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Personal information management (PIM) systems are information systems developed by individuals for use in a
work environment. Seven managers were interviewed to
observe how their electronic documents were organized,
stored, and retrieved. The purpose of the study was to investigate classification behavior both to identify the features of a PIM system and to suggest whether the factors
which influence classification decisions in an electronic
environment were consistent with the factors that Kwasnik
observed for physical documents in an office. It is suggested that these behaviors may be influenced by the
hardware and software environment and may impact personal as well as organizational efficiency.

Introduction
A personal information management system (PIM) is
an information system developed by or created for an
individual for personal use in a work environment. It includes a person's methods and rules for acquiring the information which becomes part of the system, the mechanisms for organizing and storing the information, the
rules and procedures for maintaining the system, the
mechanisms for retrieval, and the procedures for producing the various outputs required. Interest in PIM systems
has advanced as a result of the rapid proliferation of microcomputers in the 1980s. A variety of personal information management software and hardware, such as
notebook computers and pen-based input devices, have
been developed to support individuals and the way they
work. The industry's efforts have concentrated on making systems easier to learn and easier to use, responding
to market demand for such features as graphical interfaces and multitasking environments.
Research into how people work and how they use systems is limited, but the studies which have been done are
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revealing and useful. It has been demonstrated that users
frequently employ satisficing strategies when using systems, concentrating more on accomplishing job-related
tasks than on learning to become more proficient with
the system itself (Carroll, 1987). Furthermore, it is generally accepted that users will use what is convenient and
readily accessible to them rather than attempt to find
other sources which may be more appropriate but are
not so easily obtained (Marchionini, in press). Work is a
highly situational. context-based process which requires
the accomplishment of tasks within the constraints of tbe
working environment. The classification of work products and processes rarely fit neatly into document-specific categories such as subject and form which are common to many information storage and retrieval systems.
Subject and form are important, but other factors such
as frequency and date of last use, relative importance to
a task, and the amount of cognitive energy required to
assign a category must be considered when classifying,
organizing, and retrieving information from an individual's personal environment.
Software to support PIM systems must be flexible and
adaptable to the task needs and personal idiosyncracies
of the individuals who use them. To be useful to the individual, the software should help the user to integrate
the processes of selecting, organizing, storing, maintaining, and retrieving information. It should be flexible
enough to support the way the individual works while
allowing transformation of information into formats and
schemas that can be used by others. Although software
environments in many places have far to go to achieve
this, systems are far better and more flexible than ever
before. Consequently, individuals develop unique ways
of using software and of organizing and managing information within their workspaces that are highly personalized. These "personalized" tasks and strategies within a
standardized business computing environment are what
is described here as a PIM system.
The context in which a document is acquired or cre-
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ated may have much to do with how it is classified,
stored, and later retrieved. The importance of situational
factors in human cognition was illustrated in studies of
cues used to retrieve members of natural categories
(Walker & Kintsch, 1985) and in studies of skilled memory and expertise (Ericsson & Staszewski. 1989). These
studies are relevant because PIM systems are more intimate and more in tune with the way people think and
work than information systems designed for general use.
The purpose of this article is to examine context as a factor in PIM systems to suggest how it may influence classification decisions and ultimately retrieval. It describes
a study that was undertaken to explore the factors that
influence the way individuals manage information
within their personal space. Interviews were conducted
and analyzed to compare the patterns observed by Kwasnik in her study of the influence of context upon classification of documents in an office (Kwasnik, 1989b) with
classificatory behavior of individuals in an electronic environment, and to explore the feasibility of employing
the methodology in an electronic environment.
Characteristics of Personal Information
Management Systems
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FIG. I. Structure of an information system.

The structure of an information system includes inputs, the individual with information needs as well as the
fines, groups, and labels the information he or she ininformation and entities which are part of the system:
cludes within the system.
the information storage and retrieval (ISAR) system, the
mechanisms for organizing, storing, maintaining, and
Organization and Storage
retrieving information; and the outputs, the information
or entities obtained from the system (Soergel, 1985). FigMechanisms for organizing and storing information
ure I is a representation of an information system based
are those tools and procedures that classify, name, group,
on Soergel's model.
and place information in a location for later retrieval.
Within a typical ISAR system, these are the access
points,
the controlled vocabularies, and the storage meAcquisitions
dia and processes used to facilitate organization of the
In a PIM system the user whose problems, needs, and
collection and retrieval of data relative to anticipated
questions are inputs to the system is usually the person
needs. Assigning titles, names, and subjects to items, orwho decides upon the information and the entities to be
ganizing them logically, and storing them in physical loincluded in that system. This is not exclusively the case
cations are typical activities. Attributes such as docuas any environment imposes certain constraints. Comment type, date, language, and target audience are also
pany-selected hardware or software, limitations upon acused to classify and distinguish information within colcess to electronic information sources, and requirements
lections.
to build upon work started by someone else are some of
Within a PIM system, the item attributes are often
the constraints that may impact decisions about what to
fine-grained and so personal that it is difficult to distininclude within the system. Despite constraints, much of
guish and to represent them. This difficulty is further
the information acquired for a PIM system is generated
complicated by the dynamic state of the individual's enby the user, or has value added by the user. Information
vironment as priorities are rearranged and workloads
entities may vary widely by subject and format, includchanged. Several unique attributes have been suggested
ing formal documents that require polish, precision, and
for PIM systems, and it is generally recognized that
accuracy; informal notes and messages which permit irmultiple access points are needed. Malone found that
regular formats and spelling; datafiles;spreadsheets and
placement of documents on a desk in an office environtables; graphics; and program utilities, among others.
ment often served a reminding function to the individual
This article is concerned with inputs to information
(Malone. 1983). This location was not based on the physsystems as they relate to the organization of information
ical characteristics or attributes of the documents, but on
within the information space; that is, how the user dethe use or relevance to the person. Malone also found
328
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that individuals would group things in a location because
of the difficulty in classifying them, so items were found
together which did not fit easily anywhere else, although
they might have no other attribute in common. This is
evidence ofa satisficing strategy, ofa person's avoidance
of the cognitive effort required to make a decision.
Kwasnik found that the use to which a document is
put or intended is often the first classification rule invoked by individuals in organizing their personal documents {Kwasnik, 1989a). Her work is described in more
detail later.
Maintenance
Maintaining information systems is an important
function, yet one often underestimated in ISAR system
design. Regular system backups and routines for updating incorrect or out-of-date information are universally
accepted requirements, but rules for deletion or migration vary widely from system to system. In an era of inexpensive memory and storage devices and fast processors, there has been a tendency to allow systems to grow.
Individuals desiring comprehensive treatment ofa subject have need to keep as much information as is relevant
and feasible. Unfortunately, growth may occur with little
assessment and review of the relevance or quality of the
information due to the amount of time required to make
such determinations. Growth can continue as long as the
tools for organizing and retrieving information keep
pace with the storage, and as long as system performance
and personal productivity are not impaired. Decisions
for what and when to delete or migrate to secondary storage are critical to efficiency, yet are frequently made at a
time and under conditions dictated by circumstance
rather than by rule.
Retrieval
Information retrieval within ISAR systems is based on
user-defined queries and system access features, and the
ability of the system to match the user's request to its
retrieval language is one measure of p>erfonnance. As
with any information system, the translation ofthe user's
query in a PIM system is not a trivial problem.
The process of retrieval in a PIM system depends
greatly upon the situation or event, the information
need, which initiates the search. Formal ISAR systems
rely upon controlled vocabularies, structured files, and
elaborate filing mechanisms to facilitate use. Within a
PIM system, each person's vocabulary is itself "controlled" since it is unique for that person. It takes discipline to settle upon a subset of one's vocabulary for use,
particulariy when the effort required to do so interferes
with the accomplishment ofa task. On the other hand,
there are retrieval cues available to persons in their own
systems which formal systems lack. Dates, file size, and
context clues from the user's situation at the time the

document was created or last used are among the cues
which can combine to jog a person's memory to locate
an item or to retrieve a fact. Even the acts of classifying,
naming, and storing a document to disk occur in the
context of other work and events that may themselves
become an aid to retrieval later.
Output
One ofthe most important features in the structure of
information systems is output. Users come to the system
to resolve a need or answer a question, and the system's
capability to satisfy the request is greatly dependent upon
the quality of output. For PIM systems, output must be
criterion-based, subject to the needs and objectives ofthe
individual rather than normalized to generic tasks for
multiple users as in general ISAR systems. Rexibility
and variability of output become important criteria in
evaluating PIM systems.
In summary, one factor that defines PIM systems and
that sets them apart from general ISAR systems is the
unique, situational aspect ofthe working environment.
The context in which a person works, including the nature ofthe task, the subject matter, the available tools,
the intended audience for the work, and the intended use
for the information are factors which are in play at the
time the item is acquired, created, classified, stored, or
retrieved. Successful PIM systems, and software used to
implement these systems, should accommodate situationa! factors to facilitate system use.
Context and Classification: The Kwasnik Study

Context is the situation in which an event occurs.
Context includes all aspects ofa person's experience, and
it has long been recognized as a factor in human behavior. We are often unable to function well when we are
tired, or if environmental conditions are extreme (the
room is too hot or too cold, for example), or if there are
distractions. In a corporation, a manager with years of
experience in the organizational culture has a perspective on what information is important for the job that
differs from that ofa young management trainee. Every
individual is unique, possessing experiences which impact his or her decisions and reactions to new experiences, and these experiences become the basis for individual growth and learning.
People tend to analyze and to classify new objects or
experiences in life by comparing information about
these new objects and experiences with those which are
familiar. This "reasoning by analogy" is the context theory of classification {Kwasnik, 1989b; Medin & Schatfer,
1978). Prototype theory is an extension of classification
theory, implying that exemplar experiences lead to prototypes on the basis ofa category's central tendency. According to the theory, classifications are based on perceptions of how well items fit the individual's idea of the
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prototype. Again, each person's experiences are unique
and, even when people agree on a prototype, they may
not agree upon the characteristics which define it or
whether a particular object is close to the prototype or far
away.
Malone explored how people organize things in the
context oftheir offices. He interviewed ten people from
various job categories to explore the patterns in their organizing behavior and the implications for office information systems (Malone, 1983). He found that individuals tend to organize information in their offices into
"files" and "piles." Files are we 11-organized, often labeled stacks or folders whereas piles contain miscellaneous documents that have no apparent organization or
labeling. Malone discovered that the location ofthe files
and piles on the subjects' desks was an indication oftheir
importance, serving a reminding function of work which
needed to be done. He also found that the subjects' descriptions ofthe information probes used to retrieve a
document did not correspond to their descriptions of
their organizational schemes in about two thirds ofthe
cases. Malone concluded that automated systems could
resolve many ofthe problems in these workspaces by
supporting multidimensional classification and by providing devices which would serve the reminding function
such as varying the size or color of icons based upon the
importance ofthe document or having an item surrogate
appear on the screen periodically.

mensions of LOCATION {top shelf, briefcase), FORM
(books, correspondence), TIME (very seldom, immediately), and USE (used, deal with). She coded and inventoried all head nouns mentioned by the subjects in the
interviews. Once this task was completed, she analyzed
the dimensions and organized them into categories and
subdivisions (Fig. 2).
Kwasnik's analysis produced a frequency distribution
ofthe incidence of each dimension described in Figure 2
among the categorizations ofthe head nouns and general
nouns identified. She defined general nouns to be those
which identify documents without mentioning form;
things, stuff, and items are examples. She also created
frequency distributions ofthe occurrence of dimensions
in pairs, when two dimensions were used in the classifi-

SITUATIONAL ATTRIBUTES
Access
Circumstance
Need/Requirements
Ownership of the
document
Related to me
Room/Space
Source
Use/Purpose
DOCUMENT ATTRIBUTES
Author
^
Form
Topic
Physical Attribute
DISPOSITION
Change
Discard
Keep
Locate
Postpone decision
ORDER/SCHEME
Accumulation
Arrangement
Group
Separate
Unfinished arrangement
TIME
VALUE
Important
Interesting
Needs improvement
Not valuable
Secret/confidential
Unspecified value
Works for me
COGNITIVE STATE
Don't know
Want to remember
"Just know"

Malone's investigation raises questions concerning
the process by which people organize and retrieve information within their workspace, and Kwasnik raises some
ofthe same questions in her work. She investigated the
influence of context upon the processes employed by individuals in organizing and classifying their own documents in their own space. Kwasnik interviewed eight researchers from various academic disciplines and asked
them to give her a "guided tour" ofthe documents in
their offices and work areas. In a second visit, subjects
were asked to sort a day's mail and to describe each piece
aloud and explain what they would normally do with it.
In a third visit to four ofthe subjects, she sorted a day's
mail for each based upon the "rules" identified in the
second visit. These interviews were taped, and interviews
from thefirstand second visits were also transcribed. She
analyzed the transcripts to identify the categories of documents identified by users and the dimensions used in
making these classifications. Head nouns were selected
to determine how individuals name and classify documents they deal with, and to identify the dimensions
used to organize them. (A software program, Qualog, a
data analysis tool developed at Syracuse University, was
used to facilitate the analysis.) Two examples follow:
"on the top shelf are books that are very seldom used"
"correspondence I must deal with immediately goes into
my briefcase" (Kwasnik, !992b, p. 4)
In the above examples, each decision invoked the di-
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FIG. 2. Fundamental categories with subdivisions of dimensions
along which people classified personal docunients(see Kwasnik. 1992a.

p. 6)
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cation, and in triplets, when three dimensions were used,
to observe patterns. Ofthe dimensions identified, the five
occurring most frequently were USE, TOPIC, TIME,
CIRCUMSTANCE, and FORM. When two dimensions
were used, TOPIC and USE were most frequently
paired, and when three dimensions were invoked, CIRCUMSTANCE-TIME-USE were used together most often. Situationai attributes were invoked by her subjects
more often than any category except form.
Kwasnik's work supports the notion that traditional
systems which rely too heavily on document attributes
are insufficient for an individual's requirements for organizing, managing, and retrieving information for personal use. Furthermore, if context is a key factor in the
organization of materials within a person's physical
space, it follows that context is just as important, or even
more important, in how those materials are used in an
electronic environment to do work. Certainly, it would
be interesting to investigate classification behaviors of individuals in an electronic environment to see if the dimensions identified by Kwasnik tend to hold up. The
goal of such an investigation is to suggest whether people
organize information in their electronic space by similar
dimensions and to explore the implications for people
who work in environments where documents must be
shared. The next section describes research performed
with these goals in mind.
Methodology

A study was undertaken to investigate the factors that
influence classification decisions by individuals in their
electronic environments. Seven individuals, all managers, were interviewed and were asked to provide a guided
tour of their electronic directories both to identify the
documents in their workspace and to isolate factors
affecting their decisions to include the documents within
their systems. Managers were chosen because ofthe variety and quantity of information they must deal with on
a daily basis. The interviews were analyzed to identify
the dimensions used in organizing and retrieving information in an electronic environment.
Subjects
Seven managers were interviewed, including three
males and four females, considered to be experts in their
respective domains, but only two would classify themselves as experts with computers. Four ofthe managers
are employed on the same project and work in the same
computing environment, a Novell local area network
(LAN). These individuals work in a large information
management company providing services to government and commercial clients. One is a financial manager, one oversees document delivery functions, and two
manage reference and referral services. Three of these
four have computers without hard drives and are there-

fore restricted to the storage available on 3.5" diskettes
and on the public and private directories of the file
server, but the fourth has a 120-megabyte hard drive as
well. A fifth subject works in the same company in a
different department and supervises a group of graphic
artists. She uses a Macintosh computer on an Appletalk
network which has access to a Novell LAN via MacLink
Plus. This group supports a variety of projects, including
the project ofthe four managers already mentioned.
Two of the managers interviewed were located at
different sites. One was a project manager in a research
department for a government agency, and many ofhis
responsibilities are computer-related. The computing
environment included a powerful microcomputer with
two hard drives, operating OS/2, a multitasking operating system. This was linked to a Banyan network. The
final subject works in a networked environment as well,
running Microsoft Windows as the interface to his own
hard drive, to a local area network, and to an IBM mainframe. This subject is a project manager/research scientist at a major corporation providing services to the government. His current project is designing a user interface
for a system to be used by a federal agency.
Procedures

The managers were told in advance ofthe interview
not to clean-up or reorganize their directories, but to
leave them as usual. The interview followed the loose
structure of a guided interview. Subjects were encouraged to describe freely the documents and information
within their workspace, but questions were asked to elicit
information about the typical functions of personal information management systems. For example, subjects
typically were asked questions about where documents
in their workspace originated, how they came to be
where they are, when and under what circumstances they
might be moved or deleted, and how they would go
about finding the document when it was needed. The interview was concluded when the subject completed the
tour.
The interviews were taped, transcribed, and were analyzed within the framework ofa PIM system, that is,
the rules and procedures applied by the individuals in
acquiring, organizing, maintaining, and retrieving documents within their personal workspace. The interviewer
also made brief notes during the sessions. Although none
of the subjects used formal PIM system software, the
data suggest that rules and procedures for managing information were present. The transcripts were analyzed
to identify the documents used by individuals in their
electronic workspace as well as to identify the dimensions and rules applied in classifying them. Identification
of the categories of documents and the general nouns
used was accomplished with ZYINDEX, commercial
text retrieval software. Each occurrence of a term was
analyzed in context to determine which if any ofthe di-
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Unique Document Identifiers or "Head Nouns' by Individual Interviewed
Subject 1
referrals
manual
appraisal
speech
letter
decision
recommendation
guide
policies
agreement
search
bits and pieces

Subject 2
window
pun
notes
record
joke
decoration
article
overview
executables
fonts
talk

Subject 3
correspondence
modification
plan
task
billing
expenses
appropriations
draft
narrative
bid

Subject 5
costing
goals
hotsheet
thesaurus
directions

Subject 6
mailer
logo
composite
jobs
archive
brochure
masthead
transformations
map
trash
chapter
page
slides
images
illustrations

Subject 7
labels
requests
analysis
evaluation
attachment

Subject 4
menu
server
newsletter
inquiries
news
paper
insertions
specs
briefing
demo

Most Commonly Used General Nouns (used by all subjects)
thing, things
file, files
disk, diskette
Stuff
directory, directories
network or LAN
report
information
copy
project
mail, email
memo
message

208
136
83
74 (not used by subject 7)
74
43

37
• fr- '
21 (not used by subject 7)
21 (not used by subject 7)
20 (not used by subject 1)
20 (not used by subject 4)
16

FIG. 3. A total of 136 unique nouns or general nouns were used by the subjects to describe the items in their workspace.

mensions identified by Kwasnik were applied by the individuals in their classification descriptions ofthe items
in their electronic space. The dimensions identified were
coded with the classification descriptions and were written to afile.The document categories identified that are
unique to each ofthe individuals interviewed, and a list
ofthe general nouns used most frequently by ali subjects
appear in Figure 3.
Once the document categories and rules were identified and the dimensions coded, the rules were further analyzed for their application in acquisition, organization,
maintenance, and retrieval of information for PIM sys-
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tems. These are discussed briefly in the sections which
follow.
Acquisitions. The following categories of documents were specified by the subjects when asked to describe the information included in their workspace. The
managers employed descriptions consistent with the dimensions identified by Kwasnik and. similar to Kwasnik'sfindings,situational attributes were used most often
to describe documents acquired.
(I) Things from a public directory, or in a public direc-
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tory (SOURCE, USE. CIRCUMSTANCE. FORM.
ACCESS, OWNERSHIP). All subjects included
items from shared space within their collections.
Subjects distinguished between items that were
copied from a public directory and those that were
used and maintained in the public directory. In the
former case, the public directory is the source for a
document the subject has acquired. In the latter, the
public directory is a resource for sharedfilessuch as
a referral database and an accessions list used for
retrieval of factual information.
(2) Electronic mail messages (IMPORTANT. CIRCUMSTANCE. LOCATE. FORM. TOPIC, ACCESS. COGNITIVE STATE, NEED, TIME). Electronic-mail messages were kept for easy access
when they contained information that the subject
might need in the future, and most respondents indicated messages were kept as reminders of something that needs to be done. One subject suggested
that "sometimes I tind something that's really interesting so I just keep inhere for awhile."
(3) Software (FORM. TIME, USE. CIRCUMSTANCE). All subjects interviewed referred to the
software that they use when asked to describe the
documents in Iheir electronic environment. Applications mentioned included word processing,
spreadsheets, graphics, demonstration programs,
utilities and tools (commercial and self-generated),
database management systems, bulletin boards,
and electronic-mail. Although subjects referred to
the software as a too! to accomplish work, such as
"XYWrite, the word processor I use," it is clear that
software is used as a dimension in classification as
well for thefilescreated with the software; that is,
"Lotus files," "SAS logs," and "Harvard Graphics
diskettes."
(4) Things created by the subject which are used regularly or currently (LOCATE, USE, CIRCUMSTANCE, TIME. FORM, RELATED TO ME,
TOPIC). One olthe most frequently mentioned descriptors of documents within the individual's electronic environment was frequency of use. Subjects
described files that were used "most days" and
things they had been working on "for a couple of
weeks."
(5) Things on a relevant topic (TOPIC, FORM). One
subject described his collection by saying that 75%
ofhis files are budget-related. Others described information relevant to their projects. In the electronic environment, topic was rarely mentioned
without reference to form.
(6) Something that someone else provided (OWNERSHIP OF THE DOCUMENT, SOURCE, RELATED TO ME). Documents sent to or given to
the subjects included reports for review, information to be converted into some other formal or to
be used in some other product, and files left by a
predecessor. "George's disk." the "budget from
Mike." and "someone has sent me bis progress repon" are examples.
(7) A copy of something the subject created for someone else (CIRCUMSTANCE, USE, OWNERSHIP

OF THE DOCUMENT. USE, VALUE). A database search that was done for someone else was kept
because the subject thought it might be useful.
Something "special" created for and at the request
ofthe project monitor was kept for reference should
additional work be required.
(8) Something created for a special reason (CIRCUMSTANCE. USE). Policies and procedures were created by one subject before she went on maternity
leave to help others to keep track of responsibilities
In her absence. When she returned, she found it
useful to maintain the information.
(9) Things that may prevent more work later on, or
that might be needed again (TIME, CIRCUMSTANCE. ACCESS, DISPOSITION). Subjects often referred to things which were kept just in case
they might be needed again. There were two examples of individuals describing a situation where a
document was kept to avoid work in the future. The
first was a case where multiple copies ofa document
were kept as a precaution against loss, beeause it
was something that is issued periodically and "has
to go out quickly, be accurate." Another example
was a logo, created by scanning, which required a
lot of time to clean-up for use in a publication. This
was saved to avoid having to redo the work should
it ever be needed again.
(10) Personal stuff (USE. FORM, CIRCUMSTANCE.
RELATED TO ME). Only one subject admitted
that there were personal documents in her collection. She mentioned specifically instructions for
how to feed her cats, and herfiance'sresume. Other
subjects mentioned receiving personal messages in
electronic mail.

Classification and Organization. The rules for classifying and organizing information in the subject's workspace include the dimensions described below. Often,
multiple dimensions were described in a classification
event, and the following list is inclusive of all dimensions
applied, whether used singly or in conjunction with
something else. FORM. LOCATE. TOPIC, CIRCUMSTANCE, and USE/PURPOSE were mentioned most
often in classification decisions.
(1) Things used regularly, or used currently (USE, LOCATE, CIRCUMSTANCE, TIME). All the subjects classified some items based upon their patterns
of use. Examples include "my working stuff."
"things we use all the time," "the main things I'm
involved in," and rarely used documents which are
stored "in there, out ofthe way."
(2) Topical information (TOPIC. FORM), Every subject mentioned topic as a dimension in classification. Examples include "construction stuff," "OS/
2 stuff," and things that "relate to AIDS," Topic
was usually mentioned with other dimensions such
as location and form. Kwasnik considered titles, the
names of documents, as a feature of the TOPIC dimension, but in an electronic environment, the file
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name is just as often an indicator of its form, its
purpose, or some other characteristic.
(3) Things that belong to somebody (OWNERSHIP
OF THE DOCUMENT). Ownership is somewhat
problematic in electronic environments. In an
office, ownership might refer to "books that belong
to me" or "a newspaper that belongs to her." In an
electronic environment, once a copy of something
is in our space, we own it in a sense, and may modify it to suit our purposes. Additionally, once we
create a document SF)ecifically for someone else, it
may become associated with that person. Items
were classified by the subjects based upon ownership, but it was not always clear whether they were
"from" someone, "for" them, or "about" them.
(4) Things in a particular format (FORM, TOPIC).
Form was used by every subject as a dimension in
classification. Form in this case has as much to do
with the type of software used to produce a document as it does with thefinaloutput format. Examples include spreadsheets, graphs, logs, statistics,
proposals, and performance appraisals. Form was
sometimes the only dimension used in describing
documents, yet it appeared often with topic, location, and use.
(5) Age or currency ofthe documents (TIME). Age and
date ofa document were often cited as dimensions
in classification. One subject organized her memos
to an individual by month. Another subject had a
diskette of "historical files."
(6) Things organized by circumstance, habit, or due to
procedures (CIRCUMSTANCE). An example of
circumstance as a dimension in classification is
something shared, such as "a disk I share with
PSG," and "because there are so many people
working on the project" all items related to the project were stored on a single diskette.
(7) Things organized by document characteristics
(PHYSICAL ATTRIBUTE). Rarely mentioned in
the interviews was the classification of information
based upon physical features. In an office, physical
features such as the size ofa publication may well
detennine whether it is organized with other items
of similar size on a shelf, or whether it is filed in a
drawer with items on the same topic. In an electronic environment, size ofthe document is rarely
a factor unless it is so large that it creates a problem
of storage or manipulation. Additionally, data
compression algorithms and other features make it
possible to minimize these differences. However,
one example ofthe attribute of size determining a
classification decision occurred when one of the
subjects made a decision to put two "huge, huge"
spreadsheets on a diskette. In the environments
where graphical interfaces are used, physical attributes are more varied. In one subject's environment, a variety of colorful, creative icons ("baubles") were used to classify items that perform the
function of opening up windows. This subject referred lo other icons as "executables," a type of
physical attribute as it distinguishes files that do
things.
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(8) Things which may be needed quickly, or which
may be needed sometime (ACCESS. NEED). Subjects frequently mentioned organizing information
because ofthe need to retrieve it quickly, or to have
it "where I can always find it."
(9) Things which are special, interesting, or important,
or not important at all (VALUE). The value or importance ofa particular item was sometimes a factor in document classification. An example is the
subject who described a set of documents as the
"major decisions that deal with the agency."
(10) Things organized according to factors unknown or
forgotten (COGNITIVE STATE). It was not uncommon for subjects to state that they were not really sure why certain files were found where they

were.
System Maintenance. System maintenance is defined here as modifying, moving, or deleting documents
from the PIM system. More than one dimension was involved in most maintenance decisions, and Kwasnik's
dimension of DISPOSITION (to keep, discard- change,
locate or postpone decisions) is integral to all maintenance tasks and should be understood as applicable in
each ofthe following rules.
(1) Documents are removed once they exist in another
format (NEED, USE. FORM). Some documents
were removed once they were converted to another
software format. In other cases, documents were created by the subject for use in some larger publication
and the pieces remained in the subject's environment until the publication was done. Sometimes
documents were kept only until a hard copy was obtained.
(2) Documents are moved or deleted because they are
finished or because they will not be needed again
(NEED, USE. ACCESS, TIME. CIRCUMSTANCE). Closely related to the above rule, these
are documents that were created for a specific purpose, and once that purpose was fulfilled there was
no need for the document. Sometimes items were
simply moved to less prominent locations "when
I'm finished with it here and I may need it for something else."
(3) Documents are moved or deleted based upon the
time available to do this (TIME, CIRCUMSTANCE. USE, NEED). Most subjects admitted to
irregular system maintenance. Most relied upon network managers to back-up their data, leaving hard
drives and diskettes vulnerable. Maintenance was reported to occur "when I'm not doing anything." "I'll
just be looking at them," or "in a random sort of
way." During the seven interviews, each subject deleted at least onefileor message. Three ofthe subjects
stated that they removedfileswhen they were told to
by their LAN administrators.
(4) Documents are deleted or moved based upon the age
ofthe items (TIME. DOCUMENT ATTRIBUTE).
During the interviews, two of the subjects deleted
items because ofthe age ofthe documents. In one
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case, the subject said "that's old." and in another
case, "that's an old business plan."
(5) Documents are deleted or moved based upon size
factors such as the amount of available space, the
number offilesin a director), and file size (ROOM/
SPACE. PHYSICAL ATTRIBUTE, CIRCUMSTANCE). In some cases a rule of thumb was applied, such as the manager who tried to limit his Lotus directory to "30 to 35files."In other instances it
was more an act of desperation "in order to get some
room on my hard drive." As might be expected, subjects with the least amount of space available performed document deletion or transfer more frequently than those who had additional media at their
disposal. At least two subjects indicated they were
getting additional hard drives to combat the space
problem.
(6) Documents are deleted or moved based upon the importance ofthe information (VALUE. CIRCUMSTANCE. FORM, TOPIC). One subject had very
elaborate back-up schemes for his most important
documents. Although one manager said that she
keeps everything, it was clear that moving copies to
storage as a safeguard against losing it was left to network administrators. Several subjects indicated that
they backed-up important information, but not one
person interviewed performed regular back-ups of all
their files. At least one person was aware that there
were no back-ups of certain important information
beyond the LAN tapes, and that it would be diflicult
to retrieve anything from the tape back-ups that was
more than a few weeks old.
(7) Documents are maintained or updated when new information is received (CIRCUMSTANCE, USE).
Most subjects used some documents which required
regular modification. These items were always organized so the user could access them easily, but the
location wasdiRerent for each subject. Spreadsheets,
databases, referral lists, and reports are among the
categories of items routinely maintained.
(8) Documents are deleted or removed because the
contents are unknown to the user, or because the
user does not remember the document (COGNITIVE STATE). Almost every subject had items in a
directory which he or she could not identify. In some
instances, these were macros or software-generated
set-up files. In other instances, they were files that
were left by a predecessor orfilesgiven to the subject
by someone else, and due to lack of time or interest
nothing had been done to identify and classify the
information in a way that might be meaningful.
Some subjects found items they had created in places
they did nol expject to find them, and could not explain or remember their reasons for putting them
there.

Information Retrieval. One question asked of each
subject in the interview was how he or she would go
about finding a document. Each subject employed strategies for organizing information with the ease of future
retrieval in mind, but many ofthe strategies employed in

retrieving information not only took advantage of that
organization, but compensated for its limitations. In a
physical space, there are many simultaneous physical
cues present to assist in retrieval, but in a PIM system,
the individual must compensate by developing information seeking strategies which maximize the situational
factors and system-defined features available. ORDER/
SCHEME and FORM were the dimensions cited most
often in retrieval as illustrated below.
(1) Location (ORDER/SCHEME. ACCESS. USE. CIRCUMSTANCE. LOCATE). One ofthe conventions
used frequently in retrieving documents was by location. Software applications used most often were accessible from the root directory of hard drives or in
prominent places on the menus of networks. Subjects kept "all my Harvard Graphics files on a disk"
orturned to shared directories on the network where
the referral lists, macros, or logos were always found.
(2) Names or titles (OWNERSHIP, RELATED TO
ME. AUTHOR, SOURCE, ORDER/SCHEME.
VALUE, DOCUMENT ATTRIBUTE. TOPIC,
CIRCUMSTANCE). Document names may be
names that serve as a surrogate title or alternate title
to fit the constraints ofthe 8 to 11 characters available in the MS-DOS environment. One subject said
he tried to create meaningful labels in namingfilesso
that they wouid trigger his memory when he went to
look for something.
A typical naming convention used was to attach
meaningful suffixes or file extensions to make file
names more distinguishable. Examples include
suffixes to group items together topically, suffixes to
group them by use, and suffixes to make a distinction
among documents with a similar prefix.
Mnemonic devices such asfilenames that hint at
what the item does or is were also used. An example
ofthe former is MOVESOUP, a batchfiledevised by
one person to move electronic-mail messages received by someone named Campbell to a subdirectory. Icons were used creatively in the OS/2 and
Macintosh environments as decoration or sometimes as puns for the directory contents or for
the action performed by an executable file. In the
Macintosh environment which allows naming conventions to exceed the 8 to 11 character maximum
ofthe DOS world, it was common to find full and
more detailed titles.
Naming files after people was a convention employed by all of those interviewed, and included situations where the item was created for the person,
produced by the person, was about the person, or
concerned an area which fell under the person's responsibilities. One subject named his contract files
after the last name of the contracts officer so they
would be grouped in alphabetic proximity of each
other for retrieval.
(3) By reordering things (DATE. USE, DOCUMENT
ATTRIBUTES, ORDER/SCHEME). Subjects used
a variety of methods of grouping and arranging information lo expedite retrieval. In some cases, they
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used "arrange" functions within the software or operating system to order items by date or by title and
then refer to dimensions such asfilesi^e or extension
to locate the desired item. The natural order or
scheme provided by Microsoft Word is "last in, first
out" and the subject who worked in this environment retrieved the things he used most frequently
and most recently without using any other strategy.
One subject made use ofthe WordPerfect "find" feature to retrieve files of like extensions. Yet another
subject prepared his own utilities and tools to help
him navigate through his extensive workspace.
Subjects were not observed using utilities such as
"whereis" or the Macintosh "find" facility which
were available within their environments. It is possible that they were unaware these utilities exist, although they may have overlooked them at the time,
or may have bypassed them intentionally, preferring
the ordering schemes described here to commanddriven find features.
(4) Date (TIME, USE). Date was a dimension used by
several subjects in retrieval. Usually, it served as a
discriminating factor when several candidate files
had been identified as the possible target. However,
there were instances where thefileswere displayed in
date order to make it easy lor the subjects to find
what they had been working on most recently. The
OS/2 environment offered the greatestflexibility,allowing the user to see the date thefilewas last used
as well as the date created.
(5) Browsing (USE. ORDER/SCHEME. DOCUMENT
ATTRIBUTES. ACCESS. CIRCUMSTANCE).
Browsing was a strategy used frequently to retrieve
files. It was the observed method of choice among
thesubjectswhenlookingforold tiles, but it was used
just as frequently to retrieve documents from a current list.
Browsing strategies varied and the activity served
several purposes. Browsing was used to reduce cognitive load by perusing file lists to facilitate document recognition. This required less effort than remembering the file name and commanding the system to retrieve it. One subject entered her word
processor during the interview and immediately produced a listing ofthefilestofinda document she was
working on that morning. sa\ ing aloud. "Now what
did 1 call that file?" Browsing usually involved
multiple dimensions, with date and file size often as
important as the name in locating the desired item.
Most often the subjects used some kind of probe
to enter the system for browsing. This probe was usually a partial filename (prefix or suffix), but sometimes it was a date or a location (a subdirectory or
diskette). Subjects also demonstrated instances of
browsing without a probe, broadly searching for the
item needed, perhaps knowing or not knowing any
pan ofthe name, or even if what they were looking
for would be there. This is the most difficult type of
browsing for specific data retrieval and it requires a
high level ofconcentration.
(6) Hard copy aids (ACCESS, ORDER/SCHEME, CIRCUMSTANCE). One subject worked in a depart-
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ment which used a hard copy directory and an elaborate logging system to facilitate retrieval from a vast
archive of information stored on diskette.
(7) Use (USE, PHYSICAL ATTRIBUTES. EORM).
Use is a powerful dimension in retrieval from PIM
systems. Subjects in this study were observed often
searching for files by accessing the software used to
create them. These subjects relied upon the software
to display thefilesfrom wherever the software stores
them by default.

Discussion
There are parallels between the results ofthe Kwasnik
study and this investigation into how individuals organize their electronicfiles.Many ofthe same types of documents were identified, and many ofthe same dimensions were used in making classification decisions. There
are some interesting differences, however. Kwasnik attempted to identify and count incidents of dimensions
used most often in making classificatory decisions, but
this study focuses upon the dimensions used in the rules
for organizing electronic documents in PIM systems to
determine if similar rules apply.
The methodology used to analyze the data was helpful
in discerning patterns in organizing and retrieving information in an electronic environment. The anaiysis posed
some problems for the researcher, however. Often it was
difficult to isolate the particular dimensions applied in
classification of a document, determining whether the
dimension applied was an ACCUMULATION or an
ARRANGEMENT, for example. In these cases, the
summary category (ORDER/SCHEME, etc.) was used
instead of a more specific one. It was not always easy
or even possible to determine with confidence that the
category assigned was the appropriate one, especially
when multiple dimensions were applied, as was frequently the case. Kwasnik reported similar problems,
and computed a validity measure for ber results by having the data double-coded. A validity measure was computed for these interviews as well, based upon a sample
set of 35 observations. The coders agreed in identification of the dimensions 82% ofthe time. All ofthe observations in the sample set except one involved more than
one dimension, and there was agreement on at least one
ofthe dimensions in every case.
Another problem in analyzing the data was the
difficulty in determining how to define a document in the
electronic environment. Many ofthe files in the user's
personal workspace were not documents in the traditional sense, but were complex database systems or tools
created by or used by the individual in accomplishing
work. These tools and utilities function sometimes as reference tools, but often function as mechanical devices
to move files from one place to another, to open a new
window, or to strip special characters from a file. Since
these items occupy space in the environment and since
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they can often be changed and enhanced by the user, the
decision was made to include them in the scope of this
analysis, but a case can be made against this. In an office,
a dictionary is a reference tool as well as a document,
but a ruler and calculator are only tools. In an electronic
environment, the distinction is less clear. A macro and a
batch file may be tools that perform functions, but they
are also documents in the sense that they can be edited,
stored, and retrieved in much the same way.
The interviewer's influence on the responses also
raises questions. Although the interviewer attempted to
use general terms (stuff, things, items) in referencing documents to allow the subject the opportunity to define his
or her documents more specifically, this did not always
work. Analysis of the interviews reveals two instances
where the interviewer first used a more specific document label that was later picked up by the interviewee.
Some of the managers interviewed were known personally to the interviewer, and as they were familiar with the
interviewer's interests and areas of responsibility, there
may have been some degree of posturing. The interviewer oversees LAN activities, and these people were
careful to state they performed maintenance on their directories when asked to do so.
Despite these obvious problems, it was useful to analyze the dimensions individuals employ in describing the
documents in their electronic space. It is useful in understanding how individuals work and in understanding
how PIM systems differ from general systems. Some of
these distinctions are described below.

Acquisitions
The personal computing environment offers many
opportunities for individuals to expand both their personal document collections and their access to external
sources. Unlike the physical offices in the Kwasnik study,
the workspace of these subjects spilled over to sources far
beyond the desktop, but few were maximizing the capabilities of these systems. Additionally, there werefilesin
each individual's workspace that were unidentified by
them, or that were known but never used. Much of this
is evidence of satisficing behavior, of the individual's attention to traditional work-related tasks at the expense
of cognitive effort to gain proficiency with software {Carroll, 1987; Marchionini, in press). Only one person with
links to the Internet and to his local electronic bulletin
board regularly sought information there or saved items
found that looked interesting. Systems which invite
browsing and active user exploration are needed to help
reduce the cognitive load required to seek new information and to acquire or access sources which will contribute to effectiveness on the job. It should be emphasized
that none of these users expressed a need for comprehensive collections as their motives for acquiring information was based upon need and relevance to their work.

Classification
Document attributes alone are insufficient to describe
and organize items within the dynamic environment of
a PIM system. The conditions in which documents are
created and used change, and these conditions impact
the way that individuals classify and organize information. Rules that are applied fora periodof time to reflect
the priorities of the moment may soon be abandoned or
forgotten; however, this study shows some consistency
among subjects in the dimensions applied to classification events.
In an electronic environment, the quantity and complexity of the work influence conventions used in classifying and storing information. Some subjects interviewed here used completely different rules for classifying documents based upon the level of granularity
required to support the workload. An example of this
is the financial manager who organized budget data for
contracts by project name. One project was too large and
too complex to be supported by this scheme. This project
was divided into tasks which were organized either by the
name of the manager responsible for the task or by the
name of the task. The rule employed was, if the project
is too large tofileby project name, then break the project
into tasks, and if the task has only one manager, file by
the manager's name, otherwise, file by the task name.
A similar case was observed for individuals who added
suffixes to further subdivide topical information when
their naming schemes left them without theflexibilityto
assign similar prefixes to all items relevant to a topic.
This finer granularity isrequiredby the individual to distinguish among the large volumes of data on the subject,
and he or she may extend the classification, or reclassify,
by such dimensions as a person's name, a date, or subtopic. While this is essential to the individual, it presents
problems for colleagues or successors who must interpret
the scheme to retrieve something from the space. Additionally, the individual must rely upon personal knowledge of the growth and development of a project or task
to trigger hisor her memory of former schemes.
In a physical office, folders can be tagged with the project name and with subheadings, and items can be stored
in physical proximity. Similar features are available in
an electronic environment, but the subjects in this study
did not typically store things this way. The subjects in
this study consistently used satisficing strategies in organizing the information within their workspace. Few had
ever created subdirectories. Only the two users whose
work was computer-related and the Macintosh user
showed knowledge of directory structures to organize
data. One subject continued to put files on diskette for
storage and for quick access, although he had ample free
space on a hard drive (100 of 120 megabytes unused).
Most subjects used software defaults to organize and display information and to browse data for retrieval. This
behavior is consistent with the high volume, varied, and
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temporal nature of work performed by managers. Many
documents are created quickly and with little concern
for naming or organizing the information, including
memos to staff, on-demand status reports, special requests, and other small projects that are the purview of
management.
Maintenance
The subjects in this study performed maintenance
upon the system when they were required to by their
LAN managers, when they faced storage limitations, or
when moving or removingfileswas a conscious effort to
facilitate retrieval of the information later. Most of the
subjects had some awareness of their options for storing
information, but most had only limited knowledge of
how to maintain theirfilesor even considered that regular maintenance should be part of their routine. PIM system maintenance seems to be guided by a philosophy
of "if it ain't broke, don't fix it," rather than regularly
scheduled maintenance to avoid crises.
There was evidence that at least one user experienced
difficuhy in modeling the system, or difficuhy in accepting that things stored in a place that was beyond the person's reach and grasp were safe. She felt more comfortable having files stored on diskettes and put in a box on
her desk than trusting security to a LAN server that was
distant and unseen.
One thing apparent from this study is that, as is true
with hard copy document collections and most information systems, collection size is not static and the need
for additional storage grows. The two individuals who
already had substantial hard drives were expecting additional drives to be installed soon. Individuals who stored
items on diskette sometimes reorganized files by format
when the need for storage exceeded the one disk and a
second was required. These collections can be expected
to grow at least until budgets can no longer support purchase of more diskettes, hard drives, file servers, and
other storage media, or until the users can no longer
manage the information.
Retrieval
The people in this study retrieved information based
upon a variety of dimensions. The strategy observed
most often was browsing, usually initiated with a probe.
When the software made this easy, individuals were observed doing this even when the document was something they had used recently or often. Although browsing
involved additional steps, it required less effort than remembering the file name and the command to retrieve
it. The use of browsing techniques suggests that multiple,
situational dimensions may be used to retrieve information as well as to organize and store it, as browsing provides clues to age, context, format, topic, and other dimensions. Browsing provides the secondary benefit of al-
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lowing the individual to get a general overview of what is
in the system. This is particularly important in a PIM
system since it is an overview of their personal workspace.
Retrieval tools made available by the software or created by individuals were frequently employed to retrieve
information. Examples of such tools include batch files
to navigate through subdirectories, the find feature in
WordPerfect, the arrange function available within software or operating environments which supports sorting
by various characteristics, and software defaults that order the documents in some way. Few individuals indicated having trouble finding things, but the interviewer
observed one subject who was unable to find a particular
file he was seeking during the session.
Items were sometimes organized in prominent positions in the personal information space to serve as reminders of things that need to be done. This was found
to be true among all the subjects who used electronicmail.
Conclusion
Classification behavior in a PIM system is a dynamic
process characterized by satisficing strategies in selecting
and organizing information, by browsing strategies for
retrieval, and by the personal and situational factors surrounding the classification event. Classification behavior
in PIM systems raises questions about individual productivity, organizational efficiency, and the quality of
software and hardware used to support work.
Individuals have as much flexibility and autonomy
with PIM systems as the hardware/software environment supports and their organizations allow. Individuals
can organize their information as they choose, select
naming conventions for their files, and design menus
and desktops to meet their needs. Personal productivity,
creativity, and job satisfaction are enhanced by these features, and organizations benefit when workers are productive and successful. However, the individualism
which characterizes PIM systems may also pose problems for organizations. Organizations require some conformity in the electronic environment to support collaborative work, to reduce duplication of effort, to facilitate
transfer of tasks from one person to another, and to enable persons to retrieve needed information in the absence of the individual responsible for a task.
This investigation suggests that electronic documents
are not well ordered in a PIM system. There is evidence
that items are stored often by system default on the available media with reliance upon software features for sorting and reordering information "on the fly." Additionally, the observed behaviors suggest that some individuals employ organizational techniques similar to those
used with paper documents and they have not adjusted
their thinking to take advantage of features unique to the
electronic environment. Marchionini found similar ten-
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dencies among persons who were learning to use an electronic encyclopedia based upon the printed model (Marchionini. 1989). The physical clues which aid in storing
and retrieving items in an office are replaced with very
different personal and situational clues in an electronic
system.
Individuals are inventive, creative, and flexible, and
there is evidence that they are using software successfully
to perform the work they need to do. What they are not
doing well is exploring the full range of capabilities
within their environments or maximizing the available
storage. The challenge for software developers is for
more powerful tools to aid the user in organizing, maintaining, and retrieving information, and for intuitive interfaces which improve the learnability and usability of
these tools. It has been demonstrated often that expert
users prefer to bypass menus for the power of command
languages, but evidence here suggests that browsing strategies, even among experts, are preferred for retrieval
tasks. This is consistent with the dynamic and situational
nature of the work environment.
Future research should look into the similarities and
differences between the PIM systems within an organization to determine the how these systems impact organizational efficiency. Additionally, a better understanding
of the relationship between classification behavior and
information-seeking behavior within a PIM environment over time is needed to understand the strategies
that are most effective and to design systems that can
support the way individuals work in these environments.
Finally, it would be helpful to know if there are limits to
the amount of information that can be managed
effectively, whether limits may vary by individual, by
system, and by situation, and if there are limits, how access to virtually unlimited electronic information
through national and international networks will impact
personal performance and satisfaction in a work environment.
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