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Abstract

The increasing volume of electronic mail communication threatens to cause a state of be-mail overloadQ where the volume of

messages exceeds individuals’ capacity to process them. To address this problem, this study extends the application of hierarchical

clustering to the domain of e-mail. We report on the design and development of a system that applies a multi-weight, multi-attribute

clustering approach to a collection of messages. We found strong evidence that clustering messages improves users’ ability to

locate messages compared to an ordered list, and promising (though weaker) evidence of even greater improvement when given the

ability to adjust attribute weights.
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1. Introduction and motivation

Electronic mail (e-mail) has become one of the most

powerful communication tools in the workplace. The

sheer volume, however, of electronic messages can be a

burden; experienced e-mail users receive between 100

and 200 messages per day [14]. This number is

expected to increase—a recent study by IDC Market

Research predicts the number of worldwide e-mail

messages to nearly double from 31 billion to 60 billion

by 2006 [22]. Considering the massive number of

messages a typical e-mail user receives, many messages

are left in the mailbox to be processed later [25,49]. The

increasing volume of these messages can become par-

ticularly overwhelming since messages are often not

sequential and span multiple topics. While the number

of e-mail messages continues to grow, the limits of

individuals’ processing capacity remain the same [29].

Hence, the growth of e-mail communication threatens

to cause binformation overloadQ—a state in which the

amount of information that merits attention exceeds an

individual’s ability to process it [24,40].

It has long been recognized that individuals tend to

filter and omit information as the primary ways of

coping with high rates of information overload [29].

Although omission may reduce mental workload, the

process of filtering, in requiring the user to at least

partially understand the content of a message, can

increase mental workload. Moreover, people tend to

omit important information when they are overloaded,

thereby jeopardizing decision-making performance
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[40]. Omitting evaluation of the information effectively

removes it from the decision-maker’s information set,

leading to both a reduced ability to make fine distinc-

tions and to unambiguously worse decisions [6]. There-

fore, both coping strategies of filtering and omission

negatively impact performance [21].

A recent survey [4] highlights a growing awareness

of the be-mail overloadQ problem, indicating that prac-

titioners are actively searching for strategies to reduce

e-mail overload (earlier identified by Cranor and

LaMacchia [10] in the context of eliminating unwanted

bspamQ messages). We believe that a system that auto-

matically classifies e-mail into groups is a potential

solution for e-mail overload. Such a system can be

designed in a way to limit the cognitive load on users

even as the volume of e-mail messages (and the infor-

mation contained within them) continues to increase.

This requires the e-mail management system to present

messages in a form that is consistent with the way

people process and store information. Semantic net-

work theory [9] contends that people encode informa-

tion into a structured network of nodes. Organizing

information into logical groups of related entities

should thus assist users in comprehending and retriev-

ing the information contained within those groups [35].

In the case of e-mail, the current methods of creating

such a group structure involves assigning messages into

manually created folders based on the content of the

incoming message and the content of the other folders

[26,49,30]. However, the user must still absorb the

initial cognitive burden of creating the folder structure.

We propose a system that automatically creates the

folder structure based solely on the content of the

messages in a user’s inbox. Although this folder struc-

ture is a static snapshot of a user’s collection of e-mails

at a particular point in time, the technique can be

extended to regenerate groups bon-demandQ as the col-

lection changes.

The techniques for clustering text are well-devel-

oped [39]. In our adoption of these techniques to a

collection of e-mails, we observe that several distinct

elements of information comprise an e-mail message. In

addition to the content of the message body itself,

attributes such as date, sender, and recipient may be

relevant when forming message groups. Therefore, ac-

counting for multiple attributes when clustering mes-

sages should result in clusters that are more useful than

those created based on a single attribute. Furthermore,

this approach can be made more flexible by allowing

users to vary the level of emphasis on each attribute.

In this work, we test the effectiveness of this idea by

applying a multi-weight, multi-attribute clustering ap-

proach to a collection of e-mail messages. To that end,

we developed a Java-based tool to serve as a prototype

of this system, which we call the Automatic Clustering

E-Mail Management System (ACEMS). Through a

controlled laboratory experiment, we tested two ver-

sions of the clustering tool—one with and one without

adjustable attribute weights.

The rest of the paper is organized as follows. In

Section 2, we present the theoretical foundation for

our approach through a discussion of semantic network

theory. We then review prior research on e-mail man-

agement and document clustering. Section 3 presents

the details of our multi-weight, multi-attribute cluster-

ing method, including an overview of the system

(ACEMS) that employs this approach. In Section 4

we present our research hypotheses and in Section 5

we describe the experimental design we used to test

these hypotheses. Section 6 presents the analysis of the

data and discussion of our findings. Section 7 presents

implications and potential limitations of our study.

The paper concludes with a discussion of the potential

contributions of this work and suggested directions for

future research.

2. Background

2.1. Theoretical foundations from cognitive psychology

Well-established theory in cognitive psychology [29]

contends that humans organize items into logical

groups (or bchunksQ) as a way of dealing with large

amounts of information. Miller found that more infor-

mation than the generally accepted bseven plus or

minus twoQ limitation of human memory can be re-

trieved when the information is supplemented with

additional attributes such as a relationship to a larger

group. Mandler [27] first showed the link between these

chunks and human performance on cognitive tasks.

Later, Ashcraft [2] found that subjects group lists of

meaningful words into categories and retrieve the items

by those categories rather than in their original random

order, presumably because the words have more seman-

tic meaning due to their association with a chunk.

The relationship between chunks also serves as an

aid to memory and comprehension. The central tenet of

semantic network theory [9] argues that information is

stored in human memory as a network of linked nodes.

Presenting information consistent with such a network

pattern can convey meaning regarding the information

itself [27]. These networks can be arranged in a hier-

archical structure to more clearly convey relationships

between concepts [34]. Semantic networks have been
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