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Abstract
Interruption to work activities reduces the effectiveness and efficiency of knowledge workers. Much research has focused on providing email users with tools to help them better manage the interruptions caused by incoming email (e.g. “intelligent” notification agents, ambient displays). The research presented here explores the possibility of a socially mediated email interruption system in which the sender of an email determines whether or not the recipient should be alerted of an incoming message. Research activities were undertaken to compare both the sender and recipient’s evaluation of the timeframe in which a given email message needed to be read. This research shows that a relatively small proportion of email requires immediate attention. While in most cases the sender and recipient agree about the timeframe in which a message needs to be read, the extent to which senders and recipients disagree raises concerns about a sender-initiated notification system.
Introduction

Interruptions to work reduce people’s efficiency [1]. The cognitive load introduced by task switching makes it both difficult to move to a new task (caused by the interruption) and difficult to return to the old task (once the interruption is complete).
Recent research has shown that external factors accounted for just over 50% of task changes in people's daily work (external factors include email, telephone, person arriving, calendar notification, person talking through the cubicle wall) [2]. Additionally, this research showed the average time spent on any given event (e.g. using the PC, talking on the phone) was less than 2.5 minutes before the activity was interrupted.

Most research into email interruption management has focused on providing tools to help people better manage the interruptions they receive. Work has focused on peripheral/ambient displays [3], intelligent notification agents [4] and other similar awareness technologies. These approaches are intended to help the person who is being interrupted more effectively manage and filter incoming interruptions.

Our research aimed to explore ways of reducing interruptions caused by email. In particular, this research aimed to explore whether or not it is feasible for the sender of an email to use their social judgment to determine whether or not the recipient of the email should be interrupted when the email arrived. That is: can the sender effectively determine whether or not the recipient should be notified of the new email message?
To begin addressing this question, this research sought to answer the following prerequisite questions:

1. What proportion of email is interruption-worthy?

2. Do both the sender and recipient of an email make the same judgment about the interruption-worthiness of an email? 

In carrying out this research, it was hypothesized that a sender initiated email notification system may be viable. For example, if both the sender and recipient of an email agree on the timeframe within which a message needs to be read, then it may be possible to implement a user interface feature allowing the sender to flag emails that need to be read immediately. This flag could then be used by the recipient’s email client to determine whether or not to notify the user of the new email.
Method
To answer the questions identified for this research, research activities were carried out with email users within Microsoft Research Asia. Pairs of people who shared email communications were asked to review their communications history and, after reviewing the content of each email, state:

· For the recipient – how soon after receiving the message they needed to read it

· For the sender – how soon after sending the message they needed the recipient to read it

For example, both Joe and Jill reviewed “Email 1”. Based on a review of the content, Joe would state how soon after he sent it that he needed Jill to read it (e.g. “Immediately…”). Jill would also review the content and then state how soon after she received it that she needed to read it (“Within 1 hour…”). This would be repeated for each email in the entire sample of their communications history.

For the sender of the email there were three possible responses:

1. “I needed the recipient to read this email immediately”

2. “I needed the recipient to read this email within 1 hour after I sent it”

3. “I needed the recipient read this email by the end of the working day”

For the recipient of the email there were three possible responses:

1. “I needed to read this message immediately”

2. “I needed to read this message within 1 hour of receiving it”

3. “I needed to read this message by the end of the working day”

The responses for each email were logged (see example in Figure 1). As can be seen, communications in both directions (from A to B and from B to A) were reviewed. 
	
	Sender (A)
	Recipient (B)

	Email 1
	1
	2

	Email 2
	3
	3

	Email 3
	3
	2

	…
	…
	…


	
	Sender (B)
	Recipient (A)

	Email 4
	3
	1

	Email 5
	2
	2

	Email 6
	2
	2

	…
	…
	…


Figure 1: Example logging sheet extract
Only one-to-one communication was reviewed in this study (where the recipient was the only person on the “To:” line of the email). In most pairs there was an imbalance of communication flows (i.e. more email was sent from one person than the other).

In this research 7 pairs of people were surveyed (a total of 14 test participants). Through the tests a total of 200 emails were reviewed. Two of the pairs were managers / workers, the remaining participants were colleagues or team members. While the sample size is not statistically significant, the overall trend of the results is such that useful conclusions can be made.

Results and Analysis

Unpaired Sender and Recipient Evaluation of Emails
The raw results for the sender and recipient’s evaluations of the email content are presented below. The data shown here is not a pair-comparison, but rather lists the breakdown of sender and recipient responses.

	Sender Responses
	%

	Recipient needs to read “Immediately…”
	30% (60/200)

	Recipient needs to read within “1 hour…”
	33% (66/200)

	Recipient needs to read by “End of the day…”
	37% (74/200)


Table 1: The breakdown of results for the sender evaluation of the emails (the timeframe in which the sender needed the recipient to read the email).

	Recipient Responses
	%

	Needed to be read “Immediately…”
	42% (84/200)

	Needed to read within “1 hour…”
	28% (55/200)

	Needed to read by “End of the day…”
	31% (61/200)


Table 2: The breakdown of results for the recipient evaluation of the emails (the timeframe in which the recipient needed to read the email).

Overall, senders do not think their email is as important as the recipient does. This result is interesting, as it is often assumed that the sender will generally judge their email to be more important the recipient thinks. The difference in evaluation is caused by three factors. First, the information contained in an email could affect the recipient’s work in a way that was not imagined by the sender. Second, the relationship between the sender and the recipient is not symmetrical: the recipient is likely to have an action outstanding as a result of the email, so is more likely to want to be aware of the content of a message irrespective of the time a response is required. Third, several participants showed a general eagerness to read incoming emails irrespective of the content they contained. 
Only a small portion of email needs to be read immediately (30-42%, depending on whether the sender’s interpretation or recipient’s interpretation is used). This is significantly interesting from the point of view of notification systems, as only a small portion of emails actually require immediate attention, and thus notification. Given the assumption that people will review their mailbox several times through the day it is possible to imagine reducing the number of email notifications by between 58% and 70%, without any penalty to user effectiveness. This could be used as a benchmark figure to assist the evaluation of automatic notification agents.
Paired Sender and Recipient Evaluation of Emails

Following are results for the paired sender and recipient’s evaluations of the email content. The results here compare the sender and recipient evaluation of emails in different ways.
For the purpose of this analysis, the following terms are used to describe the nature of the sender and recipient’s agreement (or disagreement) about the timeframe in which an email needs to be read:

“Completely” is when both the sender and recipient make exactly the same judgment about an email (e.g. both state that an email needs to be read “Immediately…”). 

“Workably” is when both the sender and recipient agree about the timeframe in which a message should be read in such a way is practical for both parties. Specifically, this means that:
· Both the sender and recipient agree that the email should be read immediately, OR
· Both the sender and recipient agree that the email should be read either within 1 hour or by the end of the day (but do not necessarily make exactly the same judgment about this), OR
· The sender believes the email should be read immediately, but the recipient believes the email should be read later. 

This scenario assumes that the recipient will review his or her email at regular intervals, so will always become aware of new emails within a reasonable timeframe. It also assumes that the recipient will be notified of emails that they did not need to be aware of, but could ignore the notification or not act on the email immediately based on the exercise their own judgment.

“Dangerously” is when the sender believes the email does not need to be read immediately, but the recipient believes that it should be read immediately. In this sender-initiated email notification scenario, the recipient of the email is not notified of the arrival of an important message, and will only discover it when he or she next checks his or her email.
	“Complete” agreement scenario

	Condition
	%

	Recipient and sender both state “Immediately…”
	16% (31/200)

	Recipient and sender both state “1 hour…”
	10% (19/200)

	Recipient and sender both state “End of day…”
	13% (26/200)

	Total
	38% (76/200)


Table 3: The number of times the sender and recipient agreed “completely”.

	“Workable” agreement scenario

	Condition
	%

	Recipient and sender both state “Immediately…”
	16% (31/200)

	Recipient states either “1 hour…” or “End of day…” and Sender states “Immediately…”
	15% (29/200)

	Recipient and Sender states either “1 hour…” or “End of day…”
	44% (87/200)

	Total
	74% (147/200)


Table 4: The number of times the sender and recipient agreed “workably”.

	“Dangerous” disagreement scenario

	Condition
	%

	Recipient states “Immediately…” and sender states either “1 hour…” or “End of day…”
	27% (53/200)

	Total
	27% (53/200)


Table 5: The number of times the sender and recipient disagreed “dangerously”. 

The most interesting results are the proportion of times the sender and recipient “agree workably” and when they “disagree dangerously” (see Table 4 and Table 5). 

The positive result is: that 74% of the time the sender and recipient agree about the timeframe in which a message should be read in such a way that is workable for both parties (agree “workably”). While it was noted above that between 58% and 70% of the time no email notification is required, in only 44% of cases was both parties agreed on the which emails this pertained to.
The fact that 74% of the time both the sender and recipient are in agreement about the time-importance of an email shows that there is some hope for sender-initiated notification systems (but there is significant concern as discussed below). More generally, a shared understanding of the importance of email indicates that the load of email management could possibly be shared between the sender and recipient, where currently the load is placed almost entirely on the recipient.

The negative result is: that 27% of the time the recipient needs to read a message immediately, but the sender does not think this is the case (the “dangerous” scenario). This is the scenario where the recipient is not notified of new emails that are important to them. 
There are two reasons for this effect. First, on average senders do not believe that as many of their messages need to be read immediately as the recipient does (30% and 42% respectively, see Table 1 and Table 2). Second, there is quite significant disagreement of judgment about which particular emails require immediate attention. Fifteen percent of the time the sender believed an email needed to be read immediately, but the recipient did not (see Table 4) , and 27% of the time the recipient believed an email needed to be read immediately but the sender did not (see Table 5).
Conclusions
These results place in doubt the initial hypothesis that a sender-initiated email notification system could be viable. While there is significant agreement between the sender and recipient of emails (74% in the “workably” scenario), the “dangerous” disagreement is significant enough a factor to generate considerable concerns.

Additionally, this research has indicated that only a small proportion of email requires immediate awareness (and also that senders under-rate the time importance of emails). This indicates that there is an opportunity to significantly reduce the number of email notifications people receive without any penalty to user effectiveness.

Opportunities for Further Work
Based on the results from this research it seems that sender initiated notification may not be a viable strategy. Although the sample size for this research was small, the size of the disagreement was substantial enough to warrant this conclusion. 
This result notwithstanding, it would be interesting to further explore the reasons for this disagreement (the experimental design for this research did not allow for exploration of this question), to understand whether in fact this disagreement has a significant negative effect on people’s work. For example, if the sender does not flag an email as “read immediately” this would give a socially mediated indication to the recipient about the time urgency of the content (and thus the negative impact may in only be in relation to the recipient’s perceptions about the time-importance of a given email).
Also, many technology-centric notification systems fail because users do not trust their “judgment”. But when translated to a (human) sender-initiated notification system, the blame is not on the technology but rather on another person’s social judgment. It would be interesting to explore how people respond to delayed awareness of emails that is determined by a human sender. People may respect others’ judgments and not feel like they had been let down in the same way as they would have in the technology-centric scenario.
Additionally, it would be useful to develop a more detailed statistical baseline for email notification systems. The results here showed that 42% or less of emails required immediate awareness. This result could be established more rigorously (with a greater sample size), and also supplemented with other metrics (percentage that require awareness after 1 day, 1 week, etc.). This information would be very useful as a baseline to assist with the design and evaluation of intelligent notification and peripheral awareness systems.
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� The distinction between ‘needing’ to read an email and ‘wanting’ to read an email is important. In carrying out this research we emphasized to test participants that they should state the timeframe in which they needed to read the message (based on a review of the content). The social aspect of email communications means that many people want to read emails irrespective of the time-urgency of the message. 
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