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Abstract

Email has become an indispensable tool for computer users today. Due to

one reason or another, many people have the habit of keep their old emails

instead of deleting them. With the recent trend of an increment of the email

inbox size, accumulated emails form an archive that contains rich hidden

personal record of the past communication history. However, the growing

number of emails has also resulted in inconvenience in digging a piece of

information from a huge archive. This paper presentsIvy�eld , a design which

uses visualization as a useful tool to uncover hidden information existing in

an email archive and facilitate management of large email archives. The

design as well as the implementation details is included in this paper.

Subject Descriptors:

� D.2.2 User Interfaces

� H.3.3 Information Search and Retrieval

� H.4.3 Electronic mail

� H.5.2 User-centered design

Keywords:

Information visualization, user interfaces, viewing �lter, information seeking

Implementation software:

MS-Windows, Tcl/tk, Tkzinc, Tkimg, Tcllib
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1 Introduction

Email has become an indispensable part of people's life. According to a re-

search done by IDC [12], the number of person-to-person emails sent on an

average day is expected to exceed 36 billion worldwide in 2005. The number

of incoming emails augments, but not every user has the habit to delete old

emails and organize email inbox regularly. Thanks to the growing capacity of

email inboxes recently (Gmail has introduced its 1G email inbox while Yahoo

increases the inbox capacity from 4MB to 100MB for users of its free ser-

vice), the need for deleting old emails is further reduced. The accumulation

of emails brings challenges to traditional ways of managing email archives;

on the other hand, such a collection of textual and graphical records of a per-

son's past communication history also o�ers potentially rich and interesting

social information to be uncovered.

Important attributes of an email usually comprise of the following: date

(time), name/email address of the correspondent, content and size; other

meaningful attributes may include read/unread status, attachment and cc/bcc

addresses. Current email clients give these attributes equal importance by

displaying them textually in juxtaposition. However, this causes problem

because users may get overwhelmed facing such an inundation of textual de-

tails. An email received 1 year ago from overseas does not appear to be much

di�erent from an email received yesterday from a colleague. As emails keep

accumulating, digging for just one particular mail also becomes troublesome.

Even though search tool is provided (Gmail not considered here), research

has shown that users do not often make use of this function [7]. Instead, two

traditional options are usually adopted: one can either sort emails based on

an attribute to �nd a particular email [7], or use folders to organize emails.

However, sorting can only focus on one attribute each time, and sorting
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by meaningful combination of attributes is not well supported in the current

email clients. On the other hand, managing emails by hierarchical folders not

only requires users' continual e�ort over time, tricky problems often arise:

coming up with good categories for folders can be di�cult [15]; time used for

�ling emails can be signi�cantly long, and worse, once the emails are �led,

users may not �nd them easily when needed. [15]

Furthermore, while playing the traditional role of an inter-person com-

munication tool, email has evolved into a habitat [7]: rich social information

exists within one's personal email archive. Emails about meeting planning

or short touching stories are often kept to remind us of our past life experi-

ences and relationships; a social circle with which we have been frequently

communicating can be easily identi�ed from the correspondents of emails;

memories of past major events often leave their traces inside a collection of

related emails. However, such information remains hidden in today's text-

based email clients.

Visualization can be very useful in solving these problems. Firstly it can

distinguish emails in terms of the attributes by visual means such as shape

and color. By displaying visual representation of emails with similar at-

tributes together, sorting is implicitly present in the visualization. Through

the utilization of two or more visual dimensions and the use of additional

tools such as �lters, emails visualization can be displayed in a sorted manner

based on multiple attributes at one glance. As a result, emails can be man-

aged automatically without the requirement of e�orts from the users. More-

over, since textual details are concealed, visualization can provide overview

information that is not obvious when emails are displayed textually.

One major drawback of visualization is that lower-level textual informa-
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tion such as the content of the emails is not readily accessible; however, such

information can be made available upon users' request by good interactive

designs. In addition, other than the newly received emails and some partic-

ularly important emails, users do not bother to know the detailed content of

every email in the archive. Thus this is not a major problem compared to

the richer information that visualization can give to users.

1.1 Goals

Based on the above discussion, this paper presentsIvy�eld , a design of email

visualization. Two goals that Ivy�eld aims to achieve are:

� Suggest alternative (visual) ways of managing email archives and search-

ing for emails

� Reveal the rich social information that is contained in large email

archives through a visual metaphor replying on the human ability of

visual perception.

On the other hand, Ivy�eld is not designed as an alternative graphical

user interface that aims to replace current text-based email clients.

1.2 Contribution

My contribution in this project is illustrated as follows:

� Designing visualization models: I have come up with four di�erent

design ideas of email archive visualization in the �rst phase of this

project. Ivy�eld is chosen as the �nal design because it is more creative

and possesses greater potential to meet the two goals mentioned above.

Moreover, it is believed that Ivy�eld is able to handle email archives

with huge sizes, despite the physical limit of the display screen, which

is usually the bottle-neck of information visualization design.
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� Implementation: In the second phase, I implementedIvy�eld using

Tcl/Tk. All the major visualizing features mentioned in this paper are

realized in the implementation.

� Evaluation of the visualization idea: Based on the goals presented

above, I did an evaluation ofIvy�eld , assessed its pros and cons and

suggested possibilities of future improvement.

2 Related Work

Judith Donath [6] categorized several email visualizations into 2 genres: time

based (TimeStore [11] andPost-History [9]) and social network visualizations

(Personal Map[8] and Social Network Fragments[4]). Other visualizations

include eArchivarius [2], Social Circles [14] and IBM's remail project [5].

2.1 Time based visualizations

TimeStore represents emails as dots which are aligned along two axes: time

and people, thus individual conversational rhythms are easy to discern.Post-

History displays two panels, calendar and correspondents, and animates the

changing patterns of frequent correspondents. A study has shown that users

were very interested by the patternsPost-History revealed in their emails [6].

2.2 Social Network Visualizations

Personal Mapplaces user in the center and the correspondents are grouped

based on their importance and co-appearance.Social Network Fragments

displays all the names in the network, arranged according to the closeness of

their ties to each other. The visualization is refreshed at time intervals, thus

shows the evolution of the network. This approach of visualization focuses
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Figure 1: Post-History

mainly on the social relationship among the user and the correspondents,

and emails are not of prime concern here.

2.3 Other visualization works

IBM's remail project tries to visualize both emails and social network in-

formation using a combination of di�erent designs:Message Mapvisualizes

individual emails; Thread Arcs [3] are used to connect inter-related emails

while senders are represented byCorrespondent Map.

Similar to some of the works mentioned above,Ivy�eld focuses on two

major dimensions of email archives: people and time. Thus it can be clas-

si�ed as a time based visualization with some features presenting social net-

work information. What is speical in Ivy�eld is that every email is clearly

represented using a visual metaphor that can be directly interacted with;

outgoing emails are included in the visualization and various tools are care-
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(a) Social Network Fragments (b) Thread Arcs

Figure 2: More Screenshots

fully designed to make the best use of visualization and text-displaying at

the same time, thus facilitating user interaction and making management of

email archives through visualization more convenient. Moreover, the design

of Ivy�eld also ensures that it can handle huge email archives, despite the

limitation of the viewing space (usually the computer screen) size.

3 The design overview

A person having a wide and close social circle is often said to own a blooming

garden of friendship, this metaphor is re
ected inIvy�eld where the visual-

ization of emails resembles the climbing of ivy over time.

3.1 Visual representation of email and correspondent

In Ivy�eld , every correspondent is represented as a stalk of ivy. A green leaf

placed on the left hand side of the stem indicates an email received from this

correspondent while a blue leaf placed on the right indicates an email sent to

this correspondent. The stem is called the lifeline, which joins all the leaves

belonging to this correspondent. (Figure 3) Such a stalk of ivy is drawn in
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the way that the email with the earliest date is placed at the bottom while

the most recent email is drawn on top. Hence the vertical direction represents

the axis of date and the length of the lifeline corresponds to the length of

time period the user has been in touch with this correspondent through email.

Besides blue and green, some other colors are used to represent emails

with special attributes. For example, an incoming email that has not been

read by the user will be shown in red while an incoming email with high

priority will be shown in purple, instead of green.

Figure 3: A Typical Visual Representation

3.2 Description of the interface

The interface of Ivy�eld is shown in Color Plate 1 (attached as Appendix).

The vertical axis of the visualizing �eld represents time and the horizontal

axis represents the initial character of the correspondent's name or email

address if the default name is not available in the raw emails. (For the corre-

spondents with names beginning with non-English alphabetical characters,

they are grouped under `?'. Considering that emails with older dates are of-

ten obsolete and perhaps of less importance, the time axis is designed to be

not linear. More recent dates, especially those within one week from today,

are given more importance, hence occupy larger proportion of the vertical

distance. Only the signi�cant dates are labeled and highlighted in the visu-
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alizing �eld, acting like a trellis. The horizontal axis, on the other hand, is

linear as the ivy representing each correspondent is allocated the same space

as the rest.

3.3 Handling Huge Email Archives

Following this design, every unique correspondent is represented as a stalk of

ivy. The following problem arises given the limited screen size: if the number

of emails to be visualized is large and there are many unique correspondents,

the visualizing �eld may become over-cluttered. The ivy leaves may be too

small to be recognizable and the entire screen may be �lled with a mess of

lines and dots. This issue is taken care of inIvy�eld and following solutions

are proposed:

3.3.1 Sub-panel Design

In the case of over-cluttering, horizontal axis still represents the initial char-

acters of the correspondents' names, however the array of charactersis split

into multiple rows (Color Plate 2). Each of these character array, which

forms the horizontal axis, and the corresponding time axis constitute what

are called sub-panels. The visible range on the time axis is sacri�ced for

the extra room gained for visualization in the horizontal direction. When

users click on one of the sub-panel, the selected sub-panel will expand to

�ll the entire visualizing �eld, facilitating better inspection, while the other

sub-panels contract to single rows.

3.3.2 Zooming Function

Zooming is especially useful to solve the over-cluttering problem.Ivy�eld

provides this function to enable users to zoom on a particular spot of area

to examine the details carefully. The zooming factor is 10% increment or

decrement of the previous size of the visualizing �eld.
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3.4 Access to textual details

Visualization hides textual information such as the subject of the email and

the name of the correspondent, yet inIvy�eld such information is readily

available. Whenever users hover the cursor over the stem of a stalk of ivy,

the stem will be highlighted and a tooltip containing the name of the corre-

spondent will appear (Figure 4(b)).

Similarly, a tooltip containing the correspondent's name and the subject

of the email will appear when the cursor is placed over the corresponding

leaf (Figure 4(a)). In order to see every detail of a particular email, users

can double-click on the leaf and a window displaying the full email message

will pop up.

(a) Cursor over a leaf (b) Cursor over a stalk

Figure 4: Accessing textual details
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3.5 Conversation Thread

When users want to �nd a particular email by the correspondent's name,

they can easily locate the stalk of ivy which represents this correspondent

in Ivy�eld . However, they may not be able to remember the date in which

this email is received or sent. Thus they have to hover the cursor over every

leaf on that stalk to read the subject in order to �nd the desired email, and

this might be troublesome. Ivy�eld recognizes this problem and introduces

another tool, Conversation Thread, to facilitate email searching.

When users double click on the stem of the ivy that has been located, a

window will pop up showingConversation Threadof all the emails commu-

nicated with this correspondent. (Figure 5)

Figure 5: Conversation Thread

Conversation Threaddisplays the ivy metaphor in the middle of the win-
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dow, previews of incoming emails and outgoing emails are lined up vertically

on the left and right respectively. The date of the email is indicated beside

the leaf, which is connected to the email preview so that users will not get

confused over which email a leaf visualizes.Conversation Threadprovides

users an overview of all the emails that have been communicated with a cho-

sen correspondent, and browsing through the previews makes searching for

an email easier. When users want to read more than the preview displayed,

double clicking on the corresponding leaf will invoke a window to display the

complete email.

3.6 Filtering (tight coupling)

As Christopher Ahlberg and Ben Shneiderman [1] argued, tight coupling can

be very useful in aiding information seeking. The �ltering function inIvy-

�eld helps users to make use of the convenience that tight coupling presents.

Currently Ivy�eld supports �ltering based on three attributes: size, total

number of emails communicated with the correspondent, and whether the

visualization metaphor is only a leaf (only 1 email with the correspondent)

or a stalk of ivy (multiple emails with the correspondent). More �ltering

attributes can be added in easily.

When users select a value of an attribute, for example, 1-10k for email

size, only the leaves which represent emails with size less or equal to 10k will

be visible. Such �ltering will eliminate the noise from irrelevant information

and users can have a better view of the information they are seeking and

perhaps discover interesting hidden information as well.
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3.7 New mail noti�cation

The most common task that users perform when starting an email client

is to check whether there is new incoming emails, thusIvy�eld generates a

new emails noti�cation (Figure 6) before the visualization of the entire email

archive is displayed.

Figure 6: New mail noti�cation

Similar to the Conversation Thread view, previews of new incoming

emails are displayed on the left; users can choose to hide these previews. On

the right, the correspondent of each new mail and previous emails communi-

cated with this correspondent is visualized. If this is the �rst appearance of

a correspondent in this email archive, then this correspondent is omitted for
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visualization. Unread emails are drawn as red leaves while emails that have

been read by the user (perhaps using another email client or web browsing)

but not downloaded by Ivy�eld are drawn with light green. To reveal more

information, each stalk of ivy is attached a label indicating the correspon-

dent's name or email address. To economically utilize the horizontal space,

only the �rst 12 characters of the name of the correspondent is displayed.

This design is a combination of visualization with normal text displaying

and thus is expected to bring together advantages from both modes of dis-

playing. Users can directly read (part of) the content of the new emails, in

the meantime, they can easily �nd out the past communication history with

a correspondent through visualization. If they want to explore further the

details, Conversation Threadcan be invoked by double-clicking on the stalk

of ivy.

3.8 Additional tools

Besides visualization,Ivy�eld also provides some other useful tools catering

to users' needs. Users sometimes want to look for some important URLs con-

tained in emails, yet if they forget the subject or the correspondent's name,

searching for a piece of URL can be exceptionally troublesome.URL �nder

aims to facilitate such searching by extracting URLs from each email. When

invoked, URL �nder will display the subject and the correspondent's name

of each email and the URLs contained in the email. (Figure 7)

If a correspondent has multiple email addresses and the default names of

these addresses are not the same, it is possible that several stalks of ivy are

actually representing the same correspondent inIvy�eld . This not only gives

rise to confusion when users want to search an email by the correspondent's

name, but also wastes space in the visualizing �eld.Contact Manager tack-

les this problem by enabling users to customize the names of correspondents.

17



Figure 7: URL Finder

Besides grouping emails communicated with one person under one name,

users can also continue to name the correspondents in their own preferred

way rather than having to accept the full real name extracted from emails

which are often de�ned by correspondents themselves.

4 Evaluation

4.1 Hidden information that Ivy�eld uncovers

As Judith Donath [6] stated, one reason for visualizing emails is that \visu-

alizations can provide some of the missing context by revealing the data and

patterns that are hidden within the email archive."[6] What hidden informa-

tion can we get fromIvy�eld ?

� The time duration during which the user has been in contact with

a person through email is directly translated into the length of the

stem. Such direct visual information makes recognition of the length
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of di�erent correspondents' active time periods almost intuitive.

� The frequency of communication is re
ected as the number of leaves

on the stalk of ivy. Again, without counting the exact number of email

messages, we can tell a more \cyberly-close"correspondent from the

rest by just looking at the luxuriance of the leaves.

� The relative vertical position of a stalk of ivy tells the \freshness" of the

correspondent. Ivies that climb up high are recently contacted corre-

spondents while those stop growing and remain short might be someone

who entered our life and left without leaving a lasting relationship (at

least electronically)

� Responsiveness between the user and a particular correspondent can

also be observed from the visualization. Closely and alternately grew

green and blue leaves suggest that the communication has been prompt,

while a green leaf followed by a blue leaf at a distance far from it might

show that the correspondent is not a quick responder or he simply does

not check the email frequently.

� Ivies can be one-sided: some consist of green leaves only while the

others only have blue leaves on them. Do they represent someone

who keeps sending us emails but we never reply (an example may be

newsletters that we subscribed) and someone who always, intentionally

or not, ignore our e�ort of trying to communicate with them?

Most importantly, all the above information of every correspondent is

presented and juxtaposed together, thus can be examined either individually

or in comparison with respect to each other. The possible combinations of

meaningful observations are expected to be rich and useful.
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4.2 Rede�ning email searching

When asked why save so many emails instead of deleting them, a typical

response is that people are afraid of deleting something which seems non-

important today yet turns out to be useful in the future. However, as men-

tioned in the introduction, searching for an email in a huge email archive can

be quite painful. Ivy�eld tries to propose an alternative mode of search by

means of �ltering, color, position and other visual factors.

In visualization, colors is used as an important tool to label special emails

and facilitate searching. InIvy�eld , emails with high priority are drawn as

purple leaves, which are distinguished from rest of the leaves. Users can be

given the option to de�ne the color for any leaf which is considered to be

important so that the color labeling helps to identify these emails.

Any search for an email has to be based on certain attribute, i.e. one

has to know the information of at least one aspect of the email that she is

looking for. The most commonly used attribute is the correspondent's name.

Hence a standard routine of searching for an email in the current clients is:

sort the emails according to the correspondents' names in alphabetical or-

der, locate the groups of emails belonging to the correspondent (perhaps after

a long scrolling), then browse through the subjects one by one, sometimes

we may even need to open several emails before �nally �nding the right email.

How do we conduct a similar search inIvy�eld ? Following the visualizing

design, emails are already sorted based on two attributes: horizontally, the

correspondents' names and vertically, time. Since all ivies are accommodated

within the screen size, not much scrolling is needed to locate a particular ivy.

One problem is that we need to continuously hover the cursor over each ivy

that falls under the same initial character to locate the correct correspon-
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Figure 8: Search for a correspondent

dent, this might be troublesome. Considering this,Ivy�eld is equipped with

another feature: users can left click on the character label and a menu will

appear, containing all the names of the correspondents starting with this ini-

tial character. The number of incoming emails vs. the number of outgoing

emails is also indicated. (Figure 8) Users thus can directly choose the name

of the correspondent that they are looking for, and theConversation Thread

will be evoked for fast browsing.

Ivy�eld can be especially useful if users know several attributes of the

email and want to do a search combining these known attributes. For exam-

ple, we want to �nd an email from a friend called John and we remember it

was received around 1 week ago and its size is more than 100k because he

embedded lots of pictures in it.Ivy�eld can eliminate irrelevant information

by �ltering out emails which are less than 100k, and the number of visible

leaves remaining on screen is reduced signi�cantly. Then we can locate the

ivy which represents John and try to �nd a leaf that has a vertical position

around the labeling \one week ago" usually the email will be found. Such
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search based on combination of attributes and equipped with tight coupling

will outshine traditional search methods if the email archive has a huge ac-

cumulation.

4.3 Advantages of Conversation Thread and new email

noti�cation

Conversation Threadand new email noti�cation are based on similar ideas

that combine traditional mode of textual display with visualization. Hence

besides providing previews of emails which are also available in text-based

clients, users can get extra information from the visualization. For example,

in the text-based clients, when the user receives a new email from corre-

spondent A, she may want to refer to previous emails from A as well, thus

a sorting is needed if the new email does not come as a reply of the previ-

ous emails with A. In Ivy�eld the history is readily available by means of

visualization. The user not only can get a quick glimpse of all the previews

available onceConversation Thread is invoked, she can also �gure out the

frequency of past communication through the layout of the leaves as well as

the temporal location of each relevant email. Such information can be fully

utilized as users get more and more accustomed toIvy�eld .

4.4 Limitations of Ivy�eld

Ivy�eld were introduced and demonstrated to several users, most of their

positive comments were related to the revealing of extra information that

was hard to see in text-based email clients. The major drawback ofIvy�eld ,

as they pointed out, is that textual details are not directly accessible even

though such details are available on demand by a simple movement of the

cursor. Texts, they thought, are the most important aspect of emails after

all. However, as mentioned in the introduction, the idea of designingIvy�eld
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is not to replace text-based email clients, rather we aim to uncover another

aspect of information that is usually ignored by users due to the limitations

of text-based clients.

Another concern is that there may be too many unique correspondents

in the email archives and over-cluttering may occur. This is true if the email

archive contains many junk mails. However, a junk mail �lter will resolve

this problem. And we are con�dent that a typical email archive will re
ect a

more or less stable social circle connected to the user, the design ofIvy�eld

is based on this assumption.

5 Implementation

Implementing Ivy�eld is a tedious yet exciting process. Multiple aspects of

email processing and graphical user interface constructing are related to the

implementation.

5.1 Choose the language and related libraries

When choosing the implementation language, two factors need to be consid-

ered. Firstly, since emails must be processed before they can be visualized,

the language must be superb in supporting text processing, it would be even

better if any library has been written to support networking with an email

server or process raw emails. Secondly, the language should provide graphical

toolkits which make the creation of user interface and drawing of visualiza-

tion easy to handle. The �nal GUI should look aesthetically nice, and most

importantly, graphical drawing must be fast in response to users' action due

to the presence of the zooming and �ltering function.
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We �nally chose Tcl/Tk as the implementation language. Its standard

library, Tcllib, does a very good job in providing a MIME (Multipurpose

Internet Mail Extensions) module which encodes/decodes and processes raw

emails. A module implementing the client side of the POP3 (Post O�ce

Protocol 3) protocol is also available, however, since POP3 does not support

access to folders other than the inbox folder (which makes visualizing sent

emails impossible), we have to use IMAP (Internet Message Access Protocol)

as the default protocol. There is no completed IMAP module available in

Tcllib although in the standard Tcllib CVS repository there is one afoot:

the IMAP4 implementation written by Salvatore San�lippo, and edited by

Michael Schlenker. We decided to use it as it works well for basic functions

required by an IMAP client.

Tk is a famous graphical toolkit used for building GUI and create canvas

drawing. Ivy�eld is based on Tkzinc, a newly developed Tk widget, instead

of the original canvas widget in Tk because Tkzinc is more powerful in pro-

viding color gradient, transparency, rotating and zooming. It is even more

ideal considering that it provides the \tags" feature which makes implement-

ing the �ltering function extremely easy.

Furthermore, Tcl's regular expression command (regexp) is most suitable

for extracting URLs which are required byURL �nder . Given all the above

considerations, Tcl/Tk seems to be the most suitable choice and its related

libraries: Tcllib, Tkzinc, Htmllib (a library handling HTML �les, which is

useful in decoding emails in HTML format) and Img (a library supporting

graphical �les in formats such as JPEG and PNG) play important parts in

the implementation of Ivy�eld .
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6 Future Work

In the current implementation, there are many aspects ofIvy�eld that can

be improved. Functions such as deletion of emails and creation of new emails

have not been implemented. Users should be given the choice to customize

the colors used in each part of the visualization so that the visual informa-

tion is most directly presented to their perceptual senses. Options such as

showing and hiding labeling of correspondents' names on ivies can be imple-

mented also.

When the implementation reaches a very complete stage, we need to con-

duct a user study and gather feedbacks from the surveys. Any modi�cation

of the visualizing ideas should aim to improve on user friendliness.

7 Conclusion

The idea of designingIvy�eld is motivated by two objectives that we want

to address: proposing an alternative way of managing email archive, and re-

vealing meaningful social information that remains hidden in the text-based

clients.

The �rst aim focuses on how visual tools such as colors, shapes and spa-

tial locality that are more intuitive to human perception than text can be

exploited to aid management of large information set, in this case, email

archives. We decided to take this approach in trying to follow the working

mechanism of human's perceptual senses. Flooding textual information can

be much simpli�ed by visualization and its related tools such as �ltering and

zooming. We hope thatIvy�eld can be used as an example of creating infor-

mation management systems that lead to high satisfaction based on certain

performance metrics such as searching and querying.
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For the second aim, its usefulness is debatable. Some might question

the need for revealing hidden information from email archives. As current

computer related research is dominated by the concept of functionality and

e�ciency, we care less about designs that \how to integrate computational re-

sources with the physical world and make the combination something mean-

ingful, usable and enjoyable to live, work and play in" [10]. However, as

Halln•as and Redstr•om said [10]:

\When computer systems change from being tools for speci�c use

to everyday things present in our lives, we have to change focus

from design for e�cient use to design for meaningful presence."

Acknowledging emails' everyday presence in our lives,Ivy�eld is an attempt

to create meaningful presence by treating emails as something more than just

a tool to accomplish routine tasks.
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