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ABSTRACT application designers have been developing more efficient
Email consumes significant time and attention in the search engines [25], advanced interfaces for navigating
workplace. We conducted an organizational survey tocontacts [17], and interfaces designed around task
understand how and why people attend to incoming emaimanagement [3]. In addition, researchers have attempted to
messages. We examined people's ratings of messagtharacterize and develop tools to combat unsolicited
importance and the actions they took on specific emailcommercial email (spam) [4, 20].

messages, based on message characteristics and . - .

characteristics of receivers and senders. Respondents keE&OSt previous empirical research on email management
half of their new messages in the inbox and replied to abou escribes at a gene_ral 'e"‘?' the fu_nct|ons email serves and
a third of them. They rated messages as important if the;}he problems_ associated with email overload. For examplel,
were about work and required action. Importance, in tum'seveyal studies have_focused on how people.save their
had a modest impact on whether people replied to thei€Mail: what purposes it serves for them, and its importance
incoming messages and whether they saved them. Th s a tool for coordination in the workplace [6, 7, 12, 14, 21,
results indicate that factors other than message importan 2,24, 26, 27].

(e.g., their social nature) also determine how people handlén the current study, we build on this previous work by
email. Overall, email usage reflects attentional differencesiooking carefully at the decision rules people use in dealing
due both to personal propensities and to work demands anglith particular messages. Few previous studies have

relationships. examined, using behavioral data, how people choose to
reply to email messages or save or delete them. Analysis of
Author Keywords email-related behavior as a function of message and user
Electronic mail, email, filtering, messaging, computer- characteristics is important both for understanding this
mediated communication, intelligent agents communication technology and for the development of

automated tools to help people manage their email.
ACM Classification Keywords

H.5.3 [Information I nterfaces and Presentation]: Group In the next section we review the previous Iitgrature on
and Organization |nterface$.emputer Supported email usage We then prgser?t a model of the main functions
cooperative work, synchronous interaction of email in current organizational contexts, and how these
functions relate to important characteristics of emalil
INTRODUCTION messages. In the remainder of the paper, we describe an

Email is by far the most popular form of computer- €mail survey in which participants input the characteristics
mediated communication. Because it has been so widel@f new email messages in their inbox, and their actions on
adopted for communication within organizations, peoplethose messages. We use regression techniques to model
are receiving an increasing amount of email on the job [8].message characteristics that influence recipients’ action on
To inform the design of technology that may alleviate the an email message.

communication overload problem, we conducted an

empirical study to understand decision rules and strategieEREVIOUS WORK
people use to reply to, file, or delete email messages. Because email is one of the oldest uses of networked

. ~_ computers and one of the most popular, social scientists
To help people deal with the deluge of communication, have long examined how people use it. Sproull and Kiesler
[21] provide a summary of much of the early work on the
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Email as a Task-Management Tool the user. For example, Bellotti et al. [3] designed
As early as 1988, Sumner [22] examined how email wasTaskMaster, a system that supports the use of email
being used in organizations, by interviewing and surveyingmessages as task reminders. TaskMaster [3] allows users to
users at an organization with an electronic email system irgroup their email specifically by its relationship to active
heavy use. She found that email was displacing previousasks. Malone et al. [15] experimented with the
communication modalities and warned that access toinformation Lens,’ an intelligent information-sharing
electronic mail systems might lead to information overload. system centered around informational aspects of content

Mackay [14] observed that people used email in highlyimportant to users. Even though particular features of these

diverse ways, and Whittaker and Sidner [27] extended thigyStems — appear vaIuab]e, attempting to combine the
work. They found that in addition to basic communication, elements from them may increase the overload problem.
email was “overloaded” in the sense of being used for aviachine learning and artificial intelligence techniques have
wide variety of tasks—communication, reminders, contactalso been applied to the problem of email overload.
management, task management, and information storage. Intelligent agent-based systems have been created to extract
| content information from email and create meaningful

: o . summaries for users [1, 4]. Machine learning techniques
usage in three organizations and found, as had prewouEaVe been used 1o filte[zr oul “spam” [20] Horv?tz ot al q[g]
authors, that email was being used for a wide variety of P : ‘

functions. In particular, they noted that people used emai@ave developed a system aime_d at in_ferring the criticality of
as reminders for thir,lgs they had to do and for tasknessages and prioritizing email received. The goal of these
management more generally systems is to facilitate dealing with large numbers of emails

in a short amount of time.

Ducheneaut and Bellotti [7] performed a study of emai

Individual Differences in Email Handling _ None of the intelligent systems discussed here, save spam
Mackay [14] also noted that people fell into one of two filters, have been widely adopted. Although much of this
categories in handling their emaprioritizers or archivers  jmplementation research has collected quantitative data on

Prioritizers managed messages as they came in, keepingmail usage, it typically involves small samples of users

tight control of their inbox, whereas archivers archived and does not provide general models that contribute to our
information for later use, making sure they did not missunderstanding of users’ actions with email.

important messages.

Whittaker and Sidner [27] also examined how people Message Importance

responded to the abundance of electronic mail the))t s pIaus?bIe that the per(_:eived importance of emalil

received. According to them, people fell into one of three messages influences how quickly peo_ple respond to them,
categories, depending upon the strategy they used fo hether they d_elete them or store or file them for later use.
handling email: frequent filers constantly cleaned their OWever, _stud|es have nqt examlne_d wha_t aspects of a
inbox, spring cleanersleaned their inbox once every few message influence a users e\(algf'mon of its importance.
months, omo filersdid not clean up their inbox and used Systems such as [9], which prioritize messages based on

search tools to manage it. Research to identify and compar’@fe”t_et(]lt |mp0r.tancei rtnake assungptlonsﬂ ?ﬁ o, V\ll.?t?t
different strategies for email management has continued. constiutes an important message. Lurrently there 1s fittie
evidence about the message characteristics that make a

Extending Whittaker and Sidner [27], Bélter [2] developed message important. One of the goals of this paper is to
a mathematical model using keystroke-level analysis toassess what makes an email message important and how
examine the time necessary to use each organizationamportance influences the way people act on the message.
strategy. Tyler and Tang in a recent interview study . . .
identified several factors that may influence likelihood of Prev_|ous researchers as well as the designs of commercial
response [23]. These empirical studies were qualitativeemall systems, such ?‘S.OUFIOOK or Euplora, have assumed
that by including a priority field in email messages, users

generally based on 10 to 30 interviews. The current . . . .
research extends this work, using a larger sample an§an more effectively manage their email by attending to

statistically examining users’ decision rules. Although important and critical messages first. However, email users

Venolia et al. [24] used a large-sample quantitative surve)f)ften ignho_re ttr?et prio:jity field [,[27]' The p_ropler? with this
technique, their results represented people’s theories abodiPProach is that senders must assign priority to a message

their email habits and not data on specific user behavior@ﬁnu?”y’ ? tﬁ]d'ous groc,ess_. 'q. add|t_|o.n, the .pr.lontty lf't(:'lld
and actions in email, as we present in our results below. refiects only the senders priorities, giving recipients ittie
reason to attend to it. An intelligent system that could

Technologies to Facilitate Email Handling accurately infer the importance of a message to the receiver

Implementation-oriented research has attempted to desigﬁhOUId help users efficiently attend to critical messages. To

and deploy email systems that help people deal with théinderstand how a user evaluates the importance of a

deluge of email and better support the tasks email serves [3N€Ssage we looked to see which message characteristics

15, 17, 18]. Much of this work has focused on intelligently We® associated with users’ assessment of the message’s
categorizing messages and determining what is important tgnPortance.
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A MODEL OF EMAIL ACTIVITIES asynchronous, in many firms employees read and respond
Based on our review of the literature, we developed ato their email throughout the day, and exchanges can be
conceptual model of the main purposes email serves in aalmost as rapid as one might expect from instant messaging
organizational context. The literature highlights four communication. In addition, people now use email to
distinct uses for email in organizational contexts: task andcommunicate with family and friends as well as work
project management, information exchange, schedulingcontacts. Thus social content within a message may
and social communication. Each of these uses can bencrease likelihood of response.

associated with different message content types. The goal

here is to identify features of email messages that users arey conS|d_er|r_lg the d'ffere'.“_ purposes that email serves in
likely to attend to in using email. an organization we identified six key message content

elements, adapted from the categories presented by [5, 9].
Project management, task delegation, and reminders These are: action requests, status updates_, reminders,
As Whittaker and Sidner [27] found, users often treat theirinformation requests and responses, scheduling requests

inbox as an external memory store, with messages in viev@Nd responses, and social content. In addition, we made
serving as reminders [3, 7]. Flores et al. [9] also highlightSpeC'f'C predictions about how these types of content should

the importance of task management in email. Because emaif'ate to the actions taken on a message.

is used for task and project management, the following

message content types are likely to determine theMETHOD . S

importance people attach to messages and the actions théy'€re are several ways to build models of user behavior in
take on them: action requests, status updates, and meeti Y doma|_n._One is the machine learning appfo_ach, Wh'Ch
and deadline reminders. Based on the previous research, ilds statistical models from records of users’ interaction

predict that messages that request an action or provide with the|r_ messages, e.gHorvitz et al. [10]. Another
reminder will be left in the inbox rather than filed or aPpProach is statistical analysis of interviews or surveys. The
deleted advantage of the first approach is that models are based on

observed behavior, and a great deal of data can be obtained
Information exchange, storage, and retrieval from each r_equndent, both c_:ross—sec}ionally and over time.
Previous research also shows that the ability to archivel "€ downside is that machine learning models are often
information is one of the primary reasons users savedlack boxes that provide I!ttle insight into the cognitive and
messages [26, 27]. Email is often used to ask questioné’,"ork processes that email supports. They might show, for
request a document or web link, or reply to requests, as weffX@mPple, that a user saves messages from a certain sender,
as to conduct substantive discussion. People are likely t®ut not why this sender is important. We ch’ose_to use a
store messages containing important information for laterSUrvey approach to collect data on individuals’ actions with
retrieval. This informational use of email suggests that!h€ir email because the results provide us with general
information requests or responses will influence the Medels of human behavior and allow us to see, in human-

importance people attach to a message and the actions théjpderstandable terms, how work processes mediate
take on it. We predict that information requests andP€tween message features (such as the number of
responses will be less likely to be deleted by the user, angdddressees on a message) and the actions the recipients take
more likely to be left in the inbox or filed. on a message. In addition, machine learning techniques

typically use small samples of users (e.g., Lashkari et al's
Scheduling and planning research is based on two users [13]) because they are often

As Sumner [22] noted, email is often used for scheduling O,intru_sive. The non-intrusive survey approach. aIIowe_d us to
planning purposes. This could be to schedule a meetingobtain a larger sample of respondents, increasing the
event, informal occasion, etc. This purpose of email 9€neralizability of our results.

suggests the following message content types are likely to

determine the importance people attach to messages and tiparvey .

actions they take on them: meeting requests, and responséd!€ Survey itself was web-based, completed over an
to meeting requests. We predict that a high proportion 0]d_nternet l_Jrowser, and was d|v!ded into three sections. The
email messages will be related to scheduling, and that theslst s_ectlon collected information about t,he_ work context,

messages will be more likely to receive a response.focus'”_g on the nature of the respondentSjo_b (the number
However, some meeting-related messages become obsoledd Projects the respondent works on, their number of

after the meeting occurs, and so these messages are unliket bordinates, and their feelings of time pressure at work).
to be filed. e second section asked questions about the respondent’s

general patterns of email use--the number of email
Social communication messages sent and received, number of messages in the
As email becomes increasingly integrated into €mMail inbox, and general email habits.

organizational life, people have come to expectThe third section of the questionnaire asked for detailed

instantaneous delivery of and rapid response to emailnformation about five new non-spam messages in the
communication. Though email communication is
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respondent’'s email inbox. For each of the five email .
) . What was the content of this message?
messages the respondent indicated the nature of the conteptelect ‘yes for all that apply:
(see Table 1), the importance of the message, characteristi¢S rquest for action
Of the Sender! and the action taken on the message (replle j!- Request for information (link, contact information, etc.) or a document (file,

plan to reply later, do not plan to reply), and what they did image, etc.)
with the message (delete, file, or leave in Inbox) (see Fig.| -  Status update for an ongoing project or task
i H H i - Request for a meeting or other communication with you, or response to a
1). We will describe these measures in more detail below. mosting request
Reminder for a meeting, event, or upcoming deadline
Measures - Social greeting or thank you

Job Complexity

To assess an individual's job complexity, respondents
specified the number of their subordinates, the number o
their scheduled meetings per day, the number of researck‘

Table 1. M essage content types.

essage Actions

inally, respondents described how they acted on the

. - : Srnessage. For each message respondents indicated whether

they taught. The four job-complexny ltems were Comb'nedthey deleted it, left it in the inbox, or filed it, and whether

to form an overall job complexity score (alpha = 0.67). they replied immediately or planned to reply later to the
message. Through these questions, respondents acted as

We hypothesized that users draw on characteristics of th classifiers, providing detailed categorization of messages in

message (sender and content) to determine a message eir inbox. We used these data to predict user action on
. 9 . . . Y s%ecific messages as a function of message characteristics
importance, and that importance in turn influences their

. . such as importance, relationship to sender, content, etc.
action on the message. To assess the importance of a

message to a recipient’'s work we constructed a four—iterq:
measure index of message importance for this survey.
Respondents rated each of the following questions on
five-point Likert scale:

Message Importance

articipants

The survey was sent via email to a college-wide distribution
fist at Carnegie Mellon University containing over 1100

email addresses. There was no incentive offered for
- How important is this message for YOUR work? participation. We do not know the number of inactive email
addresses on the list or the number of individuals who
actively read it. One hundred and twenty one individuals
- How urgent are any deadlines associated with this message? (11% of the subscribers) completed the survey in its
entirety. The survey took an average of 26.7 minutes to
complete (standard deviation of 9.7 minutes).

- How important is this message for the SENDER’s work?

- How much work does this message require of you?

Sender Characteristics Out of the 124 respondents, 38 were professors or scientists

Because we hypothesized that the sender of the messag8n 795), 40 were other staff members, such as research
was important in determining likelihood of response, SUVeYprogrammers, etc. (32.2%), and 46 were graduate or
respondents described their relationship with each messagehdergraduate students (37%). Participants ranged in age
sender. To evaluate whether the sender was a work contaglym 20 to 57, with the average age being 30. A majority of
or not, we had respondents select the sender’s role from gq respondents were male (76%), reflecting the wider

list ir_lcluding administrative  assistant, co-worker, population demographic of the college sampled.
supervisor, friend, etc. These responses were then coded

into a binary variable with 1 for a work-related contact and regyLTs
0 for non-work-related contacts such as family, friends, etc.

Respondents also indicated how frequently they typically©Overview

communicate with the sender and the number of other>€nder characteristics and message content influenced
recipients on the message. users’ perceptions of message importance. Importance, in

turn, influenced how people responded to a message.
Message Content However, people also responded to messages they did not

We hypothesized that certain message content, particularlgonsider important, suggesting that other sender and
task management and delegation, scheduling, informatiodnessage characteristics play a role. In this section, we first
exchange, and social communication, would change dresent general statistics describing the population with
message’s importance. Respondents coded the content ty8SPect to job complexity and email usage, and then discuss
of each message using the categories in Table 1. Conte@Ur models of importance and message response. We next
types were not mutually exclusive, e.g., a message coul@®OPOSe a model of message response incorporating users

contain both a scheduling request and a piece ofPerceptions of message importance and message
information. characteristics. Finally we examine influences on where

messages end up, and the role of individual differences.
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Measure Mean (SD.) Median (N=121)
Messages read per day 30 (17) 25
Messages sent per day 14 (12) 13
Number of Inbox Messages 1336 (2785) 105
Number of Email Folders 22 (12) 25
Times checking email per day 19 (11) 13

Table2. Summary of general email usage char acteristics.

high proportion of messages contained requests for action
(34%), highlighting the task delegation function of email.
Information in the form of an attachment, web link or
phone number also characterized a large proportion of
messages (36%), pointing to the key role of email for
information exchange and storage. Surprisingly, scheduling
content was present in only 14% of messages, even though
previous research [3, 7, 27] suggested this had become one

of the primary functions of email. Only 8% of messages
Basic Email Statistics contained social content.
Table 2 summarizes general statistics about email usage in
this sample. Overall, respondents sent 14 messages per day

read 30 of them and kept over 1300 in their inboxes. These | Acton Reauest | 134
numbers are overall means, but email usage varied based on  info Request [T 18

job role. For example, the professor/scientist portion of our 1

sample reported reading significantly more messages per | " At | 26
day than the students or other staff (F [2,118] =10.12, Status Update |21

p<0.0001; Professor/Scientist M=40 messages, Student o

M=22 messages, & Staff M=27 messages). Seheauing I 14

. eminder

There was an extremely wide spread for number of Reminder | 1
messages in the inbox, with 50% of individuals having 105 Social [T 8
messages or fewer in their inboxes, 25% of individuals o ’:l
having 1050 or more messages in their inboxes, and 2.5% o : 2 | |
of individuals having 10,000 or more messages in their 0 10 20 30 40
inboxes. The majority of individuals (75%) had fewer than Percent Messages

1000 messages in their inboxes. This may be due to storage
limitations in this environment. However, the small size of
the inbox and the high number of email folders suggests

that many people are filing their messages into folders.

Figure 1. Distribution of message content acrosstypes.
(Content types are not mutually exclusive.)

Actions on a Message

_ . There were several possible actions people could take on a
Email Habits ) ) ) .. message. Primarily we were interested in two types of
We gathered data on general email habits, particularly filing,ctions:location actions-whether a user ends up storing a
behavior. Our results are similar to Whittaker and Sidner'syessage after processing (whether they file, delete, or leave
[27], who indicated that their sample of 11 individuals fell i, message in the inbox), areply actions--whether the

i_nto three categories: frqugnt filers, spring cleaners, and NAser had already replied to, planned to reply to, or did not
filers. In our survey, participants were asked about emallp|an to reply to a message.

behaviors on a five-point scale ranging from never (1) to _ _
always (5). Table 3 shows the percentage of respondent§here were three possible resting places for a message:

who report performing each behavior often or always. users could file a message into a folder, delete it, or leave it
in the inbox. Figure 2 shows the breakdown of locations by

reply action. Overall respondents deleted 24% of their
email, filed 27% into folders, and kept 49% in their inbox.
It is notable that for messages where a response was

All Messages (N=581)

Email Habits Item % Classification

“I try to keep my inbox size small.”| 27% Frequent filers

“I file my messages into folders as| 32%
soon as | have read them.”
“I leave messages in the inbox after

| have read them”

Frequent filers

63% Spring cleaners and

no filers

Table 3. Percent respondentsreporting often or alwaysfor
email habit items and correspondenceto categoriesin [27].

Need Reply (35%) No Reply (64%)

Message Level Data
Respondents entered data on each of five email messages i

their inbox for a total of 581 messages. Data for each email
included sender, content, and action on the message

Message Content Distribution

Figure 1 summarizes the distribution of messages among
the various content types. It is important to note that

messages could contain more than one type of content. A

File
(28%)

Leave
(42%)

Delete
(30%)

Immed. Reply (65%) Postpone Reply

(37%) |

AN

File Delete Leave
(21%) (0.5%) (79%)

File Delete Leave
(29%) (15%) (55%)

Figure 2. Distribution of messages by reply and location
action: cateaories are mutuallv exclusive.
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postponed, 79% were left in the inbox. This suggests thatvithin respondents, including respondent as a random
individuals were using the presence of those messages asvariable. We tested three models of message importance:
reminder to respond, as previous literature suggests [3, lgne with only complexity of respondents’ jobs as a
27]. At the same time, people were twice as likely to deletepredictor (Model 1), one with job complexity and sender
messages that did not need a reply (30%) as those that dicharacteristics as predictors (Model 2), and one with job
(15.5%). Regardless of reply action, people were morecomplexity, sender characteristics, and message content
likely to keep messages in their inbox than to file or deletetypes as predictors (Model 3). Individual differences
them; a high percentage of messages were left in the inbo&accounted for 26% of the variance in the perceived
(49%). We examine the factors associated with leaving @amportance of a message, indicating that some people rate
message in the inbox in a following section. their email messages as more important on average than

Out of the 581 messages, respondents felt that a strikingcj)thers do.

64% did not require any reply, 23% required an immediateln Model 1, the complexity of the respondents’ jobs
reply, and 13% required a reply that they postponed (Figuresignificantly increased how much importance they assigned
2). There may be message characteristics that differentiattheir messages (by 9% in the full model), accounting for
messages that respondents felt required a reply from thosapproximately a third of the individual difference variance.
that did not require a reply. We consider the characteristicdossibly, busy people have a self-flattering view that their

that predict message response in detail below. work is especially important. It is more likely, however,
that email messages are more important for people with
Predicting Importance of a Message complex jobs, because they are using the email to

Importance of a message may play a significant role incoordinate the multiple projects in which they are involved.
users’ action on a message. We used regression techniqu
to predict a message’s perceived importance from
characteristics of the recipient, the sender of the messagg,

and the message itself. Because each respondent providé&ores' Respondents perceived messages with fewer

data on several email messages, we used mixed modé?cipients to be more important. In contrast, having a work

regression to account for the non-independence of messagé@lat'onsh'p. W'th. the sende_r and haymg more
communication with the sender in the past increased the

importance of a message.

ﬁfodel 2 shows that sender characteristics explain an
dditional 13% of the variance in message importance

Base Model 1 Model 2 Model 3 Impact on
Model | Job Char) Job Char | Job Char| importance | Model 3 adds message content to the model in predicting
Sender | Sender | (percent message importance. The increase in the variance
Char Char change) accounted for by Model 3 over Model 2 shows that content
Message plays a major role in determining message importance
Content (Model 3 R-squared = . 53 versus .40 for Model 2).
Independent Beta Beta Beta Beta
variable Action request, information request, status update, and
Intercept 2287 | 166 | 188 | 168 reminder message content increased the ratings of a
Tob 355 T oo | 019w To% message’s importanpe. In contrast, _soc.ial content decreased
Complexity a message’s rated importance. This finding indicates that
No. of -0.23=* | -0.22%+ -10% participants rated messages based on their importance to
Recipients _ _ work; social messages were typically non-work-related and
Fratency 005 005 A% rated unimportant.
‘Q’;;‘;ionship 0.56™% | 0457 | +23% The strong influence of requests for action and scheduling
Action 03a T20% on a message’s perceived importance indicates the impact
Request of others’ demands on how people direct their attention on
Info. Request 0.19% +10% the job. New action requests were a significant proportion
of all message content (34% of messages, Figure 1) and
Status Update 0.35%** +18% . . .
increased importance ratings by 20%. These messages may
Scheduling 035 YT cause people to shift gears and to add new tasks to their
current stack. Scheduling was included in just 14% of
Reminder 0.25™ +13% messages (Figure 1) but increased the importance score of a
Socal S 5% message substantially, by 24%. Previous literature on
Message managerial behavior has shown the importance of
R-squared 0.26 0.27 0.40 0.53 scheduled meetings for managers. Managers spend up to
80% of their day in communication with others, much of

%<.05, *<.001, **+<.0001 this communication in scheduled meetings [16, 19]. Action

Table 4. Predicting importance scor e of a message. requests and scheduling content also affect storage; people
keep these in their inbox as reminders [3, 7, 27], and they
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foresee needing these messages for a longer time period Modd 1 Modd 1 Modd 2 Modd 2
than other types of messages. Import+ Impact on Import+ Impact on
Sender prob. of Sender prob. of
Predicting Message Reply Action ﬁgz;; . Eegr'lcfem ’\CA*;;; . Ee‘efr«‘zgr‘]jt“
We were interested in examining influences on the Content | chang®) | Conent | changg)
decisions people make regarding the fate of an emai TP
message, particularly whether they will reply to it or not. | yaiapio Beta Beta
Recall that respondents indicated that only 36% of the
. . Intercept 0.34%+* 0.63***
messages they received required a reply.
. i Importance 0.14* +7 % 0.16** + 8%
We created a binary variable for message reply that was Rating
equal to _1 if the respondent reported replying to the Many Recipients | 021 T8 1 007
message immediately or planned to reply to the message,
and was equal to 0 if the respondent did not say the Comm.Frequency  0.008 0.02
message required a reply. We used the same repeatgdyor 0.045" 9% 001
measure mixed-model analysis of variance conducted Relationship
previously, adding perceived importance as a predictor| action Request 0.019 0.03
variable. This analysis treated the response variable ag : — — —
. . . . *kk + -0.
continuous, and thus, for our response variable that ranged "~ "c0U°® °
from O to 1, it predicted the probability of the response | status Update 0.009 -0.02
reaching a valug of 1. The m_depend_ent variables in the Scheduing Xl ool
models may be interpreted as increasing or decreasing the
probability of reply to a particular message. Reminder 0.004 0.02
We hypothesized that several categories of message Secial Message 0.12% *28% ) 001
characteristics influence the reply decision: perceived repy a na 0.03
importance of the message, sender characteristics, angdmmediately
message content. Using multiple regression, we tested &Postpone Reply nia n/a 0.12% +23%
model including these message characteristics to predic
; R-squared 0.37 0.55
message response (Table 5). Scaled estimates were used for

the beta coefficients of the independent variables shown s0<.05, *<.001, **<.0001
that the size of each would reflect the relative impact on our
response variable, probability of reply. Individual
differences accounted for 15% of the variance in the
probability of response to a message.

Table5. Predicting probability of replying to a message
(Model 1) and probability of retaining a message (M odd 2).

Message content types accounted for only an additional 4%

Model 1 in Table 5 indicates that people were more likelyof the variance in Iikelihood of response. Information
to respond to messages they rated as important, bu€dquests were 22% more likely to receive a reply than other
importance ratings accounted for a small amount of themessages. Surprisingly, messages with social content were
variance in reply action. Holding all other variables at their 23% more likely to receive a response, even though
average levels, a one-standard-deviation increase in théespondents considered them relatively unimportant,
importance of a message increased the probability of replgompared to the work-related messages.

by only 7%, indicating that whereas importance increasedyom the analyses presented above, we tested a summary
the probability of responding, its influence was small. model integrating the relationships among importance,

Sender characteristics accounted for an additional 15% ofesponse, and related message factors. This model is
the variance in likelihood of replying to a message. AsPresented in Figure 3. Visual inspection of the model
expected, people were less likely to reply to messages witheveals that a majority of the message content factors
more recipients, over and above the influence of messag#directly affect message response through the respondent’s
recipients on importance. Messages sent to a list ofPerception of message importance. Many of these factors—
individuals were 18% less likely to receive a reply, but &ction requests, status updates, and reminders—relate
messages with only one recipient were 20% more likely todirectly to email's purpose as a task management and
receive a response. Although communication frequency and€legation tool. Scheduling content also has a major impact
having a work relationship with a sender increased theon message importance but does not influence probability
importance assigned to a message, these variables did nef response directly. At the same time certain message
increase the probability of replying. Indeed, having a work content such as information requests and social messaging
relationship with the sender actually lowered probability of greatly increased the likelihood of response, even though
response by 9%. It is possible that these work-orientedhey have small or negative effects on perceived
messages may have become routine. Importance.
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We tested a model to see whether message characteristics—
Sender Content \mporiance Reply the perceived importance of the message, sender
characteristics, message content, and reply action—
predicted keeping the message in the inbox. Model 2 in
- Table 5 shows that people were more likely to keep
messages they considered important in the inbox, increasing
Imnortance the probability of message retention by 9%. We included
(Rea=:59) dummy variables for whether a user replied to the message
immediately or postponed reply to the message. Results are
consistent with prior research [3, 7, 27] suggesting that
people keep messages in their inbox as a reminder to
themselves to act on the message. People were substantially
— v (23%) more likely to retain a message for which they had
Reply o [® postponed a reply compared to messages they replied to. As
Figure 2 showed, people left 79% of messages in their
inbox when they postponed a reply, but only 55% when
they replied immediately. This finding implies that people
process some comparatively unimportant messages more
than once because they have postponed them.

Number of
Recipients
Comm

Frequency

Work Context

Job
Complexity

We hypothesized that messages requesting an action and
reminder messages would be left in the inbox as a memory
aid, but the results did not support these hypotheses. None
of the message content types in Model 2 predicted retaining
Figure 3. M odel showing direction of influence of message a messag_e in the inbox. These types of message Con.tent
characteristics and work context on probability of replying. may only influence message retention in a mediated fashion

- . . ... through their effect on message importance.
Sender characteristics also had direct impact on probability g g P

of reply. An increase in the number of recipients directly Sender characteristics also did not significantly affect the
decreased the probability of response by 18%, whereas itgrobability of leaving a message in the inbox, with only

effect as mediated through importance was only a 1%minor increase in the variance explained (R-squared= 0.02).
decrease. Interestingly, although a work-related sender

increased the importance of a message by 25%, this actually!SCUSSION

decreased probability of response by 9%. Much of the defining work on email usage in organizations
was conducted around ten years ago, just as email started to
Predicting Message Retention become prevalent in the workplace [11, 13, 21, 22].

As Figure 2 shows, a high proportion of messages in ouAlthough new communication media such as instant
study were left in the inbox (49%). We were interested inmessaging are increasingly used at work, email remains a
whether respondents were deliberately leaving certain emaiprincipal means of organizational communication and
messages in the inbox, as this behavior has been commonigformation transfer. A main goal in our survey was to
cited in previous qualitative research and potentially understand email behavior in today’s workplace and to
contributes to overload in email use [3, 7, 27]. Severaldefine areas of interest for further study. To do so we
people in our exploratory interviews cited this behavior andobtained general information about email usage, and data
in general reported keeping many items in the inbox. on how people differentially attend to particular messages.

. . .. The message level data allowed us to examine how
We looked at whe_ther pa_rtlcular message Chara,Cte”St'C%haracteristics of individual email messages significantly
were associated with leaving a message in the inbox. Agjate to the action taken on that message.

binary variable ‘Left In Inbox’ was set to O if a user filed or
deleted the message, and set to 1 otherwise. Wg analyzqg]plications for HCI

the data using the same repeated measure mixed-modgjne of our objectives in this data collection was to distill
analysis of variance conducted previously, adding responsgggels of people’s email behavior that could inform the
action as a predictor variable. direction of future research in Human-Computer
Individual differences accounted for a large portion of the Interaction. Our findings relate to the areas of intelligent
variance in the probability of a message being left in thetechniques for email handling and email interface design.

inbox  (48%), suggesting stable differences amonggaseline statistics on email usage support Whittaker and
respondents. For example, some people keep messages digner's categorizations of email users as no filers, spring
their inbox regardiess of message content, as ahjeaners and frequent filers [27]. This result, along with the
overarching strategy [27]. finding that the respondent’s identity explains most of the
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variance in where a message ended up (48% of variance imhis finding suggests that messages with social content may
whether a message was left in the inbox was accounted fadleserve differential treatment in the interface.

by individual differences), suggests that there may be no

generalbest solution in terms of placing messages in the The Role of Individual Differences

proper place. Rather, there are strong individual preferenceBifferences among individual respondents accounted for
in filing strategies that are independent of the characteristic6% of the variance in message importance assessments
of the message or its sender. and almost half of the variance in the probability of leaving

a message in the inbox. It may be the case that people have
?Nidely different filing and deletion strategies, and previous
Gesearch may have only documented a subset of these

including the 49% that were left in the inbox). The high strategies [14, 27]. Factors such as variations in the design

. . f email clients and differences in email account space
proportion ~ of _Mmessages people retain - suggests th.ai mitations can influence user action on messages.
technology to aid in the location and viewing of messages is
an important area of future research for electronic mail.Notably, individual differences factored much less into the
People may have difficulty finding the messages they needglecision to respond. Only 15% of the variation in decision
a problem that was cited in our interviews and in theto respond was explained by differences among
previous work [2, 3, 7, 24, 27]. respondents. Replying is the most public of the behaviors
that we studied. External social factors having to do with
communication norms and relationships and organizational
ructure, may be a much stronger influence on replying
an internal factors such as perceived message importance.

Contrary to our expectations, the message level dat
showed that an overwhelming majority of messages wer
retained (76% were either filed or left in the inbox,

In this work we sought to identify features of emalil
messages that influenced attention to the message. O
interesting result from our data was that the perceive h
importance of a message was only one of the influences on
the likelihood of replying to it. People responded to LIMITATIONS

information requests, beyond their importance, perhapSrpere are limitations to the study presented that should be
because these were easy to attend to. They responded Ofhgigered when applying the results to practice or design.
intended to respond to social messages, even though thesg oqsa |imitations include the nature of our sample,
messages were unimportant for work, perhaps because they, \tavtual  factors we did not study, and the
were fun or because of the social obligations they enta"edrepresentativeness of messages included.

In contrast, some very important messages may have

required a lot of work, so they were retained. It may be thatGeneraIizabiIity

messages considered important are valued for their contenthe gata reported here come from a sample of 121 people
and retained to refer back to later. Many types of importantiom g single organization, a university. Even though the
messages — e.g., status updates, reminders, or scheduliggmple is larger and more diverse than those used in other
messages — might not need a reply, but are retained in thgygies of electronic mail, one would need data from a

inbox for later reference. wider variety of organizations to feel confident about the

Our results suggest ways that design can more efficientlyextent to _vvhich the conclusions reported here generalize to
direct user attention in dealing with email. A user interface Other settings.

that makes the importance of a message visible may be

more useful to help people find archived messages than t&ontrolling for Context .

identify messages that require action. The statistical mode¥Ve think a more serious problem is that the data come from
we presented can be used as a starting point for devebpin@spondents’ self-rep_orts about the characteristics of th_elr
message importance scores. The message features Weessages and their responses to them. By asking
identified as influencing perceived importance could beréspondents to reflect upon messages in their inboxes, our
used in conjunction with information about sender-receiverSurvey technique approximated the think-aloud protocols

relationships as in [9] to prioritize messages for viewing or¢ommon in the HCI community. However, talking about

to allow messages to be sorted by perceived importance. What one has done or will do with a particular message is
not the same as actually performing the action. Similarly,

Interestingly, messages with social content wereasking respondents for their judgments about the content of
significantly more likely to receive an immediate response.messages is not the same as capturing the text of messages
This result was notable because social content decreasedgag coding its contents. Merely asking respondents to
respondent’s rated importance of the message. In the daf@flect on messages in their inbox may have taken them
from our interview respondents, we noticed that messagegway from their natural use of their email. Finally, our
from friends and family members were often mentioned asquestions may have insufficiently specified the context in
things they kept meaning to respond to. For example, ongyhich the messages were produced. For example, while we
respondent scrolled to the top of his inbox and pointed outzsked respondents to describe their position in the
four messages from old college friends that were severaprganization and their general workload, we do not have
months old; he saved them because he needed to responfformation about the state of the task relevant to particular
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messages (e.g., the number of people involved in a projecf. Flores, F., Graves, M., Hartfield, B., & Winograd, T.

approaching deadlines, and similar contextual issues). Computer syst_ems and the design of organizational interaction.
) ] ACM Transactions on OIS 6,(2988), 153-172.
Despite these issues, our research method has allowed us ég Horvitz. E.. Jacobs. A & Hovel. D. Attention-sensitive

gather more detailed information about email messages an alerting. InProc. UAI 1999 Morgan Kaufmann (1999), 305-
actions towards them than has earlier research based on 373 ’

general interviews. 11.Jackson, T. W., Dawson, R. J., & Wilson, D. The cost of email

interruption.Journal of Systems and Informatidechnology
FUTURE WORK 5,1(2001), 81-92.

In our next study, we plan to examine how contextual
factors about a message, such as its relationship to active? : : = ;

roiects and tasks. affect a person’s action on the message Electronic mail and organizational knowledgeCulture of
Proj . v persc . . 9€. the Internet LawrenceErlbaum Associates, Mahwah, NJ,
We arﬁ mterf_stedd in _:/vhethgr an;)mlngthe_man metsstaglfs USA, (1997), 323-342.

requesting action derail recipients from their current task. . o
Over time this could result in feelings of overload and stres 3'2322',{‘3:};(@2"%8&' l\l/lé'gi ,M;aﬁsﬁZ‘sgﬂgg‘jgam_ﬂegface
due to constant interruption from email, as suggested by ' T U '
Jackson et al [11]. We are also interested in experimenting4-Mackay, W. Diversity in the use of electronic mail: A
with ways of automatically classifying message preliminary inquiry ACM Transactions on Offideformation
characteristics. These could include message importance, System$,4 (1988), 380-397.

work relationships, information centrality, and social 15-Malone, T., Grant, K., Turbank, F., Brobst, S., & Cohen, M.
network distance or centrality. Intelligent information-sharing system@ommunications of

the ACMS30, 5(1987), 390-402.

ACKNOWLEDGMENTS 16.Mintzberg, H.The Nature of Managerial WorKew Harper &
We thank Jim Herbsleb, Marina Kobayashi, Sonya Allin, ~ Row, New York, NY, USA, 1973.

and CSCW 2004 reviewer #1 for their helpful feedback and17.Nardi, B., Whittaker, S., Isaacs, E., Creech, M., Johnson, J., &
input. This material is based upon work partially supported Hainsworth, J. Integrating communication and information
by the Defense Advanced Research Projects Agency through ContactMapgCommunications of the ACM 48002),
(DARPA) under Contract No. NBCHC030029 and NSF  89-95.

grant 11S-0325351. Any opinions, findings and conclusions 18.Neuwirth, C.M., Morris, J.H., Regli, S.H., Chandok, R., &
or recommendations expressed in this material are those of Wegner, G.C. Envisioning communication: Task-tailorable
the authors and do not necessarily reflect the views of representations of communication in asynchronous work. In
DARPA or the Department of Interior-National Business  Froc. CSCW 1998ACM Press (1998), 265-274.

Kraut, R.E. & Attewell, P. Media use in a global corporation:

Center (DOI-NBC) or NSF. 19.Panko, R. Managerial communication pattedasirnal of
Organisational Computing, 1(1992), 95-122.
REFERENCES 20.Sahami, M., Dumais, S., Heckerman, D., & Horvitz, E. (1998).
1. Abu-Hakima, S., McFarland, C., & Meech, J.F. An agent- A Bayesian approach to filtering junk emaAAl Workshop
based system for email highlighting.Rnoc. AGENTS 2001 on Learning for Text Categorizatipduly 1998.

ACM Press (2001), 224-225. 21.Sproull, L., & Kiesler, SConnections: New ways of working
2. Balter, O. Keystroke level analysis of email message in the networked organizatioMIT PressCambridge, MA,
organization. IrProc. CHI 2000ACM Press (2000), 105-112. USA, 1991.

3. Belloti, V., Ducheneaut, N., Howard, M., & Smith, |. Taking ~ 22.Sumner, M. The impact of electronic mail on managerial and
email to task: The design and evaluation of a task management organizational communications. Rroc. of ACM SIGOIS and

centered email tool. IRroc. CHI 2003 ACM Press (2003), IEEECS TCOA Conference on Office Information Systems
345-352. ACM Press (1988), 96-109.

4. Boone, G. Concept features in Re:Agent, an intelligent email 23.Tyler, J., & Tang, J. When can | expect an email response? A
agent. InProc. AGENTS 1998ACM Press (1998), 141-148. study of rhythms in email usage.Pmnoc. of ECSCW 2003

5. Cohen, W., Carvalho, V., & Mitchell, T. Learning to classify Oulu Univ. Press (2003), 238-258.
email into “Speech Acts.” Ifroc. EMNLP-2004(2004), 309- 24.Venolia, G., Dabbish, L., Cadiz, J.J., & Gupta, A. (2001).
316. Supporting email workfloWMSR Tech Report MSR-TR-

6. Dabbish, L., Venolia, G., & Cadiz, J.J. Marked for deletion: 2001-88.
An analysis of email dat&xt. Abstracts CHI 2003ACM 25.Vivisimo Clustering Engine, http://vivisimo.com/

Press (2003), 924-925. 26.Whittaker, S., & Hirschberg, J. The character, value, and
7. Ducheneaut, N., & Belloti, V. Email as habitat: An exploration management of personal paper archi¥edM TOCHI 8, 2,
of embedded personal information managemietgractions (2001), 150-170.

8,5(2001), 30-38. 27 Whittaker, S., & Sidner, C. Email overload: exploring personal

8. Firm bans email at work, information management of email. Rroc. of CHI 1996
http://www.cnn.com/2003/TECH/internet/09/19/e- ACM Press (1996), 276-283.

mail.ban/index.html

Page 10 of 10





