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ABSTRACT OF THE DISSERTATION

The Role of External Resources in the Management of

Multiple Activities

by

Daniel M. Gruen
Doctor of Philosophy in Cognitive Science
University of California, San Diego, 1996

Professor Donald A. Norman, Chair

This dissertation describes observational studies of how people
manage multiple activities and handle interruptions in everyday office
settings. A number of methodologies were used, including interviews,
office tours, videotaped observation of subjects as they worked, and
retrospective protocols as taped episodes were reviewed with the
subjects. The studies shed light on the structure and dynamics of
everyday activities, the way people manage multiple activities and
handle interruptions, and the role of external structures in that
management. They also reveal inadequacies in the approach of
traditional activity theory to delineating behavior. Together, the studies

suggest that the management of everyday activities is a distributed
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process which relies heavily on the placement and manipulation of pre-
existing, meaningful physical items.

Traditional planning is often not possible due to the complex and
situated nature of everyday activities. Instead, a distributed form of
planning occurs in which spatial configurations come to represent the
order in which activities should be performed. This planning relies on
routines which configure the environment, and routines which insure
that external structures will be encountered at appropriate times and the
desired activities cued.

Because of its reliance on external structures, activity management
is susceptible to disorder due to conflicts between informational concerns
and the physical constraints and affordances presented by a situation.
The role of physical constraints and affordances in determining behavior
increases during interruptions and when multiple activities are
performed together. Cleanup and stabilization routines are employed to
correct the problems this can cause. In addition, people develop routines
to minimize the detrimental effects of interruptibns they anticipate. The
dissertation ends with a discussion of the implications of my research on

the design of systems used in complex real-world settings.
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Chapter 1

Introduction and Overview

Introduction

This dissertation studies how people manage the multiple activities
of life. My thesis is that the management of activities is both a situated
and distributed cognitive process which relies on the opportunistic use of
the external environment. This process is characterized more by the
application of routines and heuristics as situations are encountered than

by extensive pre-planning.

People do not develop complex algorithms for determining the
scheduling and interleaving of activities. Instead, they evolve routines
which make use of the spatial arrangement of artifacts that already have
task relevant meaning. Physical space is used to represent many aspects
of the task domain. Routines which prepare, organize and stabilize this
space evolve alongside routines which make use of the space. Elements
of planning can be seen to occur through these routines and through

manipulation of the artifacts used in the work. Planning is often




distributed over time and space as people’s workspaces and
environments evolve. Over time, the placement of task relevant items

can come to represent the existence, status and relative priorities of goals.
Multiple Activities in Everyday Life

The many activities that people engage in during the course of a day
are rarely delineated clearly by time and place. More often than not,
activities overlap and intertwine, and the line between where one ends

and another begins can be hard to draw.

The interleaving of activities can have many forms. An activity
may be interrupted by a visitor, a phone call, or an email message. An
activity may be suspended temporarily while waiting for additional
information or for a document to print. Activities of long duration are
routinely interrupted by human demands such as the need to eat and
sleep. And people often do several things at once, sorting mail while
talking on the phone, or planning their day as they walk to their offices.
An opportunity to further an activity may lead to an interruption of a

current activity.

Consider this example based on the videotaped observation of a

subject in one of my studies:

A schoolteacher enters her home office to write a letter on her
computer. She also wants to install some software on her computer.

She turns on the computer and while waiting for it to boot up,




repositions her chair, clears off an area at the front her desk, sits down,

and adjusts her chair once more.

The teacher then starts the word-processing program and types the
letter. When finished, she stands, walks over to the printer to confirm
that it is on and the paper properly positioned, and then returns to the
computer where she executes the commands to send the letter to the
printer. After a brief pause during which a dialog box appears on the
screen, the printer starts. The teacher leans over to verify that the paper

is feeding properly and that the text lined up.

While the letter is printing, the computer is devoted to the printing
task, and cannot be used for other activities. During this time, she
reaches for the disks and instructions she will use to install the new
software release. She places the disks in front of her on the desk and
pages through the instructions. While she is reading the instructions,
the printer finishes printing; the printing sounds stop, the dialog box

disappears from the screen, and the computer is again available for use.

The teacher continues reading through the instructions for several
minutes after the printing stops. She then looks at her screen, exits the
word-processing program and begins the installation process by inserting

the first diskette into her computer and starting the install program.

The installation process requires that nine diskettes be inserted into
the computer. Each diskette remains in the computer for a varying

amount of time-up to several minutes-and is then automatically




ejected. A dialog box on the screen indicates progress and instructs the

user which diskette to insert when.

The teacher inserts the diskettes as prompted by the dialog box on
the screen. During the delays as the diskettes are in the computer, she
reads the documentation. From time to time, she glances at a clock on

the wall.

While the seventh diskette is in the computer, she glances at the
clock and then prepares several items to take with her for lunch. She
stands up and goes to the printer, tears off the letter she had written
earlier, tears the perforations from the sides and returns with it to her
desk. She folds the letter, addresses an envelope, inserts the letter, and
places a stamp on the envelope. She glances at the computer screen
again and leaves the room with the letter and the other items she had

prepared.

While she is absent from the room, the diskette is ejected and a
screen-saver fills the screen, covering up the dialog box displayed by the
installation program. When the teacher returns to her desk an hour after
leaving, she sees the screen-saver and the diskette protruding from the
computer. She reinserts the diskette, which also clears the screen-saver
from the screen. The diskette is ejected again, and instructions appear in
a dialog box on the screen. The teacher follows the instructions on the

screen to complete the installation process.




This episode shows the teacher engaging in two primary activities:
writing a letter and installing computer software, and one major
interruption as she leaves her office for lunch. The activities overlap in
several places; neither is performed without interruption. The letter
writing activity consists of typing the letter, printing it, removing it from
the printer and tearing off the perforated edges, inserting it into an
envelope, addressing and stamping the envelope, and then taking the
letter out of the office (presumably to mail it in a mailbox or post-office).
But instead of this activity being performed continuously from start to
finish, actions that are part of the unrelated software installation activity

are interspersed within.
Issues and Questions

An interesting paradox describes much traditional psychological
research. The traditional experiment shields the subject from
distractions and interruptions that might intrude on the performance of
the task being studied. Even in many observational studies, the unit of
analysis is a specific task or isolated activity, and interruptions are
dismissed as noise and not indicative of the participant's performance.
Yet observation of workers in naturalistic settings shows that
interruptions are the norm, not the exception. A major goal of my study
is to account for the mechanisms by which people manage interruptions
in normal, inherently noisy environments. The fact that activities
interleave and intertwine presents challenges for the design of systems

and tools aimed at supporting those activities. It is not enough for a tool




to support a single activity. It must support interruptions and transitions
between the activity and others. A secondary goal of my study is to
suggest guidelines for developing tools that support activities by drawing
from the mechanisms people use to handle interruptions and activity

transitions in their lives.

Several questions prompted my investigation into how people
managed multiple activities in everyday life. These questions can be

grouped in terms of the larger issues they address:
1. How are activities structured?
2. How do people handle interruptions?
3. What are the informational demands of activity management?
4. How do people remember the activities they have to perform?
5. Do people plan their activities in advance, and if so, how?
6. What role do external artifacts play?

The Structure of Activities

An account of activities must begin with an inquiry into their
nature and structure. How clearly are they delineated by time and space?
What factors determine when one activity will be suspended and
another begun? What factors lead to the resumption of suspended

activities?




Interruptions

Interruptions are an important aspect of the interleaving of
activities. How are interruptions handled? How do people decide what
to do when an interruption occurs? What steps do people take to
preserve the context of the interrupted activity, and how is it resumed

later?
Information Demands of Activity Management

What informational demands arise when several activities are
interleaved? "hat information is required for the task of managing
activities? How is this information represented? How do these

representations arise, and how are they transformed over time?
Memory and Reminding

What demands do multiple activities places on memory resources?
How do people keep track of the many tasks they need to accomplish?
How do they maintain awareness of their different activities? How do
they keep track of the states of suspended activities, and how do they

know when to resume them?
Planning

We can conceive of solutions to the managing of multiple activities

that involve extensive preplanning. To what extent do people engage in




advance planning of the interleaving of activities? When is this

planning done, and how are the results represented?
External Artifacts

My research draws from the tradition of distributed cognition, in
which resources and structures in the external environment play an
integral role. Cognition is seen to occur not simply within the head of an
individual but in the interaction with other actors and the external
environment. External artifacts play an important role in the
management of routine activities. How do.people make use of artifacts?
What aspects of the goals and tasks are conveyed by these artifacts, and

how do people extract or reconstruct the necessary meanings from them?
Studies and Findings

My research involves observational studies of people, primarily in
office settings. The studies include interviews, tours by the subjects of
the items and areas in their workspaces, videotaped observation of
subjects at work, and retrospective protocols as subjects described their

activities as they watched them on videotape.

Two studies form the bulk of my research. The first is an analysis of
a set of videotapes taken by Apple Computer to understand how people
learned and used a new release of their system software. This study
yielded fifteen six-hour videotapes of three people working in their office

or home workplaces, each studied for a one-week period.




The second study consists of videotaped interviews, office and
computer tours, observations, and follow-up sessions with six subjects in
their respective workplaces. I designed this study to insure that the
contexts in which their activities were performed would be available to

me for analysis.

A question can be asked about the use of office settings as the focus
of my study. How representative are findings from such domains of
how people manage their activities in other, less structured areas of their
life? Although this question that can only be answered empirically, I
believe that my research illustrates general cognitive processes and
phenomena which apply broadly to human behavior. The settings and
tasks I studied span a range of levels of structure and predictability. In
addition, activities involving the subjects’ lives outside their offices were
discussed during my interviews, and these confirmed the impression

that my observations could be generalized to other domains.

Several themes influenced my research. These will appear
throughout the chapters that follow. One is the distributed view of
cognition, which expands the unit of analysis for cognition to include
external artifacts, representations, and other actors. Another is the view
of cognition as a situated phenomenon characterized more by ongoing
interaction with the environment than extensive pre-planning. A
theme which emerged repeatedly throughout my study was the
importance of physical items and spatial relationships to represent task

relevant information.




10

Overview of the Chapters

Chapter 1, this chapter, sets the stage by introducing the issues
under investigation. It describes the studies and my major conclusions,

and outlines the overall structure of the dissertation.

Chapter 2 presents a theoretical analysis of activity management and
interruptions, with an overview of prior research. It positions my

research in terms of the different schools of thought.

Chapter 3 describes the first study: an analysis of videotapes taken by
Apple Computer. I discuss the goals and design of the original study, the
format of the videotapes that resulted, the methodology I used to analyze
the tapes, and the results and conclusions of that analysis. I also discuss
limitations with the tapes that constrained the extent to which I could
draw theoretical conclusions from them. These limitations influenced

the design of my office activity study.

Chapter 4 describes the office activity study, in which a combination
of methodologies were used to understand how six subjects manage their
everyday work activities. I describe the subjects and their work settings
in detail, and detail the procedures. I present conclusions based on these
studies about different strategies and techniques people use to manage

their activities.

In Chapter 5, I present a detailed analysis of a single 18-minute

segment observed at one of the sites during the office activity study. By
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focusing on one episode in depth, this chapter illustrates how the
phenomena identified in the Chapter 4 interact to support multiple

activities in a dynamic, interrupt laden environment.

Chapter 6 summarizes the studies I conducted, and answers the
theoretical questions posed in this chapter. I conclude with
recommendations on how my findings could be applied to the design of
tools and systems that support the handling of multiple activities in

everyday work settings.




Chapter 2

Theoretical Background and Prior Research

In this chapter, I discuss the theoretical issues that arise in
understanding how people manage multiple activities. I also review

past research on the topic.

The first issue that arises is the definition of an activity. One
approach is to define activities in terms of the goals that prompt them.
Other approaches include defining activities in terms of the procedures
they involve, the tools they use, the places in which they occur, or the

times at which they take place.

A second issue is a formal analysis of the problem faced by an agent
trying to perform multiple activities. What constraints and tradeoffs are
faced by the agent, and what heuristics and algorithms can be used to
solve the problem? What are the informational demands of this
problem solving, and how might different ways of representing this
information affect the agent’s performance? What role does planning

play in this process?

12
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A third issue is the role of external resources in the management of
multiple activities. What resources are used, how are those resources
created and modified, and how do these resources influence

performance?

In discussing these questions, I draw from prior research on activity
theory and problem solving. I discuss what has been learned in prior
experimental and observational studies on multiple task performance
and the effects of interruptions on performance. I also discuss prior
studies on how people organize their desks and offices, how they use
reminders, and the role of paper and other external artifacts in busy office

settings.
Delineating Activities

In the first chapter I presented an example of a teacher engaging in
two relatively straightforward activities. Even this simple example
presents challenges for formal analysis. How can we divide the episode
that was reported into its component actions and activities? How can we
map the specific actions undertaken by the subject to the goals that
motivated them? Before we can talk intelligently about the problems
raised by the coordination of multiple activities, we must define what we
mean by an activity. We also need to define the components of which

activities are comprised.
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Activity Theory

There have been several attempts to create hierarchies of actions
and activities. One prominent approach is based on traditional activity
theory (Leontyev, 1978,1981; Vygotsky, 1978; Kuutti, 1991), which defines
and delineates activities in terms of the goals or motives that prompt
them. Activity theory views activities as the “basic units of development
and human life.” (Kuutti, 1991) As summarized by Kuutti, traditional
activity theory sees activity as a historically developing, collective
phenomenon that exist in a material environment and which

transforms that environment. All activities are seen as having:

an object, or motive, which is the reason the activity exists. This
can be thought of as the goal or motivating force behind the

activity;

a subject, meaning a participant who understands the activity's

object or motivating goal.

Activities are said to consist of actions or sequences of actions.
Actions can be broken down further into their constituent operations.
While activities are motivated by a higher level need or goal of direct
importance to the person engaged in them, actions are motivated
indirectly by the need to satisfy subgoals which arise in the course of the
larger activity. Operations are seen as well-defined, practiced routines
performed by the subject in response to conditions that arise as the

actions that make up the activity are performed. Operations are believed
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to occur on an unconscious level, although if problems arise they can

unfold to the level of conscious action.

The borders between the different levels of the activity-action-
operation hierarchy are blurred and constantly subject to change. Kuutti
gives the example of building a house, which might be considered an
activity for an individual builder yet seen as just one action in the
overall activity in which a large scale building contractor is engaged. In
practice, it is often hard to determine objectively how such hierarchies
should be mapped to observed behaviors. Should writing a letter to a
family member be seen as an activity and obtaining a stamp to mail it an
action, or should the entire letter-sending operation be seen as an action

in a larger activity of maintaining contact with significant people?

Leontyev (1981, p.400) states that we may not always be able to
determine immediately whether an example of observed behavior
should be characterized as an activity or an action, but suggests that the
correct characterization may become clear as events progress. He gives
the example of a student who is observed reading a book in preparation
for an exam. It is unclear at this point whether the book-reading should
be characterized as an activity or an action, because there may be several
objects, or motives, behind it. Now assume that the student is informed
that the book will not help with the exam. If the student lays the book
aside, we can safely say that the book-reading was simply an action,
motivated by the desire to perform well on the exam. But if the student

continues reading the book, Leontyev maintains, the content of the book
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itself satisfied some need of the student and was sufficient to motivate
the book-reading. The book-reading, having its own motive, would then

be considered an activity.

Leontyev suggests that actions can be elevated to the level of
activities when a subject begins to obtain direct satisfaction from them.
The action, which was initially motivated indirectly, now can be seen as
an activity in its own right. In the example of the student, Leontyev
suggests “the need to know, to understand, to master” as the objects of
the book-reading activity in the case in which the book-reading is not
simply motivated by the desire to do well on the exam. As attention is
paid to a problem, solving the problem may become its own goal. The
issue is a cloudy one, complicated by the fact that the need to solve a
problem, to figure out what went wrong, to get something to work, or to
understand an unexpected event. The test Leontyev suggests is a
negative one; absent all other known goal-driven activities that may be
motivating the behavior, if the behavior continues, we can assume that

it must somehow have its own motivation.
Inadequacies of Traditional Activity Theory
The criteria suggested by activity theory for delineating activities are

inadequate for delineating observed real-world activities for three

reasons:
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1. Itis often hard to identify the goal that motivates an episode of
behavior. This is true even for the subject engaged in the episode,

to say nothing of an outside observer.

2. There is often no one-to one mapping between activities and
goals. One activity may satisfy a number of different goals, and, in

turn, a number of different activities may further a single goal.

3. No indications are made of how broadly or narrowly goals should

be construed.

Traditional activity theory maps activities to the goals that motivate
them, and requires that the subject performing the activity be conscious
of those goals. Yet many activities may be conducted for a number of
vague and unstated reasons. The relationship between an activity and
the goals that prompted it may be historical; while the agent may have
been initially aware of the reasons for engaging in an activity, it may now
be habitual, performed without a continued conscious understanding of
why it was first undertaken. Identifying the specific goals may be difficult
or impossible even for the person engaged in the activity. An approach
which requires that such goals be identified by an outside observer is

therefore inadequate.

The goals that influence behavior range along a continuum from
clearly defined, discrete objects to those which satisfy more nebulous
desires. Occasionally, activities can be mapped neatly to distinct external

products and deliverables. Many activities involve long term or abstract
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goals such as the maintenance of social relationships or providing the
impression of overall competence. Other actions are primarily
important not because they accomplish any direct goal, but because they
maintain an environment in which other actions can be efficiently
performed. Such actions have been termed stabilization routines
(Hammond, Converse and Grass, 1995), and include such actions as
insuring that an adequate supply of general resources is maintained or

that tools are returned to their expected places.

Activity theory provides no guidelines on how narrowly or broadly
the goals of an agent should be construed. Should writing a letter be seen
as an activity in itself, with the goal “produce and send a letter” or
should it be seen as one task in the larger activity of “keeping in contact
with acquaintances?” Should “keeping in contact with acquaintances” be
seen as an activity in its own right, or a task in the broader activity of
“maintaining a supportive social environment.” Because activity theory
requires that an activity be defined in terms of its goals, but provides
little guidance on how those goals should be delineated, it cannot be used

to delineate the activities that form complex everyday behavior.

Even if goals could be adequately delineated, there is often no one-

' to-one mapping between activities and goals. A single activity may
contribute to the accomplishment of a number of goals, and a single goal
may be contributed to by a number of different activities. For example,
hosting a dinner party for one’s boss may further the direct goal of getting

a raise, satisfy the broader desire of improving social relationships with
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other guests, and provide an opportunity to try a recipe seen earlier. The
goals of getting a raise and improving social relationships would in turn
be served by a number of different activities in addition to hosting the

dinner party.

Alternative Schemes for Classifying Activities

While traditional activity theory defines activities in terms of their
goals or objectives, other approaches are possible. One alternative is a
process oriented approach, in which activities are characterized in terms
of the procedures, tools and resources they involve. Another approach is
to define activities in terms of the places in which they occur or the times
they are performed. For example, going to the mall could be seen as an
activity even though that might include shopping for clothes, finalizing
travel plans, and making a deposit at a bank. What one does upon
returning from a trip could be considered one activity, even though this
may entail unpacking suitcases, picking up the mail from neighbors,

checking local news, and telephoning the alarm company.

One advantage to these approaches is that they suggest the use of
directly observed phenomena to delineate activities. Unfortunately,
many of the same limitations faced by traditional activity theory apply to
these approaches as well. How strictly should tools, procedures and
resources be tied to specific activities? Should preparing a meal in a
microwave oven be seen as a different activity than preparing the same
foods on a stovetop? Should using a telephone to talk to a friend be seen

as the same activity as using the telephone to dial in to an automated
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banking system? Should we differentiate between using the mouthpiece
and ear piece of a phone, as during a spoken conversation, and using the
keypad and ear piece of the phone, as when contacting an automated

phone system?

It became clear during the interviews I conducted that subjects had
trouble categorizing their own behaviors. Their responses suggest an
additional factor that should be taken into account in delineating
activities, namely the extent to which a set of actions or tasks has been

conceptualized as a discrete focus of attention.

Imagine a businessman who travels for his job. For each trip, he
must prepare a report itemizing the expenses incurred for travel,
lodging, meals and the like. There are several ways the businessman
could create this report. He could spend several minutes each day adding
the expenses from that day to an accumulating report. He could wait
until the end of the trip to enter all the expenses from that {rip. He could
wait until he has accumulated a stack of receipts from several trips, and
then sit down to prepare all the expense reports at one time. He could
also use various combinations of these techniques, for example tallying
restaurant receipts at the end of each day, adding hotel receipts at the end
of each trip, but waiting until reports from several trips have

accumulated before preparing the official reports for submission.

Which method the businessman uses will influence the extent to

which he sees the preparation of the expense report as its own activity.
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In the first case, preparing the expense report might seem like one task in
the larger activity of traveling, attending a conference, recruiting new
clients, or whatever the activity within which the trip was conducted. In
the case in which expense reports for several trips are batched and
prepared together, preparation of the reports might be a considered a
distinct activity. Note that in all cases, the goal of preparing the expense
report is the same. In fact, the ultimate goal of preparing the report-
maintaining financial fitness-is likely a primary goal of all of his

professional activities.

The approach I take for discussing activities combines elements of
traditional activity theory with the process-oriented approaches described
above. I discuss an activity as an identifiable chunk of motivated
behavior involving a characteristic set of goals, procedures, tools,
resources and/or times. The combination of factors that defines an
activity can vary from activity to activity. If we imagine a network of
interacting goals, tools, procedures and resources, an activity would be
represented as a coordinated pattern of activation across that network. A
critical element in defining an activity is the extent to which the agent
conceptualizes it as a discrete chunk of behavior, regardless of the factors
that lead the activity to be so conceptualized. This view of activities
parallels the way subjects speak of their own behaviors. It therefore
allows the subjects’ verbal reports to provide guidance in delineating
their activities. In addition, the view of activities as having a

characteristic, or expected, set of goals, procedures, tools, resources and /or




times sets the stage for the discussion of interruptions I will present

below.
The Nature of Multiple Activities

People engage in many different activities in the course of everyday
life. Much of the traditional research into problem solving has focused
on solving individual, relatively circumscribed problems. Yet in
everyday life, selecting which activities to undertake when can be as
important as selecting the specific actions needed to solve individual
problems. An overall goal of actors in complex environments is to
develop a strategy for managing their activities that is sufficiently robust

and efficient.

Activities can interact in several ways. Formally, we can say that
two activities will be orthogonal, or strictly independent, if there are no
interactions between any of the intermediate states obtained during
performance of the activities. This implies that the resources used by the
different activities are independent; neither activity alters the state of
resources used by the other task. Furthermore, there is no temporal
relationship between the two activities such that performance of one
activity has an impact on the agent’s ability to perform the other. If two
activities are strictly independent, the decision on when to perform one
of the activities has no impact on the decision of when to perform the
other. There are no grounds for preferring one scheduling of the two

activities over another.
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Two activities can be considered partially independent if there are
interactions between the two activities such that one combination of the
activities would be more efficient than another. While several
combinations of the activities would realize the desired goals, there are

grounds for preferring one scheduling to another.

Two activities can be considered dependent if the intermediate
states of the two activities interact such that only certain schedulings will
lead to the desired goals. One activity may exhaust or modify resources
required for another activity, or may lead to a state that makes

performance of the other activity impossible.
Interruptions

An interruption can be defined as a break in the uniformity or
continuity of a process or sequence of events. An interruption causes a
deviation from an expected progression, sequence or timing of events.
This definition does not necessarily imply the existence of a plan or an
explicit representation of how events typically unfold. Instead, the
expected progression, sequence or timing of events can exist in the form

of associations and primings learned implicitly through prior experience.

Interruptions can be characterized by how the factors that cause
them are related to the current activity. An interruption can be
characterized as internal if its cause results from actions performed
during the activity itself, and requires that additional actions be

performed to complete the activity. Errors and slips can cause internal































































































































































































































































































































































































































































































































































































































































































































































































































































