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ABSTRACT 

Although the discovery and analysis of communication patterns in large 

complex email datasets is a difficult task, it can be a valuable source of 

information. We describe the design and visualization technique of EmailTime, a 

tool for visual analysis of email correspondence patterns over the course of time 

that interactively portrays personal and interpersonal networks. EmailTime helps 

email dataset explorers interpret archived messages by providing interactions, 

visualizing histograms and measuring centrality (To, Cc and Sent) and frequency 

(sent and received). We performed case studies on the Enron dataset to discover 

impacts of executive position on the email behaviour of organizational workers 

using a series of metrics e.g. number of sent and received emails as determined 

by From:, To: and Cc: fields,  recipient counts of sent emails. In addition, we 

evaluated the visualization through pilot and user studies to find out whether 

users were able to recognize the selected capabilities. 

 

Keywords:  Email visualization, email correspondence, Enron case study, 
EmailTime, usability study, knowledge visualization, information visualization. 
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1: INTRODUCTION 

Email datasets are an interesting subject of study as the nature of data is 

private and they contain a large amount of information about peoples‟ 

correspondents, thoughts and activities. They consist of personal records of 

people‟s past interactions including work interactions, relationships with family 

members, friends, etc. Because of the interesting information embedded within 

datasets (e.g. peoples‟ correspondences and correspondents), visualization and 

visual analysis of these datasets would be valuable in order to gain insight and 

understanding.  

Finding and working with real email datasets has been a challenge 

because of the private nature of the email data. Moreover, they are usually large 

and time consuming to read. Clearly, some understanding is gained by looking at 

the data from a different perspective, such as viewing email messages 

distributed over time, or organized other specific ways provided by information 

visualization techniques. In these situations, interactive techniques of information 

visualizations can enable the users to make sense of their data and make new 

observations about the datasets. 

According to Donath from MIT Media Lab [26], “visualizations can provide 

some of the missing context by revealing the data and patterns that are hidden 

within the email datasets”. Based on the type of visualization, visualizations can 

reveal different attributes. For example, at the individual level, the visualizations 
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can show when the owner of the dataset is active, who his/her main 

correspondents are, what the connections are between them, major shifts in 

his/her contacts, etc. At the organizational level, visualizations can show who 

works together, for how long, who is the link between groups of people, how new 

employees are integrated into the company, etc [26]. 

The general purpose of this thesis is to:  

 Improve our understanding of the visualization and analysis of email 

datasets, 

 Design and build a system (called EmailTime) for visualization and 

analysis of this type of data and, 

 Evaluate EmailTime using different types of experiments: 

o Run case studies on the Enron dataset to investigate the impacts of 

executive (organizational) position on the email behaviour of 

organizational workers using a series of metric. Metrics are the 

number of sent emails as determined by the From: field, number of 

received emails as determined by the To: and Cc: fields (for Form:, 

To: and Cc: fields see Figure 3-1), recipient counts of sent emails, 

number of email addresses, and number of created folders. 

o Run usability studies on EmailTime‟s capabilities to investigate 

(through the visualization) users are able to use the system‟s 

capabilities in order to find:  
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 Changes of activities over time (e.g. switching from one 

email address to another one),  

 Correspondence patterns between email users over time 

(such as the most frequent correspondents and types of their 

correspondences; general or private message) and, 

 Role of the owners of email addresses in an event (e.g. 

secretary or leader in a biweekly meeting in an organization 

dataset).  

1.1 Background 

Because of the interest in this topic, different tools and techniques have 

been introduced in order to support the visualization and/or analysis. In this 

section, I briefly explain some notable work, specifically those I was inspired by 

for my thesis.  

Heer from Stanford University has made novel visualization techniques for 

exploring data; software tools that simplify visualization creation, customization, 

and collaborative analysis. Vizster [2] (See Figure 6-2) and Enronic (Exporting 

Enron) [3] (See Figure 6-3) are his remarkable works which are discussed in 

chapter 2: Related Work. He led the design of the Prefuse toolkit [25] which our 

system EmailTime uses for part of its interaction. For example, basic interaction 

techniques such as zooming and panning are inherited from the Prefuse toolkit. 

Schneiderman and Perer from University of Maryland have created novel 

Social network analysis (SNA) tools such as SocialAction [8] (See Figure 6-7) 
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which inspired me to explore this topic. SocialAction is a social network analysis 

tool that integrates visualization and statistics to improve the analytical process. It 

focuses on visualizing the network by graphing. In EmailTime, we aim to have 

the same approach, a combination of statistic and visual analysis, except our 

visualization type is an XY scatter plot.   

Gloor also did remarkable work in Social Network Analysis such as 

TeCFlow (Condor) [5] (See Figure 6-6). TeCFlow tool visualizes the temporal 

evolution of communication patterns among groups of people to analyze the 

email dataset. In part of the case study that we explained in chapter 4.1, we 

benefit from the concept of Contribution Index (1) that was introduced in [5] to 

specify the role (sender, receiver or both) of email address. This index is near to 

–1 for the receivers and +1 for the senders. In this formula they used received 

emails whereas we expanded it to received emails as determined by To: field 

(To-CI) and received emails as determined by Cc: field (Cc-CI) to see the impact 

of To: and Cc: fields separately.  

emails sent – emails received  
total of emails sent and received 

(1) [5] 

Viégas‟s work such as Social Network Fragments (SNF), PostHistory and 

Themail [17, 18, 19, and 20] (See Figure 6-10 and Figure 6-11) focuses on the 

social, collaborative, and artistic aspects of information visualization. They 

visualize the emails by graph and chronologically by plot with a social and artistic 

perspective (e.g. see the evolution of users‟ relationships over the years and the 

overall picture of their past communications). 
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There are many other notable works such as Rohall‟s ReMail [21] (See 

Figure 6-8) and Kerr‟s ThreadArc [22] (See Figure 6-16). They concentrate on 

visualizing other aspects of email, e.g. email thread, conversations and 

navigation.  

1.2 Thesis Contribution 

 The main contribution of this thesis is visualizing:  

 Changes of activities over time,  

 Correspondence patterns between email users over time and, 

 Role of the owners of email addresses in an event.   

The general contribution is the development of EmailTime and the results 

of experiments on it. We have designed and implemented EmailTime, a visual 

analysis of email correspondence patterns that visualizes the relationships 

between individual messages and correspondents over the course of time. 

EmailTime provides visual and interactive access to the electronic mail archives. 

Our interest is to visualize the email dataset of individuals and groups in order to 

examine the patterns in the email correspondences and compare the behaviour 

pattern of his/her different email addresses, activity level and sent/received email 

frequency of email addresses. 

Moreover, we were interested in evaluating EmailTime system. In order to 

do so, we performed the following experiments: 
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 Case studies on Enron dataset, to investigate the impacts of the executive 

(organizational) positions on the email behaviour of organizational workers 

with respect to a series of metrics.  

 Pilot and user studies on EmailTime‟s capabilities to investigate whether 

users are able to discover interpersonal social activities in email datasets 

(such as changes of activities, roles of the owners of email addresses in an 

event and the correspondence patterns between email users) using the 

selected capabilities.  

Details of the experiments are presented in the next subsection. 

1.3 Purpose and Result 

1.3.1 Case Study 

1.3.1.1 Purpose and Research Question 

In the case study we are interested in the impact of organizational 

positions on the email behaviour of organizational workers (using several 

metrics). The dataset is from the Enron Corporation in between January 2000 

and December 2001. It includes 101 Enron workers in seven executive positions: 

CEO, President, Vice President, Manager, Director, Employee and Trader (we 

refer to these as “organizational positions”). The metrics are the number of sent 

emails as determined by the From: field, number of received emails as 

determined by the To: and Cc: fields, number of the email addresses that a 

person owned, number of his/her own created folders and recipient count of the 

sent emails. Recipient count of sent emails is the number of recipients (in To: 
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and Cc: fields) of the email. For the data analysis, the statistical tool SPSS [31] 

was used to analyze the numerical results.   

1.3.1.2 Results  

From the analysis on the activity levels of organizational positions (with 

respect to the number of sent and received emails as determined by the From:, 

To: and Cc: fields), solely based on observation and diagram we recognized 

three categories of activity and divided the organizational positions into Inactive, 

Moderate and Active. Managers and Employees were Active, Traders and 

Directors were Inactive, and the rest were Moderate.  

From the analysis on the role (sender, receiver or both) of email 

addresses of seven organizational positions, we realized that managerial groups 

(such as CEO and President) tend to be receivers more often than the staff in 

lower positions.  

Analysis on the recipient count of sent emails (number of recipients in To: 

and Cc: fields) shows a statistically significant difference between CEOs and 

other groups in sending emails with the Large number of recipients. Traders and 

then Managers sent emails with Medium number of recipients more than any 

other groups.  

According to the results, since no relationship between the number of 

created folders and organizational positions was found in our dataset, we believe 

a user‟s choice in the number of created folders is subjective. More details are 

presented in section 4.1. 
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1.3.2 Usability Study 

1.3.2.1 Purpose and Hypothesis 

As we used EmailTime to explore the Enron email dataset, we recognized 

some capabilities with the EmailTime system. In the usability study, we 

hypothesized that EmailTime visualization enables users/analysts to find 

interpersonal social activity in email datasets through visualization including: 

 Changes of activities over time (e.g. switching from one email address to 

another),  

 Correspondence patterns between email users over time (such as the 

most frequent correspondents and types of their correspondences; general or 

private messages) and, 

 Role of the owners of email addresses in an event (e.g. secretary or 

leader in a biweekly meeting in an organization dataset)  

 These capabilities form a basis for interpreting data that is visualized by 

EmailTime, such as: 

1. Time Comparison: Compare different time periods to each other 

and recognize their differences with respect to the crowded eras, 

large gaps (no activity), sent emails with Large number of 

recipients, etc. 

2. Most Frequent Correspondents: Find the most frequent 

correspondents of a person and types of their correspondences 

(private or general messages based on the recipient count of sent 
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emails). 

3. Email Address Comparison: Compare different email addresses to 

each other with respect to the duration, and activity level and role 

(sender, receiver or both) of each email address, and discover 

which email addresses were switched.  

The focus was on investigating the dataset of individuals. Twenty-

three graduate students from SIAT, SFU participated in the one to two 

hour testing sessions (four participants in Pilot Study I, six participants in 

Pilot Study II and thirteen participants in User Study). 

1.3.2.2 Results 

The scenarios in the user study contain inferential and deductive tasks. 

Therefore, the tasks were not easy, as the users need to do inference and draw 

conclusions. The majority of the participants were able to complete the tasks but 

some of them were confused in the deductive part of the scenarios and asked 

the observer (me). We expected that the participants would accomplish the 

scenarios between 7 to 10 minutes. It appears that users accomplished easier 

tasks faster.  

Generally most of the participants mentioned that they are able to 

recognize similar scenarios. More than 80% of them added that the introduction 

was necessary to get the concept of the visualization and working with system. 

Half of them agreed that they needed to concentrate in working with the system 

and answering the tasks. From the likes and dislikes of the visualization plot and 

control panel in the post questionnaire, the participants‟ comments were 
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constructive in terms of how to improve the interactivity of the system. More 

details are presented in section 4.2. 

1.4 Thesis Outline 

Chapter 1: gives the reader an introduction of the study.   

Chapter 2: reviews the related works on interacting with the email 

datasets. As we explored them, we recognized some works have similar 

approaches (e.g. thread-based, graph-based, etc.). As a result, one method of 

classification is to group these tools based on their focus into different categories. 

Therefore at the beginning of this chapter, we propose a categorization of these 

works in Table 2-1. 

Chapter 3: gives an overview of the EmailTime system. It first describes 

the visualization design. Then we explain system functionalities including basic 

interactions such as zooming and panning; visibility filters which is a node type 

selector applied to the three types of email node - Sent, To, and Cc; search 

options; some statistic measurements namely frequency, centrality and 

histogram views of sent and received emails. Finally, we present some 

capabilities of the EmailTime system through several examples. We specified 

these capabilities while we investigated Enron email dataset. 

Chapter 4: explains the experiments (research question and 

methodology) that we have done on the Enron email dataset as our benchmark. 

We then present the result of the studies and a discussion on that.  

Chapter 5: concludes with suggestions for the future work. 
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2: RELATED WORK 

Different tools and techniques have been introduced in order to support 

visualization and analysis of email datasets. 

2.1 Proposed Category 

As we explored different tools and techniques for analyzing email 

datasets, we recognized some work has similar approaches. Therefore, I have 

chosen to categorize these tools based on their main approach (see Table 2-1).   

Table 2-1. Categories of the visual interactive tools for the email dataset. 

Focus  Description 

Thread-
based 

Graph-based 
Category 1: Visualizing email thread and reply chain 

by node-link diagrams. 

Statistic-based 
Category 2: Visualizing email thread and reply chain 

by statistical techniques and diagrams (plot, 
histogram, etc.). 

Other - 

Non 
thread-
based 

Graph-based 
Category 3: Visualizing network, communication, etc. 

by node-link diagrams. 

Statistic-based 
Category 4: Visualizing network, communication, etc. 

by statistical techniques and diagrams (plot, 
histogram, etc.). 

Other 
Category 5: Visualizing network, communication, etc. 

by icon, mountain map, etc. 
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At the high level, we identified two different perspectives for approaching 

the visualization of email datasets. The focus of the first aspect is on email thread 

and reply chain (Thread-based category) whereas the focus of the second aspect 

is on network and communication (Non thread-based category). In terms of the 

visualization techniques, we identified two main approaches which we grouped 

those into Graph-based category and Statistic-based category. Therefore, we 

grouped the works that use different kinds of trees, graphs, graphic metrics, etc. 

into the Graph-based category and the ones that use different kinds of timelines, 

plots, statistic metrics, etc. into the Statistic-based category. “Other” in Table 2-1 

refers to the works that visualize the email datasets using other visualization 

techniques such as Icon, Mountain [29], etc. The reason for this classification is 

there is much work that used Graph-based and Statistic-based approaches. 

Following we mention some of the works in each area.  

Work in category 1 concentrates on visualizing email‟s thread and 

conversations by node-link diagrams and graphic metrics. Rohall et al [21] (See 

Figure 6-16) visualized message threads over time along with message content 

to display the relationship among messages. Kerr introduced Thread Arcs [22] 

(See Figure 6-16) that represents the threads of email conversations as a 

sequence of nodes (messages) along a line, with semicircular arcs linking an 

email to its reply. The chronology of the thread is coded by position so it gives a 

visual summary of how the conversation has progressed over time. Seven key 

qualities of Thread Arc are chronology, relationships, stability, compactness, 

attribute highlighting, scale and interpretation/sense in comparison to other 
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techniques such as Tree Diagram and Tree Table in [22]. Venolia et al. [4] (See 

Figure 6-17) investigated the character of email conversations by examining and 

visualizing conversation patterns. These were visualized using a tree-based 

approach.  

Category 2 visualizes the email‟s thread and conversations by statistical 

techniques (e.g. plot, histogram, bar-chart, and statistical metrics). Perer and 

Shneiderman [24] (See Figure 6-18) presented threading messages by common 

subject lines and reply-chain information in email headers. This allowed the 

interpretation of archived  messages  by  providing  access  to  the  full  scope  of 

discussions  that  stretch  beyond  the  thread. 

Category 3 concentrates on visualizing the communication network with 

node-link diagrams and graph metrics. In this category, Heer presented Enronic 

[3] (See Figure 6-3) that integrates information visualization techniques with 

various algorithms to explore the email document, including ANLP (Applied 

Natural Language Processing), social network inference, message categorization 

& community analysis. Nodes are small coloured pie charts denoting email 

content categories (e.g. company policies, regulations) while edges represent 

direct email messages between people, so that clusters show patterns of social 

networks & community structures. 

Xiaoyan Yu et al developed VisPEAM [1] (See Figure 6-1), which is based 

on Vizster [2] and Prefuse [25]. It enables the user to examine emails, display the 

frequency of exchanged messages for a particular topic, manage their email 

collections and search emails by different search criteria. 
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Gloor et al introduced TeCFlow [5] (See Figure 6-6) - a Temporal 

Communication Flow Visualizer for Social Network Analysis for analyzing the 

email dataset. They were interested in discovering suspicious activity in Enron 

email dataset using filtering, term view map and type of networks (COINs 

(Collaborative Innovation Networks), CLNs (Collaborative Learning Networks) 

and CINs (Collaborative Interest Networks)-See [5] for details). Then they find 

about group betweenness centrality, density, and contribution index for 

measuring the activity of an individual as a sender or receiver. 

Chapanond et al [6] developed directed and undirected email graph and 

computed and studied several graph metrics such as degree distribution, 

average distance ratio, clustering coefficient and compactness to discover the 

properties of Enron email graph. They also mentioned that for creating a 

benchmark pre-processing of data has a significant influence on the results. 

Diesner and Carley [7] investigated structural properties of the networks in 

Enron to recognize the key players over time. They found that during the Enron 

fall the network had been denser and more connected than during normal times.   

Perer and Shneiderman presented SocialAction [8] (See Figure 6-7), a 

tool to effectively understand social networks. It uses attribute ranking and 

coordinated views (node-link diagrams, ordered list, etc.) to help users 

systematically examine numerous Social Network Analysis (SNA) measures. 

Users can filter nodes and find outliers, aggregate nodes and find cohesive 

subgroups and communities, find patterns by viewing different edge types, etc.  
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By considering an email network as a social network, Fisher and Dourish 

[4] described two types of systems supporting everyday collaboration, displaying 

ways to represent the temporal and social structures of online activity. They 

developed Soylent (See Figure 6-4) to find social and temporal structures and 

elements in interaction of electronic records of activity. Then introduced 

TellMeAbout (See Figure 6-5), an awareness tools based on structural 

information. It is an initial client that uses the Soylent infrastructure to provide end 

users with an understanding of the structures within which their work is 

embedded. 

Heer and Boyd introduced Vizster [2] (See Figure 6-2) to support visual 

exploration and identify the community structures. Vizster is an interactive 

visualization tool for online social networks such as friendship, forming an 

undirected graph in which users are the nodes and friendship links are the 

edges. It supports a range of exploratory search features, users‟ profiles, linkage 

view, connectivity highlighting, and community structures visualization. Public 

installation and controlled studies of the system demonstrate the system's 

usability and potential for engaged social activity. 

Category 4 visualizes the network, communication, by statistical 

techniques (e.g. plot, histogram, barchart, and other statistical metrics). As we 

visualize the network and correspondents over time (by plot, histogram), our own 

work, EmailTime fits to category 4. 

Viégas et al developed Themail [17] (See Figure 6-13), which visualizes 

the conversational history between the owner of the email address and one of 
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her email contacts. It displays a series of columns of keywords in the exchanged 

messages over time. By this visualization they can answer questions like “what 

sorts of things do the owner of the archive talk about with each of her email 

contacts?” and “how do her email conversations with one person differ from 

those with other people?”  From the user study, participants were quite excited to 

use Themail to look back at their email archives, see the evolution of their 

relationships and gain a new perspective on that. 

Email Mining Toolkit (EMT) developed by Stolfo et al [11, 12, 13, 14] (See 

Figure 6-10 and Figure 6-11), is a data mining system that visualizes the details 

of emails and computes “behaviour profiles or models” of user email accounts. It 

analyzes email archives by graphical display to explore relationships between 

users and the chronological flow of an email message. EMT includes different 

features such as User Clique, Enclave Clique, Email Flow, Message Table, 

Similar Users, Usage Histogram and Recipient Frequency. It has security 

applications, including virus and spam detection, as well as security policy 

violations. 

Leuski et al represents eArchivarius [16] (See Figure 6-12) that visualizes 

the relationships between messages, people, and events. It combines ranked 

retrieval with cluster-based and time-based navigation. They used a clustering 

technique to minimize the distance between nodes that have a high frequency of 

email traffic between them.  

Viégas and Donath [18, 19, 20] (See Figure 6-14 and Figure 6-15) 

presented two visualizations of email, Social Network Fragments (SNF) which 
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displays a network graph with the email contacts as nodes (category 1) and 

PostHistory which displays the chronological patterns of communication between 

two individual contacts (category 3). 

 Category 5 focuses on visualizing the network, communication, by other 

techniques (e.g. Icon, Mountain [29], etc.). Mandic and Kerne developed 

faMailiar [9, 10] (See Figure 6-8 and Figure 6-9), an intimacy-based email 

visualization. They defined intimacy computationally for an email as a 

combination of two metrics: contact intimacy category and message intimacy 

weight (See [9, 10] for more details). It uses brightness, hue and iconography to 

visualize intimacy over time to analyze the email‟s personal and social role. 

Results from the user study shows remembering past activities and contacts 

involved, the time of the day/month that any specific contact would next email 

them and how long it would take a specific contact to respond after receiving an 

email from them.  

There are other various ways to classify the visual interactive tools. Perer 

et al categorized these tools into six categories based on the type of data 

(archived/online) and the creation location (individual/organizational/social) [15]. 

Regarding to this classification, our work fits within category 4 and 5, as we 

present new techniques for exploring the archived email of an individual and 

groups of people. Depending on the memory features, it also can explore the 

dataset of more people such as an organization. 

http://thesaurus.reference.com/browse/chronological
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Table 2-2. Perer et al explored types of interactions with email collections [15]. 

Current 

Category 1. Controlling an individual user‟s current inbox 

Category 2. Controlling current email within an organization 

Category 3. Controlling current conversations in a social space 

 

Archived 

Category 4. Analyzing an archive of an individual‟s messages 

Category 5. Analyzing an archive of an organization‟s messages 

Category 6. Analyzing an archive of a social space 
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3: EMAILTIME OVERVIEW  

Our system, EmailTime, visualizes the communication activities found in a 

collection of emails for a period of time. EmailTime provides a visual analysis of 

email correspondence patterns over the course of time that interactively portrays 

personal and interpersonal networks using the correspondence in the email 

dataset. Our approach is to make time as a primary variable of interest, and plot 

emails along a timeline. EmailTime helps email dataset explorers interpret 

archived messages by providing zooming, panning, filtering, highlighting, 

displaying message content, controlling Y-axis and Time-axis. To support 

analysis, it also measures ent and Received frequency, Sent, To and Cc 

centrality on the communication graph and visualizes histograms. 

The original email dataset is from the Enron Email Corpus [27]. We 

explain this dataset in more detail in section 4.1.2, where we used it as our 

benchmark for the case study. To apply our visualization to the archive, we 

inserted the data into the system from either one or more users‟ datasets, and 

filtered out the emails in which we were interested. 

3.1 Visualization Design 

In order to have a common terminology, sender is an email address of a 

person who sends an email as determined by the From: field of the email. 
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Receiver/Recipient is an email address of a person who receives an email as 

determined by the To: or Cc: fields the email (See Figure 3-1). 

 

 

Figure 3-1. A sample email (message) that is processed by EmailTime. From:, To: and Cc: 
fields are specified. 

In the visualization, the horizontal dimension represents (sent) time. The 

vertical dimension can be assigned to different attributes of email. One email can 

have multiple circles (nodes) in three different colors. A black circle (node) for the 

sender to indicate the sent email (the email address in the From: field), a blue 

circle (node) for To: recipient and a green circle (node) for Cc: recipient (See 

Figure 3-1 and Figure 3-3). Size of the black nodes represents the number of 

recipients (To + Cc) of the email. Bigger sent nodes have more recipients.   

A common representation for email correspondence is shown in Figure 

3-2. It is a graph representation of a small network. In this graph, each node is an 

email address. An arrowed links show the sending direction. For example, Chris 

From: Field 
Determines 
Sender 

To: and Cc: 
Fields 
Determine 
Receivers 
(Recipients) 
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and Beth exchanged emails whereas Chris and David did not exchange any 

email. The graph view is good in showing the connectivity but limited in 

displaying temporal properties and types of correspondences in a network. 

Figure 3-3 displays an EmailTime plot of the same network for Aaron‟s dataset 

(all the emails that Aaron was involved as either sender or receiver).  

As mentioned above a message can draw multiple circles in three different 

colors. For example, when Aaron sent the Message #1 to Beth; EmailTime plots 

a black circle on aaron@a.org‟s line to indicate sent email and a blue circle on 

beth@b.org‟s line to indicate received email as determined by the To: field. The 

glyphs are placed on the same imaginary vertical line to indicate that both glyphs 

are at the same time (this time is specified by the “Date” field in the email file in 

Figure 3-1); in fact, both are the same message. When Beth sent the Message 

#2 to Aaron and copied it to Chris and David; EmailTime plots a bigger black 

circle on beth@b.org‟s line, a blue circle on aaron@a.org‟s line and a green circle 

on chris@c.org‟s and david@d.org‟s lines for the Message #2 (on the same 

imaginary vertical line). Therefore, the black circle gets larger as the number of 

recipients increased. 

Thus, we redundantly plot one circle for each From:, To: or Cc: field in an 

email. The purpose of such redundancy is to allow the viewer to infer patterns of 

correspondence without actually drawing marks for links. In addition, as you may 

realize the plot representation contains larger amount of details.  

 

 

mailto:chris@c.org's
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Figure 3-2. Graph view of a small network. 

 

 

Figure 3-3. Plot view of the same network for aaron@a.org by EmailTime. A message can 
draw multiple circles in three different colours; black for sent email as 

determined by From: field, blue for received email as determined by To: field, 
and green for received email as determined by Cc: field. The size of a sent 

node represents the number of recipients. (e.g. the Message #2 is sent by Beth 
to Aaron, and copied it to Chris and David.) 

Figure 3-4 is a snapshot of the EmailTime visualization. The right side is 

the control panel. The Left side displays a visualization of collection of emails 

from datasets of six Enron people with different organizational positions: David 

Delaney (CEO), Stanley Horton (president), Thomas Martin (vice president), 

Andrew Lewis (director), Martin Cuilla (manager), and Albert Meyers (employee). 

 

aaron@a.org 

chris@c.org 

beth@b.org 

david@d.org 
 

mailto:aaron@a.org
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In the visualization, the X-axis depicts the period of time from January 2000 to 

December 2001, and the Y-axis is assigned to email addresses. Such a 

dimensional combination helps the user find visual patterns of email 

correspondence over time. For example, we can clearly see that received emails 

as determined by To: field (blue circles) are very crowded at the end of 2000, in 

mid 2001 and at the end of 2001 (See Figure 3-4, red arcs). Seeing several or 

tens of large black circles in each period, we can say that the high density of 

recipients is caused by a limited number of actors who sent out announcement 

emails.  

Two (or three) low density gaps then follow the first and the second high 

density periods, which might mean that most of the Enron workers suddenly 

stopped using emails or the dataset was lost when it is collected or part of the 

dataset was intentionally erased before making it public. The latter seems to 

make more sense, considering that the Enron Corporation collapsed in 

December 2000. So it might be the case that many emails were filtered because 

they include private and critical contents related to the company‟s tragedy.  

Two active senders are apparent around the second half of 2000 (two 

rows of black nodes that are determined by the red ellipses in Figure 3-4), where 

the average number of recipients of their emails look different. The details may 

be not clear due to the crowded nature of the visualization. Those details become 

obvious when zoom and visibility filters are applied to the visualization. In the 

following sections, we describe how EmailTime highlights the visual patterns with 

its capabilities. 
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Figure 3-4. The EmailTime visualization. The left side presents a visualization displaying a 
collection of emails from datasets of six Enron workers. The activities of email 

addresses (Y-axis) are plotted over time (X-axis). On the right side is the 
control panel that provides axes controls, keyword search, visibility filters, 

centrality and frequency analysis tabs, and more option tabs. 

 

3.2 EmailTime Interactions 

As EmailTime visualization is written in Java based on the Prefuse toolkit 

[25], basic interaction styles such as zooming and panning are inherited from the 

toolkit. In addition, EmailTime highlights selected node sets by colour and pops 

up details of a message (message subject and owner of the message) in a tooltip 

when the mouse rolls over each node. The EmailTime control panel in Figure 3-5 

also provides other features. The Y-axis control assigns different attributes to the 

vertical dimension of the canvas (See Figure 3-5-A); attributes such as Email 

 
 

 

 

Crowded era, end of 2001 Crowded era, mid of 2001 Crowded era, end of 2000 
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Address, Message Subject, Message Type, Message Length, Message 

Date/Time, Email Address shows the most interesting visualization result. X-axis 

(Time-axis) control adjusts the horizontal dimension to a time period specified by 

the start and end year and month (See Figure 3-5-B). By clicking on each node, 

the content of the email node is displayed in the “Selected Item” tab in the control 

panel (See Figure 3-5-G). 

Analyst/user can make new findings in the visualization plot using 

system‟s interactions. We explained it in detail in section 3.4 Discussion on 

System Capabilities through examples. 

 

Figure 3-5. The EmailTime control panel. A) Y-axis list. B) Start and end year and month 
lists of X-axis (Time-axis). C) Search option. D) Visibility filters. E) Function 

tabs F) Email List tab contains the list of all email addresses G) Selected Item 
tab displays the content of a selected message. 

3.2.1 Visibility Filters 

Since our visualization displays a large number of emails and draws 

multiple glyphs for a message, the very basic and important filter in the system is 

A  

B 

C 

D 
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G F 

Triangles are for 
expanding or 
hiding the control 
panel 
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the Node Type Selector (See Figure 3-5-D) applied to the three types of email 

node (glyph) – Sent (black nodes), To (blue nodes), and Cc (green nodes). 

  

 

 

 

 

 

 

 

 

 

 
 
 

In Figure ‎3-6, where nodes for received email (as determined by the To: 

and Cc: fields) are filtered out, we can clearly see different patterns of sending 

activities. We can recognize five active email senders (the red arrows – rows of 

black nodes) who were not obvious in Figure 3-4. For example, Sender 2 (Kay 

Chapman) frequently spread emails to many people, while Sender 5 (David 

Delaney) usually talked to a small group of people as indicated by the size of 

sent nodes. In similar ways, received emails make interesting patterns each. 

 

Figure 3-6. A subset of Sent emails (black nodes) within the example dataset in year 2000. The 
highlighted nodes at the bottom (in red) are the messages that the actor 

david.delainey@enron.com sent. 
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These patterns are able to help the analyst in discovering new findings or deeper 

investigations on social phenomena in a group of email users, e.g. temporal 

communication patterns, social roles, etc (See section 3.4 System Capabilities 

for more details). 

3.2.2 Search Option 

Another filter is based on the text search function in the EmailTime control 

panel. It helps analysts, especially when they are expert on the dataset, to find 

an event (e.g. a biweekly meeting) by searching the related keywords and learn 

more about those by reading the content of emails. The search options of 

EmailTime are coupled to Subject, From, To, or Cc field, and filter a particular 

group of messages in the visualization (See Figure 3-5-C).  

For example in Figure 3-7, when exploring the dataset of David Delaney 

(Enron CEO) we discover david.w.delainey@enron.com and 

kay.chapman@enron.com exchanged several emails related to ENA (apparently 

an association in the Enron Company) during May to December 2000. When we 

search for a particular subject such as “ENA Management Committee”, we found 

that David Delaney sent a message to a group of people about having a meeting 

every second Friday afternoon (acting as a leader of the meeting, who setup the 

meeting). Then Kay Chapman sent out several messages with this subject 

frequently to remind the participants of having a meeting in the following Friday 

with the mentioned time and location of the meeting (acting as a secretary). The 

announcement emails were usually sent on Wednesday or Thursdays. As you 

mailto:david.w.delainey@enron.com
mailto:kay.chapman@enron.com
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can see, the blue and green nodes show the recipients of the emails sent by Kay 

Chapman. 

 

 

 

 

 

 

 

 

 

 

Figure 3-7. Search result of “ENA Management Committee” in David Delaney‟s dataset. 

3.3 Statistic Measures and Histogram Views 

3.3.1 Frequency 

EmailTime calculates the sent frequency (count) and received frequency 

(count). For sent frequency, it counts all the number of messages a given email 

address sent over a specified time period. In other words, it counts all the 

recipients of emails that a selected email address has sent over a specified time 

period. For received frequency, it counts all the number of messages a given 
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email address received over a specified time period. The time period is 

automatically updated by the X-axis (Time-axis) control in the control panel.   

As an example, we calculated the sent and received frequency for two 

email addresses in Figure 3-3 in Table 3-1 and Table 3-2. The tables show data 

over the entire timeline. 

Table 3-1. Sent and received frequency for aaron@a.org in Figure 3-3. 

Row # Email Address Sent Freq. Received Freq. 

1 aaron@a.org 1 1 

2 beth@b.org 2 2 

3 chris@c.org 1 1 

4 david@d.org 1 1 

From Row #1 of Table 3-1, Aaron sent an email to himself and received 

an email (as determined by the Cc: field) from himself. From Row #2 of Table 

3-1, Aaron sent two emails to Beth and received two emails (as determined by 

the To: field) from her and so on. 

Table 3-2. Sent and received frequency for beth@b.org in Figure 3-3. 

Row # Email Address Sent Freq. Received Freq. 

1 aaron@a.org 2 2 

2 chris@c.org 1 1 

3 david@d.org 1 1 

mailto:beth@b.org
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Table 3-3. Total sent and received frequency for each email address in Figure 3-3. 

Email Address Aaron Beth Chris David 

Total Sent Frequency 5 4 2 2 

Total Received Frequency 5 4 2 2 

From Table 3-3, Aaron sent emails to 5 email addresses (not necessary 

different email addresses) and received emails from 5 email addresses (not 

necessary different email addresses) overall. Beth sent 4 emails and received 4 

emails overall and so on. 

Figure 3-8 displays the frequency for Tori Kuykendall (Enron‟s Trader) in 

November 2000. His sent frequency is 44 during this month (See Figure 3-8-A) 

and his received frequency is 11 (See Figure 3-8-B). 

 

 

 

 

 

 

 

A.                                                             B. 

Figure 3-8. Displaying the frequency for Tori Kuykendall. A) Sent frequency. B) Received 
frequency. 
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3.3.2 Centrality 

The idea behind calculating the centrality is to compare the activity level of 

members in a group of people and answering questions such as who is (are) the 

most active member(s) in a group of people based on the number of Sent-

emails/To-emails/Cc-emails or what is the activity level of each person in a group 

of people in comparison to each other based on the number of Sent-emails/To-

emails/Cc-emails.  

In graph theory, the degree centrality of a node u is defined as the sum of 

weights of edges incident to u. Weight is the number of emails that two people 

send to each other or receive from each other. In the following equation, (u, vi) is 

an edge from node u to node v. w (u, vi) is the weight of that edge. E is the edge 

set. 
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EmailTime specifies the degree centrality for an email address in the 

network. As our network is directed, EmailTime displays the three separate 

measures of the degree centrality; namely in-degree (To centrality and Cc 

centrality) of To, Cc emails and out-degree (Sent centrality) of sent emails for the 

owner of the selected message in the numerical and graphical representations. 

Table 3-4 displays the Sent centrality, To centrality and Cc centrality for each 

email address in Figure 3-3. Therefore Aaron and Beth are the most active 

participants in terms of sending message in this group. Aaron is the most active 

person in terms of receiving email as determined by the To: field and Beth is the 

u 

v1 

v2 v3 

v4 

w (u,v1) 

http://en.wikipedia.org/wiki/Indegree
http://en.wikipedia.org/wiki/Outdegree
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most active one in terms of receiving the email as determined by the Cc: field. 

The table shows data over the entire time period. 

Table 3-4. Sent, To and Cc centrality for each email address in Figure 3-3. 

Email Address Aaron Beth Chris David 

Sent Centrality 2 2 1 1 

To Centrality 4 2 1 1 

Cc Centrality 1 2 1 1 

To have a better comparison, EmailTime displays the highest and the 

lowest in each centrality measures (Figure 3-9-A). It represents the three 

measures of degree centrality for all the email addresses in a separate list. Each 

column is sort-able by clicking on its header (Figure 3-9-B). Figure 3-9 displays 

the centrality for Tori Kuykendall. 
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             A. Tori Kuykendall.                                               B. All. 

Figure 3-9. Displaying the centrality for Tori Kuykendall. A) Tori Kuykendall. B) All. Sorted 
based on Sent centrality. 

3.3.3 Histogram View 

We can create a histogram for each selected email address in the email 

list to display sent emails as determined by the From: field, received emails as 

determined by the To: field or received emails as determined by the Cc: field. In 

terms of its implementation, we used some parts of [32]. 
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Figure 3-10. Received emails as determined by the To: field for Eric Saibi (Enron Trader) 
with 40 intervals in 2001. There is a peak of received emails in October. 

User can set the number of intervals to 3, 15, 45, 75 or 100. We provided 

a different range of numbers in order to enable the users to switch between small 

and large number of intervals based on their own preferences. The X-axis 

depicts time and user can set the Y-axis scale in order to display the number of 

sent and received emails (See Figure 3-10). It means that the whole time period 

is divided into the number of intervals (equal slices) and the number of sent or 

received emails in each time slice is calculated.  

26 
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3.4 Discussion on System Capabilities 

EmailTime visualization enables the analysts to infer underlying 

communication patterns by observation and interaction. Using the system 

analysts/users can: 

 Compare different email addresses to each other with respect to the duration, 

activity level and role (sender, receiver, both) of each email address. (Some 

changes such as discovering the switches between email addresses) 

 Recognize the most frequent correspondents of a given mailbox (person) and 

types of their correspondence (general or private message). 

 Compare the network in different time periods with respect to the temporal 

gaps, crowded eras, number of senders, sent emails with large number of 

recipients. 

3.4.1 Examples 

 Compare the activity of one or more email addresses in the particular periods 

of time (See Figure 3-11 (A, B, C and D)). 

 Temporal gaps in email addresses’ activities are obvious. Therefore, if 

analysts/users know some events they can easily relate those gaps to the 

events (e.g. holidays, trips…, See Figure 3-11 (A, B, C and D)). 

Figure 3-11 displays the datasets of four randomly selected Enron 

employees namely; Albert Meyers, Judy Townsend, Matthew Lenhart, Susan 

Pereira in two different time periods, June-Dec 2000 and June-Dec 2001. As it is 

shown these two time periods are completely different. The first time period (See 
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Figure 3-11-A) is more uniform than the second time period whereas the second 

one (See Figure 3-11-C) has the gap period, Large sent nodes and crowded part 

at the end of 2001 which can be the result of Enron‟s fall.  

In Figure 3-11-B, when we filtered out received emails as determined by 

the To: and Cc: fields (blue and green nodes), we realized that in the first period 

only three employees sent emails with different activity levels (e.g. Matthew 

Lenhart was the most active sender among them whereas Albert Meyers had no 

activity at that time). In Figure 3-11-D, many others sent emails in the second 

period as well. Judy Townsend had no activity as a sender at that time. 

 

A. The datasets of four randomly selected Enron employees. First time period, 
June-Dec 2000; No filtering. 

June 2000 Dec 2000 
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B. The datasets of four randomly selected Enron employees. First time period, June-Dec 
2000; Filtered by the sent emails (black nodes). 

 

 

C. The datasets of four randomly selected Enron employees. Second time period, 
June-Dec 2001; No filtering. 

Temporal gap 

June 2001 Dec 2001 

Matthew Lenhart 

Susan Pereira 

 

Judy Townsend 

 

June 2000 Dec 2000 

mailto:matthew.lenhart@enron.com
mailto:susan.pereira@enron.com
mailto:judy.townsend@enron.com
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D. The datasets of four randomly selected Enron employees. Second time period, 
June-Dec 2001; Filtered by the sent emails (black nodes). 

Figure 3-11. The datasets of four randomly selected Enron employees. A) June-Dec 2000; 
no filtering. B) June-Dec 2000; with filtering out the received emails. C) June-
Dec 2001; no filtering. D) June-Dec 2001; with filtering out the received emails. 

 The most frequent correspondents who have sent/received a relatively large 

number of emails to/from the owner are easily distinguished – a row of black 

circles (sent emails) (See Figure 3-12). 

 Type of correspondences (general or private messages regarding to the size 

of black circles; See Figure 3-12). 

Figure 3-12 displays the zoomed-out and zoomed-in views of the sent 

messages discovered from the dataset of Andy Zipper (Enron vice president). 

His dataset contains more than 2000 messages from November 2000 to March 

2002. In order to filter the plot to display only the sent messages, we selected the 

Susan Pereira  

 

Matthew Lenhart 

Albert Meyers  

June 2001 Dec 2001 

mailto:w..pereira@enron.com
mailto:matthew.lenhart@enron.com
mailto:bert.meyers@enron.com
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“Sent” option from the Node Type Selector (See Figure 3-5-D) in the control 

panel. Therefore, we can identify who sent frequently emails to him in June 2001 

in Figure 3-12. Each row represents the data for an email address. We specified 

his most frequent correspondents who sent several emails to him by the red 

dashed rectangles.  

We can also recognize the types of his correspondents based on the size 

of the sent messages. For example in Figure 3-12 Justin Rostant sent general 

messages (with Medium number of recipients) to Andy whereas Greg Piper sent 

private messages (with Small number of recipients) to him. 

 

 

A. Zoomed-out view. 

Justin Rostant 

Andy Zipper 

Matt Motsinger 

November 2000 March 2002 

June 2001 

Tooltip 

mailto:greg.piper@enron.com
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B. Zoomed-in view. 

Figure 3-12. Dataset of Andy Zipper (Enron vice president) filtered by the sent emails. A) 
Zoomed-out view. B) Zoomed-in view. 

 Compare different email addresses (user can select one or more email 

addresses from the email list to filter the plot in order to display their related 

emails, See Figure 3-13). 

 Changes in activities such as switching from one email address to another 

one can be recognized (See Figure 3-13). 

 Role (sender, receiver, both) of email address and other information such as 

duration, activity level of each email address can be recognized (See Figure 

3-13). 

Adam Johnson 

Bob Shults 

Gail Kettenbrink 

Matt Motsinger 

Greg Piper 

Justin Rostant 

Andy Zipper 

June 2001 
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Figure 3-13. Emails sent or received by the five email addresses of Jeffrey Shankman 
(Enron president). 

The Email List Tab in the control panel contains the list of all email 

addresses in the dataset. We can filter the plot visualization to only display the 

emails on the selected email addresses‟ lines. In Figure 3-13 we can see Jeffrey 

Shankman had multiple email addresses. His first email address was 

jeffrey.shankman@enron.com and switched to a..shankman@enron.com on 

March 2001. He didn‟t actively use other email addresses 

(Jeffrey.shankman@enron.com and Jeffrey.a.shankman@enron.com).  

March 2001 

Jeffrey.shankman@enron.com 

a..shankman@enron.com 

 

Jeffrey.a.shankman@enron.co
m 

Jeff.shankman@enron.com 

 

Note: These three 
email addresses‟ data 
are very close to each 
other and they are not 
on the same line. 

mailto:Jeffrey.shankman@enron.com
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4: EXPERIMENT 

4.1 Case Study 

By exploring the Enron case study, we described email behavior through 

metrics using EmailTime. The metrics were:  

 Number of sent emails as determined by From: field and received emails 

as determined by To: or Cc: fields (for Form:, To: and Cc: fields see Figure 

3-1),  

 Number of email addresses,  

 Number of created folders (by the owner of the mailbox) and  

 Recipient count of sent emails (determined by To: and Cc: fields of the 

email).  

 We present the mean and standard deviation of the mentioned metrics for 

each category in Appendix 2: Tables and Figures of Case Study. As you can see, 

the standard deviations for several categories are highly distributed (See Table 

4-9). 

4.1.1 Research Question 

The general research question is what impact the executive positions (in 

this case Enron Corporation dataset) have on the email behaviour of people in an 

organization for the mentioned metrics.  
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4.1.2 Benchmark: Enron Email Dataset 

Finding a real world email benchmark has been a challenge because of 

the private nature of the email data. Email datasets of individuals and 

organizations are good examples of this private type of data; therefore, we used 

the public Enron email archive which is a unique large dataset that contains 

around 517,431 emails [28]. The dataset used in this case study is selected from 

a two year time span between January 2000 and December 2001.  

 

                            

Figure 4-1. Composition of Enron organizational positions. 

 

We grouped the email users in the archive into the seven categories 

identified in the public dataset [27], including CEO, President, Vice president, 

Director, Manager, Trader, and Employee (See Figure 4-1 for the number of 

workers in each category). We found the executive position of each Enron worker 

(in the public dataset [27]) using [30]. In the next section, we detail the 

differences of email behaviors within organizational positions.  

20.7% 

11.8% 

34.6% 

10.8% 

13.8% 

3.9% 

3.9% 

11 Traders 

14 Managers 

21 Vice 
Presidents 

12 Directors 

 

4 CEOs 
4 Presidents 

35 Employees 
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This study is a between subject design as each subject participates in one 

and only one category. The number of subjects in each category is different. 

4.1.3 Methodology, Analysis and Results  

For the data collection and data analysis of case study, we used 

quantitative research methods (e.g. we measured mean, standard deviation, 

ANOVA, Post-hoc, Tukey and Games-Howell) as we gathered and investigated 

the quantitative properties of Enron email dataset. In the data collection, the 

number of sent emails as determined by From: field, number of received emails 

as determined by To: field, number of received emails as determined by Cc: field 

and, recipient count of the sent emails were provided by EmailTime. The number 

of the email addresses and number of the created folders were counted 

manually. For the data analysis, the statistical tool SPSS [31] was used to 

analyze the numerical results.  We performed one-factor ANOVA and Post-hoc 

analysis (Tukey and Games-Howell test). The independent variable was the 

organizational position, which has seven levels (CEO, President, Vice President, 

Manager, Director, Employee and Trader). The dependent variables were: 

 Number of sent and received emails,  

 Contribution Index [5] (CI: number of sent emails as determined by From: field 

minus number of received emails divided by the total number of emails, To-

CI: number of sent emails as determined by From: field minus number of 

received emails as determined by To: field divided by the total number of 

emails, Cc-CI: number of sent emails as determined by From: field minus 
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number of received emails as determined by Cc: field divided by the total 

number of emails),  

 Count of sent emails with single recipient, Small (2-9 recipients) number of 

recipients, Medium (10-29 recipients) number of recipients, and Large (30 

and up recipients) number of recipients, 

 Number of email addresses. 

4.1.3.1 Analysis of the Activity Level 

In this section, we are interested in finding out which category 

(organizational position) tends to be active. From comparing activity levels of 

organizational positions, some categories behaved similarly in terms of the 

number of sent and received emails. From Figure 4-2-A, based solely on 

observation, we recognized three categories of activity and divided them into 

Inactive, Moderate and Active (See Table 4-1). It graphically specifies the three 

categories as indicated by the dashed lines. Results identified Managers and 

Employees were Active, Traders and Directors were Inactive, and the rest were 

Moderate. Employees have the highest average number of sent emails, while 

Managers have the highest average number of received emails. These findings 

may be the result of the nature of their positions. 
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Table 4-1. Classification of organizational positions. 

No. of Emails Inactive Moderate Active 

Exchanged (Sent 
+ Received) 

[<1500] 

Directors, Traders 

[1500>-<3500] 

CEOs, Presidents, Vice 
Presidents, Employees 

[>3500] 

Managers 

Sent [<1000] 

Directors, Traders 

[1000>-<1500] 

CEOs, Presidents, Vice 
Presidents 

[>1500] 

Employees, 
Managers 

Received [<1000] 

Directors, Traders 

[1000>-<2000] 

CEOs, President, Vice 
Presidents, Employees 

[>2000] 

Managers 

 

    

                A.                                                   B. 

Figure 4-2. Results of exchanged emails. A) Average number of sent and received (as 
determined by the Cc: and To: fields) emails for Enron organizational 
positions from 2000 to 2001. B) Average number of received emails as 
determined by the To: and Cc: fields for each organizational positions. 

4.1.3.1.1 Results of ANOVA and Post-hoc Test 

We performed one-factor ANOVA (See Table 4-2 (for the actual numbers) 

and Table 4-3 (for the normalized numbers)), where the dependent variables 

 

  
 

 

Active 

Moderate 

Inactive 
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were actual and normalized number of sent emails as determined by From: field 

and received emails as determined by To: and Cc: fields. The independent 

variable was the organizational position with seven levels (CEO, President, Vice 

President, Manager, Director, Trader and Employee).  

For the normalized (ratio) numbers, we calculated the percentage of each 

type of message (From, To and Cc) with respect to the total number of emails 

associated with the Enron worker (1). We did this for each Enron worker. For 

example the “normalized number of sent emails” is: 

count of sent emails * 100 
total of emails  

(1) 

Then we calculated the average of each category (organizational 

position). No significant difference is found in the ANOVA results for the actual 

and the normalized numbers (See Table 4-2 and Table 4-3).  

From the Post-hoc analysis on the normalized numbers, there are 

significant differences between: 

 Employee and Director in the number of sent emails as determined by 

From: field and received emails as determined by To: field, 

 Vice President and Director in the number of received emails as 

determined by To: field. 

From the Post-hoc analysis on the actual numbers, there is a significant 

difference in the number of emails sent by Vice President and Director. 
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Table 4-2. Results of ANOVA on the actual number of sent and received emails. 

Dependent Variable F(6,94) p η2 power 

Number of Sent .883 .511 .053 .333 

Number of Received (To + Cc) .851 .534 .052 .322 

Number of Received (To) .85 .535 .051 .321 

Number of Received (Cc) .864 .526 .052 .326 

*P < .05. Significant effects are in bold. 
Power is the ability to detect an effect (ranges: 0-1 where .95 means a 5% chance of failing to detect an effect 
that is there.) 
Partial-Eta-squared (η2) is the proportion of total variability attributable to a factor. 

 

 

Table 4-3. Results of ANOVA on the normalized number of sent and received emails. 

Dependent Variable F(6,94) p η2 power 

Normalized Number of Sent 1.476 .195 .086 .548 

Normalized Number of Received (To + Cc) 1.624 .149 .094 .677 

Normalized Number of Received (To) 1.898 .089 .108 .194 

Normalized Number of Received (Cc) .501 .806 .031 .596 

*P < .05. Significant effects are in bold. 
Power is the ability to detect an effect (ranges: 0-1 where .95 means a 5% chance of failing to detect an effect that is 
there.) 
Partial-Eta-squared (η2) is the proportion of total variability attributable to a factor. 

4.1.3.2 Analysis of the Roles 

Another approach to interpret Figure 4-2 is to compare the number of sent 

and received emails to determine the role (sender, receiver or both) of email 

address for different organizational positions. We were interested to discover if 

certain categories tend to be a specific role. Table 4-4 specifies the results. 

 



 

 49 

Table 4-4. Organizational positions‟ roles (sender, receiver or both). 

Role Organizational Position 

Receiver (#Sent < #Received) President, Director, CEO and Vice President 

Both (#Sent = #Received) Manager 

Sender (#Sent > #Received) Employee and Trader 

 

Email addresses have different roles for different periods of time. Gloor et 

al. [5] defined Contribution Index (CI) to specify the role of email addresses (2). 

emails sent – emails received 
total of emails sent and received 

(2) 

This index is near to –1 for the receivers and +1 for the senders. We 

expanded this formula to To-CI and Cc-CI to see the impact of To: and Cc: fields 

separately. To-CI (3) is the number of sent emails as determined by From: field 

minus the number of received emails as determined by To: field divided by the 

total number of sent and received emails as determined by To: field.  

emails sent – emails received as determined by To: field 
total of sent and received emails as determined by To: field 

(3) 

Cc-CI (4) is the number of sent emails as determined by From: field minus 

the number of received emails as determined by Cc: field divided by the total 

number of sent and received emails as determined by Cc: field. 

emails sent – emails received as determined by Cc: field 
total of sent and received emails as determined by Cc: field 

(4) 
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A.                                                                 B. 

Figure 4-3. Contribution Index (CI) for organizational positions. A) Average of CI and To-CI. 
B) Average of Cc-CI. 

Figure 4-3 shows that the average Contribution Index of administrative 

groups (such as CEO, President and Vice President) tends to be lower than staff 

in lower positions. It may be the result of the nature of their positions (e.g. 

employees ask and report whereas administrators are reported to and make 

orders). In addition, CI and To-CI follow a same trend while Cc-CI has a different 

trend. Figure 4-3-A shows that CIs of Employees, Traders and Managers are 

near zero, which means that they had same amount of sent and received emails 

on average. Then there is a jump to Trader, CEO, and President where the three 

groups behaved as weak receivers. Finally, there is a jump to Director where the 

executive officers behaved as strong receiver. 
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On the other hand, Figure 4-3-B shows Cc-CI for organizational positions 

where most of them except CEO were near +1. This means that they had 

received few emails as determined by Cc: field. 

4.1.3.2.1 Results of ANOVA and Post-hoc Test 

We performed one-factor ANOVA (See Table 4-5), where the dependent 

variables were CI, To-CI and Cc-CI. The independent variable was the 

organizational position with seven levels (CEO, President, Vice President, 

Manager, Director, Trader and Employee).  

No significant difference is found in the ANOVA results in CI, To-CI and 

Cc-CI. From the Post-hoc analysis, there is a significant difference between 

Employee and Director in To-CI and CI.  

Table 4-5. Results of ANOVA on CI, to-CI and Cc-CI. 

Dependent Variable F(6,94) p η2 power 

CI 1.676 .135 .097 .613 

To-CI 1.761 .116 .101 .6 

Cc-CI 1.351 .243 .079 .505 

*P < .05. Significant effects are in bold. 
Power is the ability to detect an effect (ranges: 0-1 where .95 means a 5% chance of failing to detect an effect 
that is there.) 
Partial-Eta-squared (η2) is the proportion of total variability attributable to a factor. 

4.1.3.3 Analysis of the Recipient Count of Sent Emails 

We divided the sent emails into four categories based on the number of 

recipients: 

 Single recipient (including only one recipient),  
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 Small number of recipients (2-9 recipients),  

 Medium number of recipients (10-29 recipients) and,  

 Large number of recipients (30 and up recipients).  

We then calculated the normalized number of sent emails with Small, 

Medium and Large number of recipients for each Enron worker. For normalized 

(ratio) numbers, we calculated the percentage of each type of sent message 

(with Small, Medium and Large number of recipients) with respect to the total 

number of sent emails associated with the Enron worker (5). We did this for each 

Enron worker. For example the “normalized number of sent emails with small 

number of recipients” is: 

count of sent emails with Small number of recipients * 100 
total number of sent emails  

(5) 

Then we calculated the average of each category (organizational position) 

(See Figure 4-4). Comparing the actual and normalized graph, we figured out the 

normalized graph contribute more in terms of presenting the habits of different 

positions in sending emails to group of people. It showed a statistically significant 

difference (from the graph and ANOVA results) between CEOs and other groups 

in sending emails with Large number of recipients. Traders and then Managers 

sent emails with Medium number of recipients more than any other groups.  
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A.                                                                  B. 

Figure 4-4. Results from recipient count of sent email. A) Average normalized number for 
sent emails with Small, Medium and Large number of recipients for each 

organizational position. B) Average number of sent emails with Medium and 
Large number of recipients for each organizational position. 

4.1.3.3.1 Results of ANOVA and Post-hoc Test 

We performed one-factor ANOVA (See Table 4-6 (for the actual numbers) 

and Table 4-7 (for the normalized numbers)), where the dependent variables 

were actual and normalized number of sent emails with Small number of 

recipients, Medium number of recipients and Large number of recipients. The 

independent variable was the organizational position with seven levels (CEO, 

President, Vice President, Manager, Director, Trader and Employee). 

For the actual numbers, there is no significant difference in the ANOVA 

results. For the normalized number there is a significant difference between CEO 

and other groups in sending emails with Large number of recipients (See Table 

4-6 and Table 4-7). 
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From the Post-hoc analysis, there are significant differences between: 

 Employee and Director in sending emails with Small number of recipients, 

 Employee and Trader in sending emails with Small number of recipients. 

Table 4-6. Results of ANOVA on the number of sent emails with Small number of 
recipients, Medium number of recipients and Large number of recipients. 

Dependent Variable F(6,86) p η2 power 

Number of Small .958 .459 .063 .359 

Number of Medium .679 .667 .045 .256 

Number of Large .678 .668 .045 .256 

*P < .05. Significant effects are in bold. 
Power is the ability to detect an effect (ranges: 0-1 where .95 means a 5% chance of failing to detect an effect 
that is there.) 
Partial-Eta-squared (η2) is the proportion of total variability attributable to a factor. 

Table 4-7. Results of ANOVA on the normalized number of sent emails with Small number 
of recipients, Medium number of recipients and Large number of recipients. 

Dependent Variable F(6,86) p η2 power 

Normalized Number of Small 2.830  .015 .165 .864 

Normalized Number of Medium .954 .461 .062 .358 

Normalized Number of Large 6.779 .000 .321 .999 

*P < .05. Significant effects are in bold. 
Power is the ability to detect an effect (ranges: 0-1 where .95 means a 5% chance of failing to detect an effect 
that is there.) 
Partial-Eta-squared (η2) is the proportion of total variability attributable to a factor. 

 

4.1.4 Conclusion and Discussion 

We presented a case study to analyze the activity level, type and recipient 

count of sent emails by Enron workers between January 2000 and December 

2001. We found some groups behaved similarly on average and grouped them 
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into three categories of Inactive, Moderate and Active. Managers and Employees 

were Active, Traders and Directors were Inactive, and the rest were Moderate.  

In addition, administrative groups (such as CEO, President and Vice 

President) tend to be receivers more often than the staff in lower positions. 

Analysis on the recipient count of sent emails shows a statistically significant 

difference between CEOs and other groups in sending emails with Large number 

of recipients. Traders and then Managers sent emails with Medium number of 

recipients more than any other groups.  

According to the results, since no relationship between the number of 

created folders and organizational positions was found in our dataset, we believe 

a user‟s choice in the number of created folders is subjective.  

We also performed one-factor ANOVA (See Table 4-8), where the 

dependent variable was the number of email addresses. The independent 

variable was the organizational position with seven levels. There was a 

significant difference for number of Email Address between CEO and other 

groups, F(6,94) = 2.67, p < .05. 80% of the cases had the number of email 

addresses (with Enron domain) within the range of 2 to 6. 

Table 4-8. Results of ANOVA on the number of email address. 

Dependent Variable F(6,94) p η2 power 

Number of Email Address 2.673 .019 .146 .843 

*P < .05. Significant effects are in bold. 
Power is the ability to detect an effect (ranges: 0-1 where .95 means a 5% chance of failing to detect an effect 
that is there.) 
Partial-Eta-squared (η2) is the proportion of total variability attributable to a factor. 
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4.1.4.1 Challenges 

One of the challenges in this case study was the data was highly 

distributed (See Table 4-9 and Figure 4-5).  

In terms of suggestion for the solution, we could: 

 Exclude the extremes ones in each category, 

 Exclude highly distributed categories like employee, 

 Test it with other statistical tool (e.g. JMP) and so on. 

Table 4-9. Mean and Standard deviation of numbers of sent and received emails. It shows 
that data is highly distributed. 

Organizational 

Position 
Count 

No. Emails 

(Sent+Received) 
No. Sent 

No. Received 
(To+Cc) 

Mean 
Standard 

Deviation 
Mean 

Standard 

Deviation 
Mean 

Standard 

Deviation 

CEO 4 3083.5 725.3 1433.7 1595.6 1649.7 1184.3 

Director 12 666.92 348.4 186.2 174.9 480.6 274.7 

Employee 35 3161.2 4593.8 2129.4 4176.5 1446.7 1878.6 

Manager 14 4030.7 7802.1 2026.4 4014.5 2004.3 3968.6 

President 4 2748.2 1310.6 1185.0 1167.9 1563.2 1148.3 

Trader 11 1242.6 1868.8 664.3 1448.1 578.2 641.2 

Vice President 21 2520.2 2734.9 1163.7 1222.6 1356.5 1906.7 

Total 101 2623.7 4251.3 1458.9 3023.7 1308.5 2080.5 
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                                        A.                                                             B. 

Figure 4-5. A. Number of sent emails. B. Number of received emails for Enron worker from 
Jan 2000 to Dec 2001. Colour specifies the Enron organizational positions. 

4.2 Usability Testing 

We conducted three separate studies. Each study consists of four or five 

scenarios (e.g. a scenario about time comparison or email address comparison). 

In each scenario users completed a number of tasks. Studies are:  

 Pilot Study I (See section 4.2.1), to test the system and find the possible 

problems with the tasks in each scenario, pre and post questionnaires.  

 Pilot Study II (See section 4.2.2), to find the strengths and weaknesses of 

the visualization and the control panel and to test the capabilities of 

EmailTime‟s visualization in allowing participants to complete a number of 

scenarios. 

  User Study (See section 4.2.3), is similar to pilot study II but it was more 

specific and detailed, in an effort to find out whether users are capable of 
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accomplishing the scenarios in a specified time period using the system‟s 

capabilities.  

The consent form and pre-questionnaire were the same for all the studies. 

Tasks were improved and became more specific after each study according to 

the user‟s comments and our observations. The post-questionnaire was changed 

for each study based on the user‟s comments and the purpose of study. The 

consent form, pre- and post-questionnaires for Pilot Study II and tasks for User 

Study are attached in Appendix 3: User Study Documents. 

The lessons we learned and comments we received during the first two 

pilot studies helped us in redesigning the tasks for User Study and made the 

tasks clear. In order to quantify the results of tasks, we timed users and had 

written answers for User Study. According to Table 4-10 and Table 4-11, the 

tasks became more specific and clear after each pilot study. We decided to 

reduce the number of scenarios in order to prevent overloading users with too 

much information as learned in the first pilot study.  

4.2.1 Pilot Study I 

The aim of this pilot study was to test the quality of the tasks, pre and post 

questionnaires. After each testing session, we revised and edited the tasks and 

questionnaires based on the participant‟s performance and/or comments.   

4.2.1.1 Participants 

The pilot study‟s testing sessions for EmailTime visualization took place 

on July 27th and 28th, 2010 with four subjects (2 females and 2 males, n=4). 
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Participants were SIAT graduate students from SFU. They were between 24 and 

25 years of age and none of them were color-deficient. They were familiar with 

the concept of visual analytics and visualization and had the experience of 

running user studies, analyzing results and developing visualization systems. 

4.2.1.2  Procedure and Scenarios 

Experiments were held in a quiet lab environment. Each participant had 

between one to two hours to perform the experiment as they didn‟t complete the 

same number of scenarios. We started this pilot study with the scenarios in Table 

4-10.   

At the beginning of each experiment the participants were asked to sign a 

consent form and fill out a pre-questionnaire. Then we introduced them to the 

EmailTime visualization. In the introduction, we explained the plot visualization 

and the control panel using the dataset of Enron Trader, “Eric Bass”. Next, they 

were asked to perform some scenarios (each scenario is a number of tasks, see 

Table 4-10). Finally, they filled out a post-questionnaire.  

Tasks and questionnaires had small changes after each testing session 

based on the user‟s comments and our observation. Two participants completed 

five scenarios and two others accomplished four scenarios as we removed the 

fifth scenario (system‟s functionalities) from the study due to overloading of 

participants with too much information. Think Aloud Protocol was used and 

participants explained their answers to the observer (me). Therefore, there was 

no written answer. 
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Table 4-10. Scenarios (Tasks) that we started with in Pilot Study I. 

Scenario Tasks 

Scenario 1: 
Search 

Scenario 

i. This is the dataset of David Delaney (Enron CEO), 

ii. Search for management Committee called ENA in his 
dataset, 

iii. Find out who sent those emails and why, 

iv. When and where is the meeting, 

v. Who are in the meeting, 

vi. How frequent is the meeting.     

 

Scenario 2: 
Most Frequent 
Correspondent

s Scenario 

i. This is the dataset of Andy Zipper (Enron vice president), 

ii. Find out who are his most frequent correspondents in June 
2001, 

iii. Types of their correspondences (private/general) regarding to 
the size of exchanged messages. 

Scenario 3: 
Email 

Comparison 
Scenario 

i. This is the dataset of Jeffrey Shankman (Enron president), 

ii. Select the emails of following email addresses: 

1) Jeffrey.shankman@enron.com, 2) 
a..shankman@enron.com, 3) Jeffry.a. shankman@enron.com 

iii. Find out the type (Sender/Receiver)  and duration of each 
email address, 

iv. Is there any switching between email addresses and when.  

Scenario 4: 
Time 

Comparison 
Scenario 

i. This is the datasets of four Enron Employees (Albert 
Meyers, Judy Townsend, Matthew Lenhart and Susan 
Pereira), 

ii. Compare the dataset in June-Dec 2000 with June-Dec 
2001, 

iii. What is the difference between these two time periods in 
terms of gaps and network mess. 

Scenario 5: 
Functionalities 

Scenario 

i. This is the datasets of 11 Enron traders, 

ii. Who are the most active ones in terms of sending and 
receiving email as To and Cc, 

iii. Compare the histogram of Eric Bass and Eric Saibi, 

iv. How many emails Eric Bass sent and received in Nov 
2000. 

 

mailto:Jeffrey.shankman@enron.com
mailto:a..shankman@enron.com
mailto:Jeffry.a.%20shankman@enron.com
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4.2.1.3 Results and Discussion 

Some changes are as follow for the rest of the studies: 

 As participants were overloaded with too much information they 

received in the introduction, we decided to only focus on the 

visualization part and remove the scenarios related to the system‟s 

functionalities (Frequency, Centrality and histograms).  

 We reordered the four scenarios from easy to difficult based on the 

users‟ comments.  

 We added more meaningful questions to the questionnaire (e.g. 

questions about whether they are able to recognize similar scenarios 

using EmailTime). 

Based on the results of Pilot Study I, we decided to focus only on 

capabilities of the visualization plot and have an hour testing session for the next 

studies. 

4.2.2 Pilot Study II 

The purpose of this pilot study was to find out strengths and weaknesses 

of the visualization and the control panel and whether users are able to recognize 

the capabilities of EmailTime through four scenarios. The focus was on 

investigating the dataset of individuals. 

4.2.2.1 Research Question 

We hypothesized that EmailTime visualization enables the analyst/user to:  
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1. Compare different time periods to each other and recognize their 

differences with respect to the crowded eras, large gaps (no 

activity), large emails, etc. 

2. Find the most frequent correspondents of a person and type of 

their correspondences (private or general messages based on the 

size of sent messages). 

3. Compare different email addresses of one (or more) person to 

each other according to the role (sender, receiver or both) of email 

address, duration and activity level of each email address and 

discover the switches between email addresses.  

4. Find an event using the filters (e.g. a biweekly meeting).  

4.2.2.2 Participants 

The pilot study experiments for EmailTime visualization took place on July 

29th, 30th and 31st, 2010 with six subjects (2 females and 4 males, n=6). 

Participants were SIAT graduate students from SFU. They were between 20 and 

29 years of age and none of them were color-deficient. Most of them were a little 

familiar with the concept of visual analytics and visualization and had the 

experience of working with software with the purpose of visualization such as 

Tableau, Inspire, graphs of Excel, etc. All of them were used to working with the 

computer and had more than one email address to which they logged-in more 

than once a day or always. 
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4.2.2.3 Method and Scenarios 

Experiments were held in a quiet lab environment. All the participants 

completed the same tasks. Each participant had 60 minutes to complete the 

experiment. Data gathering was in the form of Think Aloud Protocol, written 

answers in questionnaires and our observation notes. There was no written 

answer in the task form.  

At the beginning of each experiment they were asked to sign a Consent 

Form and fill a Pre-Questionnaire Form (See Appendix 3: User Study 

Documents) which was about their demography, possible color deficiency, 

computer skill, familiarity with the visual analysis concept and experience with the 

visualization tools, etc. Then we introduced the subjects with the EmailTime 

visualization. In the introduction, we explained the plot visualization and part of 

the control panel using the dataset of Enron Trader, “Eric Bass”. We let the 

participants play with the system before starting the tasks and ensure they knew: 

 The meaning of the plot, a node, the axes and the size of a black node. 

 The difference between the black, blue and green nodes 

 Roll over the nodes and find the subject and sender of that node. 

 Distinguish a row by highlighting it. 

 How to pan and zoom in/out the plot. 

 How to change the X and Y axes. 

 How to search for an email with a specific subject.  
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 Limit the visibility to Sent, To, Cc or any combination of those. 

 How to work with the Email List and select multiple email addresses. 

 How to see the content of an email in the plot.  

Next, they were asked to accomplish four scenarios (See Table 4-11). 

Questions were answered through the whole testing sessions. In each scenario 

we concentrated on one capability of the system when investigating the datasets 

of Enron individuals namely; Matthew Lenhart (Enron employee), Andy Zipper 

(Enron vice president), Jeffery Shankman (Enron president) and David Delaney 

(Enron CEO).  

Finally, they filled out a Post-Questionnaire Form (in Appendix 3: User 

Study Documents) about the difficulty level of each task, likes (useful and 

convenient aspects) and dislikes (troublesome and confusing aspects) of the 

visualization plot and control panel and whether they are able to recognize 

similar scenarios. 

Table 4-11 contains the scenarios that users accomplished in this pilot 

study. For User Study, scenarios were the same but we made the tasks of each 

scenario more specific (See Appendix 3: User Study Documents for the tasks of 

User Study). 
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Table 4-11.  Scenarios (and tasks) in Pilot Study II. 

Scenario Tasks  

 

 

Scenario 1: 
Time 

Comparison 
Scenario 

i. This network displays all the emails that Matthew 
Lenhart (Enron employee) had been involved in any sort 
of way (Sent or Received). 

ii. Compare the network in June-Dec 2000 with June-Dec 
2001. 

iii. Explain the story behind it regarding (keep in mind that 
Enron Corporation fell in October 2001): 

 The differences between the two periods 

 Crowded eras 

 Large gap (no activity) 

 Large emails 

 

Scenario 2: 
Most Frequent 
Correspondent

s Scenario 

i. This network displays all the emails that Andy Zipper (Enron 
vice president) had been involved in any sort of way (Sent or 
Received). 

ii. Explain the story behind it regarding: 

 The ones who mostly sent emails to him during April to 
June 2001 especially from late May to June (the top 5) 

 The type of the correspondence for each (private or 
general message with respect to the size of sent 
messages) 

Scenario 3: 
Email 

Comparison 
Scenario 

i. This network displays all the emails that Jeffrey Shankman 
(Enron president) had been involved in any sort of way (Sent 
or Received). 

ii. Select the emails of following email addresses: 

1) Jeffrey.shankman@enron.com, 2) 
a..shankman@enron.com, 3) Jeffry.a. shankman@enron.com 

iii. Explain the story behind it based on: 

 The type (Sender/Receiver) of each email address 

 The life period (duration) of each email address 

 The activity level of each email address 

 Any switching between email addresses  

Scenario 4: 
Search 

Scenario 

i. This network displays all the emails that David 
Delaney (Enron CEO) had been involved in any sort 
of way (Sent or Received). 

ii. Search for emails about a management committee 

mailto:Jeffrey.shankman@enron.com
mailto:a..shankman@enron.com
mailto:Jeffry.a.%20shankman@enron.com
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with this subject “ENA Management Committee” in 
the network (search is case-sensitive). 

iii. Explain the story behind it regarding: 

 The ones who sent those emails 

 The differences between the role of them (who 
seems to be the leader of the meeting and who 
acts as a secretary and reminding the meeting) 

 The location and time of the meeting 

 The type of meeting (Once, Weekly, Biweekly, 
Monthly)     

 

4.2.2.4 Results and Discussion 

Table 4-12 displays the results of “task difficulty” question, the first 

question in the post-questionnaire. The order of scenarios from difficult to easy is 

Scenario 2, Scenario 4, Scenario 1, and Scenario 3. Generally, from Table 4-11, 

the scenarios were not easy as they contain inferential and deductive tasks (In 

Scenario 2, finding out a row of the black nodes is the most frequent 

correspondent and the size of the sent black node represents the general and 

private message. In Scenario 3, discovering which email addresses were 

switched. In Scenario 4, identifying the leader and secretary).  
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Table 4-12. Number of participants (percentage) in answering “task difficulty” question 
(Q1) of post-questionnaire. 

Scenario Easy (%) Medium (%) Hard (%) 

Scenario 1 66.6 33.3 - 

Scenario 2 50.0 33.3 16.6 

Scenario 3 83.3 16.6 - 

Scenario 4 66.6 16.6 16.6 

 

In questions 2 (See Post-Questionnaire Form in Appendix 3: User Study 

Documents), for each scenario, we asked participants whether they are able to 

recognize similar scenario using EmailTime. The answers were on a five point 

scale: 

   Not at all                                  Totally 

   1 2 3 4 5 

Table 4-13 presents the number of participants in each bin. 

Table 4-13. Before binning, number of participants in answering question 2, ability to 
recognize similar scenarios using EmailTime. 

Task Not at all true Not true Neutral True  Totally true 

1 2 3 4 5 

Scenario 1 - - - 3 3 

Scenario 2 - - - 5 1 

Scenario 3 - - - 2 4 

Scenario 4 - - 1 1 4 
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We also binned this five point scale into three categories: Not True, 

Neutral, True (See Table 4-14) as we were interested to see how many 

participants “agree” and “disagree” and we didn‟t want a very sensitive measure 

of agreement. According to the results (See Table 4-14), almost all the 

participants mentioned after the testing session and learning how to use the 

system, they are able to recognize similar scenarios.  

Table 4-14. After binning, number of participants (percentage) in answering question 2, 
ability to recognize similar scenarios using EmailTime. 

Scenario Not true (%) Neutral (%) True (%) 

Scenario 1 - - 100.0 

Scenario 2 - - 100.0 

Scenario 3 - - 100.0 

Scenario 4 - 16.6 83.3 

 

From question 3, 4, 5, and 10 (See Post-Questionnaire Form in Appendix 

3: User Study Documents), we list like and dislike aspects of the control panel 

(See Table 4-15) and the visualization plot (See Table 4-16) based on the 

participant‟s comments. Both could be improved. 
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Table 4-15. Like and dislike aspects of control panel based on participant‟s comments 

Like Dislike 

Selecting a time periods and 
changing dates 

Prefer a non-case sensitive search 

Access to the functionality is good  “Selected item” tab, that displays message 
content, is hard to read as it displays all the 
information in the same colour 

Filtering based on different things Difficulty in selecting multiple email addresses 
using “ctrl + click” 

Searching option Prefer a button for activating search instead of 
pressing the “Enter” key in the keyboard. 

Email List The arrows on the top of the control panel are too 
small, hard to click on 
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Table 4-16. Like and dislike aspects of visualization plot based on participant‟s comments 

Like Dislike 

Size of sent nodes that indicates 
private or public correspondence 

Cannot click on circles inside other circle, 
overlapping problem 

Green is a good colour for Cc, easy 
to find and clear  

Black and blue colour for Sent and Received 
nodes as To were close to each other. Green is a 
bit light and make it hard to see 

Pan, Zoom in and out  Sometimes hard to zoom in, out or pan. Zoom in 
and out seems vice versa, in other direction. 

The grid layout, the plot Understanding the plot and concept of sending 
and receiving is a bit difficult initially 

Being able to compare sending and 
receiving emails for one person 

Equal quantum for Time (X) axis, more organized 
date axis is preferred 

Highlighting is useful Plot sometimes is too crowded and close lines 
are sometimes confusing 

Colour coding Hard to remember the colour, code it into the 
system in a way 

Tooltip is helpful Tooltip is a bit slow, make it faster to display 

Gaps are obvious in plot Vertical Axis was not displaying all the email 
addresses, make it fisheye 

- Displays whose dataset is plotted in a label 

- Prefer to select part of the data in plot and it get 
zoomed in 

 

4.2.3 User Study  

The purpose of this user study was to find out whether users are able to 

complete the scenarios in specified time. The focuses were on the task 

completion time and correct answers. 
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4.2.3.1 Hypothesis 

We hypothesized that through the visualization users are able to use the 

system‟s capabilities in order to find:  

 Changes of activities over time (e.g. switching from one email address to 

another),  

 Role of the owner of email addresses in an event (e.g. secretary or leader 

in a biweekly meeting in an organization dataset) and,  

 Correspondence patterns between email users over time (such as most 

frequent correspondents and type of their correspondences; general or 

private messages)  

 These capabilities are a basis in interpreting the data that is visualized by 

EmailTime, such as: 

1. Time Comparison; compare different time periods to each other 

and recognized their differences with respect to the crowded eras, 

large gaps (no activity), large emails, etc. 

2. Most Frequent Correspondents; find out the most frequent 

correspondents of a person and type of their correspondences 

(private or general message based on the size of sent messages). 

3. Email address Comparison; compare different email addresses to 

each other according to the type (sender, receiver or both), 

duration and activity level of each email address and discovering 

switches between email addresses.   
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These capabilities are the results of the plot visualization and the way we 

display the emails on it. 

4.2.3.2 Participants 

The second user study experiments for EmailTime took place on October 

7th, 8th, 12th and 13th 2010 with 13 subjects (5 female and 8 male, n=13). 

Participants were SIAT graduate students from SFU. They were between 20 and 

29 years of age and none of them were color-deficient. Most of them were a little 

familiar with the concept of visual analytics and visualization and had the 

experience of working with software with the purpose of visualization such as 

Tableau, Inspire, graphs of Excel, etc. All of them were used to work with the 

computer and had more than one email address which they logged-in more than 

once a day or always. 

4.2.3.3 Scenarios and Tasks 

Users accomplished 4 scenarios with respect to our hypothesis and 

system‟s capabilities (See Tasks in Appendix 3: User Study Documents): 

 Scenario 1 is about time comparison, 

 Scenario 2 is about finding most frequent correspondents,  

 Scenario 3 is about email address comparison, 

 Scenario 4 is about finding roles in an event. 
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4.2.3.4 Method 

The testing sessions were similar to Pilot Study II, but the focus was on 

the task completion time and the number of correct answers. Therefore, the 

differences are: 

 The tasks were more specific. User need to write the answers so the task 

sheet was changed, 

 We timed the participants, 

 We didn‟t ask about like and dislikes of the visualization or control panel 

so the post questionnaire was changed. 

4.2.4 Results and Discussion 

4.2.4.1 Analysis of Task Results  

Generally, some parts of the scenarios 2, 3 and 4 contain inferential and 

deductive tasks, which make the tasks difficult (See Tasks in Appendix 3: User 

Study Documents).  

The inferential parts are: 

 In Scenario 2 (Most Frequent Correspondents), to infer that a row of 

the black nodes is the most frequent correspondent and the size of the 

sent black nodes represents the general and private message.  

 In Scenario 3 (Email address Comparison), to discover which email 

addresses were switched. 

 In Scenario 4 (Search), to identify the leader and secretary. 
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The majority of the participants were able to accomplish the tasks but four 

users became confused in the deductive task of the scenario 2 and asked the 

observer (me) to explain and guide them. No users became confused in 

answering the deductive tasks of scenario 3 and 4. Two participants answered 

the deductive task in the scenario 4 with uncertainty (but correctly). 

Based on the types of questions and results in the previous studies, we 

estimated that the users would complete the scenarios in between 7 to 10 

minutes (See Table 4-18 for tasks‟ completion time). We expected users to 

categorize scenario 2, 3 and 4 as medium or hard because they needed to do 

inference and draw conclusions in those scenarios (See Table 4-20). According 

to Table 4-20, the order of scenarios from hard to easy would be Scenario 2 (9 

minutes), Scenario 3 (9 minutes), Scenario 4 (7.53 minutes) and Scenario 1 

(7.61 minutes). This order is not exactly the same as the order in Pilot Study II, 

which is Scenario 2, Scenario 4, Scenario 1, and Scenario 3. We believe part of 

this difference is due to small changes in the task‟s format (as the task became 

more specific). 

For the first scenario (See Tasks in Appendix 3: User Study Documents), 

the answers were on a five point scale: 

    Not at all                                Totally 

   1 2 3 4 5 

 We binned those into three categories: Not true, Neutral, True (See Table 

4-17) as we were interested to see how many participants “agree” and 

“disagree”. We also didn‟t want our measure of agreement be very sensitive. 
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Each cell in Table 4-17 specifies the number of participants in percentage. In this 

scenario, we asked them to compare two time periods. No participant had a 

wrong answer in this scenario. The average completion time was 7.61 minutes 

(See Table 4-18 for more details). 

Table 4-17. Number of participants (percentage) in answering the first scenario. 

 

Question 

First Period Second Period 

Not 
true 

Neutral True  Not 
true 

Neutral True  

Seems Normal - - 100.0 100.0 - - 

Has Large Gaps 100.0 - - - - 100.0 

Has Crowded Eras 100.0 - - - - 100.0 

Has Large Emails 100.0 - - - - 100.0 

In the second scenario (See Tasks in Appendix 3: User Study 

Documents), users need to infer that the crowded black lines are the most 

frequent correspondents and the size of the black sent message node is 

determined by the recipient count and represents the type (general or private) of 

the message. No participant had a wrong answer in this scenario but four 

participants asked questions, became confused and began with a wrong 

approach. The average completion time was 9 minutes (See Table 4-18 for more 

details). In order to find the most frequent correspondents of Andy Zipper, the 

wrong approach was users selected Andy Zipper from the email address list 

which displays a line of Andy Zipper‟s emails. The correct approach is users 
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should filter out the received emails and keep only the sent emails in order to find 

out who frequently sent emails to Andy.   

In the third scenario (See Tasks in Appendix 3: User Study Documents), 

the inferential part was discovering which email addresses were switched. Every 

participant answered that correctly. The average completion time was 9 minutes 

(See Table 4-18 for more details).  

In the fourth scenario (See Tasks in Appendix 3: User Study Documents), 

we asked the participants to infer the identity of the leader and secretary. 

Although some participants became confused at first or doubted their conclusion, 

every participant answered correctly. For the fourth scenario the average 

completion time was 7.53 minutes (See Table 4-18 for more details).   

Generally, a few users took a different approach in accomplishing some 

tasks. For example, in the third scenario two participants looked at each email 

address one by one instead of examining all email addresses simultaneously. In 

addition, one participant found the time through the message content instead of 

the visualization plot. Also in the fourth scenario, two participants found the 

attendees of a meeting through the content of a message instead of the plot 

visualization. More over, a few participants began with a wrong approach to 

answer the inferential questions and then realized what to do. For example, in 

scenario 2, to find out who sent Andy Zipper the message, four participants first 

filtered for “Andy Zipper” then realized could not find the information and decided 

to filter in the sent nodes (See Table 4-19).  
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We identified three groups of users based on their approach in completing 

the scenarios:  

 Users of the first group were quick and confident in accomplishing the 

tasks, 

 Users of the second group were curious and interested in using the 

tool to analyze more of the plot, 

 Users of the third group were unconfident about their answers and 

what they did. 
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Table 4-18. Completion time (in minute) for each user in each scenario. 

Users Scenario Completion Time (min) General Comment on the 
User‟s Performance by the 

Observer (me) #1 #2 #3 #4 

User #1 5 7 7 8 Very quick and confident  

User #2 7 7 11 6 Curious and analyzed a lot – VA 
background 

User #3 14 8 10 5 Play a lot and see 

User #4 8 13 12 8 Very slow and not confidence 
about what to do 

User #5 6 12 9 9 - 

User #6 8 12 7 10 Curious and interested in the 
tool to play and find more  

User #7 6 5 6 7 Very quick and confident 

User #8 7 15 8 7 Good – art background 

User #9 13 8 9 7 Curious and wanted to see 
more in content – VA 
background 

User #10 7 8 11 8 Act with no confidence 

User #11 7 9 9 8 Good 

User #12 4 6 8 7 Very quick and confident 

User #13 7 7 10 8 - 

Ave.  7.61 9 9 7.53 - 

STDEV 2.84 3.02 1.77 1.26 - 

 

Table 4-19 summarizes the problems during each scenario.  
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Table 4-19. Summary of the problems in each scenario. 

Scenario  Summary of the Problem in each Scenario in the Study 

#1 Visualization disappeared (crashed) in the beginning of two testing 
sessions (while users were playing with the system), as users were 
too fast in zooming in and out, so we reset the visualization. 

#2 Some users got confused in interpreting of the sent emails with 
“Large” and “Medium” number of recipients, 

Some of the participants got confused and began with the wrong 
approach and I guided four of them in accomplishing the task. (they 
did not get the complete concept of the plot visualization in the 
introduction),  

A few of them could not infer that the size of the sent nodes 
represents the number of participants which indicates the type of 
correspondence (general or private message), 

Two participants did not filter out the received nodes to find the 
senders (which makes it easier to answer the tasks). 

#3 Multi selection in the email list was difficult, as users need to hold the 
“ctrl” button and scroll down.  

I explained what I meant by “switching” between email addresses 
(Stop using one email address and start using another one). 

#4 I mentioned to three users to search for the complete keywords (e.g. 
“ENA Management Committee”). 

4.2.4.2 Results on Post Questionnaire Analysis 

For question 1 (task difficulty – See Post-Questionnaire Form), we 

summarized the results in Table 4-20. As mentioned before, scenarios contained 

some analytical and inferential judgements from the visualization. It appears that 

users completed easier tasks faster based on the completion time in Table 4-18 

and the task difficulty in Table 4-20.  
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Table 4-20. Number of participants (percentage) in answering task difficulty level question 
(Q1). 

Task Easy (%) Medium (%) Hard (%) 

Scenario 1 61.54 23.07 15.39 

Scenario 2 23.07 46.16 30.77 

Scenario 3 53.84 38.46 7.70 

Scenario 4 53.84 46.16 - 

For question 2 of Post-Questionnaire Form, ability to recognize similar 

scenarios using EmailTime, the answers were on a five point scale: 

   Not at all                                  Totally 

   1 2 3 4 5 

Table 4-21 presents the number of participants in each bin.  

Table 4-21. Before binning, number of participants in answering question 2, ability to 
recognize similar scenarios using EmailTime. 

Task Not at all true Not true Neutral True  Totally true 

1 2 3 4 5 

Scenario 1 - 1 - 2 10 

Scenario 2 - - 4 7 2 

Scenario 3 - - - 5 8 

Scenario 4 - - 2 6 5 

We also binned those into three categories: Not True, Neutral, True (See 

Table 4-22) as we were interested to see how many participants “agree” and 

“disagree” and we didn‟t want to have a very sensitive measure of agreement. 

From Table 4-22, in scenario 2, about 30% of users were neutral and in scenario 
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4, 15% were neutral. But generally most of them mentioned that they are able to 

recognize similar scenarios.  

Table 4-22. After binning, number of participants (percentage) in answering question 2, 
ability to recognize similar scenarios using EmailTime. 

Task Not true (%) Neutral (%) True (%) 

Scenario 1 7.70 - 92.30 

Scenario 2 - 30.77 69.23 

Scenario 3 - - 100.0 

Scenario 4 - 15.39 84.61 

For questions 6, 7, 8 and 9 the answers were on a five point scale: 

1 2 3 4 5  
     not at all      somewhat           very 
         true         true           true 

Table 4-23 presents the number of participants in each bin. As we were 

interested to see how many participants “agree” and “disagree” in questions 6, 7, 

8 and 9 and we didn‟t want to have a very sensitive measure of agreement, we 

binned those into three categories: not true (disagree), somewhat true (neither 

agree nor disagree), true (agree) (See Table 4-24). Each cell specifies the 

number of participants in percentage. 
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Table 4-23. Before binning, number of participants in answering Q6, 7, 8 and 9. 

Question Not at all 
true 

Not 
true 

Somewhat 
true 

True  Very 
true 

1 2 3 4 5 

Q6 (feel competent) - - 4 7 2 

Q7 (easy to learn to use) - 1 5 3 4 

Q8 (need introduction) - 1 1 2 9 

Q9 (need to concentrate) - 4 3 2 4 

 

Table 4-24. After binning, number of participants (percentage) in answering Q3, 4, 5 and 6. 

Question Not true (%) Somewhat true (%) True (%) 

Q3 (feel competent) - 30.77 69.23 

Q4 (easy to learn to use) 7.70 38.46 53.84 

Q5 (need introduction) 7.70 7.70 84.61 

Q6 (need to concentrate) 30.77 23.07 46.16 

According to Table 4-24, more than 80% of the users mentioned the 

introduction was necessary to understand the concept of the visualization and 

learn how to work with the system. About half of the users agreed that they 

needed to concentrate while working with the system and completing the tasks 

and it was easy to learn to use. 
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5: CONCLUSION AND FUTURE WORK 

We have introduced EmailTime, a new style of visualizing email traffic that 

helps an analyst see patterns of correspondence over a significant period of time 

in email archives. This tool enables the user to analyze and visualize hundreds of 

stored emails over time and discern patterns of correspondence. Interaction is an 

important aspect of the tool as it provides zooming, panning, filtering, highlighting 

and evaluating measurements, such as centrality, frequency and histogram. 

It helps analysts make more sense out of a collection of emails. It can be 

used for the datasets of an individual or an organization to visualize the 

correspondence and to analyse their email behaviour.  

After considering the limitations of this work, we can improve it from 

different perspectives such as system implementation, system testing, usability 

study with different hypotheses, etc. Therefore as our next steps, we are 

considering: 

 From system implementation perspective: 

o Improve system‟s interaction by incorporating the results of user 

studies, 

o Add and/or improve the system‟s functionalities (Centrality, 

Frequency, histogram), 

o Display Bcc email would be even more interesting, 
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o Make it available as a web application and encourage users to 

visualize the content of their own mailbox. 

 From system testing perspective: 

o Make a comparison with another email visualization system, 

o Import a different kind of dataset to EmailTime (e.g. chat 

messages). 

 From usability study perspective: 

o Usability study on the system functionalities (frequency, 

centrality, histogram, etc), 

o Usability study on the coding of information in the plot (e.g. 

colour coding or shape coding could better specify the node 

type). 
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6: APPENDICES  

Appendix 1: Figures of Related Works 

 

Figure 6-1. Screen shot of VizPEAM [1]. 1) view panel; 2) control panel with 2a) search filter 
with search for „salary‟ and 2b) connectivity filter; 3) result panel shown two 

matched emails for the selected correspondent „BectorMcLouglin‟.  
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Figure 6-2. Screen shot of the Vizster visualization system [2]. The left side presents a 
network display with controls for community analysis and keyword search. 

The right side consists of a panel displaying a selected member‟s profile 
information. Words in the profile panel that occur in more than one profile will 
highlight on mouse-over; clicking these words will initiate searches for those 
terms. The checkboxes in the profile panel will initiate an “X-ray” view of that 

particular profile dimension.  
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Figure 6-3. Screen shot of Enronic [3]. Visualization of Enron social network is on the left. 
Colour legend for category labels and the Message Viewer are on the right.  
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Figure 6-4. The Soylent [4] network view.  
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Figure 6-5. TellMeAbout demo [4].The left side has a list of people; The top panel tells that 
the user exchanged 522 messages with Hnrnvng. The second panel shows the 

frequency of, in order: Outgoing messages TO Hnrvng, Incoming messages 
FROM Hnrvng, Outgoing attachments TO Hnrvng, Incoming attachments 

FROM Hnrvng. Indexed by date.  
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Figure 6-6. Five main views of TeCFlow [5].  
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Figure 6-7. SocialAction views [8]. Used with permission University of Maryland Human-
Computer Interaction Lab, http://www.cs.umd.edu/hcil/socialaction 

 

 

 

 

http://www.cs.umd.edu/hcil/socialaction
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Figure 6-8. Snapshot of famailiar [9, 10]. Contact window.  
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Figure 6-9. Snapshot of famailiar [9, 10]. Daily view of a user‟s email. 
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Figure 6-10. Snapshot of Email Mining Toolkit (EMT) [11, 12, 13, 14]. Message window.  
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A. Clique Panel.                                                         B. User Panel 

Figure 6-11. Snapshot of Email Mining Toolkit (EMT) [11, 12, 13, 14]. a. Clique Panel. Nodes 
(Cliques) are small polygons and the number of their edges is the number of 
members of the clique (e.g. a triangle is a 3-clique). Edges are the common 

members. b. User Panel. Blue nodes in the left most column are the (indexed) 
cliques and black nodes (users) are  one distinct email addresses placed in 

different columns depending upon the number of cliques they belong to.  
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Figure 6-12. eArchivarius [16].  
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Figure 6-13. Snapshot of Themail [17]. A user‟s email exchange with a friend during 18 
months. It shows multiple layers of information; monthly (yellow) and yearly 
(white) words. The more frequent and distinctive a word is, the bigger it is.  

 

 

 

 

 

 

Email Contacts 
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 v 

 

Figure 6-14. PostHistory [18, 19] interface with calendar panel on the left and contacts 
panel on the right. Names on the right panel move higher to reflect more 

intense email exchanges with ego. As time progresses and the intensity of 
exchange changes, names either slide back down or stay stationary.  
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Figure 6-15. A complex cluster of contacts in SNF [18, 19]. The colors indicate that the 
cluster includes people from different contexts of ego‟s social life: family, 

school friends and work colleagues.  
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Figure 6-16. Screenshot of Reinvented Email (ReMail) [21]. Preview Pane (A) and Thread 
View Pane (B) display Thread Arc [22]. IBM Research Remail project, 

http://www.research.ibm.com/remail/ 

 

Preview Pane (A) 

 

Thread View Pane (B) 
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Figure 6-17. The conversation visualization incorporated into a conversation-based email 
Client [23].  
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Figure 6-18. Visualization of a discussion [24].  
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Appendix 2: Tables and Figures of Case Study 

Tables  

There were seven organizational positions in the public Enron dataset namely CEO, 
President, Vice President, Manager, Director, Trader and Employee. For Jan 2000 to Dec 2001, 
the statistics of these seven categories in the Enron datasets are shown in the following tables. 

Table 6-1. Mean and Standard deviation of numbers of sent and received emails. 

Organizational 
Position 

Count 

No. Emails 
(sent + received) 

No. Sent 
No. Received  

(To + Cc) 

Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

CEO 4 3083.5 725.3 1433.7 1595.6 1649.7 1184.3 

Director 12 666.92 348.4 186.2 174.9 480.6 274.7 

Employee 35 3161.2 4593.8 2129.4 4176.5 1446.7 1878.6 

Manager 14 4030.7 7802.1 2026.4 4014.5 2004.3 3968.6 

President 4 2748.2 1310.6 1185.0 1167.9 1563.2 1148.3 

Trader 11 1242.6 1868.8 664.3 1448.1 578.2 641.2 

Vice President 21 2520.2 2734.9 1163.7 1222.6 1356.5 1906.7 

Total 101 2623.7 4251.3 1458.9 3023.7 1308.5 2080.5 

 
 

 

Table 6-2. Mean and Standard deviation of numbers of received emails as determined by 
To: and Cc: fields and numbers of email addresses. 

Organizational 
Position 

Count 
No. To No. Cc No. Email Adr 

Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

CEO 4 1608.7 1180.6 41.0 20.4 8.0 5.2 

Director 12 470.9 272.9 9.7 19.4 3.5 1.5 

Employee 35 1340.7 1706.1 105.9 217.2 3.7 2.1 

Manager 14 1824.7 3529.8 179.5 444.3 3.8 2.4 

President 4 1485.2 1091.1 78.0 70.2 4.2 2.1 

Trader 11 561.4 629.5 16.8 25.5 3.2 1.5 

Vice President 21 1250.9 1716.9 105.5 193.8 4.2 1.9 

Total 101 1217.3 1872.1 91.2 228.5 3.9 2.3 
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Table 6-3. Mean and Standard deviation of Contribution Index, To-CI and Cc-CI. 

Organizational 
Position 

Count 
CI To-CI Cc-CI 

Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

CEO 4 .1681 .9409 .1588 .9492 .5068 .5887 
Director 12 .5008 .3787 .4932 .3815 .8233 .3006 

Employee 35 .0188 .4526 .0004 .4510 .8828 .1599 

Manager 14 .0159 .5320 .0329 .5270 .8637 .1548 

President 4 .2078 .5947 .1866 .6015 .8061 .1526 

Trader 11 .1331 .5655 .1212 .5716 .7423 .4976 

Vice President 21 .0348 .4662 .0115 .4640 .8168 .2681 

Total 101 .1004 .5099 .0831 .5112 .8261 .2796 

 
 

Table 6-4. Mean and Standard deviation of numbers of sent emails with Single, Small, 
Medium and Large number of recipients. 

Organizational 
Position 

Count 
Single Small Medium Large 

Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

CEO 4 1131.5 1267.2 275.7 426.4 20.5 31.1 6.0 2.7 

Director 12 174.2 173.1 10.4 10.9 1.3 2.2 .3 1.1 

Employee 30 740.2 1152.2 164.6 331.2 15.3 31.7 3.1 10.9 

Manager 12 719.3 725.9 92.8 82.7 10.6 13.6 .5 1.1 

President 4 1067.2 1075.5 108.2 99.5 7.5 5.8 2.0 3.3 

Trader 11 555.8 1164.1 78.9 204.1 29.3 84.3 .2 .9 

Vice President 20 864.2 924.5 151.5 222 10.3 17.8 2.2 5.2 

Total 93 700.2 978.7 124.8 245.2 13.4 35.6 1.9 6.9 

 

Table 6-5. Number of emails have been sent to multiple recipients (Small, Medium and Large 

number of recipients). 

Organizational 
Position 

Recipient Count 

Small Medium Large 

CEO 1103 82 24 

President 433 30 8 

Vice President 3031 207 44 

Director 125 16 4 

Manager 1114 128 6 

Trader 868 323 3 

Employee 4938 461 97 
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Table 6-6. Descriptive Statistics for the normalized number of sent and received emails. 

 Organizational Position Mean Std. Deviation Number 

 
Normalized 

number of sent 
emails as 

determined by 
From: field 

CEO 41.5944 47.04706 4 

Director 24.9573 18.93799 12 

Employee 52.5670 33.88464 35 

Manager 50.7989 26.60297 14 

President 39.6076 29.73977 4 

Trader 43.3409 28.27891 11 

Vice President 48.2587 23.31482 21 

Total 46.1931 29.65013 101 

 
Normalized 

number of received 
emails as 

determined by To: 
field 

CEO 57.0629 46.75877 4 

Director 73.4858 18.94149 12 

Employee 49.6595 21.42394 35 

Manager 46.9289 25.28366 14 

President 57.5423 29.29326 4 

Trader 54.2030 26.62694 11 

Vice President 48.7076 21.82922 21 

Total 53.0142 24.51737 101 

 
 

Normalized 
number of received 

emails as 
determined by Cc: 

field 

CEO 1.3428 .61089 4 

Director 1.5569 2.40760 12 

Employee 2.3210 2.61096 35 

Manager 2.2722 2.38607 14 

President 2.8501 2.15506 4 

Trader 2.4561 4.20014 11 

Vice President 3.0337 2.71052 21 

Total 2.3686 2.70294 101 

 
 

Normalized 
number of received 

emails as 
determined by both 
To: and Cc: fields 

CEO 58.4056 47.04706 4 

Director 75.0427 18.93799 12 

Employee 51.9805 22.14503 35 

Manager 49.2011 26.60297 14 

President 60.3924 29.73977 4 

Trader 56.6591 28.27891 11 

Vice President 51.7413 23.31482 21 

Total 55.3827 25.29683 101 
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Table 6-7. Descriptive Statistics for the normalized number of sent emails with the Small, 
Medium and Large number of recipients. 

 Organizational Position Mean Std. Deviation Number 

 
Normalized number 
of sent emails with  

Small number of 
recipients 

CEO 15.8171 10.71973 4 

Director 7.6762 7.46363 12 

Employee 17.4947 9.89317 30 

Manager 13.5589 6.62454 12 

President 9.2513 5.40231 4 

Trader 8.6582 6.58517 11 

Vice President 12.8756 8.81862 20 

Total 13.2547 9.03912 93 

 
 

Normalized number 
of sent emails with  
Medium number of 

recipients 

CEO .9507 .94000 4 

Director .7467 1.24107 12 

Employee 1.4315 3.25716 30 

Manager 2.2380 4.43789 12 

President .9057 .86744 4 

Trader 4.2196 9.64879 11 

Vice President .9543 1.65772 20 

Total 1.6311 4.21073 93 

 
 

Normalized number 
of sent emails with  
Large number of 

recipients 

CEO 8.5227 11.06461 4 

Director .0623 .21583 12 

Employee .6013 1.93382 30 

Manager .0402 .09793 12 

President .2800 .49676 4 

Trader .2755 .91367 11 

Vice President .5863 1.77644 20 

Total .7445 2.95497 93 
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Figures 

We used SPSS [31] to create the figures. 

 

Figure 6-19. Average number of exchanged, sent emails (as determined by From: field) and 

received emails (as determined by To: and Cc: fields) for Enron organizational 
positions from Jan 2000 to Dec 2001. 

 

 

 

 
A. Actual numbers                                                      B. Normalized numbers 
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Figure 6-20. Average number of sent emails (as determined by From: field) and received emails (as 

determined by To: and Cc: fields) for Enron organizational positions from Jan 2000 to 
Dec 2001. A) Actual numbers. B) Normalized numbers. 

 

 

 

Figure 6-21. Counts of sent email with the Single, Small, Medium and Large number of recipients. 

 

 

 

 

       

A. Actual numbers                                            B. Normalized numbers 

Figure 6-22. Counts of sent email with the Small, Medium and Large number of recipients. A) Actual 

numbers. B) Normalized numbers. 
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A. Actual numbers (Small, Medium and Large number of recipients) 

 
 

 
B. Normalized numbers (Small, Medium and Large number of recipients) 

Figure 6-23. Results of recipient count of sent emails. A) Average number of Small, Medium and 

Large recipient count for sent emails. B) Average of normalized number for Small, 
Medium and Large recipient count for sent emails. 
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A. Average of CI                              B. Average of CI and To-CI 

Figure 6-24. Contribution Index (CI) for organizational positions. A) Average of CI and To-
CI. B) Average of Cc-CI. 

 

 

 

 

Figure 6-25. Average number of email addresses for Enron workers from Jan 2000 to Dec 2001. 

Colour specifies the Enron organizational positions. 
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Figure 6-26. a. Number of emails. b. Number of sent emails. c. Number of received emails 
for Enron workers from Jan 2000 to Dec 2001. Colour specifies the Enron 

organizational positions. 

 

 

 

 

 

a. b. 

c. 
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Figure 6-27. a. Number of sent emails as determined by From: field. b. Number of received 
emails as determined by To: Field. c. Number of received emails as 

determined by Cc: field for Enron worker from Jan 2000 to Dec 2001. Colour 
specifies the Enron organizational positions. 

 

 

 

 

a. b. 

c. 
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Appendix 3: User Study Documents 

Consent Form 
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mailto:hal_weinberg@sfu.ca
mailto:mea18@sfu.ca
mailto:mea18@sfu.ca
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Pre-Questionnaire Form 

Complete Name: ----------------------------------------- 

Age:             20-24              25-29                  30-34                35-40 

Gender:          Female  Male 

 

 

Are you colour-deficient? 

If yes, please explain -------------------- 

 

How often do you work with the computer? 

More than once a day    Once a day    Once a week    Once a month     Almost Never 

 

Do you have the experience of working with visualization tools (e.g. Tableau, Inspire, graphs 

of Excel, etc)? ------- If yes, please name those-------------------- 

 

Are you familiar with the concept of visual analysis (a little)? 

 

How many email accounts do you actively use? 

 

How often do you log-in your email accounts?  

Always          More than once a day          Once a day            Once a week 

 

Do you know what From, To, Cc, and Bcc mean in an email?  

 

Which email viewers do you use most frequently? (e.g. Yahoo)  

 

Have you tried search functions in the email viewers? 

 

 

 

 

 

 

Signature----------------------------- 
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Tasks (for User Study) 

The dataset that we are using for this experiment is a public real large dataset which 
belongs to Enron Corporation. Enron Corporation fell in October 2001. Think aloud is 
encouraged.  

 

 

1. Time Comparison Scenario: 

iv. This network displays all the emails that Matthew Lenhart had been involved in any 

sort of way (Sent or Received). 

v. Compare the network for the period June-Dec 2000 with the period June-Dec 2001. 

vi. In each of the cells in the following table, provide a sorting from 1 through 5 that 

indicates the strength of the properties for each time period (Enron Corporation fell in 

October 2001): 

Period June-Dec 2000 June-Dec 2001 

Seems Normal Not at all                               Totally 

1 2 3 4 5 

Not at all                                Totally 

1 2 3 4 5 

Has Large Gaps Not at all                                Totally 

1 2 3 4 5 

Not at all                                Totally 

1 2 3 4 5 

Has Crowded 
Area 

Not at all                                Totally 

1 2 3 4 5 

Not at all                                Totally 

1 2 3 4 5 

Has Large 
Emails 

Not at all                                Totally 

1 2 3 4 5 

Not at all                                Totally 

1 2 3 4 5 

 

 Do you have any further observations? 
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2. Top Frequent Correspondents Scenario: 

i. This network displays all the emails that Andy Zipper had been involved in any 

sort of way (Sent or Received). 

ii. In the following table write the name of people that Andy Zipper has 

corresponded with : 

 The ones who mostly sent emails to him during April to June 2001 especially from late 

May to June 

 The types of their correspondence for each person (private or general message) 

Email Address of Correspondent Type of Correspondence 

1.  

2.  

3.  

4.  

 

 Do you have any further observations? 
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3. Email Comparison Scenario: 

i. This network displays all the emails that Jeffrey Shankman had been involved in 

any sort of way (Sent or Received). 

ii. Select three of his email addresses: 

1) Jeffrey.shankman@enron.com, 2) a..shankman@enron.com, 3) Jeffry.a. 

shankman@enron.com 

iii. Fill the following table regarding to: 

 The role (Sender/Receiver) of each email address 

 The activity level of each email address using the following scale: 

Low                                     High 

1    2   3  4 5 

 The life period (duration) of each email address 

Email Address of Jeffrey Role Activity Duration 

Jeffrey.shankman@enron.com    

a..shankman@enron.com    

Jeffry.a. shankman@enron.com    

 Any switching between email addresses           Yes        No 

If yes >      From:   

             To: 

 Do you have any further observations?  

 

mailto:Jeffrey.shankman@enron.com
mailto:a..shankman@enron.com
mailto:Jeffry.a.%20shankman@enron.com
mailto:Jeffry.a.%20shankman@enron.com
mailto:Jeffrey.shankman@enron.com
mailto:a..shankman@enron.com
mailto:Jeffry.a.%20shankman@enron.com
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4. Search Scenario: 

i. This network displays all the emails that David Delaney (Enron CEO) had been 

involved in any sort of way (Sent or Received). 

ii. Search for emails about a management committee with this subject “ENA 

Management Committee” in the network (search is case-sensitive). 

iii. Fill the following table regarding: 

 The ones who sent those emails 

 The differences between the role of them (who seems to be the leader of the 

meeting and who acts as a secretary and reminding the meeting) 

Sender Role (Leader/ Secretary) 

  

  

 The location, time and type of the meeting 

     Location:  

     Time:  

     Type (draw circle):            Once            Daily       Biweekly     

 List three of the people who participate in the meeting 

1. 

2. 

3. 



 

 120 

 

 Do you have any further observations?  

 

Post-Questionnaire Form  

1. Set the task difficulty level in the following table: 

Task  Easy Medium Hard Fail or Gave up 

Scenario 1     

Scenario 2     

Scenario 3     

Scenario 4     

 

2. As you may realized each scenario represents a functionality of EmailTime. Do you think you 

are able to recognize similar scenarios using EmailTime.  

Scenario 1: comparing time periods. 

                             Not at all                                     Totally 

     1  2       3 4 5 
  

Scenario 2: finding the top frequent Correspondents of a person. 

                             Not at all                                     Totally 

  1 2 3 4 5 
  

Scenario 3: comparing different email address of one person. 

                             Not at all                                     Totally 

  1 2 3 4 5 
  

Scenario 4: finding out a scenario by searching.  

                             Not at all                                     Totally 

  1 2 3 4 5  
 

3. In the visualization plot, what are most liked (useful and convenient aspects) and disliked 

(troublesome or confusing aspects)? Why? 

Like -------------------------- 

Dislike----------------------- 
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4. In the control panel what are most liked (useful and convenient aspects) and disliked 

(troublesome or confusing aspects)? Why? 

Like -------------------------- 

Dislike----------------------- 

 

5. Were used colours distinguishable?  Yes   No  

Did you like the assignment of colours?   Yes   No, if No please explain ---------------- 

 

6. After working with EmailTime Visualization, I felt pretty competent now.  

  1 2 3 4 5  
     not at all      somewhat           very 
         true         true            true 
 
 
7. I found the EmailTime Visualization environment easy to learn to use after introduction 

part.  

  1 2 3 4 5  
       not at all      somewhat           very 
          true         true            true 
 
 
8. I found the EmailTime Visualization environment intuitive to learn before the introduction 

part. 

  1 2 3 4 5  
     not at all      somewhat           very 
         true         true            true 
 
 
9. I found that I had to really concentrate to learn how to use EmailTime Visualization.  

  1 2 3 4 5  
     not at all      somewhat           very 
         true         true            true 
 

10. Any more comments?  

-------------------- 

 

 

 

 

Signature -------------------------------------- 
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