 

the information, it is possible to select different fields from the 

event log to act as different columns for the process mining. It is 

possible to import the fields from the event log as one of the 

following columns: 

i. Case Id:  Represent the unique case or conversation 

identifier. 

ii. Activity: Represents the activity executed by the event. 

iii. Timestamp: Date and time of the execution of the event 

iv. Resource: The resource that completed the event. 

v. Other: Other information. 
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Once the data is imported, Disco [4] will discover the process and 

provide additional statistical information. It provides information 

about the number of events over time, the number of active cases 

or conversations over time, the case variants, the number of events 

per case and the case duration. It is also possible to apply different 

filters to the information. With this it is possible to “drill down” 

into the data. The filters currently supported are the following: 

i. Timeframe Filter:  Enables to focus the analysis only on a 

certain time period. 

ii. Variation Filter: Focus the analysis on either the most 

common or the most exceptional cases. 

iii. Performance Filter: Focus on cases according to certain 

performance criteria. 

iv. Endpoints Filter: Determines what should be the first and 

last event on the process. 

v. Attribute Filter: Enables to filter the events or cases based 

on the attributes of the data. 

vi. Follower Filter: Enables the specification of simple process 

patterns, based on the follower relation. 

The functionalities provided allow the analysis of the data in order 

to search for issues related to the performance of the email 

communication inside the organization. With the help of the filter 

functionality it is possible to discover hidden patterns in the data 

related to performance as well as bottlenecks. 

In this section we have presented the Email Miner technique 

developed for this research, which consist on 4 stages. We also 

discussed the attributes extracted from the emails and the 

additional fields created. Finally we introduced the Process 

Mining Tool Disco [4] used for the analysis of the email threads. 

In the next section we will present the results obtained after the 

application of this technique on a real organization. We will 

discuss the analysis of the data and the insights gained from it. 

 

5. RESULTS AND DISCUSSION 
In this section we will present the results obtained from the 

application of the Email Miner technique in a real organization. 

The technique developed in this research was tested with the 

email database of a Dutch organization, for privacy issues the 

name of this organization will remain anonymous. The 

organization has around 250 employees, it specializes in IT 

consulting for different businesses, and has offices in different 

cities across the Netherlands. 

5.1 Data Extraction and Conversation 

Creation 
We gathered the data by extracting the emails from the 

MSExchange email server of the organization. The emails of 287 

different mailboxes or users where extracted during a period of 

one year, from the 22nd of May of 2014 to the 22nd of May of 

2015. During this period a total of 536863 emails where 

extracted. Only 19 emails failed to provide a value in the 

InternetMessageID field, so these emails where discarded. For 

every email we extracted from the Email  Header: the subject, the 

created time, the received time, the time sent, the sender, the 

recipient, the recipient display name, the copied recipients, the 

internet message Id, the list of references, the reply to field, the 

email importance, if the email had an attachment  and the size of 

the email in kilobytes.  

After the data extraction we proceeded to the creation of 

conversations and the creation of additional information. From the 

extracted emails a total of 445207 conversations were created, 

from which 127767 represented duplicate conversations or 

conversation contained into other conversations. After cleaning 

the data, 317440 unique conversation were finally obtained. For 

every conversation discovered, we created additional information 

which consists on the activity being executed (Start, Reply or 

Forward), the number of times each activity was executed in each 

conversation, a field which represents if the email is going outside 

the organization, a field which represents if the email is coming 

from outside the organization, and finally, a unique id was created 

for each conversation. 

It is important to consider that the emails extracted represent very 

sensitive information for the organization. The extracted fields 

such as the subject, sender and receivers must be handled very 

carefully or if it is even the case its information should be codified 

so its values are not available directly. In the present research it 

was not required to codify these values. 

 

5.2 Data Analysis 
In order to analyze the organization’s email communication 

performance, we decide to formulate the questions presented 

below. These question are context free, this means that they can 

be applied to any organization which uses emails as a mean of 

collaboration between the coworkers. 

 

1. How is the flow of email communication or decision making 

process when a document is sent outside the organization? 

We would like to investigate the flow of emails when a 

document is made internally by a person and shared with others 

for review and input. When the document is sent outside we could 

say that the document is official. We identify the documents from 

the emails as those emails that have attachments over 100kb. 

We found that the most frequent flows are short, with only 2 and 

3 mails per thread. Also the total size of the shared attachments is 

1780 megabytes; this represents only 6.2 megabytes of 

attachments sent per person per year (287 users) which is a 

relatively low value. This may be due to the fact that they are 

already using a collaboration tool (Lync) to share documents. 

After analyzing this information we can say that the organization 

is efficient in the way it is handling the creation of official 

documents 

 

2. How is the flow or propagation of emails when a document 

is coming in from outside the organization? 

We defined this question in order to investigate the 

propagation of emails inside the organization. It could be the case 

that they are being propagated inefficiently. It is important to 

analyze the propagation of emails due to the fact that perhaps 

emails is not the appropriate platform to share documents. We 

identify the documents from the emails as those emails that have 

attachments over 100kb. 

The organization appears to be efficient in the way it is 

handling the reception of official documents. The most frequent 

flows are short, with only 2 or 3 email per thread. Also, the total 
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size of the shared attachments is not that big, only 1838 

megabytes; this represents only 6.4 megabytes of attachments 

received per person per year (287 users), which is a low value. 

This can also be caused by the utilization of a collaboration tool 

by the organization. 

3. How is the distribution of emails and attachments for heavy 

email users? 

For this question we would like to understand the 

distribution of emails of heavy email users and to investigate if the 

flow of emails is efficient. 

After analyzing the data we could find that the user 

ServiceDesk is the heaviest email user with 42678 events, which 

represents 7.94% of emails. We also performed an analysis to 

discover the users that receive the most attachments and we could 

find that the Human Resources manager is the user which receives 

the most emails with attachments. We filtered the results to only 

show the top 5 users considering the number of emails received, 

and we could see that the Human Resources manager received 

2855 events, this represents 19.21% of all emails. We can identify 

the received emails, by filtering the events which do not have an 

empty value in the ReceivedBy field. On the other hand, we 

identify the sent emails by filtering the events which have an 

empty value in the ReceivedBy field. In figure 2 we can see the 

flow of emails with attachments; we can clearly see that the 

Human Resources manager is the user receiving the most number 

of emails. It was also possible to identify the users which sent the 

most emails to the Human Resources manager. The top sender 

was an external organization dealing with the administration of 

the employee’s payroll with 9% of sent emails. 

 

The results have shown that the mailbox ServiceDesk is the 

heaviest email user, which is not a surprise. It is worth 

highlighting that it already has an automated ICT tool in charge of 

managing the emails communication. This feature facilitates the 

managing of emails within the ServiceDesk mailbox. In contrast, 

the Human Resources manager does not possess an ICT support 

tool. This creates a possible issue in the reception of documents. 

Since the results show that the Human Resources manager 

receives too many attachments. This could show inefficiencies in 

the Human Resources process which does not have an ICT 

support tool. This could present an opportunity to implement a 

tool or to analyze this issue with the help of the user itself. 

 

4. Are there bottlenecks in the email flow? 

With this question we want to search for patterns where 

emails always seem to be processed longer than average. We are 

looking for variants, such as email addresses and domains where 

there is such an inefficiency 

The analysis of this question will be made on the basis of the 

time difference between the activities, i. e. the amount of time it 

takes to respond to an email. The number of emails per 

conversation or the total duration of the conversation were not 

important due to the fact that they may differ considerably 

depending on the conversation. In other words, more emails or a 

longer conversation does not necessarily means inefficiency.  

After analyzing the data we could see that the emails sent by 

“Reception” are the emails that take longer to respond, and the top 

recipients are “All the workers”. This means that workers take 

longer to respond to emails which have been sent from the 
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organizational email address and which are being sent to all the 

workers. Table 1 presents the time it takes to respond to an email, 

the number of events, cases and the percentage. We can use this 

information to analyze the communication between the users and 

find out if problematic business processes are caused by delays in 

the email communication  

Time (days) Events Cases % 

>1 100 779 14 412 24% 

>2 87 915 12 172 21% 

>5 68 788 8 982 15% 

>7 60 407 7 821 13% 

>15 47 401 6 187 10% 

>30 34 998 4 435 7% 

Table 1. Time it takes to respond to an email. 

5. How is the ratio of sent and received emails, and are there 

periods where higher volumes of e-mails are sent around? 

Regarding the total number of emails sent around the 

organization, in Figure 3 we can see that email activity increases 

from May to December, decreasing during the last days of 

December (Christmas / New Year). During the first months of the 

year (January-April) the activity is constant, decreasing again in 

the month of May. 

Figure 4 represents the number of received emails over time. 

Although we cannot identify particular patterns here, we can 

clearly see a peak in December. This peak represents emails 

received by a specific user. This was caused when the user sent all 

of his emails from his old email account to his new email account. 

This case can be used as an example for the wrong utilization of 

the email communication inside the organization. The user should 

have saved all his emails into a device and then imported then 

with his new account. 

Figure 5 represents the number of emails sent in the organization 

over the lapse of one year. Although we cannot identify relevant 

information from this graph, it could be used to discover wrong 

usages in the email communication, in a similar way as Figure 4. 

Figure 6 presents the email flow during a week. Here we can 

see that during the day there are peaks in email communication 

during the early morning 09:00-10:30 and early afternoon 13:00-

15:00. With this question it was possible to find patterns in the 

email communication, such as dates and times where there was an 

increased or decreased communication.   

 

5.3 Discussion 
After applying the Email Miner technique to the organization 

we were able to provide quantitative information about the flow of 

emails. With this data it was possible to provide insights about the 

performance and wrongful usage of the email communication 

inside the organization. With the additional information retrieved, 

such as the ToSameDomain and FromSameDomain fields, it is 

possible to gain a deeper understanding of the email 

communication and the way it flows in and out of the 

organization. 

After answering the 5 questions provided and analyzing the 

information we were able to locate areas in the organization which 

may be causing performance issues and once addressed, may 

improve the organizational performance with regards to its email 

communication.  With this methodology we were able to identify 

the following improvement points. 

5.3.1 Bottleneck Discovery and Process 

Improvement 
By analyzing the email communication flow it was possible 

to identify the heavy email users inside the organization, with this 

information decisions can be taken to improve the processes in 

which these users are involved. 

By analyzing the response time between emails inside a 

conversation it is possible to discover bottlenecks and patterns in 

the email communication related to the time it takes to workers to 

respond to emails.  
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5.3.2 Workload Distribution  
We could identify patterns related with periods were higher 

or decreased volumes of emails are sent around the organization. 

With this information it may be possible to distribute in a better 

way the workload between the workers, or to better organize 

future work knowing that during a certain time in the future, the 

email communication will decrease which may be related to a 

decreased workload. With the information provided by this 

methodology the organization can decide how to distribute the 

work more properly. 

5.3.3 Quality of email Communication 
This methodology also permits to verify the quality of the 

email communication inside an organization. We can identify 

flows of emails with too many or too large attachments.  It is also 

possible to calculate the total size of the attachments being 

transferred by email inside the organization; these issues may be 

causing a diminished performance in the email server. 

Email performance can also be affected by wrongful utilization of 

emails. With the information provided, the organization can find 

incidents related to it and find a solution. 

Finally, with the insights provided by this technique is 

possible to identify deficiencies in the organization’s processes. 

With this information different decisions can be taken in order to 

improve the business processes. It may be the case to implement a 

collaboration tool inside the organization if issues related to the 

transfer of knowledge are found. These issues can be manifested 

as email flows with too many large attachments being passed 

around. If bottlenecks in the processes of specific areas are found, 

a decision can be taken to implement an ICT tool which will 

provide support or automatize the problematic processes. 

In this section we presented the results of the application of 

the Email Miner methodology. The results for the data extraction 

and for the creation of the conversations were presented. We also 

discussed the 5 organizational questions which were formulated in 

order to find patterns and improvement areas inside the 

organization. Finally, we presented the discussion of the results 

obtained; we were able to identify organizational improvement 

points related to the discovery of bottlenecks and process 

improvement, the workload distribution and the quality of the 

email communication. With this technique it is possible to 

identify deficiencies in the email communication of the 

organization and explain them. 

In the following final section we will present the conclusions 

of this research, the limitations we found and the future work for 

this research. 

6. CONCLUSIONS AND FUTURE WORK 
In this final section we will present the conclusion of the 

developed research as well as the limitations found and directions 

to future work. 

6.1 Conclusions 
Nowadays the importance of email communication for 

organizations in undeniable, the main reason for this is that emails 

have become the central place where work is received, managed 

and delegated in organizations. 

The research performed is new in the Process Mining domain 

due to the fact that it uses email threads as processes and analyzes 

them using Process Mining techniques. 

The purpose of this technique is to analyze the email 

communication inside an organization to identify its inefficiencies 

caused by the wrongful usage of emails. The application of this 

technique is important to organization due to the fact that it 

provides quantitative information regarding its email 

communication and the way coworkers collaborate to each other. 

With this research we can demonstrate that emails represent 

an important source of information for organizations. The 

developed technique in regard to emails of an organization has the 

ability to provide insights about: The manner people or coworkers 

communicate to each other; the discovery of workload patterns; 

and the identification of problematic areas related to email 

communication inside the organization. With the results gathered 

we can identify problematic business processes inside the 
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organization and after a careful analysis of the data explain them 

and find a solution. 

This technique also allows the discovery of specific patterns 

related to the email communication inside an organization. It is 

possible to locate workload patterns, specific dates and times 

where the email communication increases or decreases. As a 

result, it is possible to enhance the distribution of workload 

between coworkers. Further, through the discovery of bottlenecks 

within the email communication of an organizations it is possible 

to improve its communication performance. The technique 

identifies specific domains and email addresses that take longer to 

reply emails. It also locates the users with the users with the 

highest workload in relation to the number of emails sent and 

received.  

After testing the developed technique with data of a real 

organization we were able to demonstrate that it positively allows 

the identification of deficiencies in the email communication of 

the organization. It is also helpful to explain these inefficiencies 

using process mining analysis techniques. 

We believe that our findings provide insightful observations 

that Process Mining techniques can be applied not only to real 

business processes, but also to many different types of 

information that can be translated into an event log. We can also 

say that the application of Process Mining techniques on this type 

of data, provides relevant insights about the flow of emails inside 

an organization, insights that can be used to improve the 

performance of the communication and also to improve the 

existing business processes. 

 

6.2 Limitations 
A significant limitation for this research is that this 

methodology will only prove useful in organizations where email 

is the main means of communication for collaboration between 

coworkers. There could be the case of organizations were 

personnel utilize other collaboration tools besides or instead of 

emails.  

During the development of this research we could also 

identify the following limitations related to security and data 

quality. 

6.2.1 Security 
It is important to safeguard the security of the email 

extraction due to the fact that a superuser must be used which 

extracts the emails for all the users. This special user will have 

permission to view, edit and delete the emails. For this reason it is 

important to be careful in the way this special account is used. A 

careful handling of the extracted emails also is needed so they do 

not fall into wrong hands. 

6.2.2 Data Quality 
Issues related to the quality of the data were identified. The 

deletion or archiving of emails from the user’s personal mailbox 

makes them unavailable for the analysis. This has to be taken into 

consideration for the analysis of the information. 

 

6.3 Future Work 
A specific email analysis can be made in combination with 

information on organizational grouping. This analysis will allow a 

deeper understanding of the email communication of a specific 

area. The group of users can belong to an area which is presenting 

performance problems or it may also be the case that the users in 

the group are involved in a specific business process. 

Better insights of the information can be obtained with 

involvement of a domain expert. The expert can help in the 

identification of the processes or procedures from the email 

communication and with his help it will be possible to improve 

the analysis done. For example, an expert can help identify the 

relationships between the users or to identify if the 

communication is related to a specific business process. It is 

crucial to be closely involved with the people of the organization 

itself to carry out a meaningful analysis. 
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