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ABSTRACT

We report on a field study of the multitasking beba of
computer users focused on the suspension and résamp
of tasks. Data was collected with a tool that labgeers’
interactions with software applications and theisariated
windows, as well as incoming instant messaging emdil
alerts. We describe methods, summarize resultsdizodss
design guidelines suggested by the findings.
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INTRODUCTION

Task switching is common in computing. Severaladies
ago, Bannonet al[3] noted that computer users often
switched among multiple active tasks. The diversihd
numbers of applications supported by personal coenpu
has grown since the Bannon study and multitaskiag h
now become a salient feature of modern computinglay,
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computing tasks and the opportunity to spawn nesksta
compete with returns to specific tasks, interfenmith the
resumption of tasks following their disruption. Thiming
of shifts among related and disjoint computing sask
often self-directed, occurring in the absence opliei
external influences. However, task switching may b
affected by external signals and events [9]. Saflnences
include alerts delivered to computer users fromiegfions
that are not at the focus of a user’s attentioar éxample,
a computer user may be drawn to switch from a sistezet
program to their email application after hearingeeing an
alert about incoming email or receiving an instaessage.

We sought to characterize task suspension and eecov
among information workers in the course of theirmal
daily computing tasks. We developed and deployed a
disruption and resumption tracking tool to monitoe use

of software applications and associated windowshat
focus of computer users’ activities, as well as lag
incoming instant messaging and email alerts. Ratihen
seek only to measure the specific effect of art alera task

at focus, we also pursued patterns and undersigqiodinser
behavior before and after interruptions. We have

Computer users often run programs Simu'taneous'y tooarticularly worked to understand the chain of dsiens

support multiple tasks, including word processiiirtancial
analysis, searching, browsing, and communications.

Card and Henderson [4] attempted to characterizdulus
attributes of designs for computer-based task nemagt,
stressing the need to allow for efficient task shiihg and
resumption, and to provide methods for assistingh wi
refreshing a task context. Today’s major operasiygtems
include tools in line with these recommendationghsas
providing multiple means for switching among tasks.
However, efficient shifting ability does not meamat a
suspended task will be resumed efficiently. Migtipctive
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whether likely caused by an alert or by a selfrintgtion,
and the path and timing back to the resumptionasks.
The work includes an analysis of behaviors of uberfsre
they suspend tasks, and to examine behaviors thatdw
suggest a preparation for more efficient resumptibra
task upon return. We also sought to better undaistae
relationships between actions prior to the suspensind
time taken to resume suspended tasks, and fadtats t
promote returns to suspended applications.

We first review related work. Then, we review thethods
that we used to study task interruption, diversiand
resumption in real-world computing situations. We
summarize results of analyses of the logged agtavitd of
interviews of subjects. Finally, we provide a sétesign
guidelines based on the lessons gleaned from ttee aohal
from interviews of participants.

RELATED WORK
We first motivate our work by providing some baakgnd
on several studies of interruption and recovery.



Interruptions and their disruptive effects

Maintaining information awareness and near instant
communication in the workplace is becoming incneglsi
important to knowledge workers to support collabivea
practices and increase productivity [6, 10, 11].weduwer,
the pursuit of awareness and rapid communicatidganof
injects increased numbers of notifications and e
interruptions into ongoing tasks [9, 15, 24]. Sever
research teams have explored interruptions of cdingu
tasks. Recent efforts come in the context of a history of
research in cognitive psychology on the influence
interruptions on human memory and planning, goiagkb
to the protean efforts of Zeigarnik and OvsianK, 32].

Czerwinski, Cutrell, and Horvitz in a series ofditss have
explored the effects of external interruptions skt

applications based on time proximity, leveraging tise of
visual cues, or interfaces for interactive dialogaehelp
users quickly regain the suspended task context.

We believe that the challenge is not only one stineption
of the suspended application but also one of tgriwine’'s
focus of attention to the suspended tasks, givhardasks
competing for the user’s attention. Beyond charaagon
of the suspension and resumption behavior, we seek
determine (i) how we might best help people to bi@aay
from potentially costly ‘chains of diversion’ folldng
suspension, so as to return to suspended taskis witime
they would desire and (ii) how to help them quicidgume
where they left off, once they return to continueactask.

OVERVIEW OF STUDY

switching behavior and performance, and have alsowe conducted a field study to better understank tas

investigated the impact of varying timing and typé
interruption [5, 6, 9]. Igbal and Bailey have showrat
interruptions during periods of higher mental wodd
cause users to take longer to resume their suspaadks
and have larger negative affect [19]. Mark et &ahveéh
sought to understand the influence of interruptionstask
switching and found that users frequently switctwieen
tasks and 57% of their activities are interrupt2®]] [ Others
have also investigated effects of interruption amrerates
[21], decision making [28] and affective state suah
frustration, annoyance and anxiety [2, 33]. Redeasc
have also investigated methods that could decrbaseost
associated with communication alerts. Approachgsoesd
to date include reducing the frequency and costs
interruptions through identifying the attentionghts of
users [13, 16, 18] and deferring or schedulingfications
in an intelligent, strategic manner [13, 20, 23hda
providing support for recovering from interruptifzv, 29].

Recovering from interruptions

Research has shown that inopportune interrupticars c
increase task performance time, primarily due twdases

in the time to resume suspended tasks [1, 19, 20]
Cognitive models suggest that when the workloadhef
ongoing task is high, interruptions cause userslit@rt
cognitive resources to the interrupting task [3h return
from the interrupting task, users have to reallecat
resources to the suspended
increasingly difficult if the resource demands wéigh to
begin with. The result is higher resumption lag,ickh
affects recovery. With users typically suspendiegs sof
applications [9, 22], recovery is often confoundeith a
cycling through and visiting of multiple suspended
applications on the way to resuming a task.

Designs for recovering from interruptions

Software tools have been developed across a vaokty
application domains with the goal of supporting ecaé
resuming suspended applications after respondingnto
interruption [12, 14, 26, 27]. These tools provide
visualizations of suspended application states gualip

task, which become¥

suspension and resumption in practice. We wegszasted

in the influences of computer-based alerts on ugask
execution behaviors. Specifically, we sought to lesp
effects of interruption on task switching and trethpand
timing back to the resumption of suspended printasks.
By primary taskswe refer to normal daily tasks that users
perform as their primary responsibility while in eth
computing environment. For our study populationis th
typically entailed programming or content genenatiasks,
e.g.,document editing or creation of presentation niglter
By alerts we refer to notification cues generated by email
clients and instant messaging applications.

fln the simplest case, an alert influences the foitibathat

a user will switch to the alerting application with
concomitant suspension of the ongoing primary tasé,
some time later, will resume the primary task after
responding to the alert. However, when users sus@en
task because of an alert or for other reasons, rirey take
advantage of the break in the execution of the gyntask
offered by the switch to interact with other peepdl
applications, and perhaps turn to other tasks. Ggls to
gain a deeper understanding of how users preparthéo
context switch from the primary task to the alegponse,
how a succession of diversions after a task switay
interfere with a return to their primary tasks, dmwv they
eventually pass through a chain of diversions enwhy to
esuming a suspended primary task. More specificale
explored the following hypotheses:

H1: Users prepare to address alerts in their regulask
execution by stabilizing their current task statefdre
switching to the alerting application.

H2: Users are less focused on applications visiledng
the ‘chain of diversion’ and during resumption.

H3: The chain of diversion mostly consists of rapid
interactions with communication and awareness
applications.

H4: Availability of cues about suspended tasksséssiith
resumption of tasks.



H5: Users have difficulty with resuming interrupteesktop
computing tasks.

H6: The time to resume a primary task is influenbgdhe
recency and focus of attention on a task beforpesusion.

Our study was designed to gather evidence fromsueer
situ to investigate these hypotheses as well as gaiasic
understanding of the prevalence of alerts in pcactind the
length of time users typically spend on chainsigéisions
initiated by these alerts. We began with definingaak
disruption and resumption lifecycle. Each phaséaécycle
signifies a distinct user goal along the path cfpsunding
and returning to an interrupted task. We then éefia set
of task state attributes to characterize behadorsss these
different phases. We developed a disruption andvery
logging tool by extending an existing user-activity
monitoring system. The tool was deployed to logadedm
users over a period of two weeks. The collectea@ aes
analyzed and findings were corroborated througérigws
of the study participants. Finally, the findingorfr the
study were distilled into key results and a setdesign
guidelines for enhancing the recovery of suspertaskks.

PHASES OF AN INTERRUPTION LIFECYCLE

We divide the time following an alert into distineimporal
segments or phases. Our intent is to measure thacinof
the interruption by comparing behavioral changessc
these phases as users sequentially move througftlia ¢
including focused attention on a primary task, taderival,
response and diversion, return from diversion ahd t
resumption of original task. A related categorizatiof
aspects of interruption is provided in [14]. Oneoair key
goals was to better understand natural user behduiing
each phase so as to inform the design of tools rttight
assist computer users with multitasking.

Figure 1 displays phases of the interruption litdey We
define the initial phase of the interruption lifety, which

b) Alert interrupts primary task

k=
a) Primary / \ c) Respond
task begins {oralatt
Ongoing Interrupting
primary apps app
Suspended
primary task apps
4) Resumed_
9\5\0 primary app Suspended
P, primary app
’O//é/) / :

d) End of interruption response and
begin of resuming primary task

Figure 1. Phases of the interruption lifecycle. a) User bggin
interaction with two applications on a primary tas&ntinuing
through a pre-interruption phase; b) alert arrieesl user
enters a response preparation phase; c) user sisspemary
task and switches to interrupting application, amly become
diverted to other peripheral applications; d) useturns to
resume primary task.

closing applications accessed in the diversion @lasd
starting to resume applications from the suspergtedp.
As users can be active in a task in the absenceroputing
activity (e.g.,reading text), we used a simple heuristic to
determine resumption: we considered users to resame
suspended task if they had spent more than 15 decam
the suspended application, which is more time teguired
for rapid application switches,g.,tabbed browsing.

To compare users’ actions in the aforementionecgsgdh&o
behaviors seen during task execution behavior, efmed
an additional phasepre-interruption which refers to a

we call thepreparationphase, as the time between an alert predefined time segment of activity before thevairof an

and the concomitant suspension of ongoing tasksedBan
prior research showing response time to be a fomobf
task state [13], we hypothesize that during thiaseh the
user may consciously or subconsciously performviiets
that leave the primary task in a more stable stagdéore
switching to the alerting application.

Phase 2 is thdiversionphase, defined as the time between
the switch from the primary task to respond todlest and
the return to the primary task after the respobsging this
period the goal is to access the interrupting apfibn but
users may also explore other peripheral application

Phase 3 is theesumptionphase, where the user finishes
interactions with interrupting and peripheral apations
and seeks to a return of conceptual context andsfdo
become active once again in the primary task. Sinie
difficult to identify exactly when the resumptiohgse may
begin, we used cues indicating user intent to teatei the
diversion and resume suspended werky,. minimizing or

alert. Behaviors during this period provide a basefor
comparison to the same activities in the other @has
thereby providing an opportunity to demonstrate the
influences of interruptions on users’ task exeautio

FORMULATING TASK ATTRIBUTES

With an eye to investigating our hypotheses, weneef a
set of events that promised to allow us to prokis sé
relevant activities during the different phases the
interruption lifecycle. The definition of events svguided
by intuitions about behavioral patterns we expedtedee

at different phases. For example, we were intetlestesee

if users tended to perform activities during thepgaration
phase that provided evidence that they were atiampo
leave the ongoing task in state that could be resuwith
more efficiency (H1). We defined a set of eventatth
promised to provide insights about such potentfédres.
These include the number of save operations, the
completion of edit operations (sentence or pardgrap



completion), and the completion of pending taskskileg
physical representation (pasting content copied iat
memory clipboard).

Also, since alerts originate largely from commutima
applications, we wished to explore whether suspensi
primary tasks was associated with users interactiitf
communication-centric applications, beyond switghito
the alerting application, during the diversion ghéd3). To

among windows as well as actions of saving, cuttar
pasting. To protect privacy, window titles werenirated,

and only a subset of keyboard events were recorded,
including the input of periods and carriage retufwhich

can indicate sentence or paragraph completion atd d
entry), and shortcuts for saving, cutting, and ipgstThe

tool also logs alerts from email and IM systems.

DART logged user actions relevant to the aforementioned

gather evidence on the diversion phase, commonlemaitask state attributes and corresponding timestahgizmed

interactions, including mail opens, writes, anddssrwere
monitored

To study the potential influence of visual cuegtomtiming
of transitions from the diversion to the resumptjamse,
we developed attributes for capturing the visipilif open
windows. Such monitoring promised to allow us tamine
the effects of cues associated with suspendedwaslows
on the time to return to those tasks (H4).

We sought to better understand the difficulty thabple
had with resuming applications that has been sugibas
a result of responding to an alert (H5). We decided
quantify difficulty in terms of the time taken bgers to not
only return to the suspended application afteraadmg to
an alert, but also to restore context and stat t@mesume
the activity they were engaged in before switchigks in
response to the alert. We were also interestecpiogng
how the intensity of the focus of attention on sktand task
recency influenced the time until task resumptifteraan
interruption. We created attributes capturing theation of
time and the last time that users were focused on
particular task, with a goal of exploring the redaship
between these coarse measures of focus and sat@tioe
time until a user would completely return to a t&kl6).
As a related task state attribute, we defined #te of task
switches at each phase - a potential indicatorsef tocus.
We hypothesized that users would switch tasks lagher
rate as they sought to return to suspended applicat
especially if they were searching for a window assted
with a primary task application among multiple open
windows, as part of an attempt to regain task carfté2).

A DISRUPTION AND RESUMPTION TRACKING TOOL

We developed a monitoring tool namedART (for
Disruption and Recovery Tracker). The tool wasdleped
on top of the Eve event-monitoring infrastructura,
constellation of user and system monitoring comptse
that have been evolving for over a decade at Maftos

data files were periodically flushed to a serveheve the
data was preprocessed to generate the attributestared
in a SQL database for further analysis.

DEPLOYMENT OF TOOL AND COLLECTION OF DATA
We deployedART on the primary machines of 27 people
at our organization, whose job descriptions ranfjeth
program manager, administrator, and researchesftovare
developer. On recruiting subjects, we sought arealaof
people who focused on different kinds of tasks asary,
including software development, working on produityi
applications, and/or managing large numbers of reate
communications. We did not screen users for whetiey
used alerts in communications, but excluded fromlyasms
those subjects who did not have alerts enabled.

We collected 2,267 hours of activity data over aqaeof 2
weeks, resulting in 974 sessions (M(session lerngtn)
17m, S.D= 410.37 m). Aessionwas defined as delimited
by either the logging on and off or by the unlogkiand
locking of a machine. Collected data included laafs

aapplication access, window sizes and configuratidibs

retrieval and archival, percentage visibility of eop
application windows, key events corresponding toteot
manipulation,e.g. cut, copy and paste, file open and save,
and completion of text generation.

Users were informed a priori about the overall renf the
data that was to be collected and informed that theuld
be able to quit the study at any point if they we
comfortable or if the software was perceived tduiefice
the performance of their computers. Users were
informed that the study was investigating disruptand
resumption of tasks. As in any field study, the \kfealge of
being studied potentially may have had influencestte
behavior of the subjects. However, we believe thdyshad
little influence on participants. A number of thabjects
mentioned during interviews that they had forgotsdsout
the tool running in the background.

not

Research [17]. Eve components have been employed in

prior research on interruptions in computing segin
including efforts on inferring the cost of intertigm and on
guiding alerts and information awareness based ast- ¢
benefit analyses [16, 18PDART runs as a background
process, and continues to logs the name, sizeloaation
of all windows on a computing system, noting theripg
and closing of windows.
activities, including when users are actively ereghgvith
the software, keyboard and mouse activity, and cheg

ANALYSIS AND RESULTS

We focused on characterizing the behaviors of users
response to alerts generated by Outlook, a widakgdu
email client, and IM clients, including Windows
Messenger, MSN Messenger, and Office Communic#tor.
is difficult in the general case to determine wairtainty

The system also logs userwhether an interruption of a current task is a dire

consequence of an alert or if a switch results fuagars
making a decision to switch away from a task largel



independent of recent notifications. We employesinaple
heuristic to identify suspensions likely to havehealriven

by alerts: switches to a notifying application (ldok or

IM) occurring within 15 seconds of the alert were
considered as being caused by that alert. Our late
interviews with users further raised our confiderd®ut
the robustness of this heuristic. Our analysis g@tbthat
for such switches, users take on average 2.35 ded@D
=1.39s) to switch to Outlook and 1.72 seconds (SLIs)

to switch to the IM client.

We distinguish between immediate and delayed resgson
to alerts in our presentation of the results sdoasxplore
differences in activities during the preparatioragd As
user actions for email and IM alerts could varydmasn
such influences as social conventions and expenstiwe
analyze email and IM results separately. We alssomixe
results across developers, researchers and managers
note if a significant influence of job role is falin

Rather than measure effects over the entire pegrirgtion
phase, as the baseline condition we consider 5 tesnof
activity prior to the interruption. Preliminary dwpsis
showed that, on average, the maximum time speréron
application before switching to another is just abdl
minutes, with an average of below a minute.

Distribution of alerts

Overall, we found that, on an hourly basis, a sprimary
tasks were interrupted by an average of 4.28 emai
(S.D.=5.56) alerts and 3.21 IM (S.D.=4.31) alewigh an
overall average rate of 3.74/hour (S.D.=4.94). Ikbalerts,
our system did not discriminate between conversatio
pings, and sign-in and presence status alerts. \&/@nare
interested in attempts to initiate or continue @sation as
these pings pose a social obligation to respondetheless,
sign-in alerts also affect awareness of the user raay
serve as a subtle trigger to self-interruptieny., if the user
wishes to communicate with the person who justesigin.
Job roles did not significantly affect the numbéalerts.

Time to respond to alerts
After an alert was delivered, users took, on awerad

tab through on average 7.5 applications (S.D.=2,88s
their pursuit of the application that generated alert. For
the remaining 59.2% of email alerts, the averagpaese
time was 7 minutes, 32 seconds (S.D.=11m), suggetie
switch was self initiated and that time was speathing a
stable state. The delay in response also alludeant
internal deliberation about when users desiredatitck to
the alerting application, as opposed to switching
immediately as a direct effect of being interruptgdthe
alert. For example, users may have a backgroured afat
checking email independent of alerts or may delasirt
switch if the alert provides information that thecoaming
email is of low priority. On average, 3 (S.D.=21thHsk
windows were left suspended.

71.01% (3186/4487) of the IM alerts resulted in an
immediate response, the average response time héig
seconds (S.D.=1.1s). No other application was aecem
between. The remaining 28.99% (1301/4487) of IMtale
had an average response time of 8 minutes, 48 decAs
with email, the number of suspended windows also
averaged 3 (S.D.= 2.3).

Time spent on responses and diversions

Regardless of the delay in responding to alerts, titme
spent on responding to alerts and subsequent dinerso
peripheral applications were found to be similar fwth
email and IM. For email, the average time to metiar any
Isuspended application (time spent on the diversigag 9
minutes and 33 seconds (S.D.=13m, 15s). For IM, th
return time was 8 minutes (S.D.=11m, 32s) on aweréége
note that return times refer to the time until &steg the
application associated with the primary task, msumption
of a suspended task. However, we took such retams
proxies for the intent to resume tasks.

Stabilizing task state before responding to alerts (H1)

We found that users selectively perform certainrapens

at a higher rate during the preparation phaseithére pre-
interruption phase. For example, users completed
paragraphs at a rate of 0.78/min (S.D.=0.49) duttiegpre-
interruption phase. On receiving an IM alert, tkeggraph

minutes, 59 seconds (S.D.=8m, 43s) to suspend theifomPletion rate was 10.9/min (S.D.=5.2) during the
primary task and switch to switch to Outlook, 7 mis, 54 ~ Preparation phase if the response was immediate. On

seconds (S.D.=16m, 50s) to switch to MSN messerer, receivir_wg an email alert_, the paragraph complem'ne was
minutes, 13 seconds (S.D.=13m, 49s) to switch to12.8/min (S.D.=13.75) if the response was immedaate

Communicator, and 34 seconds (S.D.=1m, 5s) to bviiic
Windows Messenger. There were no significant diffiees
in the response times of the different alerts, were there
any significant effect of job roles on the respotises.

Immediate and Delayed Responses to Alerts
For 40.8% (2344/5747) of the email alerts, usespaaded
immediately (<15s), leaving on average 3 (S.D.=1Lt82k

windows suspended. The mean response time for suc

immediate responses was 2 seconds (S.D.=3.779s Uisk
not interact with any other application betweendbet and
the response for these switches, but did appeguitkly

1.17/min (S.D.=0.49) if the response was delayddrates
during the preparation phase were significantlyhargthan
rates for the pre-interruption phase (p<0.038 fbcases).
These results suggest that users typically prefeomplete
conceptual and/or motor subtasks before switchimd) do
so quickly before responding to an alert.

The number of paste operations during the premarati
hase for delayed email responses (M=0.69/min,
.D.=0.62) was marginally higher (p<0.067) thansthin

the pre-interruption period (M=0.37/min, S.D.=0.1%ye

take these results as evidence that users maytigelgc
work to externalize pending copy-paste goals, gestsince



Phases Email Alerts IM Alerts
Mean(S.D) Mean(S.D)
Pre-interruption 0.84(0.6) 0.84(0.6)
Preparation: 0 o
Immediate Response
Preparation:
Delayed Response 0.69(0.62) 0.49(0.45)
Diversion:
Immediate response Lesilen) 1.42(2.36)
Diversion:
Delayed Response fzsizon) 1.36(2.33)
Resumption:
Immediate Response 2.34(2.71) 2.56(2.82)
Resumption:
Delayed Response 2.42(3.26) 2.05(2.14)

Table 1. Task switches per minute across different phases fo
email and IM alerts. The diversion and resumptitvages have
higher switch rates, suggesting less engagemehtaniy one task
during these phases.

such tasks do not provide recognizable visual claesi
since clipboard buffers may be disrupted by doveastr
copy-paste operations. As many users habitualljopar
save operations, we were not surprised to findigmificant
difference between saving operations in the twespba

These findings support H1 in that users appearetéopm
state-stabilizing actions before switching to tipglacation
that generated the alert, presumably to leave theapy
task in a state that allows for more efficient raption.

Task Focus (H2)

We explored task focus in terms of task switch g&fter

each phase. Our intuition was that higher swit¢bsranight
indicate lower levels of focus on any one task—b&ra
that may be associated with higher likelihoods mafwsing

among several applications or rapidly switchingoasr
open applications in search of a previously suspenask.

Significant differences were found for task swéshper
minute during different phases of the interruptidecycle.
Table 1 shows the switch rates for email and IMtsle

Pairwiset-tests showed that the switch rate (on a per minute, igip|e (t(20)=3.131, p<0.005). Similarly

basis) during the diversion phase was significahtiyher
than the switch rate in the pre-interruption phase
(t(18)=6.787, p<0.001), and that the switch rate@nduthe
resumption phase was higher than the switch ratebd
pre-interruption (p<0.0001) and diversion (p<0.0004
phases. Users did not switch tasks between adarts
response during the preparation phase for the inated
response situation, reported as 0 for these casSeastile 1.

phases with rapid interactions with peripheral $as&en in
both. For the resumption phase, this may indiceter
intent to regain suspended task context as sopossble.
Lower rates of switching of windows are seen whears
are working on primary tasks.

Interactions with communication applications (H3)

During the diversion phase, users largely intechatéth
communication applications (Outlook and IM clientdser
traversed these applications with a mean rate7af/Ginute
(S.D.=1.56), a significantly higher rate (t(19)=83
p<0.001) than that observed during the baseline pre
interruption phase (M=0.475, S.D.=0.21). Usersnsms
average 66 seconds (S.D 165.9), also significamtiher
(t(10)=3.674, p<0.002) than dwells in the pre-iniption
phase (M=33s, S.D.=7.5s).

Actions performed within Outlook during the divensi
phase are summarized in Table 2. Note that rates of
performing monitored operations in the diversioragh
were significantly higher than in the pre-interioptperiod
(p<=0.008 for all operations). We believe that thidicates
that alerts influence users to interact in a mengid, less
focused manner with Outlook than they might viaadéf
patterns of inspecting the state of their inboxesthe
absence of alerts. The rate of web-mail visits (M8l
S.D.=1.91) during the diversion phase were also
significantly higher (t(7)=3.357, p<0.012) thanthme pre-
interruption phase (M=0.41, S.D.=0.27), indicatititat,
once users switch to Outlook, they took the oppuotyuto
check for other email too. These findings reinfotbe
hypothesis that breaks in activity associated vetérts
from an application provide opportunities for penfing
communication operations with others, at signiftban
higher rates than usual.

Influences of visible cues on return (H4)

Overall, for email alerts, suspended applicatiandaws
that were less than 25% visible because of obsourdty
other windows took significantly longer to returo &s
compared to application windows that were more ¥
for IMleats,
suspended application windows that were less tHedb 2
visible took significantly longer to return to asnspared to
application windows that were more than 75% visible
(t(23)=2.503, p<0.02). This finding suggests thae t
visibility of windows may serve as a reminder tenssto
break out of the diversion chain and return to sadped
applications, thus, lending support to H4.

Job roles had a marginal effect (F(2,15)=3.442,.059) on
the mean rate of application switches during tlepare-to-

respond period for email alerts. Researchers sadtct a

higher rate than developers (p<0.06). No otherctffef

job roles were found.

) Pre-interruption Diversion
Actions p
Mean(S.D.) Mean(S.D.)
Mail open 0.53 (0.5) 3.66(6.7) 0.001
Mail write 0.44(0.31) 3.15(5.71) 0.002
Mail send 0.35(0.27) 1.69(2.89) 0.008

These findings support H2 in that users appearetdebs
focused on tasks during the diversion and resumptic

Table 2. Actions per minute of email operations during pre-
interruption and diversion phases.
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Figure 2. Cumulative probabilities of suspended active
windows being resumed given time until resumptioross
different response types.

Difficulty in resuming suspended applications (H5)

An immediate response to an email alert was adsaktia

with users taking, on average, 16 minutes and 88nsks
(S.D.=27m, 20s) in the resumption phase beforernitg
to the state of the application in advance of tipension.
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Figure 3. Cumulative probabilities of resuming work within a
suspended active window as a function of minutés the
resumption phase.

resuming suspended applications after the diverplmase
had ended. To explore such relationships, we exanin
windows that users had been interacting with dutheg15
second period prior to a suspension. On averadgeé,dfthe
alerts resulted in users being diverted from thpser

For delayed responses, the resumption phase sparfned active windows for more than 2 hours into the restiom
minutes and 50 seconds (S.D.=25m, 5s) on average, nphase. Figure 2 illustrates the breakdown across th

significantly different from the
immediate responses.

For suspensions following IM alerts responded toam
immediate fashion, users spent on average 10 esrand
58 seconds (S.D.=14m, 16s) within the resumptioasph

For delayed responses, the resumption phase spamed
average 12 minutes and 2 seconds (S.D.=14m, 58ain,a

not significantly different from the resumption ®&mfor
immediate responses.

A portion of the time spent in the resumption pheae be
attributed to cycling through a set
applications. However, even when the user finadtyimed
to the suspended application, substantial time agoeto
be devoted to resuming the task state and, presyribab
mental state that they had been in prior to suspensVe
speculate that time and effort with resumption rimayplve

reacquiring memories about the task and, more géner

refocusing cognitive resources that may have beenped
during the diversion phase. The results indicate the

diversion, starting off with a seemingly innocualert, can
result in substantial lag in the resumption of @niyntasks.

This finding corroborates evidence found in reseana
interruption effects, as shown in [2, 33].

Influence of time on primary task on resumption (H6)

We pursued whether recency of activity and sign&otis

of attention on tasks had influence on the efficierof

resumption time rfo

of suspended

different types of alerts and types of responseste Nhat
delayed email responses had the lowest probabilfty
resulting in a 2 hour or lower resumption time fhe
suspended applications. This suggests that delayeail
responses may be associated with users leavingkartaa

more stable state and becoming more engaged inl emai
responses and in subsequent peripheral tasks, hence
deviating further away from the suspended primasks.

We were also interested in the influence of theation of
the focus of attention on tasks just prior to suspEn on
the time until resumption. Figure 3 illustrates tiesults of
this exploration. Active windows where users spent
between 5-30 minutes before the suspension wereatiyp
resumed within 5-15 minutes into the resumptionsghan
contrast, if users spent less than 5 minutes @aslaliefore
suspension, they had a 10% probability of not résgrthe
task within 2 hours into the resumption phase.

USER INTERVIEWS

On conclusion of the study, we sought interviewghveill
participants. We conducted face-to-face interviewth 14

of the participants, based on availability and ries¢ shown

in the outcome of the study. The goal of the intmw
sessions was to both convey to participants their work
activity patterns as compared to other subjectstampiery
them about behavioral patterns we had observechen t
analysis. This gave us a deeper understanding ef th
participants’ behaviors.



In our interviews, we found that participants wgemerally
aware of the frequency of alerts they received rduri
workdays, though they did express surprise atdbe Two
subjects stated that they were seldom influencealdays to
switch to email or IM and that they would usuallgcile
based on their task context when they wanted tdchwi
However, these participants were also found tocdwib
email or IM immediately on a number of occasions.

In the interviews, users who responded to IM marieldy
than to email cited two reasons for such quickepoases:
one, they could quickly respond and switch backviat
they were doing and two, they felt the social oduign of
responding quickly as someone was waiting on tterot
end. They expressed their sense that respondiregmtal
would be more time consuming. Hence they would ydela
with switching to email. We assume that the imtetime
was spent making progress on the task and nurtitringp

a state that they could resume later with ease.

Participants who responded to email more quickbntko
IM typically used email extensively as part of thaiork
routines and felt compelled to respond as soonoasilple.
However, during the responses, they often had tenop
other applications, resulting in spending more toneemail
responses than on IM. To them, IM was more of aasoc
tool. When they did spend longer times in IM, itsnvaostly
because they had time to spare, or, on some 00Sasio
because they had forgotten about their suspendksd.ta

Most interviewees stated that they did not saveudmmnts
categorically before switching since they wereha habit
of saving periodically. They did feel, however,ttha auto-
save upon switch feature would be helpful.

LESSONS LEARNED

From analysis of the collected data and user gy, we
learned several lessons about how users switcls tafthr
receiving an alert, how they continue to interaghwether
applications during the switch, and how they rettion
resume activity on the suspended applications:

Users view alerts as an awareness mechanism rather than a
trigger to switch tasks, but the alerts often cause them to do
otherwise. Users prefer having control over when they
switch to the application that is generating antade that
their primary tasks are less disrupted. They dodisdble
alerts entirely as they would like to be aware rafoiming
information. Often, the identity of the sender bé talert
and the content can influence how the user respands
may stimulate immediate task switches.

Immediate responses indicate alert-driven interruptions and
delayed responses are indicative of self-initiated
interruptions. Switching within 15 seconds of the arrival of
the alert is considered to be a direct consequendhe
alert whereas delayed responses (up to 2 hours) tten
indicate self interruptions. For the former, usappear to
seldom perform actions on the application to bepsnded
that might facilitate easy resumption. For delayed

Users mentioned that they believed that they wereresponses, the lag in switching appears to ofteludie time

subconsciously aware of tasks left suspended. Desdl
and importance of ongoing tasks would often enhdnei
sensitivity of these tasks, serving as subtle reems to
break away from the chain of disruption. Whethemot
participants indeed had the ability to maintain wemass of
suspended tasks, our study suggested that vigilofithe
suspended application windows may have often sesgeal
reminder to return to tasks. We found that peopie wsed
multiple displays would often leave their emailecii open
on a secondary display and use an IM client onr thei
primary display. Several participants mentioned, tidnile
engaging in an IM session, the visibility of thesgended
application windows on the primary display promptieeim

to return to the suspended application more quickBn
when they were using an email application on the
secondary display. Users also mentioned difficsltia
restoring task context on return from the alertpoese,
especially if there were multiple suspended aptibos.
All users mentioned that they would habitually self
interrupt themselves to access Outlook regardlésdeats,
often to read new or previous mails or to send snail

Participants mentioned that they typically did fie¢l the
need for minimizing windows when they responded
immediately to email or IM, because they intendedeturn
to their primary task as soon as possible. Whexy théd

spent shaping the state of the suspended taskmetohat is
more stable and more efficiently resumedy., saving the
document, completing a sentence, etc.

Users spend more time than they realize responding to
alerts. Even though users feel that they are in control of
when they switch tasks due to an alert, they appedre
largely unaware of the amount of time they endpgnsing

on the alerting application, on other tasks thexoke as a
result of responding to the alert, and on browghmgugh
other peripheral applications before resuming tispended
task. Even when users respond immediately with the
intention of resuming the suspended current tadoas as
possible, they often end up taking significantlyrenbme to
return than the time to respond.

Importance of suspended task is associated with early
recovery. Participants reported that deadlines and
importance of ongoing tasks often enhance memabesit
their tasks and promote breaking away from the ezurr
chain of disruption to resume the suspended task®ais as
possible. The observations about the influence usétibn

of recent focus of attention on a task on the timeeturn
support this reflection.

Visibility of suspended application windows is associated
with faster recovery. The visibility of cues associated with a

minimize windows, it was because they had too manySuspended application affects how quickly a ustrne to
applications open and wanted to increase screepespa that application. Our analysis showed that winddavgely

occluded by application windows that users accesmgl



the disruption chain took longer to recover. Siniaas

reported by the users, windows on a display wheseuser
was not currently focused also had longer recotengs.

We found that participants often keep windows ofaing

applications open and leave visual indicataes,(set cursor
locations, highlights) within the application winddo help
them resume quickly upon return.

DESIGN IMPLICATIONS

The challenges, of course, are not only implementhre
above mentioned features but also ensuring that the
reminders and recovery cues do not cause further
disruptions, especially if the current task conteximore
important than the suspended tasks. Determining
appropriate timing strategies [5, 7, 20], displaghniques
[11, 30], and strategies for prioritizing tasks peramount

for the success of future disruption and recoveoyst

Based on our findings and feedback from users, weSUMMARY AND FUTURE WORK

envision that designs for recovery tools might Hierzy
considering the following ideas:

Provide visual indicators of occluded application windows to
assist with the recovery of suspended tasks.

As users were found to take significantly longerdésume
applications whose windows were largely occluded, a
recovery tool might provide value by generating som
visual cues when application windows become ocdude
plethora of designs are feasible. For example, might be
provided by progressively fading in occluded windogo
as to have them peek through occlusions basedeotintie
since last access and predetermined importancehef t
suspended application. In another design, a regmsyestem
might maintain reminder icons of suspended apjinator
tasks in a visible area that can be scanned bydsbe

Automatically save task context on suspension.

A major problem faced by users attempting to recove
suspended applications was restoring the contexthef
suspended tasks, especially when there were naultipl
applications in the suspended task context. A liskfsign
feature, would be to automatically save not onlyiviidual
documents but also the broader context in whicl there
being used. For example, a user writing a resepager
may have a Word document, an Excel spreadsheetaand
statistical software package open, and interactionany of
the three counts as her primary task. On suspension
recovery tool might save this broader task contagtwell

as the state of all applications within the contesd that
users could easily restore all applications belogdo this
context and quickly resume where they left off.

Provide easy access to suspended task context.

While on a chain of diversion, users should be ey
with easy access to the suspended application xisnte
Multiple designs are feasible. As an example, s€cright
be provided in the form of thumbnails with views thi
suspended states of each application.

Provide playback of actions within task contexts.

Some users were found to use the undo key sequance
recovery and the interviews and survey questionsaled
that they employed sequences of undo to recalllabe

We performed a field study of the computing acisgtof
27 users over a two-week period, exploring the snsion,
recovery, and resumption of tasks in participamigtural
work settings. We found that participants spentwwarage
nearly 10 minutes on switches caused by alerts,spedt
on average another 10 to 15 minutes (dependinbetype
of interruption) before returning to focused adgivbn the
disrupted task. We discovered that, following derta
based suspension, subjects would often visit severa
applications in addition to the notifying applicati We
found that 27% of task suspensions resulted in riivaia
two hours of time until resumption. In interviewssers
attributed long delays to the loss of context aisged with
the task switch. Findings about the associatiorween
greater visibility of windows of suspended applicas and
faster resumption of tasks suggest that visual cuayg
serve as reminders to return to suspended appinsati
After reviewing sets of results gleaned from moriitg
users,, we presented design implications for reerirahd
recovery tools and discussed research directions.

In future work, we are interested in pursuing an
understanding of the influence of face-to-face phdne-
based interruptions on task disruption and recoeany to
investigate differences in the disruption, recoyeand
resumption of tasks for these interruptions vecamputer-
based alerts. Studies have shown that such social
interruptions are commonplace in work environmeggts
13]. We are also interested in pursuing more dedépdy
influence of visual cues on task resumption, gitbe
significance of the results on the effects of wiwwdo
visibility that we found in our field study. Alseye would

like to better understand the influence of recesog focus

of attention on task resumption, as well as other
characteristics of tasks such as deadlines andtgrio

We believe that continuing careful study of disfoptand
recovery of people in the course of daily life widveal
valuable insights about the challenges of multiteglover
time, and that such insights will invariably shape design
of more productive and rewarding computing expemssn
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