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1. INTRODUCTION

Email is one of the most popular applications in our daily life!.
With many free email services offering increasing storage and de-
creasing cost, email users tend to save most of messages they re-
ceived [5]. Therefore, it is very likely that most email users have
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large email repositories as time goes by. As a major communication
tool, email plays a critical role in our daily activities and our inter-
action with other people. No matter it is a research team with over-
seas members working closely on a project, a company announcing
new policies, an international coordinator drafting a new cooper-
ating program, or a meeting organizer sending meeting appoint-
ments, it is not unusual to find email as the prominent tool in de-
livering the messages. In addition, email has evolved into a multi-
purpose tool used for more than just sending messages [32] [8].

With its diversified usages, email has become a passive life-logging
medium. Unlike keeping a blog or a diary, email has recorded our
life without people adding additional efforts. Therefore, to under-
stand email archives can be a good way to understand how things
evolved and progressed in the past. However, to traverse thousands
of emails can be tedious. It is also difficult to make sense of large
amount of data. As present email client does not offer an efficient
solution, it is crucial to provide a tool that can facilitate making
sense of the rich life stories lain in the mess email archives.

Our life (described in email archives) can be understood in two as-
pects: people and events. People relate to how we interact with our
colleagues, friends, and families. Events represent what tasks we
have been working on, and how different events evolved during the
past. Most previous systems for handling email archives usually fo-
cused only on presenting one of the two aspects: the relationship of
people (i.e., contacts) [31] [30] [20] [16] [28] [9] [2] [6], or events
the email archives presented [22] [24] [29] [27] [14] [22] [10]. Vi-
sualizations focused on people portray the relationship between the
contacts over time. On the other hand, visualizations focused on
events display the relationship between the email threads, and how
different email threads emerge and change over time. With these
visualizations, users can only trace either the aspect of people, or
the aspect of events, but not both of them.

However, these two aspects are often interwoven tightly in our life
story. Our interaction with different people often relates to dif-
ferent events. For example, when collaborating on a project, we
work closely with the project members. Moreover, when reminisc-
ing about the past, the relationship of people and the relationship
of events can offer complementary hints. For example, we can re-
member more details of an event by remembering how we inter-
acted with the people involved, and vice versa. Thus, providing the
integration of both aspects may be a better way to describe our life
described in the email archives.

Therefore, in this paper, we present EmailMap, a visualization that
helps users associate the relationship of people and the relationship



Figure 1: An example of EmailMap of a selected personal email data, the blue color flow depicts the event evolution in email archives
of a time period. The color tracks reveals the interaction between these contacts and ego. Notice that the names are unmarked for

privacy issue.

of events. We purpose a new way to understand personal email
archives by integrating the contact relationship and email relation-
ship into a single view, in which one relationship is used as the con-
text providing more information to the other. Specifically, emails
are grouped into a set of hierarchical events, and illustrated as a
event flow over the temporal coordinate. Related email messages
can be browsed along the same branch of the flow. In addition,
each contact is visualized as a smooth color-coded track that con-
nects all the emails related to him/her. With the aid of this visual-
ization, users are able to explore both the longitudinal relationship
with their contacts as well as the relationship of emails/events at the
same time, thus getting a more holistic understanding of the life
stories lain in their email archives. To better understand how the
visualization facilitates users’ comprehension toward their email
archives, we conducted a qualitative user study assessing the infor-
mation it provides to users. Results show that EmailMap effectively
helps users to reminisce the details of past cooperation and the evo-
lution of life events. It also enables users to get an overall picture
and pattern of their email archives that was unclear to them before.
Specifically, our work presents the following contributions.

e An visualization system with event flow and contact tracks
that facilitates the interactive exploration of email archives
with an integral context information depicting the evolution
of past life events and the interaction patterns between peo-
ple.

e An email clustering method that groups massive email threads

in the email archives into meaningful chronological life events
according to email content and participated contacts.

e An optimization-based layout algorithm that computes smooth

event flow out of large-scale email archive data.

2. RELATED WORK

Email Visualization. Several studies have explored visualizing
email archives, however, they have mainly focused on either the
relationship of people [31] [30] [20] [16] [28] [9] [2] [6], or the pre-
sentation of events/email threads [22] [24] [29] [27] [14] [22] [10].
Visualizations focused on people have aimed to portray the rela-
tionship between people (i.e., contacts) over time. On the other
hand, visualizations focused on events/emails have displayed the
evolution of events, or the relationship between emails.

Themail [31] showed the dyad relationship by visualizing keywords
that characterize one correspondence with each contact the best.
With the aid of text analysis, the content of email archives summa-
rized the dyad relationship. By scanning the keywords, one can get
a general idea of how the relationship has changed over time with-
out going through the haystack. PostHistory [30], an ego-centric
visualization of email archives used a calendar panel and a con-
tacts panel in its interface. The contacts panel showed the overall
importance of the contacts. Once a contact was selected in the con-
tacts panel, the corresponding emails that were sent by this person
in the calendar panel were highlighted, revealing the email change
frequency between the ego and the selected contact.

Some other studies have investigated on email rhythms. Perer et al. [20]

analyzed the temporal rhythms, revealing how people interacted
with their contacts. Mandic and Kerne [16] visualized the chrono-
logical intimacy pattern by using color and shape to characterize
the intimacy level of each email. Users are enabled to see how they
spend time and energy on people with different intimacy through-
out time. Tyler and Tang [28] focused on the temporal pattern of
email usage, enabling users to understand their contacts’ response
pattern. Xobni % and Rapportive 3 provide widgets that show in-
tegrated information of users’ contacts. In addition to the one-one
relationship, several research has devoted to explore the overall in-
teraction patterns lain in collaboration [9] [2] [6], as well as find-
ing a key person among the long contact list [19] [21]. To facili-
tate managing the contacts, research such as MUSE [11] and Con-
tactMap [18] has provided an automatic grouping of similar con-
tacts.

While the aforementioned visualizations have provided various ways
to understand the relationship between people, one cannot know
how events have evolved and how different email threads related to
each other. Many work has been proposed to depict the relation-
ship of email threads [22] [24] [29] [27]. ThreadArc [14] adopted
a tree visualization technique to display the relationship between
emails while maintaining chronology. Related emails were con-
nected by arcs, showing the reply-to relationship as well as how dif-
ferent threads evolved over time. From this visualization, one could
observe and compare different threads according to their qualities,
such as the size of the thread or the number of responses per mes-
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sage. With visualizations focused on emails, the relationship be-
tween the emails can be easily understood. Nevertheless, one has
no clue to the relationship between contacts. Rohall er al. [22]
proposed a reduced-resolution document overview to help users lo-
cate the events they are searching for. Frau er al. [10] designed
a temporal-plot of emails, enabling users to observe the trends of
emails over time and perceive the emails with similar features.

In spite of much having been done in visualizing email archives,
with previous visualizations, people could only trace either the re-
lationship of people or the events the email archives presented at a
time, but not both of them. Thus, a better visualization that enables
people to trace both of the two aspects at the same time is needed.

Some work has proposed similar idea as ours: bring the relation-
ship of people and the evolution of events together. In MUSE [11],
different cues were provided to guide users to explore their own
email data. Group cues, name cues, and sentiment cues can be used
to remind users both their relationship with others and some life
events. However, while MUSE focused on providing useful cues,
they did not visualize how people and events interwove together
clearly. Kang et al.presented NetLens [13], a system aimed to help
people making sense of huge data by providing both identity and
topicality. While they had similar concept as ours, NetLens was
more of a query-based system which employed the people panel
(represented identity) and the message panel (represented topical-
ity) as separated views, which differ from our integral visualization
design that shows both aspects in one single view.

Except for the work that has been done in the field of email vi-
sualization, some work from related fields also has proposed the
similar concept. Smith and Fiore [26] illustrated the structure of
discussion threads in newsgroups, and encoded people with differ-
ent roles with different glyphs representation. However, one cannot
see how the threads of different discussions related to each other.
Moreover, while the members of a topic in a newsgroup will al-
ways get each reply thread, email works differently. The recipients
could change as email threads go on. For example, one might for-
ward a group message he/she got to another people who did not get
the same message. Zhu and Chen [33] presented a communication-
garden system, which characterized each thread with its post, par-
ticipants, and duration as petals, leaves, and flowers. They also use
the similar technique to decorate each person with his/her posts,
topic-participated in, and the time that he/she has joined the topic.
While it provided (event) threads and people as complementary in-
formation, they did not integrated it in one single view.

Timeline-based Visualization.

As previous work has identified the importance of temporal in-
formation in emails [22] [32], we also choose to integral people
and event information into a timeline-based visualization. The-

meriver [12] used a flow-like visualization to depict the topics changed

over time. Textflow [4] extended the similar idea, and improved on
showing the merge and split of topics. Dork et al. [7] developed
a system of following and exploring large-scale online conversa-
tions. Rose et al. [23] presented a system which linked essential
content from streaming data, showing how the document changed
as the story developed. However, these systems have focused on
revealing the topic evolution from mass text data, and did not take
the relationship between people into consideration.

branch

\
™~ thread

email

Figure 2: An example of event flow, which consists of three vi-
sual elements: branch, email, and thread.

3. EMAILMAP DESIGN

In EmailMap, we were mainly interested in integrating the rela-
tionship of people (i.e., contacts) and the evolution of events lain
in personal email archives. By providing these two aspects in one
single view, we hope to reveal interesting patterns of how people
and events interwoven over time, such as:

e How different people played parts in different events? Did
they devote much time and energy in one single event, or did
they participate in several events?

e How contacts interacted in events? Did they join the same
event(s) as co-workers, or did they never “encounter” each
other in emails?

e What are the rhythms of interaction within different dyadic
relationship with ego (the owner of the email archives)?

e What is the overview of the email archives? How different
events evolve and change over time? What is the time span
and when is the busy time of email exchange?

3.1 Dual Design Focus

To the best of our knowledge, most of the email visualization de-
signs focused on only one data dimension, either the relationship of
people or the relationship of events. In our first design iteration, we
explored the pros and cons of only using the contacts or the email
threads as our design focus. It turned out that either of them could
only achieve half of our goal. By using the contacts as a design
focus it was easier to trace people and the relationship over time
but difficult for telling the evolution of events. On the contrary, by
using the email threads as a design focus had the opposite effect.

Therefore, we decide to adopt a dual design focus in EmailMap to
facilitate tracing either people or events, granting the owner of the
email archives (i.e., the ego) the freedom to choose his/her main
focus, and providing the two aspects as complementary context in-
formation. In EmailMap, emails are grouped as a event flow shown
in the back, and the contacts are depicted as curved tracks going
through the emails they have participated in. The horizontal axis
represents time progressing from left to right.

3.2 Events as Flow

As shown in Fig. 2, we represent the events lain in email archives
as an event flow. Each email is represented as a circle in it. The
flow (from left to right) goes from the first email to the last, which
reveals the evolution and relation of these events in the past.

A straightforward approach to visualize related emails is to adopt
the concept of email thread, which is defined as a series of mes-
sages sharing the same subject, where the prefixes such as "Re:"



Figure 3: The contacts are represented as curved tracks. When
two tracks intersect, the participating node is encoded by con-
centric rings with their corresponding color keys.

and "Fw:" are ignored [27]. However, there are often hundreds of
threads in email archives. If we directly visualize these threads, it
will be difficult for users to make sense and get a high level concept
of the data. Therefore, we view each email thread as a basic event
component, and group the email threads according to both content
similarity and participated-contact similarity. To provide a better
overview, threads are represented as a gray line going from the first
email to the last of the thread. Thread lines also characterize the
event flow, revealing how many different conversations were going
on, and whether there are more long conversations or the opposite.
The intervals in between each email thread show how a given con-
versation goes with time — if it is an intensive one or a loose one.
The total length of a conversation indicates the duration of a certain
subject.

The flow can be split into a number of branches. Each branch shows
how one event flow evolved into two or more sub-events, and when
this splitting happened. The thickness of a branch encodes the rela-
tive importance of the flow. Because it is challenging to accurately
measure the importance of each email message, we define the im-
portance as the number of email messages that belong to the cur-
rent flow. As email archives could easily go up to a large number
of messages, adopting a linear mapping of the weights could cause
huge differences of the line thickness. The dramatical change in
line thickness could either lead to the unnecessary clutter near the
major flows. To address this problem, we define the thickness of a
flow to be square root of the importance.

In order to make the flow more comprehensive, keyword hints can
be adopted as road signs that guide users during the trace of events.
An effective way to visualize keywords is to place word clouds next
to important branches. However, it is not suitable in our scenario
because branches would be near to each other, and thus cause vi-
sual clutter. Therefore, we extract the important keywords from the
email archives, and then lay the most important keyword next to
the branch. To prevent from cluttering, we only lay the keyword
when a branch is important, i.e., the weight of a branch decreased
compared to it’s previous edge and the weight exceeds a predefined
threshold value, which is allowed users to adjust. In addition, the
keywords are laid as a gray color word in the background for not
being clutter. Their sizes are proportional to the branches’ weights
for users to be able to trace the main branches.

3.3 Contacts as Tracks

In order to provide the context information of contacts, a contact
is showed as a curved track going through the emails that he/she
has participated in. Tracing a contact track, we can tell the email

exchange rhythms between the contacts and ego. Also, by identify-
ing how many different event flow branches this contact traverses,
we can see if the ego has contacted with the contact at only one
event, or has intense the contact across different life events. The
total length of a contact track indicates the duration of a contact re-
lating to a certain subject. Moreover, the color is utilized to distin-
guish different contacts. The emails that a contact track traverses
are represented as a circular nodes with the color. When two or
more contact tracks intersect, the participating node is encoded by
concentric rings with their corresponding color keys. Fig. 3 shows
the interaction of two contacts.

3.4 Interaction

Contact Interaction. In email archives, it is common to see hun-
dreds of contacts. However, not all contacts stand the same impor-
tance. To minimize visual clustering, contact tracks are shown in
semi-transparent, and users can control the contact panel to decide
which contact tracks to be displayed.

Smart Zooming. Email archives often spend several years. To
facilitate a holistic overview as well as a more detail local view,
zooming and panning are provided. When zooming, only the x-axis
which mapped the interval of real time data are adjusted. By keep-
ing the y-axis fixed, it prevented the event flow pattern becomes too
crowded to see.

Hovering. Hovering on an email node displays the content of the
email. This enables users to make connections between the event
flow structure with their email message memory and experiences.
Event flow serves as a structure hint that helps users to organize
massive email archives, while each single email message serves as
detail description which enriches the event flow.

4. EMAIL PROCESSING

In this section, we describe the algorithms used to process the email
archives for visualization.

4.1 Constructing Hierarchical Email Structure
To construct the event flow, similar emails should be grouped to-
gether to form a flow for users to trace. As was stated before, email
thread is a commonly adopted concept that groups email messages
into a series of related message. Therefore, we first group email
messages into email threads, and then apply similarity analysis
technique to group these threads into a hierarchical email structure.

Although general document content similarity analysis has been
well studied in the field of information retrieval, it is not suitable
for email messages, which include the contact information such as
sender, receivers, and CC (carbon copy) receivers. Simply apply-
ing traditional document content similarity algorithms would loss
the similarity of contact information. Therefore, we developed a
similarity measurement approach that integrates the similarity of
content and participated-contacts of the emails.

Content similarity. To calculate content similarity Sconsens, We use
the widely adopted Salton’s TFIDF algorithm [25], which deter-
mines the weights of feature words of a document by its relative
frequency in the corpus.

Participated-contact similarity. Participated-contact similarity mea-
sures the level of overlapping contacts between two email mes-



Figure 4: The three clustering conditions, (a) temporally over-
lap, (b) non-overlap, temporally close to each other, and (c)
non-overlap, temporally far away from each other.

sages. The number of contacts shown in the two messages are used
as denominator, whereas the number of appearance of the contacts
shown in both the two messages are used as the molecular. For
example, if contacts A, C, and E are shown in message 1, and con-
tacts A, and B are shown in message 2, the participated-contact
similarity will be 2/5. The formula is described as:

_ |P(d)NP(dr)|
|P(d1)] +|P(d2)|’

where P(d;) is the number of participated contacts of message d;.

SL'ontact (dl »d2) (1)

Email message similarity is calculated by the weighting combina-
tion of the two similarity measures as:

Semail = (1 - W)Scontent + WScontact - 2

In our implementation, we use w = 0.5.

Hierarchical email structure. Then, we describe the grouping
technique that incorporate the email message similarity. The event
flow is designed to enable users to browse several similar conver-
sations as the components of a high-level event concept. Adopt-
ing flat clustering would eliminate the different levels of similarity,
which could provide useful information in a local view. Therefore,
we adopted hierarchical clustering as our basic concept, which en-
ables the dynamic control of final grouping numbers. This flexibil-
ity could be used to adapt email archives with different attributes
(with many long or short conversations), providing a cluttering-
minimized and meaning-preserved visualization.

Binary tree is a widely-adopted structure to present the structure of
hierarchical clustering. However, if we simply apply a binary tree
as our clustering structure, we would fail to encode the time data of
emails, which is a prominent feature that should be preserved and
well-considered. Considering the time factor, we categorize group-
ing two similar email threads into three conditions: (1) temporally
overlap, (2) non-overlap, temporally close to each other, and (3)
non-overlap, temporally far away from each other. Fig. 4 depicts
the three conditions.

1. Temporally overlap. Two similar email threads with tempo-
rally overlap (i.e., the latter one starts while the former one

has not ended yet) might indicate that the latter one was trig-
gered by the former one. To encode the possible derived-
from relation, we add the latter one as a branch from the
former one. In other words, the latter one is visually encoded
as an event derived from the former one.

2. Non-overlap, temporally close. When two email threads have
no overlap and are temporally close, it is relatively vague if
one is derived from the other. Therefore, we create a new
branch node linked to both of them to depict that the event
has split into two subevents closely related to each other.

3. Non-overlap, temporally apart. When two email threads have
no overlap and are temporally far away from each other, it
might be the case that these two threads are related to an-
other bigger event. Therefore, we connect both threads to
another trunk.

The second and third cases are distinguished by a time threshold
parameter. We set this parameter to 1-day as default.

4.2 Keyword Extraction

In order to generate the keyword hints, a set of keywords are ex-
tracted from the email archives. As email subjects usually summa-
rize and give good hints about what the message is about, keywords
are extracted from the message subjects. As the event flow grows,
keyword lists are updated to its ancestor nodes. It ensures that the
keyword list contains in each node describes its descendant prop-
erly.

4.3 Contact Processing

The major issues when processing the contacts are that people might
have multiple email addresses. As people could have different dis-
playing names of these email addresses (e.g., “Jeremy Lin” and
“Shu Hao Lin”), and different people could also have the exactly
displaying name, to precisely identify email addresses that belong
to the same person is almost impossible.

In EmailMap, we choose to regard each distinct email address as
an independent contact flow. The advantages of this design are as
follows. First, users are enabled to track how a contact shift from
different mail addresses over time. Second, users can still track all
the email addresses belong to one contact by clicking on the contact
control panel. Third, users will not get confused or misguided by
wrongly aggregated email addresses.

S. COMPUTING EVENT FLOW LAYOUT

To draw the event flow with smoothly branching lines for aesthet-
ics and readability, we apply an optimization technique to layout
the hierarchical email structure obtained from the previous section
as a smooth flow over temporal coordinate. To compute the lay-
out, we formulate a number of visual constraints into an objective
function, and find the unknown positions of nodes that minimize
the function.

Formally, we denote the input hierarchical email structure by T =
{V,E}, where V= {vy,...,v,} is aset of n nodes, v; = (v, Viy) €
RR2, and E is the connecting edges. The event flow has the following
four different types of nodes:

e Root node. The root of the event flow with no parent node.
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Figure 5: The results of optimizing the energy function Q with
and without the weight w,/. Notice that the thickness of each
branch indicates the value of wy,. (a) The input tree structure.
(b) The result with wy: . (c) The result without wy, .

e Email node. The node which stands for an email message,
which has time stamps to indicate when the email was sent.

e Branch node. The node which has multiple children.

e Subdivision node. The node which has one parent node and
one child node, but does not stand for an email message.

We denote the sets of the above types of nodes by V,, V., V,, Vg,
respectively. In addition, to encode the thickness of the flow, each
node has a weight (wy,) indicating the number of email nodes of
the subtree rooted at the node. To obtain a smooth flow layout,
we iteratively subdivide an edge and add a subdivision node at the
center of the edge if it is longer than a predefined length /.

5.1 Objective Function

We introduce a number of constraints that can capture the proper-
ties of a good flow, and compute a set of node positions V'. Specif-
ically, we model the constraints as smoothness cost, occlusion cost,
time stamp cost, and flow direction cost.

Smoothness cost. To make the event flow as smooth as possi-
ble, we encourage the connecting edges to have similar directions.
Therefore, we define a smoothness cost for each node which has
a parent node and at least one child node. Moreover, if an edge
branches into a thicker edge and a thinner edge, it is more pleasing
if the thicker edge is straighter, allowing users to easily trace the
main branch flows. To implement the idea, we minimize:

Q=Y Y wylsip(Vi— V) —se(ve—v)P, )

VeV, v.eC(v})

where V7, is the set of nodes which have a parent note and at least
one child node, C(v}) is the set of v’s children, P(V}) is the parent
node of v}, sip = Ve — Vil /(|Ve = Vi + [Vi = Vp(y,)|) and sic = 1 —
sip ensure that the length proportions of neighboring edges do not
change during optimization. The weight wy, encourages the thicker
branch to be straightened more. Fig. 5 shows the comparison of the
optimization results with/without the weight wy, . Notice that with
the weight, the main branch would be straightened more (Fig. 5(b)).

Occlusion cost. The email nodes should be prevented from occlu-
sion by other nodes for readability. In addition, it is more visually
pleasing if the edges are clearly separated. Therefore, the occlusion
cost is designed to ensure that all nodes keep a predefined distance
de from other nodes. Specifically, the occlusion cost is defined as:

Qo = Z Z Q()(Vgavlj), (4)

/ ! ! !
ViEVVLEV ViV

where
(d87|V27V9|)27 if [vi —vi| < de
0, otherwise.

Qo (v},V)) = {

Time stamp cost. The email nodes should locate on the posi-
tion of the temporal coordinate that corresponds to their sent time
stamps. Therefore, we penalize the distance between the nodes’
x-coordinates and their target x-coordinates. Specifically, the time
stamp cost is defined as:

Q=Y Vi, —Xl% )
viev,

where Xy, is the target x-coordinates. Notice that the time stamp
cost is only used to constraint the email nodes.

Flow direction cost. Event flow was designed to be drawn from
left to right. To prevent the flow from bending backward, we en-
force the x position of a node to the right of its parent. Thus, we
introduce the flow direction cost as:

Q= Y VPO (©6)
vie{VL,V, Vi}

where P(V}) x is the x-coordinate of v/’s parent node P(V}).

The total objective function for the optimization is a weighted sum
of the cost terms defined above:

Q= w Qs + WL + Wy +wpQp. @)

We weight the time stamp cost and flow direction cost strongly
compared to the smoothness cost and occlusion cost because they
aim to mimic hard constraints. The weights are determined by ex-
perimenting with different values and inspecting the results. Al-
though a large ranges of weights work well, we used the weights of
wg = 1,w, = 10,w; = 100, and wy = 100 for generating all results.

5.2 Optimization

In this section, we describe how we minimize the objective function
Q to solve for the positions of all the nodes, say V'. The steepest de-
scent method is applied to minimize the objective function, which
iteratively moves the positions with a lower energy. Formally, at
each iteration the nodes’ positions are updated as V; b= v, —
€AQ(V}), where € scales the step of the gradient vector AQ. To
find an adequate €, a step-doubling line search strategy is adopted.
Starting from the point in R?” defined by Vi_,, it takes steps along
the gradient direction, and doubling step length until the objective
function does not decrease, then choose the one with lowest energy.

Initial layout. The iterative optimization requires an initial guess.
In our proof-of-concept implementation, we generate the initial lay-
out by adopting a rule-based strategy. The rules capture a num-
ber of aesthetic criteria, and are summarized as follows. First,
thick branches are expected to contain more email messages, which
should be clearly separated and displayed. To achieve this, we set
initial y coordinate according to each branch’s weight. The more
weight it has, the more y-axis space it will be assign. The y-axis
space will be past down from parent node to child nodes. Second,
as email threads are regarded as the basic component of event flow,
messages belong to the same email threads will be given the same
y-axis coordinate to maintain their closeness in space. The spacial



Figure 6: The visualization of EmailMap project.

closeness make the treads easier to be tracked, as well as avoid vi-
sual clustering. Third, branch nodes, which indicate the split of
events, should be easy to identify. Therefore, the children nodes
(which represent the sub-event paths) should avoid to have the same
y-axis as their parent node (which represent a major event.) Finally,
as we aim to preserve the temporal information of email messages,
the x-coordinate of each email node is fixed at the corresponding
time.

Dealing with large-scale email data. Users usually have a large

amount of email messages over a long period of time in their archives.

As a consequence, we can expect an event flow with a large amount
of nodes to optimize. However, to solve a large amount of nodes’
positions is technically intractable and inefficient. Hence, we intro-
duce two strategies to deal with this problem: coarse-to-fine opti-
mization and sliding window optimization.

The goal of the first strategy is to solve a rough high-level event
flow layout by optimization, followed by subdividing the input hi-
erarchical email structure to get a finer structure and computing
its initial layout. Specifically, denote by T( the input hierarchi-
cal email structure, we first apply the optimization to compute Ty,
Then, we subdivide T6 by inserting one subdivision node at the
center of each edge whose length is longer than the predefined
length threshold /¢, and get a finer structure T;. We then opti-
mize the finer structure to get T’1 and iterate the process until no
subdivision node is inserted.

The input hierarchical email structure may contain hundreds of
nodes and thus is inefficient even the coarse-to-fine strategy is ap-
plied. Therefore, rather than globally solving the optimization prob-
lem, we propose the sliding window optimization strategy. Specif-
ically, starting from a certain temporal coordinate (e.g., the root
note), we compute the energy only for the nodes locate in a local
temporal window and then shift the window forward and backward.
The window size is inversely proportional to the subdivision level
of the event flow. The two strategies are applied together to opti-
mize an input hierarchical email structure. In our experiment, the
coarse-to-fine strategy works well together with the sliding window
strategy for most input data although it is not guaranteed to get a
globally optimal solution.

6. RESULTS AND DISCUSSION
6.1 Case Study

Fig. 6 shows the visualization of all the mails related to EmailMap
project. As can be seen from it, this project started around June,
2011 and lasted until the end of March, 2012 (the deadline). The

Figure 7: The visualization of planning a trip to Norway.

frequency of message exchanging has increased since mid-November,
2011. A dramatic rise was found at the end of March, 2012.

This project was clustered into two main flows: the upper one con-
tains the discussion of the design and implementation of EmailMap
overtime, while the lower one includes the discussion of some noti-
cible references. For example, the hovered on message was when
we were trying out Xoboni 4.

Several participants were highlighted. The blue contact track indi-
cates that this person was involved for a relative longer time com-
pared to the orange one. Both of them were professors who gave us
advises from time to time, but not continuously participated in the
work. The pink, cyan, and purple contacts were other researchers
we consulted or who provided us some related information.

Fig. 7 depicts a Norway travel plan. The most busy time of mes-
sage exchanging was in March, 2010, when the traveller started to
organize the itinerary and book tickets and hostels. Keyword hints
such as "booking" and "asking" can be seen from it.

Five short contact tracks represents the booking confirmation email
as well as the inquires about transportation, available rooms, and
prices. These relatively straight tracks portray the quick responses
from the hostels and transportation companies.

It also reveals the traveller’s pattern of planing a trip: he/she booked
and confirmed most of the things within one month (March, 2010).
A smaller email traffic came right before going to Norway (at the
end of June, 2010).

The message content is displayed after double clicking on an email
node.

Fig. 8 illustrates a massive email archives related to organizing
PacificVis. It spans for more than two years, with over 2,215 mes-
sages. As can be seen from the visualization, this event was com-
posed of four major flows. The top one was probably related to
communication between the coordinators and the invited speaker,
and some announcements. The other three were most likely to be
the interactions within the coordinators.

The red and the purple contact tracks were only involved in the first

“http://www.xobni.com/



Figure 8: The visualization of massive email archives with over
2,215 messages.

flow, while the yellow one participated in three out of the four main
flows, and for longer time.

The messages exchanged between January, 2010 and March, 2009
were more diversified and with various subjects. However, the mes-
sages exchanged afterwards shifted to few subjects related to "time-
line" or "reminder".

6.2 Evaluation

We conducted a small-scale user study to test and verify our as-
sumptions. As a proof-of-concept system, the users identified some
problems, however, they also verified some functionalities of the
system. We now report on the study below.

Methodology

In this study, we recruited six participants who were frequent email
users and kept a relative long email archives. As a matter of privacy
issue, we provided them a Java email parser program, and required
them to download their email messages at their own computer. We
reminded them to checked if the result file contained any privacy
content before giving it to us. In general, the users provided us
a total of 200 to 500 email messages that were without privacy
concerns. Two of the participants are female, and the participants
had an average age of 25. After giving a basic instructions, users
were asked to use the system freely for five to ten minutes. We
required them to share any comments and feeling during using the
system. The users also filled out a simple questionnaire evaluating
EmailMap afterwards.

Qualitative results

Generally, the users were pleasure and interested when exploring
their email messages in EmailMap with an average rating of 4.33
out of a 5-point Likert scale. We report on more qualitative results
below.

Reminiscence. Our users gave EmailMap quite positive feedbacks
in terms of reminiscence. Specifically, three aspects of benefits
were mentioned: to remind, to reconfirm, and to recollect.

As a tool help people to remind, P3 mentioned: "Actually, I don’t
need much detail when reminiscencing. However, EmailMap serves
as an overview structure of the memories email have recorded. It is
nice to have a high-level understanding." P4 also talked about this
aspect: "This overview brings me up some memories that I don’t

come to think of normally." P6 described how EmailMap saved his
time to reminisce from his email archives: "I don’t think anybody
would want to traverse their email one after another. So it’s good
to have EmailMap to summarize for me."

P3 also talked about how EmailMap can stand as an "evidence" for
reconfirming people’s memories about past: "Oh, the mails have
proved that he asked me to do so much work back them."

EmailMap also helps people remembering some events that had
been forgotten. P1: "I thought he didn’t give me the answer of that
homework. But actually he did!" P5:"I came to remember that we
used to have a study group when exploring my email archives with
the Contact Tracks. And there was a guy blamed by the others as
he didn’t contribute enough.")

Structure insight. User have verified our design purpose of pro-
viding structure insights of email archives. It helps to understand
how the user interact differently with his/her contacts with events as
a contextual information. (P1:"I have many emails of this project
at that time. Then I can see C joint this event at a point, which
reflects that fact that we were team members working on the final
project.” P4: "It is quite interesting that I can see not only how I
interact with one of my contacts, but several of them at the same
time! I can compare and see how they involve in different events."
P5:"I noticed that there were lots of emails about the stock market,
which continued for almost a year. During that time, there were
always emails about it on every Mondays. But then we had some
argument and stopped contact since.")

P6 had also mentioned that EmailMap helped to identified group
messages without remembering the

Contacts with multiple email accounts are display separately also
reveal interesting patterns for the users. (P1: I can see that this
person has shifted from using hotmail account to gmail account.)

The overall structure also provided new insight that the users had
not been aware of before. (P1: "Very interesting! A and the girl
he likes only intersected at those email related to going out for fun.
He was into her, and that’s why he asked her to join whenever other
friends were planning to gather and have fun.)

Orientation. Even though EmailMap was not designed for search-
ing, one user had mention it helps to locate the messages being
looked for. P4: For those contacts I frequently contact with, it is
difficult to locate a certain one only by giving the contact’s name as
a search key. As I have many email messages going on with these
persons, the resulting lists are always too long too look into. By
using EmailMap, it is much easier to find what I was looking for
with the help of context information including other contacts, other
events, and the temporal patterns.

Other feedback. One user mentioned about the clustering was not
good enough to help him make sense of his email archives. (P3:
"I can’t tell how my emails related to each other only from the
event flows. It’s not well-classified enough.) As the data of P3
were mostly composed of single message without longer threads
or major events detected, the relations between emails were not
obvious and thus made the result visualization not as helpful.

Our users had also comment on future possibilities of the system.
For example, it might classified the contacts in terms of appear-



ance, which would enable the user to identify what are the people
that they have only contacted once. Besides, users were also hop-
ing for a multi-combination views which allows them to choose
from "contact vs. time", "keywords vs. time", and other possible
aspects of email archives. The experience of using EmailMap had
provoked our users to imagine about much more dimensions email
archives could provide.

To conclude, the users agreed on that EmailMaps offers insight that
were inaccessible with general email clients (with an average rating
of 4.5 out of a 5-point Likert scale). They also found it helpful for
reminiscing of past life, especially the cooperation with others, and
how the cooperation changed and evoluted (with an average rating
of 4.16 out of a 5-point Likert scale). The average rating of whether
EmailMaps is useful is 3.33. However, users mentioned EmailMap
is not "useful" as they might not use it everyday, or it might not
served as an efficient searching tool. However, they affirmed the
usefulness in terms reminisce.

7. LIMITATION AND FUTURE WORK
7.1 Limitation

While much work has been investigated on email classification [15] [3] [173_[& .ﬁéﬂi
L. . . . . am S
it is almost impossible to construct a perfect email clustering method

that can match every user’s mental model of how he/she under-
stands and classifies his/her email archives. When making sense of
email archives, people might also utilize memories that lie outside
the email archives to create a rich context information that helps to
better cluster the email messages.

Our similarity measure was proved being able to model people’s
understanding of events at a certain level. However, it might be
not as precise in some cases. For example, some people might not
classify their email messages purely from the email content and the
people involved, but also their subjective judging of importance.
An encourage message in need could be much more meaningful
than if it was sent on another time. The subjective judging of proper
timing, and the personal connection in real life is difficult to mea-
sure from only email messages. When the clustering algorithm lost
its preciseness, the visual representation (i.e., event flow and con-
tact tracks) comes after would be limited on depicting a meaningful
evolution of life events.

The second limitation of this work is the detail presentation of the
interaction between the contacts and ego. As we focused on and
moved room for portraying an overview structure of how different
people related to various life events, the detailed one-one infor-
mation, such as the most frequent-talked words over time between
each contact and ego, was not shown. The current optimization-
based layout algorithm is affected by the initial layout. For some
extreme cases, the optimization did not give satisfying results.

7.2 Future Work

‘We identified the following future research directions. First, a more
sophisticated email clustering algorithm is needed. There is still
much need to be done on understanding how users mentally clus-
tering their email archives into not only a flat classification, but
also, an evolutional structure that can be mapped to real life expe-
riences and memories. We are also searching for ways to integrate
more details of the dyad relationship (between contacts and ego)
in the visualization, and at the same time, keeping the design in-
tuitive and easily understandable. Other layout algorithms could
also be provided to improve both the aesthetics and computational
efficiency.

8. CONCLUSION

As email plays a prominent role in people’s communication and
collaboration, it contains rich information for reminiscing and un-
derstanding of the past. However, most tools aiming on presenting
email archives have limited on only one of the two aspects lain in
email messages, restricting people from getting a structural com-
prehension of the closely related evolution of both events and the
interaction between people. In this paper, we integrate the two im-
portant aspects of email archives into a single visualization. By
integrating the event evolution and the interaction between people
throughout time, users are enabled to make sense of their own data
with complementary context information. Our preliminary user
study also suggested that this integral visualization has the potential
to facilitate email searching when keyword-based filtering method
failed to give a smaller-enough set to look over. By offering a novel
approach of making sense of email archives, not only do we pro-
vide a new step for reminiscing and understanding the overall pat-
tern of email archives, but also raise awareness for the difficult task
of integrating the various information that lies in email archives.
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