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Prior research suggests that interruptions by software components are undesirable and detrimental
in many work scenarios. However, there are clear instances where interruptions can conceivably
provide a net benefit. For example, interruption is appropriate when reminding a user to
accomplish an important task instead of working on lower value activities. This paper examines
the pros and cons of interruption and how interruption should occur in the context of an integrated
intelligent assistant system. Results from a study and future directions are discussed.

INTRODUCTION

As long as the crux between work and technology
has existed, interruptive technologies have always
existed, ranging from people to phones to instant
messaging (IM) systems. As technologies become more
available, the ubiquity of interruptions and interruptive
technologies will become more evident. Interruptive
technologies, by which we mean any software that
makes use of alerts or interruptions, already have a bad
reputation in part because of the assumption that
interruptions are inherently unfavorable and extensive
literature on their disruptive effects.

Interruptions can become disruptive to workflows,
however there are instances where interruptions may be
favorable compared to the alternative—remaining
clueless to urgent situations. To illustrate some
examples, urgent tasks may present themselves while
doing other things and an important task may be ignored
in favor of a less important one.

In recent years, research groups have created
interruptive software such as recommender systems and
mixed initiative intelligent systems, which are designed
to make suggestions in real time to improve task
performance. This paper will first present previous
efforts related to work, interruptions, and intelligent
assistants. Then we will present an empirical study
concerned with the types of interruption to be used
within a larger intelligent assistant system.

RELATED WORK

Intelligent Assistants

Complex programs, multiple tasks, and information
overload are all factors that weigh heavily not only in
performance metrics, but also in affect and cognitive
load. With current advances in machine learning, many
researchers and developers have sought to create
technology to assist users in their activities, preempting

their needs and sometimes adjusting to them (Nirenburg
& Lesser, 1986). We call these types of technologies
Intelligent Assistants due to their ability to adapt.
Systems like these are designed to help users perform a
specific task or a set of tasks more efficiently by
undertaking some of the work, providing assistance,
hints, and tips when needed or they provide important
information. The work described here was used to direct
the design of an interruption component within the
RADAR intelligent assistant (Freed et al, 2008).

In general, developers are faced with the difficulty
of balancing the tradeoffs of deciding if and when to
interrupt, whether help is needed, the benefits of
receiving help, the cost to tasks when receiving help, the
cost of not helping, and the cost to providing the wrong
kinds of help (Hui & Boutilier, 2006).

Nature of Interrupted Work

With increased technology, work tasks have become
increasingly complex, consisting of multiple subtasks.
This complexity often requires a degree of multi-tasking,
which affects the order and methods in which tasks are
completed.

It is a known fact in psychology and human factors
that cognitive resources, specifically memory and
attention are limited, forcing users to differentiate tasks
and prioritize them for the sake of efficiency. According
to Miyata and Norman (1986), the flow of tasks
undergoes a transformation into a generally linear form
with few tasks that are currently being worked on and
tasks that, for any number of reasons, have been set
aside to be returned to later (suspended tasks), however,
over the course of daily activities, interruptions often
occur.

Interruptions can be either internal (self-created) or
external (from an outside source), introducing new
information and updates, tasks, or advice. Interruptions
may also be social in nature, such as in IM, email, or
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talking with coworkers. Interruptions create breaks in the
workflow and cause one to suspend current work.
Resuming suspended work may be difficult depending
on factors such as the task or motivation from the
worker. Continuation of disrupted tasks requires one to
finish attending to the interruption and regain context in
the original task.

Interruptions can be either relevant or irrelevant to
the task. Czerwinski et al (2000) found that the total
amount of time spent on a distraction and returning to
the original task increased when the interruption was
irrelevant.

According to Mark et al (2005), most research on
interruptions highlights the negative impacts they have
on work due to the belief that work fragmentation,
breaks in continuous workflow, are unfavorable. Their
work showed that interruptions to workflow cause
people to resume work slowly. Other previous research
suggests that that task performance and affective states
(such as frustration, anxiety, and annoyance) are affected
by interruptions introducing secondary tasks during
activities (Adamczyk & Bailey, 2004, Adamczyk et al,
2005, Bailey et al, 2001, Bailey & Konstan, 2006),
instant messages, as well as when receiving advertise-
ment pop-ups (Edwards et al, 2002). Bailey and
Konstan’s research (2006) suggests that interruptions in
themselves may not be the cause of errors, but perhaps
the expectance of interruptions may be to blame. Speier
et al (2003) found that interruptions affected main task
speed-accuracy tradeoff. High frequency interruptions
during complex decision making tasks reduces accuracy
and increases speed, while low levels of interruption
lower task speed and raise accuracy. Oulasvirta and
Salovaara (2004) also found switching attention between
tasks negatively impacts memory.

With so much work focusing on the negative aspects
of interruption, it would seem that interruption should be
avoided. Indeed, very little research highlights the
positive aspects of interruption. Interruptions are almost
necessary, since they can provide new and desirable
information as well as urgent updates and tasks. They
may also be used to direct someone to neglected tasks.

This is in line with work by Miyata and Norman
(1986) describing two extremes of active work states:
one where the focus is on a primary task and
interruptions and secondary tasks are ignored (task-
driven), and another where one is sensitive to
interruptions to the primary task (interrupt-driven). A
system with good interaction design will recognize the
latter state interrupt at those times.

Interruption Rendering
Methods of interruption are many. Pop-ups are
undeniably ubiquitous in computing systems. Instant

message windows usually pop-up when initiating
conversation or may blink when an already open
conversation window is in the background. Dialog boxes
pop-up when one closes a document without saving first.
It is also common to receive notification through icons,
such as the System Tray in Windows, where icons may
blink or change form. Billsus et al (2005) created and
tested a toolbar for Microsoft Internet Explorer and
Gluck (2007) introduced a large number of notification
methods based on icons. Notifications may also
occasionally make sounds. With different alert methods
to choose from, selecting the correct one can be a
difficult design decision.

When deciding upon notification types, there is a
balance between drawing attention and trying not to be
bothersome, subtlety vs. intrusiveness. This
consideration, attentional draw, refers to the amount of
attention attracted by the notification signal and can be
thought of as the amount of distraction. This matter is
very closely related to the cost of interruption.

Gluck’s studies (2007) suggest that users dislike
notifications with high attentional draw when the
notification has no content and is irrelevant to the task.
Also, users view notifications favorably when there is
content and are relevant to the task. The implication is
that interruptions that attract a lot of attention should
convey important information.

McCrickard et al’s model for notification systems
(2003) produces similar design advice. This model is
composed of three factors: Interruption, or the degree to
which the signal disrupts workflow; Response, or the
requirement to act once the signal is detected; and
Comprehension, or being able to remember or make
sense of it at later points in time. According to the
model, these ought to be balance. But moreover, these
three factors can correlate to different signal types. For
example, an alarm is highly disruptive and requires a
response, but has low comprehension. They advise that
to create proper notification types, one must consider the
user and the system, and then decide which kind of
notification is most appropriate. Under this design
model, highly disruptive notifications may actually be
desirable.

The purpose of this study was to determine, which
method of interruption is best given an interruption
notification of an urgent task. The two methods of user
alerts were pop-up messages and highlighting a line
from a list of items. These represent the two domains of
alerts, intrusive alerts which interrupt an action by
placing themselves prominently, and unobtrusive alerts,
which present themselves quietly, usually in a taskbar as
an icon with some form of attention getting signal, i.e.,
blinking, moving, pulsing, etc (Gluck, 2007).
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Highlighting a task from a list might be less
obtrusive and less annoying than a popup. This type of
interruption does not seem to have been examined in
detail and may be helpful in recommender systems if
task lists have high visibility. Pop-ups may elicit faster
reaction times because of their high level of
intrusiveness. This study compares the two methods and
their combination to see which method is best for
notifying a user about urgent tasks. Also, combining the
two methods may be redundant, however, making them
less desirable than pop-ups.

Hypothesis 1a: Highlighting tasks from a list will be seen
as more effective than pop-ups.

Hypothesis 1b: Highlighting tasks from a list in addition
to a pop-up will be seen as less effective than pop-ups.

Users may be annoyed with pop-ups and may
respond more slowly to them. At the same time, pop-ups
grab attention easily and may elicit faster responses than
highlighting simply because they are noticed more
quickly. The danger of highlighting, or any other sort of
non-invasive interruption techniques, is that they may
remain unnoticed by the users if they are too mild. The
combination of methods might work best, so that if the
highlighting is not noticed, an eventual pop-up might be.

Hypothesis 2a: Highlighting tasks from a list will elicit
slower response times than pop-ups.

Hypothesis 2b: Highlighting tasks from a list in addition
to a pop-up will elicit response times as fast as pop-ups.

Hypothesis 2c: Highlighting tasks from a list in addition
to a pop-up will elicit response times as faster than
highlighting.

EXPERIMENT

Task

To simulate real world situations, we used three
kinds of tasks — computation, ‘Look Up’ (information
retrieval/cross-reference), and Sudoku (a popular
number game) Each type of task had three levels of
difficulty — easy, medium, and hard. Each task was
composed of subtasks, each requiring a previous action
to be done before being complete. This enables the
interrupting agent to find task and subtask boundaries.

The computation task requires subjects to solve math
problems. Easy problem sets involved simple addition or
subtraction between one-digit or two-digit numbers with
no subtasks. Medium problem sets involved simple
addition or subtraction between two-digit numbers,
which should require some mental math and optional use
of paper and pencil. Subtasks were included in this

problem set. Hard problems involved multiplication of
two-digit numbers and normally required the use of
paper and pencil. Subtasks were included in this problem
set as well.

Look Up tasks involved referencing lists of
compiled information which may be sorted or unsorted,
and extracting a particular piece of information.
Furthermore, several lists may need to be examined
before an answer could be discovered. We classified
levels of difficulty based on the level of ‘cross-
referencing’ needed to answer the question. Easy
questions involved a search into one data set, such as
looking for a phone number or a person’s email address.
There were no subtasks. Medium questions required the
user to search two different data sets to find the answer.
Subtasks were included and are defined as the switch
between lists. Hard questions required the user to search
two different data sets to find the answer and may have
required noting pieces of information in addition to
cross-referencing the two data sets. Subtasks were
defined as switches between lists.

The last task was Sudoku, a popular logic number
game. The objective is to fill a 9x9 grid so that each
column, each row, and each of the nine 3x3 boxes
contained the digits 1 through 9. The puzzle provides a
partially completed grid so that there is only one
possible solution. This task generally requires a more
constant stream of concentration as answers are highly
correlated. Levels of difficulty are classified by the
number of fields missing from the puzzle. All Sudoku
fields are considered subtasks as the solutions are
dependent on the other values in the puzzle. Easy
puzzles required subjects to solve a Sudoku puzzle with
7 missing fields. Medium puzzles required subjects to
solve a Sudoku puzzle with 10 missing fields. Hard
puzzles required subjects to solve a Sudoku puzzle with
12 missing fields.

Design and Procedure

Over the course of an hour, subjects participated in
15 minute rounds, each having a different form of
interruption styles. Subjects could choose in which order
they wanted to do their given tasks. Interruptions were
administered at intervals determined by experimenters.
Interruptions requested that a particular task be done,
although they do not prevent the subjects from
continuing the experiment in their own order. The order
of the conditions was randomized for each subject. Five
minutes were devoted to consent forms at the beginning
and a five-minute break was provided between each of
the two rounds.
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Figure 1: Highlight Condition
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Figure 2: Pop-up Condition
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Figure 3: Example screen from the Interruption Study

Each round was composed of 27 completely
different sets of questions. In each of the 3 rounds, it was
estimated that a subject would have about 8 interruptions
for a total of 24 interruptions for the duration of the
experiment. Subjects were seated at a computer with an
interface that listed 27 tasks (See Figure 3). To select a
task to do, the subjects clicked on the desired task from
the task list, which opens the task in a new window.
Subjects received interruptions on the side (pop-up) or
within the task list itself (highlight). Clicking on pop-ups
opened the task in a new window. Clicking on a
highlighted task opened it in a new window exactly like
clicking a regular task from the list. In the case where
both a highlight and pop-up were present, subjects could
choose either method to open the task.

As new interruptions were delivered, they were
presented in conjunction to the older unresolved ones.
The interruption types were as follows: Highlight:
Urgent tasks were highlighted on the task list. Pop-up: A
popup message notified the user that an urgent task
should be done. Multiple pop-ups were possible. Both:
Both forms of notification.

All notifications occurred at task boundaries (as
concluded from a pilot study). After each round, subjects
were asked to rate the effectiveness of the notification
method.

Participants

For this experiment, 20 subjects (14 male, 6 female)
participated in the experiment in two cohorts of 10
subjects each. They were recruited from the university’s
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online experiment listings website. Subjects from an
earlier pilot study were excluded from this study.
Subjects were compensated $15 for the hour.

Measures

Dependent measures included the response times to
urgent tasks and subject perception of effectiveness on a
10-point scale (10 being highest).

Results

A one-way ANOVA on condition by Effectiveness
ratings was significant, F(2,51) = 5.82, p =.005. A post-
hoc student’s t-test showed no significant differences
between the Highlight condition (M= 8.78) and the
Highlight+Pop-up condition (M= 7.56), but revealed a
significant difference between those two conditions and
the Pop-up condition (M= 5.78). Hypothesis 1a was
confirmed. Hypothesis 1b was rejected.

A one-way ANOVA on Response Time by
conditions revealed significant differences, F(2,333)=
13.53, p <0.0001 (Figure 4). A post-hoc student’s t-test
suggested no difference between the Highlight condition
(M=24.32) and the Highlight+Pop-up condition (M=
9.38), but found a significant difference between those
two conditions and the Popup condition (M=68.52).
Participants in the Highlighting condition responded to
the interruption significantly faster than the Pop-up
condition, so Hypothesis 2a was not confirmed. The
Highlight+Pop-up condition elicited the fastest reaction
times, thus Hypothesis 2b was confirmed. Participants in
the Highlight+Pop-up condition responded to the
interrupt faster than the Highlight condition, though not
significantly, thus Hypothesis 2¢c was somewhat
confirmed.

We also performed a one-way ANOVA on condition
by the percent of Completed Prioritized Tasks, which
did not prove to be significant, F(2,51) =2.42,p =.09. A
post-hoc student’s t-test again showed no significant
differences between the Highlight condition (M= 0.82)
and the Highlight+Pop-up condition (M= 0.85), but
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Figure 4: ANOVA: Effectiveness x Condition
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found a significant difference between those two
conditions and the Popup condition (M=0.71), which
suggests a slight trend towards participants with pop-ups
completing fewer of the interrupt-driven tasks.

DISCUSSION

This study suggests that users respond more slowly
to pop-ups, doubt their effectiveness, and might
complete fewer prioritized tasks. It was interesting to
find that having highlighting along with pop-ups did not
perform worse than pop-ups. While we do not know why
this occurred, there may be various reasons. Perhaps
redundancy was helpful as opposed to detracting from
the experience and performance, which we expected. It
might also be the case that participants could ignore pop-
ups in favor of the highlighting because they could rely
on the latter rather than depending solely on the pop-ups.
In terms of user ratings, higher rating of dual-signal than
to the pop-ups may be due to a feeling of choice in
regards to which interruptions to attend to. More
research is needed in order to discern the exact reasons
behind these findings.

In this study, the interruptions did not provide new
content or bring old important content back into focus—
instead, they only alerted the user to urgent tasks.
Because no new necessary information was given, the
nature of our interruptions might differ from previous
work that focuses on the use of content in interruptions.
In order to provide interruptions with content, some
proposed ideas for future tasks include document
editing, information seeking, and summarizing of
information. It might also be worthwhile to compare
content-laden and content-less interruptions for the same
kinds of tasks to determine whether one is better than the
other.

CONCLUSION

In this paper, we presented a study that brings
attention to the manner in which interruptions are
delivered. More research is needed to expand the body
of research on this topic. Intelligent assistants are being
developed at increasing rates and designers need to be
able to identify the costs and benefits of interruption
types. In this study, we also examined a novel way of
introducing interruptions by highlighting tasks from a to-
do list.
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