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Multitasking is the result of time allocation decisions made by individuals faced with multiple tasks. Multitasking research is important in order to improve the design of systems and applications. Since people
typically use computers to perform multiple tasks at the same time, insights into this type of behavior can
help develop better systems and ideal types of computer environments for modern multitasking users. In
this paper, we define multitasking based on the principles of task independence and performance concurrency and develop a set of metrics for computer-based multitasking. The theoretical foundation of this metric
development effort stems from an application of key principles of Activity Theory and a systematic analysis
of computer usage from the perspective of the user, the task and the technology. The proposed metrics, which
range from a lean dichotomous variable to a richer measure based on switches, were validated with data
from a sample of users who self-reported their activities during a computer usage session. This set of metrics
can be used to establish a conceptual and methodological foundation for future multitasking studies.
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1. INTRODUCTION

Nowadays people drive while talking on the phone, check their email while eating
lunch, or do their homework while chatting online with a friend. In this multitasking era, much has been said about this practice but relatively little comprehensive
research has been conducted to date. This void might be due in part to the difficulty
to conceptualize multitasking and subsequently measure it. Broad conceptualizations
of multitasking are challenging because the existing body of literature appears to be
divided into two separate streams with little cross-fertilization between them. On the
one hand, studies on interruptions [Bailey and Iqbal 2008] address multitasking as the
result of the decision to attend to an external notification. On the other hand, studies
Authors’ addresses: R. Benbunan-Fich, Statistics and Computer Information Systems Department, Box 11220, Zicklin School of Business, Baruch College CUNY; email: Raquel.Benbunan-Fich@baruch.cuny.edu; R.
Adler, Statistics and Computer Information Systems Department, Box 11-220, Zicklin School of Business,
Baruch College CUNY; T. Mavlanova, Statistics and Computer Information Systems Department, Box 11220, Zicklin School of Business, Baruch College CUNY.
Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted
without fee provided that copies are not made or distributed for profit or commercial advantage and that
copies show this notice on the first page or initial screen of a display along with the full citation. Copyrights for
components of this work owned by others than ACM must be honored. Abstracting with credit is permitted.
To copy otherwise, to republish, to post on servers, to redistribute to lists, or to use any component of this
work in other works requires prior specific permission and/or a fee. Permissions may be requested from
Publications Dept., ACM, Inc., 2 Penn Plaza, Suite 701, New York, NY 10121-0701 USA, fax +1 (212)
869-0481, or permissions@acm.org.
c 2011 ACM 1073-0516/2011/06-ART7 $10.00

DOI 10.1145/1970378.1970381 http://doi.acm.org/10.1145/1970378.1970381
ACM Transactions on Computer-Human Interaction, Vol. 18, No. 2, Article 7, Publication date: June 2011.

7

7:2

R. Benbunan-Fich et al.

on discretionary task interleaving [Payne et al. 2007] examine multitasking as the
product of internal cognitive decisions to switch tasks. Yet multitasking is the result
of both of these issues (external interruptions and internal choices) that lead people
to change tasks. In this paper, we propose a comprehensive definition of multitasking
and a set of metrics that enables us to examine prior empirical findings in a new light
and to outline a new research agenda for multitasking.
Multitasking can be viewed as the result of time allocation decisions that individuals
make when they are faced with multiple tasks. Thus a complete conceptualization of
multitasking should look beyond the specific triggers that lead individuals to undertake multiple tasks and focus instead on actual time allocation decisions, as individuals
shift their attention among ongoing tasks. A new definition along these lines lays the
foundation for the development of specific measures to capture multitasking activity.
Consensus on a broad definition allows the development of precise measures of multitasking, which are essential to research the antecedents and consequences of this
behavior, particularly in terms of workers productivity and decision makers’ performance [Speier et al. 2003].
Given modern tendencies to multitask with technology devices, computer-mediated
activities provide an appropriate environment to examine multitasking from a conceptual and empirical perspective. Contemporary work and nonwork environments are
characterized by people engaged in multiple ongoing activities spanning one or more
technology devices. As some empirical studies report, there is a prevalence of multitasking during meetings [Benbunan-Fich and Truman 2009; Hembrooke and Gay
2003; Wasson 2004] or while at work [Czerwinski et al. 2004; González and Mark 2004;
Mark et al. 2005]. Our study is focused only on a single IT platform (a personal computer) and the multitasking that occurs within this platform. While Human-Computer
Interaction (HCI) research has begun to examine multitasking with multiple devices,
such as using a smart phone while driving [Salvucci 2009], we believe that in order
to understand why users switch among different devices, it is necessary to investigate
first switches that occur within a single device. Furthermore, understanding the multitasking that occurs solely on a personal computer can be useful for interface designers.
Given the tendency of modern users to have multiple unrelated windows open at any
time, exploring how users multitask in this type of computer environment can help
improve the design of systems and interfaces.
In this paper, we define multitasking in general and focus on computer-based multitasking to develop a set of metrics for this construct. The rest of the paper proceeds
as follows. We start with a precise conceptualization of underlying principles of multitasking behavior, and then use Activity Theory as the foundation to address this topic
from the perspective of the user, the task, and the technology. Based on this triad (usertask-technology), we proceed to the development of seven multitasking metrics. After
presenting and discussing our proposed metrics, we report the results of an empirical
study where these metrics were validated. We end by outlining potential areas for future research. Our aim is to develop an encompassing definition and set of metrics to
organize existing findings and seed future research on this topic.
2. WHAT IS MULTITASKING?

Although multitasking is prevalent in everyday life, multitasking behavior has been
difficult to conceptualize and measure. The very definition of multitasking as “multiple
tasks performed at the same time,” is open to several interpretations depending upon
how tasks and time are defined [Rubinstein et al. 2001; Wild et al. 2004]. For example,
tasks may include any combination of perceptual and motor activities, as in the typical
example of using the cell phone while driving, and time may refer to short unit of time
or a longer period. Similarly, tasks may be defined at a lower level of abstraction or at
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a higher level. Changes in the scale or granularity of these two dimensions will yield
very different views of multitasking.
An accurate definition of multitasking starts with the articulation of two key
dimensions: tasks and time. According to Wild et al. [2004: 18], “[w]hen understanding multitasking it is useful to scope the multiple ‘what’ and the overall duration of
the ‘when.’ ” To scope tasks, it is useful to define them as self-contained units that
incorporate all the components necessary for their performance. For example, working
on a presentation might include shifting among an open browser for a Google search,
Microsoft Word for viewing a paper, and Microsoft PowerPoint for writing the presentation itself. All of these components belong to the same task of preparing a presentation.
For a more encompassing analysis, tasks are defined at a higher conceptual level, as
opposed to a lower physical level. With this approach, tasks are complete and independent from each other. To scope time, it is preferable to use the notion of a session with a
beginning and an end, instead of a standard unit of time, such as an hour. The scoping
of a time frame in terms of a session allows for a more comprehensive examination
of tasks and their performance, as some tasks may not be completed in predefined
standard units of time.
A complete conceptualization of multitasking also requires an understanding of how
tasks are performed. Depending on differences in time allocation decisions, there are
several approaches for the temporal organization of multiple independent tasks in
a segment of time. At one extreme, multiple tasks can be executed in sequence by
starting each task after the completion of another. In this sequential mode, only one
task is attended to at a time from beginning to end. Even though multiple tasks might
be performed in a time period, there is no concurrency. At the other extreme, multiple
tasks can be executed in parallel, if all of them are ongoing at the same time. In
this case, there is maximum concurrency among tasks. In practice, however, absolute
parallel performance might not be possible as humans are unable to simultaneously
divide their attention among ongoing tasks [Bluedorn et al. 1992]. The middle ground
between these two extremes is interleaving tasks by diverting attention or switching
from one task to another and eventually resuming previously abandoned tasks [Payne
et al. 2007]. This interspersing strategy is common in computer-based multitasking,
where tasks under way are voluntarily or involuntarily suspended to perform other
tasks. This type of multitasking involves a partial degree of concurrency among tasks
performed in a segment of time.
We propose that the principles of task independence and performance concurrency
are central to achieve a precise conceptualization of multitasking. Bearing these two
principles in mind and consistent with our focus on a single IT platform, we adopt the
following definition: A user engages in computer-based multitasking behavior when
s/he performs more than one unrelated computer-based task concurrently. Computerbased multitasking is thus a function of time allocation decisions. Such decisions determine how multiple independent tasks are combined in a segment of time and the degree
of concurrency with which these tasks are performed in that period of time. According
to this definition, a comprehensive view of multitasking encompasses the components
of the triad identified by Burton-Jones and Straub [2006] to measure IT usage: usertask-technology. Our metrics development effort is grounded on the analysis of these
three elements from the perspective of Activity Theory.
3. THEORETICAL BACKGROUND

Activity Theory is a psychological framework or meta-theory that integrates motivation, cognition and behavior in the context of human practices [Bedny and Karwowski
2007; Kaptelinin and Nardi 2006]. Based on a set of principles that describe the
hierarchical nature of human activities and the role of tools in human thought and
ACM Transactions on Computer-Human Interaction, Vol. 18, No. 2, Article 7, Publication date: June 2011.
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behavior, Activity Theory seeks to understand the unity of consciousness and activity,
as evidenced in the interaction with other people or artifacts. Due to its focus, it has
been applied to the study of Information Technologies, Systems Design, and HumanComputer Interaction. This theory emphasizes human intentionality while recognizing
that an activity is a combination of prespecified and situated components [Kaptelinin
and Nardi 2006]. This distinction is particularly important when people act with technologies [Kaptelinin and Nardi 2006], because the technology facilitates and constrains
the attainment of the user’s goals, and the components of an activity can dynamically
change as conditions change.1
Two broad trends can be identified in the application of Activity Theory to Information Technology design and Human-Computer Interaction [Bedny and Harris
2008]. The Scandinavian perspective [Bødker 1989; Kuutti 1991; Kaptelinin 1996;
Nardi 1996], and the systemic-structural perspective developed by Bedny and colleagues [Bedny et al. 2000; Bedny and Harris 2005; Bedny and Karwowski 2007]. While
researchers in the Scandinavian tradition of Activity Theory emphasize the principle of
object-orientation whereby an activity is a unit of subject-object interaction [Kaptelinin
and Nardi 2006], the systemic-structural approach is more focused on conscious goals
as drivers of activity. In the systemic-structural perspective, an activity is defined as a
“goal directed system in which cognition, behavior and motivation are integrated and
organized by goals and the mechanisms of self-regulation” [Bedny et al. 2000, p. 168].
We use goal-orientation as one of the key principles of Activity Theory.
In Activity Theory, an activity is defined at a high level and consists of actions and
operations. Within this hierarchical conceptualization, each activity consists of several
actions, which in turn involve several operations. The top layer of this hierarchical
structure contains the activity itself, which is oriented towards a motive or object that
the subject needs to attain [Kaptelinin and Nardi 2006]. The second layer contains
actions, or functionally subordinated processes, directed at specific conscious goals. The
third layer consists of operations, which result from the decomposition of actions. These
lower level units are routine processes that do not require a conscious effort for their
execution but allow adjustment to ongoing circumstances. Operations are automatic
responses to perceived conditions that allow humans to adjust their actions to the
current situation [Nardi 1996; Kaptelinin 1996]. The combination of goal orientation
with dynamic adaptation in human activities accounts for predictable and routine
events, as well as emergent and contingent actions.
Another key premise in Activity Theory is the notion of mediation by artifacts or
tools that enable humans to carry out specific activities [Kuutti 1991]. A tool mediates
an activity that connects a person not only with the world of objects, but also with
other people. Tool mediation allows humans to extend their capabilities and perform
new functions, or perform existing functions more efficiently [Kaptelinin 1996]. For
instance, people use computers to extend their information processing or their communication capabilities. In so doing, they seek to achieve objectives that are meaningful
beyond the actual use of the computer [Kaptelinin 1996].
With an explicit articulation of humans, activities and tools, this framework is
suitable to analyze each of the components of the triad (user-task-technology) and
understand multitasking. The basic principles of Activity Theory, along with specific
1 The conceptual apparatus of Activity Theory is more extensive than the discussion presented herein. We
focus on the main tenets of this theory, the two main schools of thought within this theory and how they
contribute to the study of multitasking. A more detailed explanation of this theory is available in Bedny
et al. [2000], Bedny and Karwowski [2007], Kaptelinin and Nardi [2006], Kuutti [1991], and Nardi [1996].
A discussion of how to use Activity Theory in HCI research is presented in Kuutti [1996] and in Bedny and
Karwowski [2003].
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analytical elements developed in the systemic-structural perspective provide the
theoretical underpinnings for the study of multitasking. In the systemic-structural
approach, human work activity during task performance is the primary object of
study. To understand human work activity, this approach includes morphological and
functional analysis techniques. In morphological analysis, the structure of an activity
is conceptualized as a logical and spatiotemporal organization of actions and operations performed to achieve the goal of a task. In functional analysis, the major units of
analysis are function blocks and an activity is regarded as a self-regulative or adaptive
system that actively interacts with the situation [Bedny and Karwowski 2007].
Building on the principles of goal orientation, hierarchical conceptualization, technology mediation, and additional elements provided by the systemic-structural approach,
we analyze the interplay of user, task and technology. Together these principles lay the
theoretical foundation for the development of multitasking metrics from the perspective of Activity Theory.
3.1. Task Perspective

A task is an assigned or voluntary undertaking that requires time and other resources
to produce an outcome. Typical task conceptualizations are based on an input-processoutput model and thus include the required steps and information cues necessary
(input) to create a product or achieve a goal, which is considered an output. The process whereby task inputs are transformed into outputs can be articulated in terms of
procedural components identified as subtasks and steps [McGrath 1991; Wood 1986].
In the systemic-structural approach of Activity Theory, a task is a fundamental
component [Bedny and Harris 2005]. While activities respond to needs and motives
that are often subconscious, tasks have specific conscious goals. Any task may be
represented as a logically organized system of actions around an overall goal. In turn,
each action has separate but intermediate goals that must be reached to attain the
overall goal of the task [Bedny et al. 2000].2 By inserting tasks in a middle layer
between activity and actions, tasks provide a vehicle to organize actions (or subtasks)
around a high level goal. This definition is consistent with the two parameters we used
to scope tasks. First, it includes within each task all the components necessary for
their performance so that tasks are complete and self-contained. Second, it operates at
a high level of abstraction determined by a goal, which is consistent with our scoping
of tasks at a conceptual level.
Our application of Activity Theory to the context of multitasking involves broadening the focus from a single task to multiple independent tasks performed concurrently.
From the perspective of the task, multitasking manifests itself when there is a task
switching decision (i.e., a task currently underway is temporarily abandoned to undertake or continue another task). In the systemic-structural perspective, task switching
results from the temporal structuring of activity elements and their sequential or simultaneous performance [Bedny and Karwowski 2007]. Other Activity Theory researchers
have conceptualized switching in terms of focus shifts [Bødker 1996]. Changes in focus
can be deliberate or caused by breakdowns. According to findings in psychology [Payne
et al. 2007], discretionary focus shifting (or voluntary task interleaving) is motivated by
two task-related factors: (1) diminished rate of return: propensity to temporarily abandon a task that is no longer rewarding; or (2) subgoal completion: tendency to switch
to an unrelated task when a sub-task is completed. Although these two factors can be
considered task-related, they signal a change in the user’s original goal-orientation.
Hence, the user’s perspective offers a complementary view of multitasking.
2 We

are very grateful to the anonymous reviewers of this journal for directing us to the work of Bedny and
colleagues and for helping us articulate the distinction between tasks and activities in Activity Theory.
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3.2. User Perspective

Activity Theory considers humans as purposeful in terms of motives and goals.
Activities are oriented to general needs, while tasks are associated with specific goals.
Individuals usually participate in several activities at the same time [Kuutti 1996].
Hence an application of this theory supports the view of individuals undertaking different tasks to fulfill multiple goals (i.e., multiple goal orientation) with freedom to
decide how many tasks will be performed and how they will be combined. Each individual’s interpretation and performance of a task is to some extent idiosyncratic
[Bedny et al. 2000], as different people may understand the same task differently or
may develop different strategies to complete a task [Hackman 1969; McGrath 1991].
Similarly, each individual may approach the decision to multitask in various ways,
including not only which tasks to perform but also how to integrate their performance
in a particular time interval. Users typically break down high-level tasks into smaller
components (subtasks), which are then executed and potentially combined with components of other ongoing tasks, sequentially, simultaneously, or by alternating them.
Temporal structuring of activities allows for multiple combinations in their integration
into a dynamic whole [Bedny et al. 2005].
Concurrent task performance and voluntary task switching decisions may result from
factors internal to the user, such as individual characteristics or personality traits that
motivate people to undertake unrelated activities in the same time interval and switch
between them. One way to capture people’s propensity to multitask is to measure their
time use preferences and behavior. Based on Hall’s [1983] concepts of monochronic
and polychronic time use, an individual with monochronic time preferences will tend
to focus on one thing at a time, while an individual with polychronic tendencies will tend
to simultaneously undertake two or more activities [Lee 1999]. Instead of a dichotomy,
Bluedorn et al. [1992] argue that there are degrees of polychronicity, ranging from
people who tend to be very monochronic to those who are very polychronic. Given
personal time use preferences, polychronic individuals will be more likely to engage in
multiple tasks, while monochronic individuals will be inclined to perform one task at
a time.
From the user’s perspective, a necessary condition for multitasking is multiple goal
orientation. The need to fulfill multiple goals may explain the user’s tendency to undertake multiple tasks in a particular time interval. However, due to personal characteristics and time orientation preferences, each user may adopt different temporal
strategies for the execution of multiple tasks and their subcomponents ranging from
pure sequential task performance to interspersing subtasks. Therefore, a sufficient condition for multitasking is the temporal integration of components from various tasks so
that multiple task performance takes place within a particular time interval. Temporal
integration occurs when the user decides to switch from one subtask to another subtask
that belongs to a different task. The ability to change from one task that is in progress
to another one is influenced by the technology tools that mediate task performance.
3.3. Technology Perspective

Activity Theory supports the view of technology as a mediating tool that allows individuals to carry out tasks. In a single task context, user performance of technologymediated tasks is visible through the interaction between the user and the technology.
In this interaction process, a user not only initiates actions to perform task-related
steps but also responds to technology prompts, such as a notification that a relevant
document has finished downloading. Electronic notifications emerging from the technology itself encourage users to respond to these contextual signals for the purposes of
self-regulation.
ACM Transactions on Computer-Human Interaction, Vol. 18, No. 2, Article 7, Publication date: June 2011.
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In modern computer-based environments, the computer is the means of work and
cannot be classified as a single tool. Instead, it should be conceptualized as a way of
presenting a variety of tools that mediate task performance [Bedny and Harris 2005].
User-technology interaction consists of employing programs or applications rendered in
windows. Applications are provided by the technology to allow task performance. Typically, a high-level task is broken down into functional components, which are in turn
associated with specific technology tools or applications for its performance. Functional
association is the process whereby task components are related to specific technology
tools. For instance, a task that requires information gathering and summarization
consists of two functional subtasks performed by using two independent applications
and two or more separate windows, namely: conducting online research (with a Web
browser) and writing up the information (with a word processor).
Technology mediation plays a dual role in the performance of multiple concurrent
tasks. On the one hand, contemporary computing platforms have been explicitly designed to support multitasking. From the ability to toggle between windows, which
allows users to keep different programs or files open and alternate among them, to
the availability of browser tabs that let users conduct multiple activities within a
web browser window, modern personal computing facilitates multitasking. On the
other hand, the very same technology that enables multitasking tends to intensify
it, as users are interrupted by programs or electronic notifications3 that may lead (or
force) them to switch tasks unexpectedly. Notifications are a specific technology feature
designed to keep users contextually aware of changes in their computer-based environment [McCrickard et al. 2003]. Thus, personal computing technology acts as an enabler
of multiple task performance and as a potential multitasking inducer as well.
As an enabler, the technology allows users to work concurrently on multiple outstanding tasks as they await responses from others concerning these tasks [Whittaker
2005]. The need to constantly wait for responses, or perhaps the need to be constantly
available for others, explains why people tend to keep email running in the background.
Renaud et al. [2006] found that 84% of the people kept email running in the background
at work, while 55% of them had email running in the background at home. Although
about half of the users in their sample used alerts to get notified of new incoming
email messages, usage tracking showed that most people voluntarily switched to check
email about every five minutes [Renaud et al. 2006]. Consistent with these findings,
González and Mark [2004] report that office workers tend to switch between different
working spheres due to either self-interruptions or external interruptions. In related
research, Reinsch et al. [2008] discuss the practice of multicommunicating or carrying
overlapping technology-mediated conversations in the workplace.
As an inducer, the technology prompts users to switch tasks when they receive notifications from computer-mediated communication systems, such as email and instant
messaging software, or alerts from their computers (e.g., schedule reminders). The interruptions literature provides a rich context to understand why people decide to switch
tasks and the implications of this decision. For example, while Gillie and Broadbent
[1989] conclude that interruptions have a deleterious effect on performance, Cutrell
et al. [2000] found that interruptions that are pertinent to current tasks are less disturbing than those that are irrelevant. Speier et al. [1999] found that interruptions
facilitate performance on simple tasks, while inhibiting performance on more complex
3 Although

interruptions may come from other devices (such as smart phones, cell phones, pagers, etc.), or
from other people, our interest here is on interruptions that occur within the same personal computing
platform (laptop or desktop) where the user is carrying out his/her work. In a recent study, Ophir et al.
[2009] coined the term “media multitasking” to distinguish consumption of content from multiple devices
from a situation where multiple streams of content come from a single device.
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tasks. For complex tasks, the frequency of interruptions and their lack of similarity with
the task at hand exacerbated the negative performance effects. Speier et al. [2003] confirm these findings but suggest that interruptions may have positive effects by allowing
people to break from a difficult task and approach it later with a different mindset.
In addition to task complexity, the timing of the interruption and the way it is handled is germane [McFarlane 2002]. With respect to timing, the effects on performance
are less severe when the interruption occurs at subtask boundaries [Bailey and Iqbal
2008; Hodgetts and Jones 2006; McFarlane and Latorella 2002; McFarlane 2002; Payne
et al. 2007]. It is worth noting that not all interruptions are mandatory. In some cases,
people exercise their discretion to handle interruptions at a later more convenient time
[McFarlane 2002].
This dual view of technology that not only supports but also generates multitasking is consistent with the dynamic adaptation principle of Activity Theory. According
to this principle, goal-oriented individuals are able to adapt to dynamic changes in
their environment and respond accordingly. Users can dynamically adjust or change
tasks as a result of technology notifications. As users remain contextually sensitive,
technology signals might affect the order in which they carry out subtasks (within the
same task) or might prompt them to switch to a completely different task. Technologymediated activities tend to incorporate prespecified and emergent task components. In
particular, users pay attention to and decide whether to respond to electronic alerts
and interruptions. Therefore, multitasking is not only an individual choice but also the
result of the dynamic adaptation of users to the technology environment in which they
carry out their tasks.
4. ACTIVITY-BASED MULTITASKING METRICS

Using the principles of Activity Theory and our application of this theory for multitasking, we organize existing metrics for computer-based multitasking behavior and
propose new ones in a systematic way, using the triad (user, task, and technology) identified by Burton-Jones and Straub [2006] to articulate metrics for technology usage.
Accordingly, these metrics are developed and discussed with respect to the user, task or
computer technology perspective, and a progression from leanest to richest depending
on how many elements are considered in each measure. Heretofore, we identify each
measure of multitasking (MT) with subscripts to indicate its relation to the user (U),
task (T), or computer technology (C).
The proposed multitasking metrics are objective and computer-centric. Objective
because they are based on actual usage patterns, rather than the user’s perceptions of
their own multitasking habits. Computer-centric because they consider a single device
(personal computer) and include only computer-based tasks. Thus all other manual
or perceptual tasks performed by users (such as watching TV or talking on the phone
while using the computer) are excluded, and all other technology devices, such as smart
phones and handheld gadgets that might be used concurrently with a laptop or desktop
computer, are omitted.
Activity theory emphasizes human intentionality and thus conceptualizes users as
goal-oriented in the performance of tasks. As each task is associated with a highlevel goal, from the perspective of the user, multitasking can be measured with a
dichotomous variable. This measure (MTU ) would indicate whether or not an individual
is performing multiple goal-independent tasks concurrently in a specific period of time
(or in a computer session). This is a very lean measure of multitasking. It can be
obtained directly from the user or indirectly by observing his/her performance and it
can be used as a control variable in other studies focused on technology usage.
MTU = 0 or 1,
where 0 is mono-tasking and 1 is multitasking.
ACM Transactions on Computer-Human Interaction, Vol. 18, No. 2, Article 7, Publication date: June 2011.
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Our application of Activity Theory to the context of multitasking defines tasks as
an instrument to organize actions around a high-level goal. In this conceptualization,
a more informative but still lean measure of multitasking focused on tasks (MTT )
would indicate the extent to which multitasking is occurring by measuring the number of unrelated tasks per session time. Prior studies have used this type of taskrelated metric. For example, Wild et al. [1994] propose to measure multitasking with
the number of parallel and interleaved tasks that are carried out over a period of
time.
MT T = ti ,
where ti is an independent task carried out during the session.
According to the tool-mediation principle of Activity Theory, the technology enables
task performance. In a computer-based environment, this functional view applies to
the different software programs used. Therefore, from the perspective of the computer
technology, multitasking (MTC ) can be measured by the number of applications or
software programs used during a computer session [e.g., Crook and Barrowcliff 2003].
The assumption for this metric is that different applications are used for unrelated
tasks, which may not hold in all situations. For example, a user can be taking
information from the Internet to write an essay. In this case, the browser and the
word processor are two different applications used for the same high-level task (essay
writing). Because of its exclusive focus on applications, this is an appropriate measure
from the technology perspective.
MT C = ai ,
where ai is an application or software program.
In order to develop richer measures of multitasking, we combine at least two elements
of the triad and develop new principles based on Activity Theory. Accordingly, we
identify three pairs: User-Technology, Task-Technology and User-Task.
For the User-Technology pair, a metric indicating how many windows4 are used (or
active) during a computer session (MTUC ) would give an indication of the interaction
between the user and the computer. A count of active windows gives a more precise
indication of the way the user interacts with the technology than just the number
of applications as multiple instances of the same application can be used to perform
distinct tasks. However, it is necessary to make a distinction between open windows
and active windows. Users may have open windows that they are not attending to, or
neglect to close them after they finish and leave a trail of open windows. In contrast,
active windows are those that an individual is using by switching to and from them
during his computer session. Therefore, the notion of active windows captures both the
user’s perspective as well as the technology perspective.
MTU C = wi ,
where wi is a window from an application or a browser tab.
Activity Theory is based on the hierarchical conceptualization of activities and the
structuring of tasks in terms of its components (subtasks and steps). When the performance of tasks is mediated by technology tools, this decomposition process is not only
hierarchical but also functional. Functional decomposition consists of selecting specific
technology tools (or applications) to perform the subordinated components of each task.
For instance, a person could be using a Web-based application to monitor the status of
4 In

this article, we use the term “window” broadly to indicate the active portion of the screen. Therefore, the
term encompasses not only application-related windows but also browser tabs, which are typically nested
within a single window but activated at different times.
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her bank account in online banking along with a local spreadsheet program to balance
her checkbook. Therefore, a multitasking measure applicable to the Task-Technology
pair (MTTC ) would give an indication of the number of different software programs or
applications required for each task. One way to capture this functional association
between tasks and applications across all tasks is by dividing the number of applications by the total number of tasks.
MT T C = (ai )/(tj ),
where ai is the number of applications and tj is the total number of tasks.
From the perspective of the User-Task pair, the temporal integration of task components related to multiple independent tasks results in a richer multitasking indicator
(MTUT ). This metric is based on the percentage of overlapping tasks. A task (t) is considered an overlapping task (θ t) when its start time occurs before the end time of a
previously started task. The percentage of overlapping tasks depends on the general
strategy employed by a user to execute multiple tasks in a period of time. For example,
strictly sequential users would have no overlapping tasks while those who work in
parallel will have a high percentage of tasks overlapping. As such, this metric reflects
different temporal integration strategies when multiple tasks are performed.
MTU T = (θ ti )/(tj ),
where θ ti is the total number of overlapping tasks and tj is the total number of
tasks.
While the percentage of overlapping tasks is a promising metric, it can be improved
by incorporating the number of times that the user actually shifts attention between
overlapping tasks. Prior studies have defined and measured multitasking as rapid task
switching [Bell et al. 2005] or simply with a count of task switches in a specific time
period [Czerwinski et al. 2004].
When tasks are performed in a computer-based environment, a decision to change
tasks involves changing active windows (or active tabs within a window). However,
not every change in the active window is indicative of a change in tasks. Therefore,
it is necessary to distinguish between two types of switches: within-task switches
and between-task switches. Wild et al. [2004] make this distinction based on whether
the primary task changes when there is a switch. In this study, we define within-task
switches (Sw) as changes of windows while performing the same task and between-task
switches (Sb) as window changes that indicate a change in the tasks being performed.
While in both cases there is a change in the active window, it is only in the latter that
there is a change in task.
The most comprehensive and richest measure we propose (MTUTC ) includes UserTask-Technology considerations. This metric consists of calculating the proportion of
between-task switches (Sb) with respect to all switches (Sb + Sw). This ratio gives
an indication of the extent to which users perform different tasks concurrently, as it
considers how the user changes focus from one task to another by changing active
windows. To the best of our knowledge, this metric is new and has not been used
before in the literature. Furthermore, this measure offers a more precise account of
multitasking behavior by incorporating the two principles of performance concurrency
and task independence we used to define multitasking.
MTU T C = (Sb)/[(Sb) + (Sw )],
where Sb is the total number of between-task switches and [(Sb) + (Sw )] is the
total number of switches.
Figure 1 summarizes our proposed multitasking measures in terms of their relation
to each element of the triad (user, task and computer technology).
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Fig. 1. Activity-based multitasking metrics.

5. RESEARCH METHODS

In order to examine the validity of these multitasking indicators and discuss their
possibilities and limitations, we collected a sample of user self-reports of home computer
usage. A home setting allows for an investigation of discretionary computer usage with
more freedom for choosing tasks and switching among them than an office environment.
Furthermore, a home setting lacks constraints related to social norms of appropriate
computer use, or more explicit access restriction mechanisms, which might be prevalent
in the workplace. User-produced reports of computer usage (or diaries) have high
ecological validity but their production may disrupt typical computer-based activities.
On the upside, diary studies or user-generated logs are produced by the respondents
themselves as the events take place and do not suffer from problems of recall. The
downside is that the process of recording activities may be tedious for participants and
affect their normal flow of work [Czerwinski et al. 2004].
Participants were asked to self-report in detail their computer-based activities for
one session of their computer usage of about one to two hours. To minimize interference
between log record keeping and normal computer-based activities, we asked subjects
to annotate manually all of their switches on a standard log table provided on a paper
form. The form consisted of a table with six columns: time, action (open/close/return),
application, window (or tab) with file name or Website name (if applicable), purpose on
window, and reason for going to another window. Filling out the log in their computers
was not an option because this additional activity may inflate some of the multitasking
metrics. In addition, to mitigate potential problems associated with tedium, we asked
users to log only one session of computer usage of about one or two hours. We decided
to collect self-reports despite the limitations of the method because self-reported logs
allow users to describe their tasks and goals in their own words and to provide the
rationale for shifting focus among different activities.
This exercise was implemented as an assignment in an undergraduate introductory
course in Information Systems taught at a large urban college located in the Northeast
of the United States (Appendix A shows the instructions given to participants). Upon
submission to their instructor, the students were asked by a researcher not connected
to the course to donate their assignments for research. Those who agreed to participate
signed a consent form and made their assignments available to the researcher. No
incentives were given to encourage students to participate in this project.
6. DATA ANALYSIS

We collected a total of two hundred logs from participants who agreed to make their
assignment available for research. Several logs had to be discarded due to session
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Table I. Descriptive Statistics of Variables

Sample Size
Dichotomous Multitasking (MTU )
Session Time (mins)
Number of Tasks (MTT )
Number of Applications (MTC )
Number of Applications by Task (MTTC )
Number of Windows (MTUC )
Number of Overlapping Tasks (θ t)
Total Number of Switches
Number of Between-Task Switches
Percentage of Overlapping Tasks (MTUT )
Percentage of Between-Task Switches (MTUTC )

n = 146
No = 70; Yes = 76
Mean
St. Dev
69.88
15.54
4.60
1.87
2.87
1.49
0.77
0.61
5.78
2.96
2.80
2.01
13.66
7.33
4.64
4.74
55.1
28.4
30.1
20.6

Min
50
1
1
0.14
2
1
3
0
0
0

Max
122
9
8
3
16
8
36
23
88.9
81.8

length issues, compliance with reporting instructions or deviation from setting (for
example, logging a session while at work). After discarding these reports, the final
sample consists of 146 logs of continual computer use. We included logs that ranged
from one to two hours plus or minus ten minutes, which resulted in session durations
of 50 to 130 minutes (mean of 69.88 min. and a standard deviation of 15.84 min.).
Appendix B shows an example of a log.
Two independent raters initially coded the logs to determine whether the user was
multitasking according to the principles of performance concurrency and task independence. Inter-coder reliability results calculated with the total percentage of agreement
in log classification was 80% (117 logs with consistent coding divided by total number
of logs 146). Most of the discrepancies occurred because several logs did not contain
enough detail to determine whether some activities were related or unrelated to each
other (i.e., task independence). Additionally, it was not clear in some logs whether
some tasks actually overlapped or were concluded without closing the appropriate windows (i.e., performance concurrency). Coder discrepancies were solved by discussion
with a third coder. After the reconciliation process, it was agreed that 76 users (52%)
were multitasking (MTU = 1) and the remaining 70 users (48%) were not (MTU = 0).
This indicator produced by human coders is used to validate the remaining multitasking variables, which were determined automatically by a custom-developed software
program.
We developed a Perl program to automatically parse and code the logs. By searching
for action, task and application keywords in the users’ log tables, the program calculated for each user in the sample the following variables: number of independent
tasks (MTT ), number of applications (MTC ), number of windows (MTUC ), number of
overlapping tasks (θ t) and number of between- and within-task switches (Sb and Sw
respectively). Automatically generated codes were compared with those produced by
human coders for a sample of logs and no inconsistencies were detected.
Three additional multitasking metrics were calculated as a result of variables
computed by the log-analysis program. MTTC was obtained from dividing number of
applications by tasks. MTUT was calculated as the ratio of overlapping tasks to total
tasks. MTUTC was computed as the percentage of between-task switches with respect
to total switches (i.e., from dividing between-task switches (Sb) by total number of
switches (Sb + Sw)).
7. RESULTS

Table I presents the basic statistics for each variable. More detail on each variable is
provided in what follows.
MTT was computed by the log analysis program by counting the number of independent tasks that the user performed during the session. Consistent with the principle
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of hierarchical conceptualization, tasks were defined at a higher level (e.g., checking
email, doing homework, playing music, etc.). We found that the subjects reported their
tasks at a similar level. (Appendix C shows a list of computer-based tasks most frequently found in the logs). All but seven subjects performed more than one unrelated
task during their sessions. These seven participants’ monotask consisted of doing homework, either by using the courseware system, a publisher’s website and an excel spreadsheet to complete a quantitative assignment, or by using the courseware system, a
word processor and Internet searches to write an essay. Although a single task was performed, multiple applications were used in each case. It should be noted due to its exclusive focus on number of tasks, this metric does not distinguish between a user who undertakes five tasks sequentially and another user who performs five interleaved tasks.
MTC was determined by counting the different software programs, such as Word Processor, Web Browser, Spreadsheet, Music Player and others, that were used throughout
the session. Twenty four participants were using only one application during their session (their Web Browser) but all of these participants were performing more than one
unrelated task ranging from searching to checking email or watching videos. On average, the number of applications used in a session is almost 3. We found that a typical
academic task (or homework) usually involves the use of more than one application
(e.g., Web Browser and Word Processor for essays or Spreadsheet Software and Word
Processor for analysis and report of numeric data).
MTUC was computed by counting the number of windows from software programs
and browser tabs, used during the session. This metric indicates the extent to which an
individual distributes his work in different windows and thus measures user-computer
interaction. The number of windows ranges from 2 to 16, with an average of almost 6.
In this calculation, browser tabs are considered different windows even though they are
technically nested within a single window. Similarly, each window is counted separately
regardless of their task association.
MTTC was obtained by dividing the number of applications by the number of tasks.
The results of this metric (mean of 0.77 and standard deviation of 0.61) indicate that
on average, more than one task is performed with each application. The most illustrative example of this situation is the use of the Web browser for different purposes
such as checking email, watching videos, reading Web-based news, searching for information, etc. In terms of the functional decomposition principle, one task may span
multiple applications, and one application (such as the browser) may be associated
with components of several tasks.
MTUT is measured with the percentage of overlapping tasks with respect to the total
number of tasks.5 The percentage of overlapping tasks ranges from 0 to 88% with
a mean of 55% and a standard deviation of 28%. This metric gives an indication of
the temporal organization of the tasks adopted by each user. At low overlapping, we
find users who work in a strictly sequential way with very little or no overlap among
independent tasks. In our sample, thirteen users showed a pure sequential behavior
such as the one depicted in Figure 2(a). In this graph, produced by the log-analysis
program, the lines indicate the amount of time (in minutes) that each task is active
based on its start time and end time.
At high overlapping, we find users who carried out most of their tasks with high
degree of concurrency. This pattern is shown in Figure 2(b). This user kept email and a
calendar application active throughout the session, and in addition s/he was chatting
and playing music, or chatting and watching videos.
5 Consistent

with our definition of overlapping tasks, the maximum number of overlapping tasks is: total
tasks – 1, as the first task never overlaps a previously started task. Therefore, the percentage of overlapping
tasks can never reach 100%.
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Fig. 2.

Figure 2(c) shows an example of a user with a medium level of task overlapping.
This case is also illustrative of a mixed multitasking pattern, where some tasks are
carried out sequentially (e.g., academic and email), while other tasks partially overlap
(e.g. news and games).
MTUTC was calculated by the log-analysis program based on the counts of switches
within a task and between tasks in each log. The percentage of between-task switches
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Table II. Correlation Table

Session Time (mins)
Number of Tasks
(MTT )
Number of
Applications (MTC )
Number of Appl. by Task (MTTC )

Session
Time
1.00

MTT
–0.02
1.00

MTC
0.05
0.24
**
1.00

Number of
Windows (MTUC )
Percentage of
Overlapping Tasks (MTUT )
Percentage of Between-Task
Switches (MTUTC )

MTTC
0.04
–0.59
***
0.43
***
1.00

MTUC
-0.03
0.41
***
0.48
***
0.05
1.00

MTUT
0.02
0.50
***
0.29
**
–0.33
***
0.30
***
1.00

MTUTC
0.05
0.37
***
0.24
**
–0.27
**
0.14
0.70
***
1.00

Significance Levels: * p < .05; ** p< .01; *** p < .001.
Table III. Percentage of Between-Task Switching by Multitasking Category
n = 146
Percentage of overlapping tasks
MTUT
Percentage of between-task switches
MTUTC

Non-Multitaskers
(n = 70)
39 (30)

Multitaskers
(n = 76)
70 (17)

Kruskal-Wallis
Test (Chi-Square)
41.15***

17 (16)

42 (17)

56.44***

Cells show means and standard deviation in parentheses. Significance: *** p < .001.

ranges from 0 to 81% with a mean of 30% and a standard deviation of 21%. This
measure is indicative of the overall strategy employed by participants in combining
multiple tasks in their computer-usage sessions. Users who are purely sequential do
not have any between-task switches, while those who interleave independent tasks
have a high proportion of between task switches.
We compared the metrics determined by the log-analysis program with a correlation
analysis that included session length. The results, shown in Table II, indicate that
session duration is not significantly correlated with any of our multitasking metrics.
According to these findings, neither number of tasks nor multitasking patterns are
influenced by the length of the session.
The richest multitasking metric (MTUTC ) is significantly correlated with number of
tasks MTT (ρ = 0.37, p < .001), with number of applications MTC (ρ = 0.24, p < .01),
and with percentage of overlapping tasks MTUT (ρ = 0.70, p < .001), indicating that
this metric contains elements of task, user and technology. Additionally, the high and
significant correlation (ρ = 0.70, p < .001) between the percentage of overlapping tasks
(MTUT ) and the switches-based measure (MTUTC ) suggests that both give an indication
of concurrency, the former from the perspective of the tasks, and the latter from the
perspective of the users’ switching behavior.
In order to validate these two metrics (MTUT and MTUTC ), we compared them with
the multitasking indicator determined by human coders (MTU ) using a Kruskal-Wallis
test (See Table III). We find a significant association between dichotomous multitasking
(MTU ) determined by the coders and each of these measures, which were computed by
the log-analysis program. Multitaskers have a significantly higher percentage of tasks
overlapping than non-multitaskers (70% vs. 39%; Chi-Square = 41.15; p < .001). In
addition, those who are multitasking according to the coders’ assessment also have a
significantly higher percentage of between-task switches than those who are not (17%
vs. 42%; Chi-Square = 56.44; p < .001). Therefore, these richer multitasking metrics
indicate the extent to which multitasking is occurring.
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Although a non-multitasking user should have no overlapping tasks and zero
between-task switches, the behavior exhibited by the users and captured in the logs
is mixed with respect to the temporal organization of tasks. Put differently, nonmultitaskers had a minimal amount of task overlap, low percentages of between task
switches, and their predominant task performance behavior was sequential.
8. DISCUSSION

The metrics we propose were tested with data from a sample of users who selfreported their computer-based activities. User-produced logs were analyzed by human
coders who determined the lean metric (dichotomous multitasking), and by a customdeveloped log-analysis program in Perl that computed the other measures. From the
set of richer metrics that incorporate at least two of the elements of the triad, we find
that number of windows (MTUC ) and number of applications by task (MTTC ) are limited in their ability to indicate concurrent execution of unrelated tasks. In contrast,
the overlap measure (MTUT ) gives an indication of performance concurrency; and the
switches-based metric (MTUTC ) indicates the extent to which user attention shifts
among unrelated ongoing activities. These two metrics are not only more informative
but also consistent with our broad conceptualization of multitasking in terms of task
independence and performance concurrency.
Additionally, we found that these two metrics (MTUT and MTUTC ), determined by
our automatic coding program, are significantly correlated with the leanest measure
(MTU ) determined by human coders. This significant association provides evidence of
the validity of MTUT and MTUTC given our definition of computer-based multitasking
behavior. In fact, the empirical evaluation and comparison of metrics shows that the
users who were multitasking have a high percentage of overlapping tasks (70%) and
an average proportion of between-task switches of 42%. In contrast, those who were
not multitasking have a significantly lower percentage of overlapping tasks (39%) and
a significantly lower percentage of between-task switches (17%).
In theory, when a user is not multitasking (his/her MTU is zero), s/he should not
have any overlapping tasks, nor should s/he exhibit any between task switches. In this
case, both MTUT and MTUTC should be zero. However, we noticed two patterns of user
behavior that produced some task overlaps and consequently higher than zero counts
of between-task switches in non-multitaskers. First, some users occasionally switched
to an unrelated task but their predominant pattern during the session was to stay on
the same task. Although there was some evidence of minor switching among unrelated
tasks, most of the switches were within the same task. Proportionally speaking, Sb
was minimal when compared to Sw. Second, users occasionally finished a task without
closing the windows associated with it. The tendency to leave windows open even when
they were no longer needed and to close all the windows at the end of the session
added some additional between task switches, even when the final switch was just to
close the window. These two patterns of user behavior (mixed temporal strategies and
window neglect) explain the 39% task overlap findings and the 17% average proportion
of between-task switches in subjects who were not multitasking shown in Table III.
Although both measures (percentage of overlapping tasks (MTUT ) and proportion of
between-task switches (MTUTC )) indicate concurrency, the latter is more accurate in
measuring the extent to which the users shift their focus among ongoing but unrelated
tasks. In other words, the proportion of between-task switches is the best measure to
capture and reflect the strategy employed by the user to combine multiple computerbased tasks. For example, if a pure sequential approach is followed and a task is
initiated only upon the completion of the previous one, our MTUTC multitasking measure is close to zero. In contrast, if the user interleaves independent tasks by switching
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among them frequently, multitasking measured with MTUTC is higher and indicates
the extent to which interleaving takes place.
It should be noted that MTUTC is based on an analysis of switching behavior regardless of the triggers of switches. A user may shift the focus of attention from one window
to another due to an internal decision or due to an external notification. For instance, a
change to a checkbook balancing spreadsheet while doing online banking is an example
of a deliberate focus shift because it is an internally triggered self-initiated switch. In
contrast, a change of windows to check email while writing a research report could be
internally motivated or prompted by an email notification. The latter is an example
of a breakdown-induced switch. In this study, we are only interested in the type of
switch (Sb or Sw) with respect to the underlying task, and not on the determinants of
switches. We recognize, however, that our switching-related metric can be extended in
this direction. The use of focus shift analysis as proposed by Bødker [1996] could be
useful to expand this metric.
8.1. Limitations

An important observation associated with this analysis is that these metrics are dependent on the quality of the underlying data sources. Our data is based on information
reported by the subjects themselves using a standardized paper form. Although the
validity of self-reports has been called into question, researchers have found that selfreported estimates are relatively accurate and similar in magnitude to log data values
[Deane et al. 1998]. More importantly, self-reported logs have the advantage of allowing users to describe their tasks in their own words. Such an understanding is not
available with automatic logs produced by monitoring software. We believe that future
research applying these metrics will benefit from a combination of user self-reported
logs matched with automatically collected monitoring logs of computer usage.
An additional limitation of our self-report requirements is that the process of manually logging computer-based activity may have affected the flow of work of some
participants, and may have caused under-reporting of a number of switches, particularly in rapid switching situations such as those created by synchronous conversations
(chats). Consequently, the calculation of the number of switches may not be entirely
accurate. Despite possible reporting inaccuracies, it is encouraging that our measures
are robust and discriminate between multitaskers and non-multitaskers.
Due to the type of subjects who participated in this study (college students) and the
homebound nature of their computer session, we refrain from making any generalizations about multitasking behavior. It is possible that the application of our metrics to
other subjects and contexts (for example, professionals in a work environment) would
result in different patterns of multitasking behavior. The objective of this empirical
study is to demonstrate how to collect and validate the different multitasking measures we are proposing.
Another source of limitations stems from our focus on a single computer platform,
which determined that our technology-related metrics (MTC and MTTC ) were based
on applications.6 In MTC the technology component was measured with the number
applications, which were defined in terms of specific software programs. When tasks
are considered, our metric MTTC (number of applications by task) is a ratio that does
not give an exact count of the applications for each task. However, as an average, this
metric shows the balance of tasks to applications. An extension of this metric could
incorporate the distinction between having multiple applications to perform a single
6 In

MTuc the technology component was measured with the number of windows because the decision of how
many windows to use is at the discretion of the user.

ACM Transactions on Computer-Human Interaction, Vol. 18, No. 2, Article 7, Publication date: June 2011.

7:18

R. Benbunan-Fich et al.

task vis-à-vis having multiple applications to switch between several independent
tasks.7
Although at first glance our metrics appear to be only relevant for a personal computer environment, our focus on temporal integration for determining task overlap
for MTUT and on switches for MTUTC allows for an easy extension of these metrics to
other technology environments or to situations where multiple devices are used. On
the one hand, due to its focus on the user-task pair the overlap measure (MTUT ) can be
useful for the analysis of computer-based and non-computer based tasks. On the other
hand, the switches-based measure can be applied to environments where multiple
technologies are used, including mobile devices. In such “media multitasking” [Ophir
et al. 2009] environments, between-task and within-task switching measures can be
extended to account for whether the underlying technology device used has changed.
8.2. Implications for Theory, Research, and Practice

The set of metrics proposed and evaluated in this study are aimed at quantifying
multitasking from the perspective of Activity Theory and the user-task-technology
triad. These concepts provide the foundation to develop richer multitasking metrics.
The richest measure we propose (MTUTC ) takes into account the perspective of the task,
the user and the technology simultaneously. It is based on the articulation of switches
in two categories, namely between-task switches (Sb) and within-task switches (Sw).
The notion of between-task switches is paramount, as it provides an indication of
the user’s decisions to change tasks. MTUTC captures the extent to which the user
switches, regardless of the triggers of such switches. Whether a change of task is
motivated by a notification, or an interruption or an internal decision to change tasks,
this metric only considers the switches and the relatedness of the abandoned task
with respect to the new task. The focus on switches as evidence of time allocation
decisions in a multitasking context is a key consideration to integrate the existing
body of literature on interruptions and discretionary task interleaving. By placing the
focus on the decision to change tasks (actual switches), this unifying metric can be
helpful to integrate these two streams of the literature.
In addition, MTUTC allows for an analysis of the interruptions literature from a
new perspective. Empirical findings on interruptions indicate that switching between
related tasks is more beneficial than switching between unrelated tasks [Cutrell et al.
2000]. Furthermore, a high frequency of unrelated interruptions has a detrimental
effect on performance [Speier et al. 2003]. In the context of our proposed definitions
and metric, related switching (Sw) does not affect multitasking measured with MTUTC ,
while Sb switching does increase the amount of multitasking. This insight provided by
our MTUTC metric used in conjunction with focus shift analysis [Bødker 1996] offers a
fruitful roadmap to investigate multitasking in more depth.
For HCI designers, knowing whether or not people multitask is helpful, but identifying the extent to which multitasking occurs can be even more valuable. Besides using
our metrics to determine how much multitasking takes place in a given session, these
metrics can also be used to examine multitasking within particular applications, and
determine when users employ specific applications in conjunction with others. Interaction designers can use this knowledge to improve the design of applications that are
typically used simultaneously, or the design of interfaces that support multitasking. It
is also possible to use our metrics to develop programs that specifically measure and
monitor multitasking behavior. Such programs could be particularly useful in work
environments.
7 We

are grateful to an anonymous conference reviewer for pointing out this issue.
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For practitioners our metrics are also relevant, not only to examine their own multitasking patterns, but also to supervise the work of others. An understanding of how
multitasking occurs is the first step to appreciate the limits of multitasking and its effect on performance. It is possible that high percentages of multitasking are conducive
to poor performance, which may have severe consequences in actual work environments. More research is needed to investigate the relation between multitasking and
performance with the metrics proposed in this study.
In light of these implications, future research can expand this study in several theoretical, methodological and empirical directions. First, there is ample opportunity to
solidify the theoretical roots of multitasking behavior using Activity Theory or other
theories. This work will further enhance our understanding of this prevalent behavior. Second, to improve the methodological foundations in support of multitasking
research, additional objective metrics can be developed, tested and compared to the
ones presented here. A parallel effort could consist of using our definition of multitasking and the triad to develop subjective measures or scales to assess the perception of
multitasking, or typical multitasking habits. For example, Ophir et al. [2009] recently
developed a media multitasking index to capture the concurrent use of different media. A similar index could be developed to measure the propensity to undertake several
independent tasks concurrently. Finally, our metrics can be applied in a larger sample
of users by collecting self-reported logs along with system-generated logs to investigate multitasking behavior patterns. In addition, qualitative studies of user-generated
logs with focus shift analysis as used in Bødker [1996] can offer new insights into the
reasons behind multitasking.
The main contribution of this work is twofold. First, it provides an encompassing
definition of multitasking in terms of task independence and performance concurrency.
Consensus on the definition of multitasking enables researchers to integrate the existing literature on this topic and paves the way to develop a nomological network for
multitasking. Second, the structure and operationalization of computer-based multitasking offers concrete metrics to enhance current studies of IT usage and a framework to develop other measures. Future multitasking studies would benefit from such
a strong methodological foundation.
9. CONCLUSION

This study lays the groundwork to investigate multitasking and integrate the literature
on interruptions and discretionary task switching. With the theoretical background of
Activity Theory and the three elements proposed to study IT usage (user, technology
and tasks), we developed different multitasking metrics for computer-based multitasking behavior. We then conducted a study to assess the validity of the proposed metrics
and concluded that a very simple dichotomous variable offers an indication of whether
or not the user is multitasking, while a richer metric based on an analysis of switches
indicates the extent to which a user is multitasking. The main contribution of this
paper is to conceptualize multitasking and to offer alternative measures to investigate
this behavior in a computer-based environment. This new conceptualization and metrics open up multiple avenues of inquiry aimed at achieving a better understanding of
multitasking behavior.
APPENDIX A. Instructions for Participants

Choose a session when you will be using your computer at home for a purpose that
does not include doing this assignment. You can be doing an assignment for another
class or using your computer for leisure. Try to select a session that is representative
of your typical computer usage and whose duration is approximately one or two hours.
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Keep a detailed log of your computer-based activities. Using the printed form distributed in class, fill out the time (e.g. 7:34pm), whether you open, close or return to
a previously open window, the applications you open (e.g. Word, Excel, Browser, or
browser tabs) and the files you open in any of these applications (if applicable). Also,
write down what you do in each window and the reasons for switching to another window. Please fill out the log manually as you are using your computer, so it does not
interfere with your normal computer-based activities. Your log should show a detailed
account of your activities.
APPENDIX B. Log Example
Time
Stamp
17:30

Action
Open

17:35
17:41
17:45
17:50
17:53
17:56

Open
Open
Open
Close
Switch
Open

18:02
18:15
18:16
18:21
18:22
18:28
18:29
18:33
18:34
18:40
18:41
18:50

Open
Switch
Switch
Switch
Switch
Open
Switch
Switch
Switch
Switch
Switch
Open

18:51
18:53
18:54
18:57
18:58
19:00

Switch
Close
Switch
Close
Switch
Switch

Application
Mozilla
Browser
Browser
Browser
Browser
Browser
Browser
Browser
Aim
Browser
Aim
Browser
Aim
Browser
Aim
Browser
Aim
Browser
Aim
Windows
Media player
Aim
Browser
Aim
Browser
Aim
WMP

File or Tab
Or WindowTitle
Yahoo.com
Tab (Gmail.com)
Tab (Nba.com)
Tab (hotmail.com)
Tab (Nba.com)
Tab (Hotmail.com)
Facebook

Purpose
on window
Home page
(news/search engine
Check email
Check NBA scores
Check email
NBA scores
Email
Social Networking

IM
Facebook
IM
Facebook
IM
Youtube
IM
Youtube
IM
Facebook
IM
File <user>’s playlist

Instant messaging
Editing
Instant messaging
Social Networking
Instant messaging
Video sharing
Instant messaging
Video sharing
Instant messaging
Edit site
Instant messaging
Music player

Reason for going
to another window
Need to check my email on
different Website
Read my email
Need to check email
Back to looking at NBA
Done looking at it
Go to social network site
Open up instant messenger
Edit Facebook
Instant Message received
Received Notification
Instant message
Link received from Friend
Instant message
Check out video
Instant message
Received notification
Instant message
Open music player
Instant message

IM
Facebook
IM
Gmail.com
IM
<user>’s playlist

Instant messaging
Social Networking
Instant messaging
Email
Instant messaging
Music player

Close Facebook
Instant message
Close Gmail
Instant message
Change music
Instant Message

APPENDIX C. List of Tasks
Task
Academic (doing homework, using courseware system, preparing for class, etc.)
Email
Chat, Instant messaging (IM)
Social Networking
Running music player program
Reading Web-based news
Watching movies, TV programs or video clips on the computer
Online shopping
Online banking
Checking Sports scores, teams, stats
Playing computer games
Scheduling (activities, to-do list, appointments, calendar, etc.)
Checking weather
Photos (editing, uploading, downloading, organizing)

Percentage of logs
82%
80%
52%
48%
40%
32%
29%
22%
18%
10%
8%
8%
8%
5%
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