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Seeking to know is too often learning to doubt.
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Always remember you’re unique –
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– Unknown –
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Abstract
Personal information consists of pieces of information that individuals collect,
store on their computer, and try to find again at some point in the future
when context makes them relevant again.
Since the beginning of the 1990ies, the total amount of information stored
globally, and the amount of personal information stored by individual users,
has grown exponentially. Whilst ‘good’ organisation of information has always been a major concern for both the individual and systems designers,
today ‘efficient’ and ‘intuitive’ retrieval of stored information is slowly gaining
greater attention.
This is why the presented thesis aims at investigating issues related to
the organisation and, even more importantly, the access to and retrieval of
previously organised information, and the respective technical infrastructure.
The results then, can be categorised as follows:
Method In the context of HCI, the adaptation and definition of the qualitative experiment as an investigative method in its own right.
The qualitative experiment is derived from two methodologies: the
inductive type of qualitative methods, and the deductive type of quantitative experimental methods. Therefore, the qualitative experiment
aims to achieve two things: whilst being exploratory, it still follows a
well-defined procedure trying to prevent accidental outcomes and results.
System Dos and don’ts for personal information management systems.
In guidelined, semi-structured interviews, the problems and practises
of users when handling their information were addressed.
The range of results obtained cover details in the lower levels of a system
- e.g. the file system - as well as nuanced aspects directly visible in the
graphical user interface (GUI) itself.
Theory Definition of user-friendly, context-independent metadata, and tactics and rules actually employed by users for searching and classifying
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Abstract
information suitable to the user.
When personal context can no longer be relied on, e.g. after long periods of time, or in cases of group memories (i.e. collaboratively used
storage spaces), information must still be storable and accessible as
intuitively as possible. User-friendly, context-independent metadata
supports intuitive access to data by the end-user even in situations
where the original context of information is no longer available.

The results of this thesis are of general interest whenever information
and document management systems are being designed, implemented or dispatched, and where information display and visualisation is an issue.

VII

Kurzfassung
Persönliche Information besteht aus vielen einzelnen Informationsteilchen,
welche von einer einzelnen Person gesammelt und auf deren Computer gespeichert werden, um wiederverwendet zu werden, sobald sie wieder relevant
sind.
Global ist die Gesamtmenge der gespeicherten Information und daher
auch die Menge, welche durch jeden Einzelnen gespeichert wird, seit dem
Beginn der 1990er Jahre exponentiell gewachsen. Früher war das ‘optimale’
Archivieren (Klassifizieren) sowohl für Systemdesigner als auch für den einzelnen Anwender von emminenter Wichtigkeit. Heute kommt diese Bedeutung
dem ‘effizienten’ und ‘intuitiven’ Wiederfinden von Information und dem Zugriff darauf zu.
Die vorgelegte Dissertation beschäftigt sich mit Fragen der Informationsorganisation, vor allem dem (Wieder-)Zugriff auf breits abgelegte Information, sowie der technischen Infrastruktur, die der Informationsoganisation
zugrunde liegt.
Die präsentierten Resultate können wie folgt zusammengefasst werden:
Methode Die Idee des qualitativen Experiments wurde aufgegriffen und für
die Disziplin der Human-Computer Interaction (HCI) definiert.
Das qualitative Experiment führt Elemente zweier methodischer Seiten zusammen: Elemente qualitativer Forschungsmethoden induktiver
Art, und Elemente quantitativ-experimenteller Methoden deduktiver
Art. Das qualitative Experiment zielt darauf ab, explorativ zu sein
und gleichzeitig einer gut definierten Prozedur zu folgen, damit zufällige Resultate und Fehler vermieden werden können.
System Dos und don’ts im Bereich der persönlichen Informationssystemen.
In richtlinienbasierten, semi-strukturierten Interviews wurden die Probleme und Gewohnheiten von Benutzern im Umgang mit ihrer Information analysiert.
Die Spanne der kristallisierten Resultate reicht von Details in den unteren Schichten eines Systems - z.B. im Dateisystem - bis hin zu Elemen-
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ten, welche in der graphischen Benutzungsschnittstelle direkt sichtbar
sind.

Theorie Wir definieren benutzungsfreundliche, kontextunabhänginge Metadaten, sowie Taktiken und Regeln welche vom Benutzer verwendet
werden, um seine Information zu archivieren und wiederzufinden.
Information muss so intuitiv wie möglich gespeichert und (vor allem)
wieder auffindbar sein. Selbst wenn der Kontext, innerhalb welchem die
Information gespeichert wurde, nicht mehr zugreifbar ist. Eine solche
Situation kann z.B. entstehen, wenn Speicherplätze kollaborativ oder
lange nicht mehr genutzt werden.
Benutzungsfreundliche, kontextunabhängige Metadaten ermöglichen einen
für den Endbenutzer intuitiven Zugriff, selbst in Situationen, wo der
ursprüngliche Kontext eines Informationsteilchens nicht mehr existiert.
Die Resultate der vorgelegten Dissertation sind daher sowohl für das Design, die Implementation und die produktive Einführung von Informationsund Dokumenten-Managemensystemen von praktischer Relevanz, wie auch
dort wo Informationsvisualisierung ein Thema ist.

Transfer to Practice
Summary
Information Systems have been an issue in research ever since their invention. Interestingly, it has been overlooked that desktop computers and
the information each individual collects and stores to the file system, form
another category of extremely small, but none the less potent ‘personal information systems’.
This chapter hence addresses questions that are of interest wherever information is created, worked with and administrated by humans in their
working context. Amongst these questions are: What general types of activities need to be supported by (personal) information management systems?
Where do storage facilities fail and why? How would alternatives need to
look like?
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Introduction
Since their invention, Information Systems have been an issue in research.
However, Information Systems research has mainly focused on large-scale
databases predominantly used in the industrial context, and consequently,
and which intended for structured storage of large amounts of often complex
information.
It is usually overlooked that another category of small, but none the less
potent ‘personal information systems’ conquered the individual office workers
and their desks: The desktop computer and the information each individual
collects and stores to its file system.
At first sight the difference between large-scale and personal information
systems appear to be merely issues of size and power; however, a closer examination reveals a deeper distinction. Databases serve to store well-structured
pieces of information, normally generated by well-defined processes, which
are handled by experts. PCs on the other hand, serve to store rather unstructured information from all sorts of sources which are handled by an
extremely broad user group, both in terms of skill and portfolio expertise.
With these differences in mind, it is astonishing to note that many of the
paradigms used today for information handling, organisation and retrieval
in PCs originated from large-scale databases and were adapted to the world
of PCs (prominent examples in this context are the Windows search functionality, as well as the WinFS file system to be released with the Windows
operating system by 2005/6).
Furthermore, modern desktop systems are designed to serve more than
one master simultaneously. Besides information storage, they are also used
for ad-hoc work practises like emailing and the maintenance of an electronic
agenda, the creation of textual documents like letters and protocols, the
execution of spreadsheet calculations etc. The storage and retrieval of information is therefore just one of many tasks that must be successfully accomplishable with these systems. Nevertheless, these are tasks where individuals
potentially profit most from the mere existence of desktop systems as opposed
to the pre-computing era.
Since the 1990s, the quantity of stored information has grown exponentially over time (Section 1.1). However, the means with which we administer
this flood of information storage have remained virtually unchanged since the
days when personal information storage was unheard of. Whilst user-suitable
information organisation has always been discussed as a topic in optimisation, consideration of information access and retrieval has been limited.
Whilst a desktop system serves many masters, it is our opinion that the
most crucial one is accessing information storage for re-use, since it is only
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then that collected information becomes ultimately useful again. Therefore,
the primary focus of this thesis is ‘good’ retrieval without neglecting classification.

Work Practices
Working with desktop systems, or personal computers as they are called,
encompasses two fundamentally different types of activities:
• Goal-driven activities.
Examples are: the writing of a letter or protocol, designing a poster or
calculating a months production throughput.
• Ad-hoc activities (often called ‘knowledge work’).
Examples are note-taking, document commenting, and the organisation
of the personal agenda.
While support of the former has been improved and optimised over the
years through a range of specialised application programs, quality support
for the latter is still extremely hard to come by.
As a consequence, there exists a tremendous potential for innovative development in this area which must be confronted in the near future.
Existing hierarchical storage facilities work fine in the context of ‘goaldriven’ activities; but are not so appropriate in the context of ‘ad hoc’ work
practices. While it makes sense to compel the user to classify information
for ‘goal-driven’ work, this constraint is not appropriate for ‘ad hoc’ work.
Unfortunately, there is no way to prevent the act of classification, as conceptually practised in the physical world through means of piles and similar
facilities.
The inequality in support for the two types of activities manifest further
in the system’s internals:
• Documents that are created or received through ‘goal-driven’ activities
are under the user’s command which means he or she can store them
centrally to locations intended for his or her use. The storage location
therefore does not depend primarily on the activity from which the
information stems from, but is explicitly assigned by the individual
user.
• However, pieces of information created and received via ‘ad-hoc’ activities are spread over a variety of locations in dependence of the activity
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they originate from, with the user having very little possibility to intervene. Emails, for instance, are assigned one specific location by the
system, bookmarks a second and electronic sticky notes a third. This
results in a lack of consistency and comprehensibility.
What can not be overseen anymore is the fact that people do use information archives. And, it is unlikely that those archives will entirely disappear
because of both personal preferences and the fact that some businesses are
legally required to keep them (e.g. accounting). Information contained in
archives can be looked at and processed from at least three different angles:
1. Task oriented, i.e. focused on the task to be accomplished.
2. Context oriented, i.e. focused on other documents, programs and tasks
at hand concurrently.
3. Content oriented, i.e. focused on the actual information encapsulated
in a specific document.
An individual user will not exclusively use one approach to work with
information, but is more likely to make use of all three, depending on a given
scenario.
These three different ways of looking at, and working with, information,
impact directly on information storage and retrieval strategies. We have seen
that the existing rigid, hierarchical structure does not support one of three
concepts successfully, let alone support all three concepts simultaneously.
The question is therefore: In the eyes of potential users, how should a
storage facility ‘work’ ?
The fundamental idea is that of a library catalogue. Instead of the typical
‘librarian’ fields (such as ISBN numbers and the like), to the average user
more intuitive descriptors1 would be used. Among such descriptors would be
the document’s type (e.g. letter, protocol) or a sketch of its first page.
These descriptors were the ones we were after. We were able to identify a
set of them that seems very plausible also from a non-scientific point of view.
It is also interesting to note that whilst humans find these descriptors to
be intuitive, logical and structured, (computer) technology perceives them
as the opposite (i.e. unstructured) - because it is still a challenge to have the
type “letter”, for example, defined in a way that a computer can cope with.
Usability studies, prototyping and qualitative field methods have found
a relatively wide application in industrial product design and evaluation.
1

Throughout this thesis, we call them “user-friendly metadata”.

XIV

Transfer to Practice

However, in the commercial-industrial context, quantitative investigational methods are not normally applied. The reasons for this are many,
but the main ones are probably due to the fact that lab experiments require
a large amount of effort and a well tuned machine, and their degree of abstraction is often higher than makes sense for an applied industrial context.
While these were essentially the same problems as we faced during the
work on this thesis, we were able to overcome this obstacle through the
identification and refinement of a method originating from sociology and
social psychology: the qualitative experiment.
It is a method that applies a structured technique and aims to discover
relations and structures instead of assessing them. As a consequence, it is an
interesting methodical option for practitioners that try to go beyond existing
(methodical) limitations.

Comment and Conclusion
The race for a new metaphor that will ultimately solve all the problems
inherent to the omnipresent desktop, was already launched a decade ago (see
e.g. (Fertig et al. (1996b))).
Previously, the impetus for seeking a better metaphor for the PC’s graphical user interface was its non-compliance with its physical counterpart, in
the future the quest will be driven by the hunt for efficient working practices
and procedures suitable to the user.
As a consequence, the new metaphor needs to be shaped by the ‘optimal’
working practices (instead of defining the optimal practices in dependence
of the metaphor). Innovations always bring along changes. The challenge is
to motivate changes that perceivably improve existing practices and do not
force the users into adapting without giving them any clearly visible added
value.
Whilst some of the current efforts are heading in the right direction (e.g.
(WinFS (2004); Brain (2004)), it is likely that these efforts will ultimately
fail as long as they try to conserve the existing desktop metaphor to such a
great extent. These efforts also indicate that a change is coming in the not
too distant future.
In technology, it can be assumed that “everything is possible” and what
remains is the question of how to do it. It is therefore important that the
focus of attention is turned towards this question of how, i.e. towards the
users and the way they accomplish their work, in order to tune systems
accordingly. This means that the user must claim the centre of consideration
previously occupied by systems and technologies.

Chapter 1
Introduction
Summary
Personal information is information each and everyone of us collects,
stores to his or her computer, and one fine day tries to find it again when
it becomes relevant in some arbitrary context. Globally, the amount of information stored, and therefore the amount of personal information stored
by each user, has grown exponentially since the beginning of the 1990ies,
at a higher rate than the decrease in storage space prices. Whilst ’good’
organisation of information has always been a major concern for both the
individual and systems designers, today ‘efficient’ and ‘intuitive’ retrieval of
stored information is slowly gaining greater attention.
This thesis aims at investigating four issues related to the organisation
and, even more importantly, the access to and retrieval of already organised information, and the respective technical infrastructure: (1) Dos and
don’ts in the design of mainstream desktop systems; (2) the definition of
user-friendly and context-independent metadata descriptors; (3) rules and
tactics that are applied by users to retrieve and organise information; and
(4) the definition of a method – the qualitative experiment – in the context
of human-computer interaction (HCI), that aims at bridging the gap existing
between widely known qualitative research methods and traditional empirical
ones.
In such a way, rather than adopting a top-down approach habitually
seen in systems design, we use a bottom-up approach and build theory that
can serve as a solid fundament for the design and implementation of future
personal (but possibly also collaborative, i.e. shared by the members of a
specific working group) information management systems.

1.1 Personal Information

1.1

3

Personal Information

Since the invention of personal workstations in the 1950ies (e.g. Bell, 1988),
the amount of personal information has increased exponentially over the
years (Table 1.1 and Figure 1.1). This coincided with an impressive - and
still on-going - price decrease in storage space (Figure 1.2 and Moore’s Law
(Moore, 1965)), which put virtually no physical or cost limitations to data
collectors.
Table 1.1: In her study on information collection about individual persons,
Sweeney (2001) published the subsequent numbers. Implicitly, these numbers
prominently illustrated the global trend of information collection, i.e. also
with respect to information collected by individuals for their personal use.
Figure 1.1 illustrates the trend graphically.
Storage (TeraBytes)
World Population (Millions)
GDSP1 (MB/person)

1983
90
4,500
0.02

1996
160’623
5,767
28

2000
2’829’288
6,000
472

1 GDSP = Global Disk Storage per Person

GDSP (MB/person)

GDSP over Time

Year

Figure 1.1: Trends in computer storage available for recording person-specific
information (Sweeney, 2001).
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1992 = 1.00
10.0

1.0

0.10

0.01

1985

1987

1989

1991

1993

1995

U.S. Department of Commerce, Bureau of Economic Analysis

Figure 1.2: Semiconductor price indexes for memory and microprocessor
chips (Grimm, 1998).
During previous decades, with the use of large, shared mainframe systems
(cf. Chapter 3), personally owned information was literally unheard of. Any
information kept beyond numbers and results of calculations, related and
belonged exclusively to the companies that owned the expensive computers.
It was only after the introduction of personal workstations, i.e. small,
cheap, but powerful systems, that the organisation of locally maintained and
personally owned information resources became possible.
In the 1990ies, the Internet and World Wide Web finally, started to be
used by a wide public. Due to its volatile structure, users soon started
to regularly store subjectively valuable resources off the web and to their
local (personal) system - in order to be sure of having the matter of interest
‘secured’ and at hand when needed for offline use (Whittaker and Hirschberg,
2001).
Nevertheless, in principle, how useful is information to the individual
user? This question was answered long before personalised computing resources even became available:

1.2 Scope and Contribution of this Thesis
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“A record if it is to be useful [to science], must be continuously
extended, it must be stored, and above all it must be consulted.”
(Bush, 1945)
Unfortunately, while sophisticated technologies and applications for the
storage of information became readily available in the form of, e.g. specialised
retrieval algorithms and databases, the process of consultation remained, and
continues to be, problematic:
“The summation of human experience is being expanded at a
prodigious rate, and the means we use for threading through the
consequent maze to the momentarily important item is the same
as was used in the days of square-rigged ships.” (Bush, 1945)
Although the above quote was made in 1945, the situation remains fundamentally unchanged. In general, support for access to, and consultation of,
personally owned information resources still happens through search forms,
which in turn rely on technical file metadata and - to some extent - document
indexing.
It is therefore not difficult to imagine that for the average, non-specialised
user, these access paths end up being complicated, inefficient and unrewarding.

1.2

Scope and Contribution of this Thesis

This thesis therefore addresses various aspects related to the problems encountered by users with respect to their information organisation, and in
particular, locating their own information again after previously classifying
it.
Back in 1945, Vannevar Bush’s famous article ‘As we may think’ pronounced a critique on information organisation systems. His critique continues to be as valid today as when it was written. More importantly however, he
also pointed out where the principle difference between classification-oriented
systems and retrieval-oriented systems lie:
“The real heart of the matter of selection, however, goes deeper
than a lag in the adoption of mechanisms by libraries, or a lack
of development of devices for their use. Our ineptitude in getting
at the record is largely caused by the artificiality of systems of
indexing. When data of any sort are placed in storage, they
are filed alphabetically or numerically, and information is found
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(when it is) by tracing it down from subclass to subclass. It can be
in only one place, unless duplicates are used; one has to have rules
as to which path will locate it, and the rules are cumbersome.
Having found one item, moreover, one has to emerge from the
system and re-enter on a new path.
The human mind does not work that way. It operates by association. With one item in its grasp, it snaps instantly to the
next that is suggested by the association of thoughts, in accordance with some intricate web of trails carried by the cells of the
brain. It has other characteristics, of course; trails that are not
frequently followed are prone to fade, items are not fully permanent, memory is transitory. Yet the speed of action, the intricacy
of trails, the detail of mental pictures, is awe-inspiring beyond all
else in nature.” (Bush, 1945)

There have been numerous efforts in the past, most notably in the area
of ‘Artificial Intelligence’ (AI), to reproduce the above mentioned (brain)
behaviour (e.g. (Raaijmakers and Shiffrin, 1980; Kolodoner, 1983)), though
with limited success. As a consequence, our approach was different:
• In HCI, and systems design, a top-down approach is prevalently employed in design and implementation, that is technical feasibility is
paramount. We took a different approach and used a bottom-up approach by constructing a theoretical basis for development related to
personal information management, embodied to-date by desktop metaphor
based systems, their use for classification, and more importantly for retrieval activities of the individual user.
• Systems and user-oriented designers occasionally tend to overlook the
importance of one another. This problem can only be overcome if
results are presented in an unbiased fashion. For this reason, we tried to
be sufficiently system oriented to guarantee usefulness for the practising
software engineers, i.e. having results that would be transferable into
valuable additional information for them. On the other hand, we tried
to clearly focus on the user and the applicability of our results in the
context of his or her everyday work needs.
In closer detail, our approach consisted of four pillars, each of which
forms a contribution to the scientific HCI field, and in particular personal
information system’s research. The four pillars as a whole (see Figure 1.3),
answer one single, driving question:

1.2 Scope and Contribution of this Thesis
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Future designs of:
Personal information management systems (PIMS)
Collaborative information management systems (CIMS)

Qualitative
Experiment
in HCI

Dos & Don'ts:
existing mainstream PIMS.

Metadata:
A basic,
user-friendly
set.

Tactics & Rules:
Which ones
need support
in PIMS/CIMS?

Chapter 5

Chapter 6

Chapter 7

Chapter 7

Figure 1.3: The four contributing ‘pillars’ of this thesis.
How can we better support users in their efforts to get their information organised and, more importantly, retrieve it efficiently?
These four pillars are more extensively described below:
1. The Qualitative Experiment:
Adaptation and definition of the qualitative experiment as an investigative method on its own right in the context of HCI (Chapter 4). In
scientific work with modern technologies, traditional research methods
may not always support the type of results being sought. Field studies,
for instance, tend to result in large amounts of up-close information,
whilst empirical experiments provide abstract statistics on some underlying model.
The qualitative experiment tries to overcome some of the problems involved with traditional methods in HCI: It is derived from both methods; the traditional field studies used in social sciences, and the strict
empirical experiments used in natural sciences. It therefore has two
aims: While being exploratory in nature, i.e. trying to find new insights for future designs, it formalises traditional field methods in order
to prevent unstructured application of procedure and as a consequence
chaotic and unreliable results.
2. Dos & Don’ts:
Nuanced and detailed dos and don’ts for personal information management systems (Chapter 5). The range of results covers details in
the lower levels of a system - e.g. the file system - as well as aspects
directly visible in the graphical user interface (GUI) itself.
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3. User-friendly Metadata:
Definition of context-independent metadata actually used by and suitable to the user (Chapter 6). The focal question was: What are ‘userfriendly’ metadata fields, i.e. what set of descriptors does a user rely
upon?
As soon as personal context can no longer be relied upon, e.g. after
longer periods of time or in the case of group memories (i.e. collaboratively used storage spaces), information must be intuitively stored and
accessible.
4. Tactics & Rules:
Definition of tactics and rules employed by users for searching and
classifying information (Chapter 6). The focal questions were: What
attribute based rules are regularly employed by users in order to classify and retrieve information? How do tactics that rely on such rules
appear?
Both aspects define practices that have to be taken into account for any
kind of system that deals with the tasks of retrieval and classification.

It is clear that any efforts to make improvements will be made in vain if
explicit targeting of the ‘crucial element’ is absent. Therefore, a method is
needed that supports finding this ‘crucial element’. The method employed in
our study attempts to discern how the user wants to interact with a system
and translate it into concrete criteria conceptually and technically, rather
than defining in advance how interaction with a system should happen.
On the other hand, aspect two appeals to the practitioners out in the
field, who work with widely available commercial systems.
Finally, we generated grains of knowledge that when integrated, could
substantially reduce the existing gap between the ease of organising information and the complexity of retrieving it at some arbitrary point in the
future.

1.3

Thesis Roadmap

The thesis is structured as follows:
Chapter 2 presents relevant concepts and definitions following the historical trail of their invention and evolution in the past decades.
Chapter 3 gives a brief overview of what pre-personal computing systems
were like, and presents several pioneering systems that have emerged since the
mid 1990ies in the sector of personal and collaborative information systems
research.

1.3 Thesis Roadmap
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Chapter 4 defines, describes and puts into context the qualitative experiment for the HCI sector.
Chapter 5 describes a study that evaluated present mainstream desktop
systems, which are the state-of-the-art in personal information management,
and draws conclusions on general dos, don’ts and future directions in research
and industrial developments alike.
Chapter 6 then describes the practical application and results of a qualitative experiment whose objective was to find user-friendly metadata, tactics
and rules relevant for users in order to classify and retrieve information.
Chapters 4, 5 and 6 each discuss the relevance of the results obtained in
the context of theory and practise.
Finally, Chapter 7 concludes.

Chapter 2
Personal Information Systems
and Desktop Computers:
Concepts and Definitions
Summary
In this chapter, we will introduce concepts and definitions important to
desktop computing and personal information systems, and that will be used
throughout this thesis.
The following terms and concepts are going to be explained: Desktop
computer, personal computing, desktop metaphor, office automation system,
personal information management system, collaborative information management system, and last but not least different types of file systems.
The evolution of personal information systems developed in parallel with
microcomputers and often intermingled with one another. In the present day,
it is practically impossible to think of a specific personal computer without, at
least implicitly, referring to its owner’s stored information. As a consequence,
we will use a historical trail, examining milestone computer systems and
their respective achievements, to show how the above mentioned concepts
depended on and evolved from one another.

2.1 Personal Computing and
Personal Computers

2.1

13

Personal Computing and
Personal Computers

The term personal computer (PC) was coined in the beginning of the 1970ies
at the Xerox Palo Alto Research Center (PARC) when the development of
the Alto computer was approaching its end (e.g. Lampson, 1972). What the
researchers had intended to achieve with this prototype computer, was later
summarised as follows:
“[...] attempting to make a device that was small enough to fit in
an office comfortably, but powerful enough to support a reliable,
high-quality operating system and graphics display. Their goal
was to provide each user with a personal computing facility capable of meeting all individual needs and a communications facility
that would allow users to share information easily.” (Wadlow,
1981)
And indeed - by drawing on a few almost futuristic systems, prototypes
and ideas (Bush, 1945; Sutherland, 1963; Kay and Goldberg, 1977), what
the Xerox PARC researchers eventually achieved in implementing the Alto
computer, was considerable: Where line-based command prompts had ruled
computer system interaction, the first ever general purpose graphical user
interface (GUI) for an operating system (OS) was implemented; instead of
the widely known terminals attached to a central mainframe computer that
filled an entire classroom, the new computer was relatively small, and fitted
underneath a workers’ table (Figures 2.1 and 2.2). Table 2.1 summarises the
Alto’s most important user related achievements (Wadlow, 1981; Thacker
et al., 1982):
Table 2.1: Most important user-sided achievements in the
Xerox Alto computer, compiled after (Wadlow, 1981; Thacker
et al., 1982)
Pre-Alto

Alto
Screen
Cathode Ray Screens (CRTs)
Bit-mapped raster graphics display;
higher-than-wide.
User Interface (UI)
Command-line based
Graphical, window based; no (desktop) metaphor!
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Keyboard
With encoded keys: no key combina- With un-encoded keys: key combinations possible
tions possible
Direct Manipulation
Light-pen
Mouse (English et al., 1967; Card
et al., 1978)
File Names
6 characters in length
Up to 31 characters in length.
Commands
Specific command for each actions; Generic commands, Noun-Verb synVerb-Noun syntax
tax
Networking
Centralised: Applications are remote Distributed: Share central services
on time-shared mainframes. Access (e.g. printers, file servers, multi-user
over terminals.
applications), but do actual work locally.
Communication 1
Uncomfortable: exchange of mes- Comfortable: Integration of a protosages and data via mainframe ser- type email client (‘Laurel’) and FTP
vices
program.
Communication 2
No real-time communication with Teleconferencing integrated and genpears possible.
erally available.
Application Programs 1
Time-shared mainframes, with each Multitasking: Several tasks could be
user being assigned time slots for his run in parallel (and locally!)
work.
Application Programs 2
Plain text editors such as VI or LA- Bravo, the first ‘What You See Is
TEX
What You Get’ (WYSIWYG) text
editor.

Alan Kay (the father of the first object-oriented programming language
Smalltalk) was aware of the innovations and potential contained within the
Alto computer and the on-going work on its successor the Xerox Star. And
in 1977 he proceeded to paint an amazingly precise picture of what personal
computing would develop into:
“[In the 1980ies,] both adults and children will be able to have
as a personal possession a computer about the size of a large

2.1 Personal Computing and
Personal Computers
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Figure 2.1: Of the size of a file cabinet, the Xerox Alto’s processing unit
was still large in comparison to modern systems. It however fitted underneath a working desk - a very uncommon fact at the time of huge mainframe
computers.
notebook with the power to handle virtual all their informationrelated needs. [...] The personal computer can be regarded as the
newest example of a human mediums of communication.” (Kay,
1977)
As a matter of fact - the release of the Star in 1981 was the point-of-noreturn in the history of personal computing. The Star did not only integrate
improved versions of the Alto’s features, such as networking, pixel display
and a graphical user interface, but came up with a metaphor for the latter:
the Desktop metaphor!
The question now was: Why a metaphor for the GUI? The Star designers needed to provide a portal to the computer’s functionality. They knew
that most users of such systems would be working in an office environment,
but in different types of jobs, and would have little expertise in handling
computers (Smith et al., 1982). This lead to the selection of an office-based
metaphor to move away from the prevailing line based user interfaces in personal computers (Figures 2.3 and 2.4). Though the Alto had already offered
a graphical users interface, it had remained a general purpose GUI. However, the developers of the Star expected a real-life metaphor to be helpful
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(a)

(b)

Figure 2.2: (a) The Xerox Alto’s bit-mapped raster graphics display was
designed to have the same size of a page of writing-paper (i.e. higher than
wide) and was accompanied on the desk by a keyboard for writing and a
mouse for pointing at the different components offered by the graphical user
interface (b).
when accomplishing typical computerised tasks. What could be more intuitive than to shape the computer’s portal in a way familiar to its potential
users? From this context, the desktop metaphor was born and with great
effort (app. 30 man years), carefully designed and finally implemented.
Nevertheless, even the developers of the Star computer admitted that
“The Desktop metaphor targets office automation and publishing. It might not suit other applications (such as software development). However, we could argue that orienting users towards
their data rather than towards application programs and employing analogies with the physical world are useful techniques in any
domain.” (Johnson et al., 1989)
And later in the same paper:
“Direct Manipulation and the Desktop metaphor aren’t the best
way to do everything. Remembering and typing are sometimes
better than seeing and pointing. For example, if a user wants to
open a file that is one of several hundred in a directory (folder),
the system should let users type its name rather than forcing
them to scroll through the directory trying to spot it so they can
select it.” (Johnson et al., 1989)

2.1 Personal Computing and
Personal Computers
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Figure 2.3: The graphical user interface provided by the Xerox Star: The
details of the Desktop metaphor’s implementation are visible. Furthermore,
the format of the screen has changed from being higher-than-wide to widerthan-high, i.e. the format prevalent until the first decade of the 21st century.
While the Alto was still too big to actually fit all its components on a
desk, the Star had become small enough to fit entirely on a desk. This fact,
together with the invention of the Desktop metaphor, gave rise to the term
desktop system, referring primarily to two elements of interest: a personal
computer’s small size that made it fit on a desk’s top, and the metaphor that
came as a part of the system. Soon, ‘Desktop’ also referred to the kind of
functionality offered by such a system, i.e. functionality in support of typical
office activities:
“Star is a multifunctional system combining document creation,
data processing and electronic filing, mailing, and printing. Document creation includes text editing and formatting, graphics
editing, mathematical formula editing, and page layout. Data
processing deals with homogeneous, relational databases that can
be sorted, filtered, and formatted under user control. Filing is an
example of a network service utilizing the Ethernet local-area
network [...]. Files may be stored on a workstation’s disk, on a
file server on the work station’s network, or on a file server on a
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Figure 2.4: The Xerox Star’s successor Viewpoint. Also here the details of
the desktop metaphor’s implementation are well visible.
different network. Mailing permits users of work station to communicate with one another. Printing utilizes laser-driven raster
printers, capable of printing both text ad graphics.” (Smith et al.,
1982)
It was also under these circumstances that the term office automation
system was coined:
“Star was designed as an office automation system. The idea was
that professionals in business or organizations would have workstations on their desks and would use them to produce, retrieve,
distribute, and organize documentation, presentations, memos,
and reports. All of the workstations in an organizations would
be connected via Ethernet and would share access to file servers,
printers etc.” (Johnson et al., 1989) [italics added]
As can be inferred from the above quote, the fundamental tasks to be
supported by a personal information environment are: production of different types and pieces of information, their appropriate organisation, their
(efficient) retrieval and their distribution to co-workers or interested persons.

2.2 Information Management Systems

2.2

19

Personal and Collaborative Information Management Systems

Soon it became apparent that users started to create their own information
spaces with personal computers, even more so since graphical user interfaces
became generally available. People (e.g. Malone, 1983) started to informally
use the term personal information environment, to contrast general purpose
‘information systems’, a term designated for use with databases and central
storage file systems.
At the time the Xerox Star was designed and implemented, system designers had already clearly outlined the fundamental tasks to be supported
by a personal information environment (see the last quote in the previous
section). Nevertheless, the existing systems were still considered a general
type information storage and closely related to databases:
“Information retrieval - A lot of power can be gained by applying information-retrieval techniques to information wherever it
exists in a system. Star broadens the definition of ‘database’.
In addition to the traditional notion as represented by its record
files, Star views file drawers as databases of documents, in-baskets
as databases of mail, etc. This teaches users to think of information retrieval as a general tool applicable throughout the system.”
(Smith et al., 1982)
It is clear that this fact contradicted the designers’ original intentions to
make a personal computer more usable through a concrete metaphor, to offer
a data store that is able to suitably represent an individual’s way of thinking
and to help handle relatively large quantities of information. Instead of
shaping the computer by the user, it was now the user who had to adapt to
his personal computer system.
When personal computers eventually become widely available in the corporate context, the term personal information management system was coined
and defined:
“A personal information management system (PIMS) 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 a system, the
mechanisms for retrieval, and the procedures for producing the
various outputs required.” (Barreau, 1995) [italics added]
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Input
The user
with needs and problems

Information or Entities

Information System
Definition of Scope of Acquisition
Mechanisms for organising and storing Information
Rules and procedures for maintaining systems
Mechanisms for Information retrieval

Output
Answer to Questions
Value-added products
Reports
Summaries
Other

Figure 2.5: Structure of information systems (Soergel, 1985; Barreau, 1995)
Note that this definition only describes in more formal terms the same
concepts that were already outlined in the Xerox systems. The above definition makes it clear that a PIMS consists of the following components (see
Figure 2.5):
• Inputs: items generated through the individual with information needs
and through entities and information which are part of the system.
• Information storage and retrieval system (ISaR): these are mechanisms
for organising, storing, maintaining and retrieving information throughout the system.
• Outputs: the information or entities obtained from the system through
any of the mechanisms in the ISaR.
In the 1980s, whilst refinements and improvements were made in general
types of information systems such as corporate, public and governmental
databases, another type of information system came into existence: the collaborative information management system, which is normally represented
by document management systems tailored towards different sized groups of
project workers.

2.3 File System Types
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In accordance to the previously-stated definition of a PIMS, our formulation of the definition of a collaborative information management system
(CIMS) is as follows:
A collaborative information management system (CIMS) is an information system developed by or created for a group of individuals for collaborative use in a work environment. A CIMS includes
a group’s methods and rules for acquiring the information which
becomes part of the system, the mechanisms for organising and
storing the information, the rules and procedures for maintaining
a system, the mechanisms for retrieval, and the procedures for
producing the various outputs required.
Note that in both of these definitions (PIMS and CIMS) neither refer to
any particular storage structure or behaviour, nor do they require the system
to be electronic or physical in nature. Therefore, whilst the terms were coined
in the electronic world of computing, they implicitly also refer to the use of
personal or shared physical space such as shelves, book collections etc.
This fact is particularly interesting since it shows that, despite its use by
software and information engineers almost exclusively, the concept of information systems existed before the invention of (personal) computers.

2.3

File System Types

Information spaces, personal or shared, eventually rely on some means to
actually store data. In this context, the desktop metaphor can be considered
- from a user’s point of view - a more or less understandable portal to the
system’s storage facility. It does not therefore come as a surprise that such
a portal reflects the structure of the storage facility it gives access to. This
section will present a brief overview of the different storage system types that
exist.
From a technical point of view, any long-term information storage must
fulfil the following requirements (Tanenbaum, 1992):
• It must be possible to store very large amounts of information.
• The information must survive the termination of the application (more
specific: process) that created or used it.
• Multiple applications (processes) must be able to access the information
concurrently.
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From a users point of view however, other aspects are more important
(Tanenbaum, 1992):
• How are the files structured (flat, hierarchically, in a ‘pool’, etc.)?
• What exactly is a ‘file’ ?
• What it the process to (re-)name a file?
• How are files protected from loss, or from being changed, accessed or
corrupted by other users?
• What actions can take place on a file?
The first question closely correlates with the more technical issue of storage system types. To-date, any particular information storage system belongs to one of the following types: flat, hierarchical, semantic, or data pool
(database systems, or similar).
For each of the types, we will point out how they differ from one another
by trying to answer the following focus questions:
• General structure of the system:
How does the system ‘look like’ ?
• File naming:
How is a file uniquely identified throughout the whole system?
• Existing systems:
What systems of the respective type exist, either on the mass market
or in research?
Flat

Figure 2.6: The structure of a flat file system

2.3 File System Types
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The term flat file directory is used to describe a system of organising files
in an operating system in which all files are stored in a single directory (Figure
2.6), i.e. a file directory that can contain files only, but no subdirectories.
In a flat file system, each file is uniquely identified by its name, i.e. every
file must have a different name because there is only one list of files. This
means for example, that no two files called ‘Addressbook’ are allowed to exist
across the whole system. Early versions of the Macintosh and DOS operating
systems used a flat file system. The Oberon system is an example of a more
recent flat storage system implementation (Reiser, 1991).
Hierarchical
Traditionally, the file system is organised as a hierarchy. Files are stored
into directories, which are a special kind of file that can be stored into other
directories. As a consequence, directories form the nodes of a tree of which
the files are the leaves. The hierarchical file system shown in Figure 2.7 uses
the metaphor of folders for directories. Such a folder is the container for any
arbitrary number of other folders or files.

MyDocuments

Projects

NewProject

report

Figure 2.7: The structure of a hierarchical file system
In a hierarchical file system, a file is uniquely identifiable by its access path
within the directory tree. The name of the path is composed of the directory
names (separated by a designated characters e.g. ‘/’ ) followed by the name of
the file itself. For example, ‘MyDocuments/Projects/NewProject/report’
denominates a file called ’report’ which is located in the directory ‘NewPro-
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ject’, which is located in the directory ‘Projects’, which is situated in the
directory ‘MyDocuments’. Different files therefore, can have the same name
as long as they are stored in different directories.
Files can be stored by the user into any arbitrary directory. It is also up
to the user to name the files and folders. This implies that the user is personally responsible for the logical order of his or her files. The user therefore
possesses maximum freedom in structuring his directory tree, and storing
and naming his or her data, but places responsibility for the systematics of
how information is organised on the user.
Systems that use hierarchical file system are wide spread. The UNIX,
Mac and Windows file system are of the hierarchical type, as well as for
example the distributed Network File System (NFS; (Levy and Silberschatz,
1990)).
Database system like
A file system that is based on the paradigms of a database system supports
the follow functionalities:
• Unified handling of all types of documents (text, pictures, emails, etc.)
• Multiple classification of documents, i.e. in various contexts..
• Bi-directional links between documents in order to manage semantic
associations and access related information directly.
Optionally, for more extensive support of the user’s working habits, the
following aspects may also be integrated:
• Tracing of documents’ temporal evolution (versioning).
• Transparent physical location of a particular piece of information.
To meet these requirements, all files are located in a single data pool
(i.e. database) and are accessed by user-defined queries (Figure 2.8). The
search for a determined file or piece of information can be more precise as
ever before. A file is uniquely identified by either a precise query whose only
result is the file in question, or, technically, through its fileID. Due to the
lack of visible system structures, navigation from one file or file collection to
another is not as easily understandable as is it in a clearly hierarchical or flat
structured system. This type of system is still rare. Among the few existent
are the UIP (Rivera, 2001) and the Presto (Dourish et al., 1999b) systems.

2.3 File System Types

Collection 1 =
Query
Results 1
Author = John
Application = PowerPoint
Date = Dec. 2002 to Nov. 2003
KeyWord = Meeting New York
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Collection 2 =
Query
Results 2
Author = John Or Mary OR Jack
Format = Text OR Email
Date = 2002
KeyWords = Loss AND Protocoll AND Success

Figure 2.8: The structure of a Data Pool -like file system
Semantic
In literature, a semantic file system was defined as follows:
“A Semantic File System is an information storage system that
provides flexible and associative access to the system’s content
by automatically extracting attributes from files [...].” (Gifford
et al., 1991) [italics added]
Traditional hierarchical file systems usually provide some small amount
of semantic information, such as an indication of who created the file or the
type of file. However, the amount of semantical information is extremely limited and not normally or easily accessible within a system. A more insightful
method would be to use file positioning within a hierarchical directory tree,
since, in practice, one can act upon the assumption that users order their
information along certain semantic criteria into different directories (e.g. pictures by topic, text documents by type, i.e. letters, invoice). However, beyond what is already coded into the position of the file within the directory
tree, this assumption does not lead to any additional semantic information
deducible by the system or its users. It is this aspect that is addressed by a
semantic file system. A semantic file system is different from a hierarchical
one in that extensive semantic information (attributes) on files is generated
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and managed by the system and accessible for extended access to files by
both the user and the system alike.
The attributes the system relies on can belong to any one of the following
types (after (Vasudevan and Pazandak, 1997)):
• Definitional, e.g. information of the type of a file
• Associative, e.g. key words, that characterise the content of a file
• Structural, e.g. organisation of the data, relationships within a file and
between files
• Behavioural, e.g. Change-Management
• Environmental, e.g. the creator of a file

MyDocuments

People

All4u

NewProject

Reports

All4u
Report
by Rob

Figure 2.9: The structure of a semantic file system
Figure 2.9 shows how the hierarchical file system of Figure 2.7 could
look like if organised into a semantic file system. The dashed lines indicate
the directory structure for the hierarchical file system. The drawn through
lines show where semantic information could lead to additional structural
information and file order.

2.4 Conclusion
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In a semantic file system, a file is uniquely identifiable by its access path.
The name of the path is composed of the attribute names relevant for the
file in question (separated by a designated character e.g. ‘/’ ) followed
by the name of the file itself. The file that is accessed in the hierarchical
tree by ‘MyDocuments/Projects/NewProject/All4uReportByRob’ for instance, can now be accessed through either ‘All4u/All4uReportByRob’ or
‘Reports/All4uReportByRob’, or by using the link from the ‘Rob’ entry in
the ‘People’ file navigating directly to the author (i.e. Rob) of the report
in question.
A prominent example is MIT’s SFS system, described in (Gifford et al.,
1991).

2.4

Conclusion

In this chapter, we introduced concepts and definitions important in the
context of desktop computing and personal information systems.
The following terms and concepts have been explained: Desktop computer, personal computing, desktop metaphor, office automation system,
personal and collaborative information management system. Furthermore,
different types of file systems have been characterised.
Following a historical trail, the definitions and explanations we have presented in this section, have been drawn from the sources of their origins,
and have been related to the systems that first implemented them and made
them available to a wider public.
With this background it becomes apparent that, in this particular context,
the most influential inventions up until the present day have been (a) the
design of a system small, powerful and cheap enough to allow individualised
work, and (b) the idea of a metaphor for the work with those machines that
relates to the users’ actual working environment.
However, due to these developments, users today must administer great
amounts of information: produced by themselves, by their peers, as well
as by the general public e.g. information they have felt necessary to store
from the web or some other accessible information source. As a consequence
of this information overload, it is now necessary to work towards systems
that go beyond the state-of-the-art in personal information administration
established in the past twenty years.
The work presented in the upcoming four chapters, is a contribution
towards such efforts.

Chapter 3
Pioneering Systems
Summary
Information maintenance is not since long an issue for individuals and
corporate bodies alike. While the previous chapter illustrated the beginnings
of personal computing, and therefore also personal information organisation,
the present chapter will serve to contrast pre-personal computing systems and
recent system developments related to personal information management.
The most recent developments must be considered in two important ways:
Firstly, they illustrate that after more than 40 years of ‘hierarchical’ thinking,
finally new information organisation structures are considered, implemented
and - more importantly - evaluated and questioned on their suitability for
the users; and secondly, they show that a shift is occurring which will put the
users once and for all at the centre of attention, moving away from almost
exclusive systems design related considerations.

3.1 Early Systems: Pre-personal computing

3.1
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Early Systems: Pre-personal computing

3.1.1

Batch Systems

A batch system is:
“A system by which the computer programs of a number of individual users are submitted to the computer as a single batch.”
(Collins, 1998)
From about 1910 until around the 1950ies, computers were mainly used
for different types of data-processing, such as large scale calculations, running
and maintaining databases (e.g. for libraries), printing large quantities of
paper, etc. Personal, that is individualised, computing was as yet unheard of
- typewriters and physical paper archives were the state-of-the-art technology.
The computer systems used in those days were large and expensive. As
a consequence, the main goal was to keep the computer busy, which in turn
implied that its users’ time was less important. The computer was shared
between all those who required a processing task to be done.
Figure 3.1 illustrates what ‘working with a computer’ was like at the end
of the 1950ies, and what kind of procedure users typically had to go through:

Figure 3.1: An early mainframe batch system as in use between 1955 and
1965. (a) A programmer brings his previously punch-holed cards to a special
reading computer. (b) This computer reads them onto tape. (c) An operator
carries the input tape to the principle computer that will be in charge of
the actual processing. (d) The main computer calculates the results and
saves the result onto the output tape. (e) The output tape is carried to a
specialised printer machine. (f) The printer computer prints the contents of
the output tape to paper (Tanenbaum, 1992).
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1. The user (that is in general a programmer) punched holes into special
cards, producing the program and the initial data the program would
work with.
2. The cards were brought to the computer operator, who fed them to
a specialised computer to be read onto tape. Now the user’s program
was assigned time on the computer and put into the waiting queue for
being processed. The user in the meantime could walk away and do
something else.
3. As soon as the input tape was full, and all the tasks in the waiting
queue had been completed, the user’s job was fed by tape to the main
processing computer, which executed the commands on the tape and
saved its results onto the output tape.
4. As soon as the output tape was full, the operator fetched it, and brought
it to the special printing computer to be printed on paper.
The user could then at some point just drop by and fetch the paper
outprint of his processing jobs, a few hours or days after having brought
his punch-holed cards.

3.1.2

Time-sharing systems

A time-shared system is defined as follows:
“A system by which users at different terminals of a computer
can, because of its high speed, apparently communicate with it
at the same time.” (Collins, 1998)
The majority of these systems were in use between 1965 and 1980. However, some of these systems continue to live on, most prominently in the
banking and insurance world.
Like with batch systems, there still existed only one, central computer.
However, various users could be working simultaneously with one another,
connected by (‘dumb’) terminals (see Figure 3.2). The computer time was
not assigned to the individual user in a single, large, modular block, but
rather in small time frames. Since the time frames were very small and
rapidly followed one another, to the individual user it appeared as if he or
she was working in ‘real-time’, i.e. without delay or interruption, with the
computer.

3.2 Recent Developments
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Central Server

TSS
(Tele Type System):
Terminals

Figure 3.2: Sketch of a time-shared system as in use between 1965 and 1980:
‘Dumb’ terminals are connected to a central processing unit (mainframe).
The terminals only serve for the dialogue with the mainframe where the
actual work takes place, and which could be located from a far distance.

3.1.3

Memex - a hypothetical system for personal information management

The first person that came up with the idea of personalised information
organisation was Vannevar Bush in his milestone article “As we may think”
(Bush, 1945). In that article he wrote:
“A memex is a device in which an individual stores all his books,
records, and communications, and which is mechanized so it may
be consulted with exceeding speed and flexibility. It is an enlarged
intimate supplement to his memory.” (Bush, 1945)
The features he outlined for his Memex system later inspired hypertext
and the way we navigate the Web today: A user would tie different items of
a course of thought to a “trail”, i.e. a sequence of how they were visited, if
they were found informative or relevant to the issue in question. These trails
would then be stored, edited and even passed on to other users in need of
similar information for their own particular goal.

3.2

Recent Developments

Many systems have been developed during the decades between the early
batch systems and present day personal computer systems that provide every-
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thing on a per-user basis.
In this section, we will briefly describe recent research systems we consider
important, and which in our opinion, indicate the direction that research
and commercial efforts will take in the future. These systems will therefore
indicate what our immediate future - desktop system-wise - will be like.

3.2.1

Lifestreams

Lifestreams (Freeman and Fertig, 1995; Fertig et al., 1996b) presented a new
concept for the management of personal data on a PC, trying to overcome
the problems computer users encounter due to the ever increasing amount
of information required to administer. The underlying idea was simple but
effective: files within a system are represented in a continuous stream following their creation date, i.e. the newest file in front, the oldest one at the
most distant end of the stream (Figure 3.3).

Figure 3.3: The Lifestreams Look-and-Feel (Freeman and Fertig, 1995)
Theoretically, a stream may reach into the future, e.g. a particular stream
represents a user’s electronic diary and all of his or her appointments in the
upcoming weeks. As soon as the cursor rests over a particular document in a
stream, the documents is pulled out and magnified. In order to separate files
of different topics or contexts from one another, substreams can be declared
using filters. In such a way, all documents created by a particular person, or
all pictures taken in a given year may be separated from the rest of the files
stored in the system.

3.2 Recent Developments
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Lifestreams was later developed further by Mirror World into a commercial application called Scopeware (Mirror, 2004) (Figure 3.4), released
in 2001, intended primarily for use in the corporate settings. A lightweight
home user version was released a year later, and runs on Windows platforms.

Figure 3.4: Timelines’ commercial successor Scopeware

3.2.2

Timescape

Timescape (Rekimoto, 1999) was the result of an effort to join the chronological display of file structures with a spatial approach as implemented by
the Piles metaphor (Mander et al., 1992; Rose et al., 1993).
There are no folders in the system anymore, and in particular none on
the desktop. All files are located directly on the latter (Figure 3.5a). If a file
is deleted by the user, it is re-located to the bin, though it remains stored
within the system. It can be accessed by the user again by turning back the
‘desktop time’, which leads the desktop to re-materialise exactly as it was at
that particular point of time.
The turning back and forth of the ‘desktop time’ is assisted by the Timeline functionality, where a grey shaded area (Figure 3.6) indicates the point
of time (year, month, day, hour, minute) the desktop appeared in the specific
constellation as displayed.
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Figure 3.5: The principal Timescape view (Rekimoto, 1999).

Figure 3.6: The Timescape timeline view (Rekimoto, 1999).

3.2.3

Presto

Presto was a prototype document management system designed at the Xerox
Palo Alto Research Centre (PARC) (PARC, 1999; Dourish et al., 1999b). It
provides interaction with documents through user-level document attributes,
such as “Word file”, “published paper”, “shared with Jim”, “about Presto” or
“currently in progress”.
The entities a user interacts with are documents, collections, and attributes. Each user can define attributes to his or her documents, and use
these later in order to define whole collections of documents. From a system’s
point of view, the collections are fluid, and the attributes specified for each

3.2 Recent Developments
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document are individual to a specific user.
In Vista (Figure 3.7), the user interface to the Presto system, piles are
the graphical means to represent closed collections (Mander et al., 1992; Rose
et al., 1993), ovals are used to surround open (active) collection, attributes
are represented by simple labels and documents by their respective icons, as
used in mainstream systems habitually.

Figure 3.7: Vista: the Presto system interface. Piles represent closed collections, ovals are used to surround collection at work, attributes are represented by simple labels and documents by their respective icons (Dourish
et al., 1999b).

3.2.4

Haystack

The Haystack project’s (MIT, 2003) efforts have been defined as follows:
“The Haystack project aims at making a digital IR 1 system that
is less like a library and more like a personal book shelf.” (Adar
et al., 1999)
Haystack relies on three aspects to accomplish its aims (Quan et al.,
2003):
1
IR = Information Retrieval: “The process of recovering specific information from
stored data.” (Collins, 1998)
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• Traditional document indexing and retrieval methods in order to extract from the available documents’ content as many details as possible.
• System sided user observations to infer what might be important for
a particular user, and how data and documents relate to one another.
Technically, this is achieved through e.g. proxy servers and query observers.
• Active human annotations: The user is supported and encouraged to
annotate his or her documents, and the system makes use of these
annotations.

The above points make clear that the system eventually relies on a large
repository to store and organise all the data collected on an individual user,
with the hope that this data will eventually account for a user’s preferences.
Haystack’s web-based user interface offers the possibility to multi-classify
a given document. A document however, can only be classified manually into
already existing categories, that is once a document has been classified by
the user, only a manual re-classification can change the categories it belongs
to.

3.2.5

Universal Information Platform (UIP)

The Universal Information Platform is in its scope similar to the Presto
system. The main difference is the fact that instead of using a conventional
database approach to organise information, it implements, though based on
the concepts and paradigms of (object oriented) databases, a distributed file
system (Rivera, 2001). Like the previously mentioned systems, it also tried to
move away from the ‘single hierarchy’ paradigm prevalent in state-of-the-art
systems:
“The existing notion of a file should be replaced with one of typed
persistent, distributed objects; the system should provide a mechanism for classifying files in various ways and independently from
their types; the system should provide a mechanism for specifying
dependencies and associations between files.” (Rivera and Norrie,
2002)
Unfortunately, user interface issues related to such a system have only
been superficially investigated (Figure 3.8) (Ravasio et al., 2003). It therefore
remains for the time being a system that technologically offers many of the
desired features, but does so without having considered an actual application
by non-expert users.

3.3 Comment and Conclusion
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Figure 3.8: The UIP interface Prototype (Ravasio et al., 2003).

3.3

Comment and Conclusion

In the context of this thesis, the question that remains to be asked is: “To
what extent does the general tendency in the development of personal information system – illustrated by the presented pioneering systems – correlate
with our ideas, experiences and suggestions?”
The global information explosion’s initiation in the mid 1990ies, has simultaneously lead to a broadening focus in information system designers, and
in particular, those that design systems for the (exclusive) use by individual
persons.
Whereas early systems design concentrated on providing services for the
data processing work of their users, information storage became an issue
for subsequent generations of computers. It is only comparatively recently
that user-suitable storage as well as retrieval facilities have become, to some
extent, the focus of attention. This is illustrated by the systems as presented
in Section 3.2 in the present chapter.
In our opinion, developments are heading in the right direction. However, each system currently provides only a potential technical solution for a
single, isolated aspect of the entire range of facilitates that the user needs.
Technically, the most global and promising approach among the presented
systems, was implemented by the UIP system (Rivera, 2001).
Nevertheless, none of the developers of any of the presented systems ever
asked the radical question about the suitability of their system for use by
average end-users. All of them assume that users know how to handle query
forms and the restrictions implied by them. Our experience shows that this
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is simply not the case for the vast majority of users.
It is here that the present thesis aims to generate and provide knowledge
as to what needs to be considered and reflected in the design and implementation of future systems, intended for use by individual, non-expert users for
the organisation of their personal information space.
Upcoming systems, even commercial ones such as WinFS by Microsoft,
are about to provide technical mechanisms that intend to move away from
the unique-document-single-hierarchy paradigm, and implement alternative
approaches (in the particular context of WinFS, based on the idea of a single
data pool and customisable retrieval).
Though such approaches are needed and certainly aim at overcoming the
serious obstacles users encounter these days, the question that remains to be
asked, is: “Is this indeed the way to go, and do these systems truly improve
and ease the way users work with their personal system?”

Chapter 4
The Qualitative Experiment in
HCI: Definition, Occurrences,
Value and Use
Summary
From time to time, the scientific community questions the suitability of
traditional research methods in HCI. However, despite this fact, quantitative
experiments are treated as the only truly representative, and therefore valid,
method of research. Alternative methods, specifically qualitative ones, are
generally considered to be unrepresentative and are therefore deemed to be
unacceptable.
This chapter aims to provide evidence that the adoption of the qualitative
experiment in HCI is a valid exercise. This method combines the strict
design and systematic setting variation from quantitative studies, with the
observation, induction and near-to-the-subject techniques used in qualitative
studies.
The questions that arise are: What is a qualitative experiment? What
are the differences between a qualitative experiment and a quantitative experiment? What types of qualitative experiments were used in the past? Of
what use could it be in HCI? An experimental showcase, briefly illustrating
the various facets concerned, is included in this chapter to help answer the
final question.

4.1 Introduction

4.1
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Introduction

The qualitative experiment has had a long history in modern Social and Natural Sciences. Some of the works reported date as far back as the mid 19th
century, e.g. (Mach, 1861). It was however not until the 1980ies that it was
formally defined (Kleining, 1986). It is only now possible to analyse past
studies that implemented qualitative experimental methodology, with a focus on the method’s applications, and its importance for contemporary HCI
research. Therefore, the aim of this chapter, is to (re-)discover the qualitative
experiment as a formal method for HCI research, explicitly define its methodology (from a historic and methodological perspective), and determine the
contexts in which qualitative experiments could be used in the field of HCI.
Using theoretical descriptions and the presentation of an experimental showcase, the author will provide the types of issues this method is suitable for
and how it can complement traditional ‘standard’ methods, such as quantitative experiments. For that reason, we will also analyse already existing work
from the Social and Natural Sciences as well as from HCI research. This
chapter is therefore not a discussion on the value of different methods available for HCI research, but an attempt to establish qualitative experiments
as important and useful tools alongside more commonly accepted types of
methodology.
It is the opinion of the author that each research method is of particular use at a specific point of time within the research process (cf. Figure
4.1). However, it should be noted that the extent to which different methods
are appropriate is context specific, and will therefore vary between applications. By including different methods in a research process, each method
contributes valuable insights to the issue under investigation, which may have
been neglected or overlooked had such a rich use of methodology not been
applied.
There are however questions in research where the traditional range of
methods is not readily applicable. Examples of such questions are: What
phases exist in the process of learning to read in children? What types of
instructional contents exist in an (Learning Content Management System)
from the point of view of its users (teachers, students)? Along which criteria
do users of community libraries look for books related to a specific topic?
These research questions are similar, in that they all state the existence of
factors, procedures and processes. As a consequence, structures are searched
for - rather than tested - , which may be in the form of any kind of dependency, or relationship etc. An additional similarity between the proposed
questions is that none of them currently possess a precise enough causal relationship to be formulated. Without this suggested causal relationship there
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is no opportunity to test a quantitative hypothesis. It should also be noted
that the issues suggested by the proposed questions are not broad enough to
justify research ‘out in the field’.
When a scientist is presented with such questions as those proposed above,
qualitative experiments can be applied to obtain the answers.
The plan for the remainder of this chapter is as follows: In Section 4.2, we
present the original definition of the qualitative experiment, and determine
its place in the context of other, widely known and acknowledged methods
in HCI. Section 4.3 presents prominent examples of published and acknowledged research in the Social and Natural Sciences, as well as HCI studies that
applied qualitative experiments (though not explicitly declared as such). Section 4.4 presents an investigational showcase, in order to illustrate various
aspects of the use and benefits of the qualitative experiment. Finally, Section
4.5 concludes.

4.2

Definition and Context

A qualitative experiment is:
“The intervention with relation to a (social) subject which is executed following scientific rules and towards the exploration of
the subject’s structure. It is the explorative, heuristic form of an
experiment.” 1 (Kleining, 1986)
The term ‘qualitative experiment’ itself, was first explicitly used in (Mach,
1905, p.204).
The research process in the qualitative experiment, therefore, aims to
discover structures, circumstances, relations, connections and dependencies
that are particular and characteristic to the subject-matter under research.
It is heuristics that distinguishes qualitative experiments from quantitative
experiments. Quantitative experiments aim to test existing hypotheses, and
calculate causal, numerically ascertainable relations. Whilst qualitative experiments serve to make observations deducible from our senses based on an
experimental setting (not from instruments, numbers and calculations) and
draw conclusions on the actually observed facts.
1
In the original German Version: “Das qualitative Experiment ist der nach wissenschaftlichen Regeln vorgenommene Eingriff in einen (sozialen) Gegenstand zur Erforschung seiner Struktur. Es ist die explorative, heuristische Form des Experiments.”

4.2 Definition and Context
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The methodical context of Qualitative Experiments

The qualitative experiment has been formally defined for the disciplines of Sociology and Social Psychology through Kleining’s analysis of scientific methods as derived from those of everyday life and as based on the interaction
of the researcher with the object of research (Kleining, 1986). While both,
everyday (i.e. non-scientific) as well as quantitative methods, leave place
for more active and more passive means of intervention for discovery, there
is relatively little appreciation for active methods - stressing experiment as
opposed to observation - in qualitative research.
In order to establish qualitative experiments among other widely used and
acknowledged methods, Table 4.1 first defines other, in HCI frequently used,
reference research methods. Table 4.2 then summarise the characteristics of
the qualitative experiment alongside those methods.
Table 4.1: Definitions of various qualitative and quanti-

tative research methods.
Method

Definition

Quantitative Methods
Individuals are mailed written material to be completed, or
invited to respond to a series of items about some product or
topic in movie theaters, restaurants [...]. (Neale and Liebert,
1986)
QuasiStudies that employ treatments, outcome, measures and experExperiment
imental units of analysis, but do not use random assignment
to create the comparisons from which treatment-caused change
is inferred. Instead, the comparisons depend on non-equivalent
groups that differ from each other in many ways other than the
presence of a treatment whose effects are being tested. (after
(Cook and Campbell, 1979))
Lab Experiment Studies that employ treatment, outcome measures, experimental units, and use random assignment to create the comparison from which the treatment-caused change is inferred. (after
(Cook and Campbell, 1979))
Qualitative Methods
Case Study
Intensive study of a single individual (also called ‘case history’).
(Neale and Liebert, 1986)
Field Study
Study conducted ‘in the wild’, i.e. in the natural habitat. This
term excludes any study that involves an invasive procedure,
harms, or materially alters the behavior of the subjects under
study. (after (Aphis, 2004))
Standardised
Questionnaires
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Structured
Interviews

Personal interviews following a strict guideline of questions to
be asked, and possibly also a sampling plan. (after (Neale and
Liebert, 1986))

A part of the methodical gap left by quantitative methods, has been filled
- with more extensive use over the past decade - by qualitative methods such
as field studies and interviews. However, where field studies, for instance,
provide an overwhelming variety of information on a task and its natural
context, interviews fall short in that they represent a verbal description which
may or may not coincide with the actual work procedure performed.
The qualitative experiment, therefore, reduces the impact of the original
context (as practised by quantitative methods) and combines it with a degree of detail in the data collected, normally only provided by traditional
qualitative methods. However, this is accompanied with costs: the fact that
the researcher has to deal with qualitative data which involves considerable
more effort on the one hand, and meticulous explanations and justification
with respect to the data’s detailed treatment on the other.
The outline presented in Table 4.2 illustrates the fact that the qualitative
experiment embodies a unique combination of features otherwise spread over
a range of different (qualitative and quantitative) methods and therefore fills
a methodical gap: the lack of a method which, while being exploratory, still
offers a reasonable level of internal and external validity simultaneously.
Table 4.2: An overview over the characteristics of the

qualitative experiment in the context of more traditional
research methods.

Natural
Explowithratory
out any
changes

Subjects DCa
GAb Validity
Case study
Very
None
No
Medium
few,
external;
selected
Weak internal

Natural
Explowithratory
out any
changes

Field Study
Selected, None
No
Strong
individexternal;
uals or
Weak intergroups
nal

Setting

Type

Result type
Detailed; descriptive;
individualised; small in
number
Descriptive;
quantifiable only
after additional
processing steps;
small to medium
in number.
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Partially
natural;
partially
constructed

Exploratory

Qualitative Experiment
Small to Medium Y/Nc Medium
medium
external;
number
Medium
internal
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Descriptors
of
factors / procedures / processes;
quantifiable only
after additional
processing steps;
medium in number.

Partially
natural;
partially
constructed

Structured Interviews / Questionnaires
(Explo- Medium Medium Y/Nc Medium
Both,
descripratory)/ to large to
external;
tions and quanEvalua- number strong
Medium
tified measures;
tive
internal
medium to large
in number.

Partially
natural;
mainly
constructed

Quasi-Experiment
Evalua- Medium Strong, No
Weak-totive
to Large but not
Medium
number total
external;
Medium
internal

Constructed

Quantified measures that allow
to
infer
the
treatment-caused
changes.

Laboratory (Quantitative) Experiment
Evalua- (Medium Total
Yes Weak exter- Quantified meative
to)
nal, Strong sures that allow
Large
internal
to
infer
the
number
treatment-caused
changes.

a Degree of Controll b Random Group Assignemnt c Depends on location and research focus

4.2.2

Differences between qualitative and quantitative
experiments

A quantitative study aims at testing and evaluating a hypothesised theory
(sometimes phenomenon), i.e. a quantifiable theoretical model or a hypothesis, in an experiment. In order to do so, the researchers are required to
know exactly which factors will have to be measured and in what way this
is to happen (operationalisation of variable model). The identification and
isolation of variables relevant to the hypotheses, is the precondition for determining the generally causal conceived dependencies (manipulation of one
or more test-independent variables in order to measure the effects on test-
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dependent variables). The control of variables and their testing is therefore a
critical issue in quantitative experiments. The data obtained must be quantifiable, all interfering influences must ideally be controlled, and experiments
are required to be replicable (Greenberg and Thimbleby, 1992).
'Existence' Hypotheses

Observation

Qualitative Experiment
Theory / Literature / Observation
'Existence' - Hypotheses

Induction

'Cause' Hypotheses

Deduction

Quantitative Experiment
Theory / Literature / Observation
'Cause' - Hypotheses
Deduction

Structured Setting for Observation
Large Set of collected Data.
Data extremely detailed.

Test

Operational Variables
Structured Observation

(Manual) Analysis of Data.
Verification of Hypotheses

Data collection via
Operational Variables
Model Testing

Induction

Verification of Hypotheses

Figure 4.1: Structural comparison of the qualitative and the quantitative
experiment.
As a consequence, the following holds for quantitative methods:
• The hypothesis formulates expected dependencies of known factors,
which are each quantifiable by the measuring mechanisms in the experimental set up; i.e. existing structures and behaviours are tested in
order to learn about the strength of their (inter-)dependencies.
• Well controllable, but in tendency highly abstracted and eventually
artificial setting.
• The setting is changed along the criteria of scientific intervention (treatment; conditions) in order to observe systematic changes in the measuring of outcome variables.
• Subjects are assigned randomly to the different conditions.
• Replicatability, i.e. precise enough documentation to allow the experiment’s repetition under identical conditions with identical results, is
compulsory.
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These characteristics do not apply as strictly to qualitative experiments.
Qualitative experiments’ hypotheses do not formulate relationships between
factors but rather the sheer existence of factors, procedures and processes
themselves. Variables are not used, but structures searched for (and ideally
found), which may be any kind of dependency, relationship etc., not only
causal ones. In general, qualitative relationships are not immediately and
directly quantifiable, but only after additional and special treatment. Furthermore, replicatability, though desirable, of course, is not a compulsory requirement in this context, since real life activities are only replicatable if they
are extensively abstracted. The level of abstraction required for replicatability is normally higher than the one required by the qualitative experiment.
In summary, the following holds for qualitative experiments:
• The hypothesis formulation does not imply quantifiable factors in the
first place, but instead states the existence of factors, processes, procedures etc.
• The results are only quantifiable after additional special treatment.
• It explores presently unknown structures, dependencies and behaviours.
• It is based on an as natural setting as possible, and adapts it where
required.
• The settings are, too, changed along the criteria (conditions) of scientific intervention, in order to observe systematic changes, to find
structures, dependencies or behaviours.
• Subjects may or may not be randomly assigned to the different conditions.
• Replicatability, though desired, is not compulsory for the qualitative
experiment.
The differences listed above imply that, whereas quantitative experiments
are best suited to test models and theories, qualitative experiments are suited
to build and complement models and theories, in addition to the knowledge
gained from literature.
This strength makes the qualitative experiment particularly useful for the
HCI discipline, i.e. in a discipline where, despite being very model based,
innovation is still often derived from completely new technologies with sometime little immediate previous experience to be drawn upon.
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Figure 4.1 summarises the comparison of the qualitative and the quantitative experiment graphically.
Due to its inductive and exploratory characteristics, the qualitative experiment can most beneficially be used in two kinds of settings:
• In research, when quantitative studies cannot help, e.g. “for what kind
of tasks do people use a computer mouse, though it was not designed for
it?”, or early in the research process, when models and theory are built.
The qualitative experiment here, supports the incremental construction
of a knowledge-framework, which otherwise is only partially attainable
by literature research. Important influencing factors for a topic under
research can be found, which may not or only marginally be represented
in literature so far. These factors then, influence the actual design and
conductance of e.g. quantitative studies at a later stage.
• In engineering and product design, where more detailed insights into
the task-specific mental model of the user is needed. It is particularly
useful for systems that are completely novel, either with respect to the
functionality or the user interface they offer. The qualitative experiment in this context, is a method that offers the same closeness as
field studies but without the involvement of so many contextual factors. Executed correctly, it serves to close the knowledge gaps that
remain despite extensive use of traditional observational and prototyping methods.

4.2.3

Strategies in Qualitative Experiments

In quantitative studies, the test-independent variables are systematically altered in order to observe the effect on the test-dependent variables in different
experimental conditions.
A somewhat similar process exists in the qualitative experiment. Here,
the alterations applied to the experimental setting follow one of six possible
strategies (Kleining, 1986): Separation or segmentation, combination, reduction or attenuation, adjection or intensifications, substitution and finally
transformation. Each of these strategies is explained hereafter in accordance
to its original definition.
Separation/Segmentation:
The topic under research is either partitioned into various sub-topics,
or a restricted part of the topic is isolated from the whole. The focus
question is: How does the research object change through this treatment?
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Combination:
Subject-matters are combined in a new way with others. The focus
questions then are: To what extent are the different subject-matters
conflicting, indifferent, or compatible with each other? What new effects arise through this combination?
Reduction/Attenuation:
Stepwise, individual parts or functionalities of the subject-matter under
research are removed or attenuated. The focus questions is: To what
extent does this procedure affect the subject-matter under research as
a whole?
Adjection/Intensification:
Opposite procedure to reduction/attenuation. Stepwise, individual
parts or functionalities of the subject-matter under research are added
or intensified. The focus question is again: To what extent does this
procedure affect the subject-matter under research as a whole?
Substitution:
Individual aspects (parts) of the subject-matter under research are replaced by new ones. The focus question is: When does a small substitution have a large impact, or a large substitution a small impact,
respectively?
Transformation:
The whole subject-matter may be transformed as a whole, and only a
number of selected old attributes are kept. The focus question is: How
does this change affect the perceived qualities of the subject-matter
under research?

4.2.4

Misuses of the term ‘Qualitative Experiment’

The term ‘qualitative experiment’ has also been used selectively to denominate usability tests conducted (e.g. (Kitchenham, 1996; Pirhonen et al.,
2002)). The denomination referred to in this context is the type of data obtained, i.e. qualitative data. The methods applied were in fact assessments,
conducted from a purely evaluative point of view. The focus was set upon
assessing user performances as grading mechanism for a re-designed system,
instead of gaining new insights into existing processes and the way they work.
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Prominent examples of Qualitative Experiments

The methodical principles underlying the qualitative experiment as presented
up to this point in this chapter, are not entirely new. Their value has been
discovered early on in the history of modern science, although have unfortunately fallen into neglect over time. Therefore, in this section, we will take
a chronological look at a selection of acknowledged, representative publications, that applied qualitative experiments in their research. None of the
authors mentioned hereafter however, referred to his methodology explicitly
as a ‘qualitative experiment’.
As in the Natural and Social Sciences, qualitative experiments have also
been used in HCI, though in literature they are few and far between. Here,
however, the qualitative experiment remains, as yet, unrecognised as a valid
research method, and hence still lacks a code of practise. The few authors
that made use of it, therefore, make apparent attempts to justify and legitimise its use and have therefore provided extremely detailed explanations of
the concrete procedure applied within their setting.

4.3.1

In the Social and Natural Sciences

One of the first reported applications of a qualitative experiment, was Euclid’s
(300 B.C.) discovery of the rectilinearity of light beams, and the identicalness of a light beam’s angle of incidence and its angle of reflection. This
insight was merely assisted by observations and the creation of situations
(i.e. experiments) that would (re-)produce the fact. It was however not
until Descartes (1596-1650) that Euclid’s discoveries and observations were
quantified (Mach, 1921).
Duncker (1926)’s aim for the use of qualitative experiments in his study,
was to investigate, the reason why and how novel insights into a problem
occur, against the background of no previously existing evidence that could
lead to the deduction of such an insight (“Aha-effect”). An example of such an
insight is: Newtons’ discovery of the planets’ circular motion - an insight that
was not deduced from any prior existing theories, but that fully explained
widely observed phenomena. For his experiments, Duncker presented 5 individuals with about 20 problems each and asked them to solve them. The
problems presented were new to the subjects, but for each problem, the information necessary to work out a solution, was given (though not explicitly, of
course). He was not explicitly interested in any kind of performance, in the
form of grading or comparisons of solutions or reaction times etc. He made
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the candidates understand that his focus was set on their thinking behaviour,
their attempts, what ever came to their mind.
Katz (1953) used a qualitative experimental approach to investigate whether
blind children’s drawings revealed - as in the case of seeing children - the level
of their intellectual development. As the drawing device, an artefact was employed, commonly used for teaching geometry to blind children: Strings were
attached to a wooden frame which in turn is covered with a special kind of
robust paper from the one side. The whole construction resembles a tangible
version of squared paper. With a special pen, a blind person now is able to
draw or write on the paper with the string-squares on the opposite face of
the paper serving as orientation. Through the special pen used, the paper,
instead of a visual display of the drawing, suffers a deepening on the writing
side, and hence a heightening on the other. The heightened side is finally the
one used to observe the final product. In separated experimental sessions, he
had a total of 30 blind children between 12 and 18 years a) draw a fantasy
drawing (13 subjects), b) recognise what they themselves had drawn earlier
(30 subjects) c) recognise a drawing drawn by a fellow child (10 subjects)
d) draw by model four objects (small four-legged table, three-sided pyramid,
three-sided prism, cylinder) given to them (3 subjects). Additionally, the
drawings used in c), had been shown (in a visual or tactile manner) to seeing
persons as well. These were, however, only occasionally able to recognise
(first visually, then tactilely) what had been drawn by the blind persons. In
his experiments, Katz was not only able to show fundamental conceptual
differences in drawings of blind vs. seeing children, but also that indeed the
quality of blind children’s drawings mirrored intellectual maturity. An added
value of his results was the proposition of a didactic to teach blind children
the projective drawing of (simple) spatial objects.
One of the most widely cited and at the same time most influential uses
of qualitative experiments, have been reported by Piaget, whose work was
ground-breaking for child psychology. In his experiments, he analysed various factors of the children’s development and learning process of basic behavioural capabilities. E.g. in his example Nr. 8 (Chapter 1.1 of (Piaget,
1959)), a breast-feeding child’s head was repeatedly taken away from its position at the mother’s breast, and re-position some 5 cm away from the nipple.
Through this procedure, the child’s search process for the nipple could systematically be observed.

4.3.2

In Human-Computer Interaction

Alan Turing’s imitation game (later denominated Turing Test) was probably
the first explicit use of an experiment, where the decisive factor of insight
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is qualitative (Turing, 1950) (for a detailed review of the Turing Test, see
(Saygin et al., 2000)). The Turing Test’s imitation game is traditionally
played by three parties: a human person (A), a computer (B), and a human
interrogator (C). A and B are in a room apart. By communicating through
a teletype connection, it is the interrogator’s goal to determine, which of his
two partners in the room apart is human and which is the computer. Hence
the question is: Can (B) be made to play satisfactorily the part of (A), such
that (C) mistakes the one for the other? Though the number of times that
a computer passes or fails the Turing Test is assessable, the judgement of
the interrogator (C) is not truly so. It is a purely qualitative result. The
setting and procedure of the imitation game are strictly defined; and as a
consequence the whole must still be considered an experiment.
Another widely cited use of a qualitative experiment is Malone (1983)’s
search task: At the end of each of a series of user interviews, he provided his
interviewees with the task of searching their own offices for a small set of their
own documents chosen beforehand by their co-workers. The purpose was to
observe the different processes the subject used in finding the documents
and to what extent it was influenced by information coded in the physical
locations of documents.
Carroll, too, used in his investigations of electronic file naming an approach, which can be considered a qualitative experiment (Carroll, 1982):
Twenty-two staff members of a scientific research centre were asked to annotate file listings of their own personal files. The results were analysed a) for
occurring patterns and b) by a speech analysis for abbreviation strategies.
Carroll’s results demonstrated that the outcome of a qualitative experiment
may be the basis for additional quantitative analysis if needed.
Further along the lines of personal information system’s research, Kwasnik (1991) too, made use of a qualitative experimental approach. After an
interview-based ‘guided tour’ around the participants’ offices, and a followup think-out-aloud session, in the third session, four of the eight subjects
were asked to save a few days’ worth of mail, and of documents that had
been used recently. She then used the descriptions and rules discovered in
session one and two in an attempt to sort the pile of documents in the same
way the subjects might have done it. The subjects were asked to provide
comments on the accuracy of the researcher´s decisions and on the reasons
of the errors committed. The experiment therefore served to discover differences in actual classification practises from the rules that had previously
been explained orally.
Carlyle (1999) studied document representations in library catalogues,
to find out the descriptors along which users in a community library would
search for works they were interested in. In order to do that, she applied a
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procedure called ‘free-sort’ with the aim of discovering how users grouped for
themselves documents related to a particular literary work. In her study, fifty
persons were asked to sort 47 items related to Charles Dickens’ ‘A Christmas
Carol’ into different categories. The location of the experiment was a shopping mall, and ‘anybody’ over the age of 18 could participate. 11 categories
were eventually found to be relevant for the average public of community
libraries, in order to categorise literary works and related resources.
Possibly the most recent reported use of the qualitative experiment, was
a study on the value of paper archives for the office environment (Whittaker
and Hirschberg, 2001). In this context, the office move described, acted as a
point of departure for the study, as it had to be considered an experimental
setting. Here, qualitative and also quantitative data could be collected.

4.4

The Qualitative Experiment in a Show Case

In this section, we will present in brief the application of the qualitative
experiment in a show case study. It is our intention in this section, to draft
the qualitative experiment’s goals and procedure, together with the most
important decisions to be taken while preparing and realising the study.

4.4.1

Background: Situation

A new help system for common PC hardware and operating system problems
is to be fundamentally improved. The system presently in use includes a very
extensive collection of answers in its knowledge base. There are two ways for
the users to access the problem database: (1) using a search functionality,
that matches textual phrases entered by the user against contents stored and
indexed; (2) accessing a hierarchical classification scheme, where answers are
assigned to topics which in turn are grouped together in super-topics etc.,
until forming a topic hierarchy with various levels.

4.4.2

Problem: Research Question

Through daily contact with (averagely skilled, non expert) users, subjective
impressions of the system are known to be bad. Typical critiques are: “answers turn up just anywhere”, i.e. answers to problems either turn up under
categories where, subjectively, they do not seem to belong or, “I just can’t
get sensible answers”, i.e. the search functionality is completely unsuccessful
no matter what search term is entered.
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During efforts to improve the existing system, the following questions
arose: Given a problem, what characteristics and descriptors are used for
searching the corresponding answers in categories but also textually? Which
of these characteristics and descriptors are the most important (i.e. should
lead by themselves to an answer), which are the most frequently used ones?
Which ones are considered principal categories and how can these be organised into a hierarchy?

4.4.3

Methodical Options

It would be difficult if not impossible to conduct a quantitative study in
order to answer the questions raised above, as they are currently too open
and comprehensive, and lack any concrete causal hypothesis.
On the other hand, field studies or interviews will certainly be of some
use in the context of improving the design of such a help system. However,
for our concrete question - “which are the descriptors that a user applies in
first place, and hence require to be the principle ones in such a system?” these methods are only of limited use (if any at all). However, field studies
may reveal that there are plenty of other, complementary problem solving
resources than the system in question.
Therefore, requirements to be met by the method employed, are:
• In the study, the problems for which answers are sought in the system
should represent the various classes of occurring problems, but not
necessarily the frequency with which they occur in real life.
• The search for an answer is supposed to be as natural as possible,
though only within the system, and therefore without access to further,
external resources.
• The outcomes have to be analysable by individual problems arisen with
the system, by problem class and by characteristics employed.
All of these requirements are met by the qualitative experiment.

4.4.4

Experimental Setting and Task

• Task:
“There are a number of computers in this room, each suffers from a
different problem. It is now your task to fix those problems. To do that,
each computer allows you to access the PCHelp system, which contains
all the answers to any questions you may have in order to solve the
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arising problem. You are not allowed to consult any other ‘resources’
(books, other people, etc.) in addition to the PCHelp system.”
• Setting
(For this setting, the separation strategy as described in Section 4.2.3
is used.)
A number of problems per participant; each problem was representative of one specific problem class. One computer per problem - the
computer was made to suffer from the problem that the user was asked
to solve. The problems presented to the users could indeed occur in
real life and not only under the experimental circumstance. The computers could be located in a normal office environment, possibly with
other people in the same room going about their normal working duties. Each affected computer offered flawless access to the help system
under review. Actions on the screen of the experiment computers were
recorded, as was the experiment room and everything that was said.

4.4.5

Data, Analysis, Results and Transfer

• Data:
One video tape per computer and one video tape of the experimental
space (room), each with audio recorded, exists.
Initial data treatment: Transcription of the video and the audio material. The audio was used for tape synchronisation. The transcripts
were sorted by the problem type that was being treated.
• The data analysis happens in the following steps:
– The transcripts were read through and a code book created whilst
doing so.
Focus questions during the analysis were: What factors are used?
How is each factor precisely defined? When is a factor really
occurring, and when not? How is each occurrence going to be
marked in the transcripts? (This could happen e.g. by a colour
coding scheme when analysis happens manually, or by a defined
tag when using a software package.)
– The transcripts were again meticulously examined and all occurrences of each of the previously defined factors were marked down.
It had to be ensured that the first few transcripts were re-examined
since these were often treated differently by the analysing researchers.
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– Special treatment for quantification:
Another review of the transcripts was performed. Using the summarised factor occurrences tagged down previously, the following
question was answered: How often was a factor used?
• Results and Transfer:
For each problem class: A list of factors employed for searching the
help system and possibly their frequencies was compiled, as well as a
description of the general search procedure by problem class.
A conclusion was synthesised on the basis of these results. The identified factors could for instance be taken over to form metadata-tags of
the knowledge base. The expected consequence then would be, that the
users would be more successful at finding the information they needed
in the future, when the metadata coincides with the descriptor they
already use intuitively.
Whether this hypothesis is correct or not remains uncertain and is a
question to be tackled by applying a quantitative or quasi-experiment
in upcoming work steps.

4.5

Conclusion

Our intention with this chapter was to introduce the qualitative experiment
as a formal method into the HCI context.
In HCI, quantitative methods traditionally hold a strong position within
the scientific research community. Though their position is questioned now
and then, discussions concerning their advantages and disadvantages have
never served to discuss the general appropriateness of the whole range of
available methods and their applications in the HCI context. Critiques voiced
from within the HCI community are contradictory (e.g. (Greenberg and
Thimbleby, 1992; Lieberman, 2003)), address a variety of aspects, and were
always based on the traditional strict separation of qualitative vs. quantitative methods.
Qualitative methods have held a far more difficult position within the
community, as they tended to be considered neither representative nor scientific, because they only portray individual cases instead of large populations
and pursue an inductive instead of deductive policy. Nevertheless, they were
applied more extensively in past decades (see e.g. the field studies in (Heath
et al., 1995; Suhm et al., 2002) or the interviews in (Nardi et al., 1995; Barreau, 1995; Ravasio et al., 2004)).
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Experimental (i.e. hypothetical deductive) research is based on observations and literature studies that give rise to hypotheses which again are
formulated as operational, causal and therefore testable conditions. There
are however situation where knowledge on the existence of causal dependencies are missing from experience and theory. Therefore, a structured method
to gain insights is required in order to come up with ‘testable’ (i.e. quantifiable) hypotheses. This is where the qualitative experiment can reveal its
true strengths. It combines aspects of the strict design of quantitative experimental methods (properly defined, and systematically varied settings to see
changes in outcome (Williams et al., 1988)) with the inductive, discovering,
heuristic approaches characteristic for qualitative methods (observation and
induction of new insight in potentially new settings (Kleining, 1982; Kleining
and Witt, 2001).
The qualitative experiment therefore, naturally complements the traditional range of research methods. In the past, the qualitative experiment has
occasionally and intuitively been used when more traditional methods, both
quantitative and qualitative, did not satisfy the methodical needs to attain
a specific research goal.
It is the kind of questions and hypotheses that one formulates that strongly
distinguishes one method from the other. In the quantitative experiment, the
hypothesis allows the formulation of a concrete causal existence of dependencies, relationships etc. The hypothesis is then subsequently statistically
proven to be true or false. Example: Reading abilities of children are related
to the reading abilities of their parents.
In the qualitative experiment however, research factors are not to be operationalised and tested, but to be discovered. This means that hypotheses
are more abstract or open and formulate the discovery of hypothesised dependencies, relationships etc. Example: Which phases exist for the process
of learning to read in children? Are they different from the phases existent
in adults?
The application of a qualitative experiment is as a consequence justified
when it has the goal to discover (rather then to verify) structures, procedures,
processes and their inter-dependencies, and when the setting should be as
close as possible to real-life (field), but still requires a degree of controlled
removal of context. (It could go as far as reproducing the field setting in the
lab, but with the removal of a given contextual factor.)
Due to its ‘bridging’ characteristics, the qualitative experiment offers the
opportunity to develop a common ground between technical and cognitive
scientific orientations, i.e. the two competing groups of HCI scientists: those
focusing on the technical challenges implied with meeting user requirements,
and those intending to explain the requirements on cognitive bases. Here,
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the qualitative experiment is a method that is applicable to both sides: By
the former to concretise the requirements to be tackled technically, and by
the latter to start ‘hands-on’ investigations with users even earlier than was
previously possible.
At this point however, general extensive experience with the qualitative
experiment is still needed. It remains to be assessed when its application is
sensible, what is good practise (and bad practise opposed to it), and in which
application areas it is most fruitfully employed. We therefore look forward
to more scientists in the HCI community applying this method and reporting their experiences and the insights they gained through using qualitative
methodology.

Chapter 5
In Pursuit of Desktop Evolution:
User problems and practices with
modern desktop systems
0

Summary
The study presented deals with the problems users encounter in their daily
work with computers and the typical practices that they employ. Sixteen
daily computer users were interviewed about their habits and problems that
they encountered during document classification and retrieval. For both these
areas, we provide an overview of identified user practices and a citation-based
analysis of the problems users encountered, including those related to the use
of the screen real estate (the actual desktop). Two types of problems were
identified: (1) Problems that concern the actual use of the system installed on
the computer. (2) Problems that arise when people realise that they are using
a system that does not allow for the desired work or organisational functions
sought. We were able to show that skill continues to be an important factor
with respect to the ease of using today’s systems. We suggest the following
necessary improvements for the evolution of personal information systems: A
storage facility that represents the user’s view of information; replacing pure
technical file metadata with more user-friendly attributes; and, introduction
of annotations as a new information type.

0
This chapter was published as: Pamela Ravasio, Sissel Guttormsen Schär, Helmut
Krueger, “In Pursuit of Desktop Evolution: User problems and practices with modern
desktop systems”, in: ACM Transactions on Computer-Human Interaction (TOCHI), 11
(2), pp. 156-180, June 2004.
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Introduction

In 1934, a simple characterisation of the goal of technology was “to serve
human needs” (Mumford, 1934). Since the existence of the virtual desktop,
small but thorough ethnographic studies (cf. Section 2) have been conducted
in an effort to reveal what users’ common practices look like and how desktop
metaphor based user interfaces (UI) serve or hinder human needs.
The organisation of personal information resources, according to users’
needs, is a demanding challenge and
“[...] involves psychological processes: The information to be retrieved has already been handled, categorised and filed away by
the individual.” (Landsdale, 1988) [italics added]
For this reason, the basic underlying tasks to be accomplished during
the organisation of personal information can also be divided into the acts of
information handling, categorisation, filing and retrieval
In past research, much emphasis was placed on the act of information
classification (i.e: information categorisation plus filing), including both the
physical office environment and computers. Information searching, on the
other hand, was primarily looked at with respect to the web and information
retrieval (IR) environments. There is rather little information available with
respect to document retrieval practices in the individual’s personal information space on desktop computers. Some of the issues raised were addressed
in research of new systems, which led to technical or metaphorical paradigm
shifts. Interestingly however, few if any of the efforts have had an impact on
commercial state-of-the-art operating systems.
The desktop metaphor, as the de facto standard UI, brought us as many
solutions as new problems. Even today, working with the desktop metaphor
requires memorising conventions and procedures instead of interacting intuitively and in a straightforward manner. We feel that although the desktop
metaphor is omnipresent, its use has not been sufficiently investigated. Detailed information as to users’ common practices, their concrete problems,
how they cope with problems, and how they try to avoid them are still unknown. In probing common difficulties experienced by computer users and
their interactions with computer systems, it is our opinion that systems can
be engineered to better meet both the users’ needs and the technical challenges involved.
With this study, we tried (a) to summarise existing knowledge about the
use of personal computer desktop systems; (b) to supplement this knowledge by focusing on problems users confront; and (c) to identify concrete
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points that can be improved in the future. However, to attain these goals,
the findings from (Malone, 1983; Barreau and Nardi, 1995; Kaptelinin, 1996;
Nardi and Barreau, 1997) had to be verified for their accuracy in modern
environments. We concentrated on aspects of both document classification
and document retrieval, as these are the two areas for which personal information management systems are intended and where the average computer
user fundamentally benefits from the existence of computers.
In the study, we looked at the interviewees’ organisation of personal documents in the file system; their use of available screen space; their use of
relatively recent information storage means like email, bookmarks and nonbookmarked internet short-cuts; and, their search practices in the local system and their subjective perceptions of differences in personal web search
practices.
The general high-level hypotheses, for which we intended to gain evidence,
stemmed from literature as well as from daily experiences and observations
of people in our professional and private environments. These hypotheses
were:
1. Users’ intuitive ideas of the organisation of their personal information
space do not match with the strict hierarchical data storage paradigm
given by the file system.
2. Users consider it difficult to find a distinct piece of information within
their own personal information space (in contradiction to (Nardi et al.,
1995)).
3. Users have clear ideas as to what is wrong with a system from their
points of view, and of how to improve it. They are able to actually
(verbally) express their ideas in these matters.
The questions posed that supported our efforts to obtain evidence for the
aforementioned hypotheses were:
Q1. What are the habitual practices employed in the area of classification
and retrieval, respectively?
Q2. Do the users employ the desktop (i.e. the plane of the screen) in some
structured way?
Q2.1 If so, for what?
Q2.2 And, in what way?
Q3. What types of inconveniences and problems do users encounter during
daily computer use?
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Q3.1 What are the users’ strategies to cope with these problems?
Q4. From the users’ point of view: What is wrong with the user interface
utilised today?
Q5. What are users’ suggestions for the system’s evolution?
As for the results of this study, we present work practices only when we
find them to contradict conclusions from earlier studies that were conducted
or where we consider them to complement already existing findings.
Section 5.2 discusses the literature relevant to this subject; Section 5.3
describes the method employed in detail. Sections 5.4 and 5.5 cover the
practices and problems identified for the act of document classification and
retrieval, respectively; these sections also include the individual conclusions
to be drawn for each of the two areas. Section 5.6 discusses the overall
impressions of our results, and Section 5.7 concludes and identifies concrete
improvements and issues that remain to be investigated.

5.2

Previous Work

The modern age of desktop computers began in 1981. With the release of the
Xerox Star into the market, computers started to become understandable to
non-experts for the first time. Today, more than twenty years later, processor
speed continues to double roughly every eighteen months and new versions
of the standard operating systems are released about every second year. The
only constant in these developments is, and has been, the desktop metaphor,
which evolved from a revolution in interface design to its de facto stateof-the-art. Even before the first electronic release together with the Xerox
Star, a variety of literature dealt with one aspect or another of the desktop
metaphor, both from the users’ and technical perspectives.
Malone (1983) was the first to analyse the (physical) offices of ten subjects
and to reach conclusions as to requirements for electronic office information
systems. He discovered that the act of classification was accompanied by a
major cognitive load, which users tried to defer as long as possible. This
specific issue was later studied and explained in more depth by Landsdale
(1988). Malone also commented on the problem that some pieces of information fitted into more than just a single category. Several of his subjects
identified a solution to that problem, namely to store the same piece of information in various places. However, none of them chose to pursue that
solution, even though copiers were at hand. Other issues raised by Malone
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identified that subjects preferred spatial classification over logical classification that retrieval by numerous attributes was more natural to them than by
a single attribute. Finally, it was also identified that there exist two fundamentally different types of filing: neatly defined, classified files and folders;
and, complimentary piles, which served to attempt to manage information
quickly and informally.
In her own analysis, Kidd (1994) underlined the importance of spatial
layout and materials as a holding pattern for the knowledge work. Accordingly, it then became apparent that two complementary but fundamentally
different issues play a key role for the development of personal information
management systems: 1) Support for organisation of resources, i.e. tools
for suitable storage and retrieval of large quantities of information; 2) Support for the development and acquisition of knowledge, i.e. tools that enable
ad-hoc work practices such as scribbling and note-taking.
When Malone published his work, computers were still not the norm in office environments. Therefore, his findings related entirely to the paper based
office. Almost 20 years and several computer generations later, Whittaker
and Hirschberg (2001) resumed Malone’s work and analysed the importance
of paper in present office environments. They reached the conclusion that
the computer had certainly changed the working environment and processes,
but that there was hardly any evidence that the ’paperless office’ had become
a reality.
While the use of personal computers was still relatively new, Vicente et al.
(1987) demonstrated that people with low spatial ability manifest orientation
problems and are thereby disadvantaged against when using hierarchical file
systems. However, attention soon turned towards the criteria and rules people followed in ordering their information. For this purpose, Kwasnik (1991)
returned to users’ offices and found that physical document classification depended not only on document attributes (i.e. the author, the title, etc.)
but, more importantly, on situational factors (context). She also compiled
a list of dimensions by which people classify personal documents. Barreau
(1995) repeated Kwasnik’s study for its electronic counterpart, the personal
computer, to look at whether the results also applied to the hierarchical file
system. She, too, stated that,
“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.” (Barreau, 1995)
She found that electronic documents were not generally well ordered, but
that ordering strategies were similar in the virtual office and in the physical
office.
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Users of various operating systems were interviewed by Barreau (1995) (7
users) and Nardi et al. (1995) (15 users). They found that people use three
kinds of information (Barreau and Nardi, 1995; Nardi and Barreau, 1997):
ephemeral, working and archived. They also reported that users archived
little information and that, confirming observations made by Malone (1983)
with regard to the physical office, file placement had a critical reminder
function in electronic environments as well. Furthermore, Barreau and Nardi
observed that users did not maintain their information collections. Despite
the fact that Fertig et al. (1996b) considered some of the results to be artifacts
of the desktop metaphor itself, they proved that
“An electronic file system [...] is also a space upon which people
inscribe things they wish to be reminded of. [...]. Undoubtedly
they were constrained by their computer systems and the desktop
metaphor, [but] we found users exercising creativity and variety
in the use of these systems to perform their work, extending the
metaphor to accommodate their needs.” (Nardi and Barreau,
1997)
A further result of their study was that users were very reluctant to
employ text-based search tools instead of navigational strategies, a fact attributed to the problem of remembering file names.
Kaptelinin (1996) expanded the subject and deepened the knowledge
about users’ organisational strategies for project work in file systems. He
mentioned three problematic points that some users encountered during his
research: (1) Lack of a facility for the support of temporary file configuration; (2) lack of user support to track down and plan personal activities;
and (3) the inability of the system’s file information to recreate its context.
Consequently, he addressed these drawbacks from a task-centered viewpoint
through the design of the UMEA system (Kaptelinin, 2003).
Bookmarks, as a more recent organisational facility, were looked at by
Abrahams, who was able to show that users encounter significant problems
while managing a semantic hierarchy (Abrahams and Baecker, 1997; Abrahams et al., 1998) and that most users thought of the information available
on the web as divided into ’my bookmarks’ and ’the cloud of unmapped
sources’. He concluded that bookmarks serve as mnemonic devices, that
they serve to remember temporal sequences of browsing sessions, that users
create bookmarks to help them find web pages quickly, and that bookmarks
are also used to share web resources with others. Finally, he reported that
his users had the same problems with labelling and remembering bookmarks
as Malone (1983) had described for files and filing systems.
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The organisational facility of Email has also been the focus of dedicated
research. Following interviews, surveys and logging of data, different categories of users were defined (Pliskin, 1989; Whittaker and Sidner, 1996; Bälter, 1997): Prioritisers, archivers, no-filers, spring-cleaners, frequent-filters
and folderless-cleaners. Bälter subsequently chose a more analytic approach
and developed a keystroke-based mathematical model (Bälter, 2000). The
model allowed one to estimate time usage for archiving and retrieving email
messages as well as to advise users when, for instance, to start using folders or clean messages. The field study by Ducheneaut and Bellotti (2001)
unmasked email to be a habitat, i.e. a facility that serves to organise many
aspects of daily work and the place where PC users spend a considerable part
of their workdays. Finally, these findings were taken into account for the design of Taskmaster, a tool that recasts email as task management based on
embedded task-centric resources (Bellotti et al., 2003).
The aspect of searching in the local system, so far, has been seriously
neglected in the realm of research. Barreau and Nardi are the only ones to
have reported their findings in this area (Barreau and Nardi, 1995; Nardi
and Barreau, 1997), whereas the vast majority of work (e.g. (Bates, 1979;
Sutcliffe et al., 2000)) is entirely focused on text-based information retrieval
from databases and the web.
Parallel to ethnographic analyses and work place studies, system designers
undertook various approaches to address selected drawbacks and problems
of current systems. The MIT Semantic File System suggested the use of attributes (semantic characteristics) as virtual directories (Gifford et al., 1991;
O’Toole and Gifford, 1992). However, the design implied the implementation of one transducer per file format and a practical limitation to a small
number of initially defined attributes used as virtual directories. For their
parts, Mander and Rose, decided on an augmented metaphorical approach
by introducing piles (Mander et al., 1992; Rose et al., 1993), whereas others
opted to discard the desktop metaphor entirely and to start from scratch
with new paradigms and designs (e.g. (Savidis and Stephanidis, 1995; Fertig
et al., 1996a; Rekimoto, 1999). Multi-attribute driven document access with
‘as many attributes as possible’ was proposed by the Presto and the Placeless
Documents project at (PARC, 1999)(Dourish et al., 1999b,a, 2000). However,
document attributes are specified for individual document consumers, which
is a problematic approach for shared file and information spaces as there is no
such thing as an impersonalised view of a document. The implications for the
representation of this new paradigm in a corresponding graphical UI (GUI)
have not been thoroughly investigated. Finally, the Haystack system (MIT,
2003) further developed the idea of multiple categorisable documents that
had already been proposed in the MIT Semantic File System and Placeless
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Documents projects (Quan et al., 2003). Again, the focus was set on a single
individuals’ information space and from the beginning excluded collaboration
between different users (Adar et al., 1999). More recent developments were
based on a re-discovery of activity theory which resulted in task-centered approaches proposed for work with projects (Kaptelinin, 2003), emails (Bellotti
et al., 2003) and the re-use of information that was seen by a specific user at
some point in the past (Dumais et al., 2003).

5.3

Method

A series of 16 guidelined, semi-structured interviews was conducted, videotaped, and subsequently transcribed. All the interviews took place at the
interviewees’ work spaces in their familiar working environments. Interview
questions were asked while the interviewees sat in front of their computers,
with a video camera positioned to an interviewee’s right, in order to capture
the voices of both the interviewee and interviewer. The position of the camera was also chosen to record the screen and all actions that took place on
it.
The interview candidates consisted of 12 Windows and 4 Macintosh computer users: 5 researchers (from the fields of: Health at Work, Visual Perception, Electrical Engineering, Augmented Reality), 2 research managers who
also had lecturing duties, 2 business managers, 2 secretaries, 2 students, 1
full-time lecturer, 1 teacher, 1 programmer; the group consisted of 7 males
and 9 females. The interviews averaged 52 minutes in length, with a minimum duration of 30 minutes and a maximum duration of 71 minutes.
Our interview guidelines consisted of questions covering four areas (cf.
Annex A):
• Habitual sequence of activities at work:
We asked the users to provide information about their jobs in terms of
responsibilities and duties, followed by a description of a typical day
at work and the computer environment (hardware, operating system,
programs, procedures and responsibilities of administration and maintenance) within which they work.
• Classification and maintenance:
We asked the subjects to give us a ’guided tour’ of their file systems’
organisational structures. We inquired as to the criteria and reasons for
labelling and structuring their file systems, their bookmarks and their
emails. The same inquiries were conducted with regard to ’cleaning-up’
criteria and strategies employed.
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• Use of the desktop screen plane:
Special attention was paid to the way people make use of the screen
plane. Before each interview began, each interviewee was asked to
supply a screenshot for subsequent further analysis. We then asked
them in detail for their reasoning behind the organisation of such things
like shortcuts and documents.
• Search habits and strategies:
To start off, we provided the interviewees with a search task, in order
to record their search behaviour. The interviewee was asked to find a
particular computer document in his or her document collection. The
goal was to observe the person’s procedures and actions for searching.
Then we asked the interviewees to explain their actions in detail and
the reasons behind them. Finally, we had them explain their personal
search strategies, from a theoretical point of view, for the local file system and how these were related to the strategies applied to information
searches on the web.
The search task was prepared as follows: For each of the interviewees,
the interviewer identified one document in advance, by talking to the
interviewee’s colleagues or by analysing his or her publication list. The
document selected had to fulfil two criteria: (1) It had to be at least
one year old; and (2) it must not have been of importance at the time
the interview took place.

Throughout the interviews, we asked the users for more details if the
explanations given were too rough or unclear. However, in order not to
bias the outcomes, we paid special attention to ensure that the additional
questions asked were non-suggestive and only clarifying in nature. Otherwise,
we followed the prepared interview guidelines precisely and did not interfere
with or comment on the users’ explanations.
At the conclusion of each interview, suggestions for system improvements
and the respective reasons for such suggestions were collected. We also asked
the interviewees to rate their user skills on a scale from 1 (beginner) to 6
(highly skilled). The interviewer herself also rated the users on the same scale
of 1 to 6. Based on the average of the two ratings, the users were subsequently
classified into three groups: low (x < 3.5), medium (3.5 ≤ x < 5) and
highly skilled (5 ≤ x). These ratings were later used to compare the users’
statements with their respective skill levels.
Once all the interviews had been transcribed, all statements that referred
to one or several of the aforementioned questions were isolated and the statements were classified according to the notions to which they referred. A single
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statement could, therefore, be classified into different categories. The statements were further compared against the skill level of the user who made
the statement. Subsequently, the screenshots obtained were analysed and
characterised: the number of visible groups were counted, the groups’ content was labelled and the spatial patterns were described (lines, circles, given
by system settings, etc.). These visual attributes were then also compared
against the users’ skill levels.
The following two sections present a summary of the results obtained.
Each chapter is subdivided: the common practices observed are presented
and are followed by problems identified and conclusions drawn.

5.4
5.4.1

Results for the Classification of Documents
Observed classification practices

Hereafter, we summarise the practices observed that are concerned with four
major aspects in the organisation of hierarchical filing systems: archiving,
maintenance, the use of hierarchical structures (Barreau and Nardi, 1995;
Nardi and Barreau, 1997) and the cognitive load implied when classifying
information (Malone, 1983; Landsdale, 1988).
• Archiving:
To all our users, archiving was decidedly an important matter. The
age of archived (i.e. non-working) files ranged roughly from six months
to eight years, with diminishing quantities in older parts of the archives.
Repeatedly, all the interviewees underlined the importance of the archives
they kept. They admitted that their archives might not always be of
immediate importance for a task at hand, but that they relied regularly
on their archives as an information source: “I knew I had created an
identical document already”. For this reason, a fair amount of effort
was invested, both in creating elaborate file system structures and in
labelling them adequately so as to support the unveiling of the content’s
meaning and relation at first sight.
• Maintenance:
In 12 out of the 16 cases we also found maintenance to be an important
activity in milestone situations, such as when projects end. On such
occasions, the documents in the system were sorted and only the ones
considered valuable were kept. However, two users kept everything
“just in case” and two others discarded only those documents that were
obviously not needed.
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• Use of hierarchical structures (i.e. subfolders):
New (sub-)folders were created where the user felt that it was important
to keep an overview, or alternatively, for between three and seven documents on the same subject (“when there are about three on the same”;
“from about half a dozen of them”) - a number range that strongly
recalls the findings of Mandler (1967). In any case, classification and
document storage were considered on-going processes, and hence, no
structure was thought of as permanent.
• Proper classification was perceived as difficult:
Based on his observations, Malone (1983) concluded, that classification
implied a major cognitive effort.
Also in our study, the users manifested considerable cognitive effort
with regard to the classification of documents and the labelling of folders and documents: “I have first to think about what folders I’ll have.
I’m not so decisive in that sense”; “A name where I can figure what
is in there [the folder]”. We found that the interviewees used different strategies to ease the burden. Self-created documents were directly
saved to their target places in the file system (12 users). Documents
that were not self-created went either first to the desktop (5 users), to
some ’approximately right’ higher level folder (“it belongs somewhere”;
6 users), or to some predefined temporary folder (2 users).

User interface issues
One would think that the use of such a strong metaphor as a desktop would
make it easy for low and medium skilled users to progress quickly with the
system they employ. However, the opposite is true. We observed that the
use of the screen plane depended enormously on the user’s skills. Whereas
low skilled users did not even realise that the screen plane may be used
as storage place, medium and highly skilled users employed it consciously
and quite extensively. Therefore, the findings in this section relate only to
medium and high skilled users. Two main aspects stand out from the variety
of individual styles:
• The pattern on the screen plane supported fast orientation by sight.
The users implied that it is impossible to impose the same type of
hierarchical structures on the screen as in the file system. As a consequence, the interviewees used concepts of thematic proximity and
document type to group the content on the desktop. For instance,
program short-cuts were grouped together, as were related documents
(Figures 5.1 and 5.2).
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Figure 5.1: On this PC user’s screen, different kinds of geometric shapes are
distinguishable, as are groups sorted by file format and use. The blank area
on the right is due to the fact that the screen is sometimes used in a 90◦
rotated position.
Program short cuts tended to be stored in the lower left corner (across
all environments), since “this is the corner not normally occupied by
open windows”. System access short cuts (e.g. ’my workplace’) were
found in the top left corner for Windows users and in the top right
corner for Mac users, possibly because that is how they came with
each system’s default installation. Additionally, we found the interviewees trying to use symmetric forms to order their data on the screen:
squares, rectangles, circles, and straight horizontal or vertical lines were
clearly distinguishable (Figure 5.1 and 5.3).
• The screen space was mainly used as temporary storage.
The interviewees, who used the screen for storage location, underlined
that the screen became crowded over time, much like a physical desk.
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Figure 5.2: A somewhat similar pattern is visible on this Mac user’s screen:
Fast access to programs are separated from printer drivers and other systemrelated resources. Furthermore, different groups of documents and folders
are visible, as are documents that just ’line up’.

This fact was for them a reminder to get organised. Hence, they started
separating the documents into three categories: (1) immediately useful
things that stayed where they were, (2) valuable things that were stored
away into the archive, and finally, (3) the rest of the items which were
deleted (cf. the three kinds of documents mentioned by (Barreau and
Nardi, 1995; Nardi and Barreau, 1997)).
Two high skilled users even said: “It is really a desktop - just as I
have paper on my desk indicating that I have to do something or that
something requires my attention [...] I use this one just the same”.
“(Figure 5.4) This surface is cleverly arranged. The analogies to the
physical office would be: On the top left, the access to everything that
I need to have at hand, hence the filing cabinet. On the top in the
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Figure 5.3: Five groups are distinguishable on this PC user’s screen: In the
top left corner are system related resources; on the left in the middle is a
collection of shortcuts to frequently used programs; in the bottom left corner,
there is fast access to the most important folders; in the top right corner is
access to unimportant or ’fun’ programs; and finally, in the lower right corner,
a collection of notes is assembled.
middle, the briefcases with things I have still to take care of. On the
left in the middle: what I always need for work. At the bottom left:
my pencils. And at the right, there is another filing cabinet and the
bin. In between I still have some space, which slowly fills up inwards
until I notice that there are too many things and I have to clean up
again.”

5.4.2

Problems identified

Based on the interviewees’ statements, the problems they encountered can
roughly be separated into two main areas: those associated with the user
interface and those associated with the underlying system.
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Figure 5.4: A thoughtfully arranged Mac desktop. “This surface is cleverly
arranged. The analogies in the physical office would be: On the top left, the
access to everything that I need to have at hand, hence the filing cabinet.
On the top in the middle, the briefcases with things I have still to take care
of. On the left in the middle: what I always need for work. At the bottom
left: my pencils. And at the right, there is another filing cabinet and the
bin”.
• Problems concerning the user interface:
1. The use of metaphors offers the possibility to facilitate system accessibility to users with varying skill levels. However, with respect
to the desktop metaphor as found in current systems, this has not
proven to be the case.
Low and even medium skilled users rarely knew that documents
can actually be placed on the desktop itself. Only with increasing
experience, by observation and copying others was this knowledge
gradually acquired.
2. The screen plane was regularly misused by the system. Newly
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installed programs tended to automatically add shortcuts to the
screen plane.
Even medium skilled users did not dare to throw the shortcuts
directly to the bin, as they thought the respective program might
be disposed as well. Consequently, users preferred to feel confused
because of the icons on the screen than to take the risk of having a
program disappear ’magically’ and entirely from their computer.
3. Low and medium skilled users expressed irritation due to the functional similarities between the file system’s user interface (File
Explorer in Windows, Finder in MacOS) and the screen plane’s
user interface (the actual desktop). One interviewee explicitly expressed his irritation, saying that he perceived them as two totally
different entities and did not wish their functions to be almost entirely identical.
4. The user interface acts still too intrusively:
One user claimed details such as “those flying papers”, during the
copying process to be extremely irritating, since he would usually
be busy working. For this concrete case he thought it preferable
to have a simple status indication that would allow him to know
that the system is active and completing the task.
• Problems concerned with the underlying system:
1. The systematic separation of files, emails and bookmarks, etc. was
determined by three users to be inconvenient for their work.
From their points of view, all their pieces of data formed one single
body of information and the existing separation complicated only
procedures like data backup, switching from old to new computers,
and even searching for a specific piece of information. They also
noted that this separation led to unwanted redundancy in the
various storage locations.
2. Remarks and short-term notes: Sometimes files, emails and bookmarks are simply not enough to deal with the requirements of
daily work.
Users confronted the challenging task of adding and managing remarks and short term notes: The interviewees felt the need for
a comfortable, flexible, easy-to-use method for adding notes and
remarks to documents, much akin to the physical world practise
of using sticky notes. None of the available electronic solutions
(e.g. Adobe Acrobat Annotations (Adobe, 2001) or 3M Post-it
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Software notes (3M, 2003)) were rated either useful or practical.
Two users even misused their mailboxes as containers for shortterm notes so as to store data electronically and safely in an easily
accessible place (Bälter, 2000; Ducheneaut and Bellotti, 2001).
3. Link together resources that are the same or belong together:
Most interviewees expressed the need to have their information
linked together (e.g. article author and respective address book
entry, or citation and cited article, etc.) and in general, to have
more content-based and context-based access to their information.
To compensate for this system ‘defect’, one of the highly skilled
users presented us with a surprising, though pragmatic solution:
He decided to interconnect the information he owned using a MS
Word document and hyperlinks. Based on the thematic structure
inspired by collapsing menus, he then linked internal references
(chapters, summaries, pictures, author names, citations etc.) with
external, mainly locally stored resources (e.g. address book, web
pages, PDF or PS files). However, this user was still not satisfied
with his approach, as it only allowed for one way linking from
reference to resource, but not the other way around. “It’s still not
what I am really looking for.”
4. Classification and gaining overview implied considerable effort:
Our subjects complained about the effort connected with structuring and ordering information manually. They thought this was a
task that their computer could address, though naturally they also
wanted to be able to adjust the result if they did not agree with it.
Users agreed that an ideal system would offer an enhanced overview
of their data - far better than anything they had experienced todate. The directory tree was considered too complicated to navigate and not really helpful in depicting a global overview.

5.4.3

Conclusions on the Classification of Documents

Our study has shown that there are indeed a number of concrete functional
gaps that will have to be filled in order to make personal computer systems
better suited to users’ requirements. These requirements can be organised
into three groups:
• Properly separate information belonging to users and to the system.
Generally, today’s systems do not incorporate a proper separation of
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system-owned data and user-owned data. For instance, the ’My Documents’ folder in Windows is hidden somewhere in the system’s intestines (namely under: C:\documents_and_settings\user_name\)
without any easily understandable reason for this to an average user.
Similarly, the screen real estate is misused as it is decidedly a userowned area, yet is used to automatically store program shortcuts, etc.
• Provide small but potentially extremely helpful tools to manage information. Our users only explicitly identified a potentional annotation
tool, but others might be thought of as well.
• Integrate rather than separate information.
The present hierarchical file system does not allow for many of the
‘networked’ information access procedures that seem so natural to us.
As an example, consider the following task: “I need to write an email
to all people who formed part of the organising committee for event
X in 1996.” How would one perform such a task using today’s system
and why?
In our study we were able to verify the existence of the three generic types
of information (temporal, working, archived) (Barreau and Nardi, 1995). Our
evidence further suggests that all the efforts invested in organising, naming
and maintaining the hierarchical file system structure are aimed at (1) engraving the information’s content and context into the system, and (2) providing an overview in a single glance, without having to access information
until it is really needed (see also Shneiderman (1996)’s Visual Information
Seeking Mantra)indexVisual Information Seeking Mantra.

5.5
5.5.1

Results for the Retrieval of Documents
Observed search practices

Hereafter, we summarise the practices concerning three major aspects of the
searching process in a hierarchical filing system: (1) reluctant use of search
tools; (2) manual search (Barreau and Nardi, 1995; Nardi and Barreau, 1997);
and (3) the use of visual/spatial/logical structures (Malone, 1983).
Despite a variety of efforts involving carefully built structures, search
activities begin as soon as a particular piece of information is needed and
cannot be located immediately. Searching in the hierarchical file system
of a personal computer may happen in two fundamentally different ways:
manually, i.e. by accessing the file system directly, or logically, using a system
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offered search tool. Accordingly, hereafter we separate our results along these
two approaches.
• Except in a limited number of circumstances, users were reluctant to
use search tools.
Just like (Barreau and Nardi, 1995; Nardi and Barreau, 1997), we found
our interviewees were reluctant to use text-based retrieval tools like the
Windows search functionality or MacOS’ Sherlock. Only the highly
skilled users reported occasionally using these tools and only when
they were about to consider the information to be lost or they could
not think of where the document could be stored.
However, in certain circumstances, users did use a search tool. These
situations included: verifying whether any other documents corresponded
to the specification of an already retrieved document (3 users); locating
or relocating of a file subsequent to a mismanipulation in a ‘Save as’ file
dialogue or a drag-and-drop action (5 users); the user had very specific
characteristics in mind (4 users); printing to a file without the system’s
prompting to which folder the file would be printed.
Users also utilized a search function to look for a file in shared storage
space, such as shared file servers (3 users). The reason for the usage
in this circumstance was that people no longer knew exactly what was
stored and had to rely on tools in order to work efficiently.
• The most common way to search for a given document was manually.
Hereafter, we point out the strategies that we observed in all 16 users:
1. Direct Access Strategy:
As a first choice, all interviewees searched by accessing their categories directly, without even considering using a tool.
2. Semantic Proximity:
As a next step, the interviewees reviewed all their folders one by
one, in a logical order, giving priority to folders that may contain
the file in question.
3. Exhaustive Search:
Finally, the interviewees checked all files in the folders in question,
manually and individually. If the search was not successful up to
this point, the users restarted with step one.
What were the interviewees’ subjective reasons to search, in what would
objectively be viewed as a rather inefficient way? “I was never unable
to find my own documents.”; “I prefer to look for things manually,
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because I know in what folder they are or have to be, and because
it gives me an up-to-date overview and orientation of the contents’
structure.” One user actually stored files in each context that he might
need them, in order to be certain that he would be able to find them
again. No one made use of the soft links (‘aliases’ in MacOS, ‘shortcuts’ in Windows) option provided in the systems. In other words, the
users’ own intelligence, memory capacity, and contextual knowledge
were their guarantee.
• Users retrieved and ordered their data spatially even in the file system
if they had the opportunity to do so.
This phenomenon is illustrated by the following Mac user’s statement:
“I know pretty well where what is. I am able, even from home and over
the phone, to say: go on ’data’, and there somewhere in the bottom
area should be the file you are looking for. If it is really not there,
you may still want to check at that other folder you see in the top left
corner of the screen, in there the file should be rather in the top row.”
Searching the Web vs. searching ‘My Personal Information Space’
In our study, we found the users to be at ease with web search services, with
Google being their particular favourite. The question arose of what made
web search services, as compared to the average search tool, so attractive?
The answers we found to this question are briefly summarised hereafter:
• An internet search was mainly used to access and retrieve new, unknown information. Searching the local system was an attempt to
retrieve a piece of information that was known to be there.
“In the web browser, I have the impression that they will search alright
in my place.”; “In Google I am looking for something that I have not
produced myself - hence, for something I cannot know that it exists,
in a structure that was not created by myself. If I’m searching in my
own information structure, at some point I have created that structure
[...].”
• Not surprisingly, a simple looking interface, combined with efficient,
easy-to-use options were other key factors:
“In Google, I can enter the words freely. In the search tool, I have to
enter them precisely, and no search-away is possible. There, [in the
system search tool] you have to know precisely what you are looking
for.”; “In Google, I can refine the search within the results already
obtained without having to repeat the whole search.”

82

Chapter 5. In Pursuit of Desktop Evolution

5.5.2

Problems identified

The typical situation of when the need to search for a document arises is
exemplified by the following statement: “I knew I had such a document. I
also knew that it had to be somewhere underneath that folder. In that folder,
however, I was not sure any more whether it was in ‘Strategy’ or ‘Marketing’,
as even marketing has some aspects of strategy. I didn’t know how to call it
[the search tool], I just knew I had such a thing. [...] and then I found also
some other documents that came in handy.”
We have identified three different categories of problems that arose in
situations like the one illustrated above:
• Today’s built-in system search tools are not easy to handle.
Experience is needed to manage the search tools well, and to use them
in a way that guarantees reliable, reproducible results. Many users had
bad experiences using these tools in the beginning of their careers as
computer users. As a consequence, the users did not go back to the
tools and thereby possibly never acquired the skills needed for proper
handling.
This is illustrated by the fact that two of the interviewees did not even
know how to access their system search tool; eight others did know how
to access it, but never actually used it. One medium skilled user even
said: “It takes a while to know what option does what and to be able
to use it. I found the old DOS search command easier to handle, ’cause
it was clear what was given and what you could expect from the tool.”
• Technical document metadata (e.g. filename and path) did not significantly help in searching and finding:
Users understood document characteristics differently than the system
was designed to understand them. The system’s search functionalities
required the user to remember documents in an unnatural fashion, by
rather technical criteria, like document name, creation date, document
format, etc.
“You have to give quite a precise indication. If it is not a hit, it is
nothing at all [...] Especially so, if the name still dates from the DOS
8+3 character age, and you created some really weird names. [...] I
can’t find anything.”; “I do not additionally save my documents with
keywords and all that stuff.”; “If you do not know the title of a document, or part of it, then you have a serious problem.”; “[...] because I
don’t remember by heart what the name of the document was. If it is
an important document, I know anyway where it is stored.”
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• State-of-the-art search tools lacked the ability to, e.g. search by content, independent of the file format.
Hence, some of the document’s easily remembered details may had become useless to the users under certain circumstances. “[The search
tool] is not made to support you if you happen to know a given detail
of the content.”
• Users drew conclusions from storage locations based on the context in
which the document was created, used and filed (see also (Kwasnik,
1991)).
For example, one of the secretaries was asked to show the file of the
most recent written exam that had been prepared. She explained that
the exam in question had been prepared for the architectural students,
and therefore, she accessed the folder entitled “Architecture”.

5.5.3

Conclusions about the Retrieval of Documents

Though our findings merely complete the picture painted by (Barreau and
Nardi, 1995; Nardi and Barreau, 1997) back in 1995, the conclusions we draw
are fundamentally different. The main reason why built-in search tools are
not widely used is because their interface is simply too complicated to use
and the quality of results returned is utterly devastating. At this point, it
is of little importance whether the tools only operate on the basis of file
names (not content) or are slow (Fertig et al., 1996a), and is of virtually no
importance whether users are actively engaged when using the Direct Access
Strategy instead of a search tool.
Users have found that the use of a search tool requires just as much effort
as a manual search, both cognitively and mechanically. The Direct Access
Strategy, together with its step wise execution, and although not very fast, is
generally successful at retrieving the required documents. Additionally, users
are able to brush-up on their knowledge of the general organisation of their
information space while searching. Neither of these benefits is achieved with
the use of search tools. Previous experiences led users to believe that they
would fail using the tools, either in the beginning, primarily when trying to
make the tool ’understand’ what they were looking for, or the results were
not what was desired.
One might argue that these problems are the users’ fault. Are they really?
Or rather, are they because existing search tools have never been designed
for average users but rather for experts?
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5.6

Overall Discussion

The problems that our interviewees encountered in their daily computer usages fit into two different categories:
1. The first category concerns the actual use of the system installed on
their computers. The respective user statements showed that working with computers still requires memorising conventions instead of
interacting intuitively. Skill continues to be the decisive factor as only
highly skilled people managed to work precisely, efficiently and in a
goal-oriented manner. Low and medium skilled users gambled their
way through their work, constantly hoping that they would not need
to venture into unknown user territories.
2. The second category arises the moment people realised that the system in use did not allow for the desired work or organisational functions sought. We expected this situation to occur exclusively for highly
skilled users; but we were wrong. Low and medium skilled users also
became increasingly aware that the value of information depended little on individual pieces of information, but rather on how the pieces
were connected and thereby complemented one another. They realised
that the hierarchical logical order of a file system, for instance, was
insufficient to cope with their needs to organise information in a networked manner by content and contextual criteria, as the system did
not support this kind of organisation. A similar observation was made
by Malone (1983) with regard to the problem of multiple classification.
Accordingly, the remaining question is: How can current research and
industrial efforts benefit from our insights?
Admittedly, many of the fundamental concepts and components that our
users were lacking in utilising mainstream systems have been previously addressed and researched to varying degrees. However, our study has shown
that the interplay between the different components strongly influences the
success or failure of the entire system. Details certainly matter, as the best
system is insufficient if a common task can only be accomplished in a complicated, awkward manner (Anderson, 2003; Bellotti et al., 2003). Accordingly,
it seems to us that a fundamental step of integrating the various achievements
with one another is lacking. It would be beneficial to both the research community and the industry, if any of the developments were to be taken beyond
the stage of an initial prototype and be further developed. (Cinderella, 2003)
for instance, intended for the support of geometry education, is one of the
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few good examples of a prototype that has grown into a real product while
still being subject of research (Kortenkamp and Richter-Gebert, 1998).
People use information archives. And, it is unlikely that those archives
will entirely disappear because of both personal preferences and because of
the fact that some businesses are legally required to keep them (e.g. accounting). Information contained in archives can be looked at and processed from
at least three different angles: (1) Task oriented , i.e. focused on the task
to be accomplished, (2) context oriented , i.e. focused on other documents,
programs and tasks at hand concurrently, and (3) content oriented , i.e. focusing on the actual information encapsulated in a specific document. An
individual user will not exclusively use one of these approaches to work with
information, but rather, may use all three depending on a given situation.
Unfortunately, tools such as UMEA and Taskmaster are designed to work
well using only one specific approach (task oriented, in this case) and do so
by neglecting the others (Kaptelinin, 2003; Bellotti et al., 2003).
We have also seen that skill continues to be a very important factor in
working with desktop systems. Accordingly, the design and implementation
of a new conceptual idea requires consultations and testing with users of
varying skills (e.g. (Dumais et al., 2003)), and not only with highly skilled
users (e.g. (Bellotti et al., 2003)). Even given the reduced sample of users in
our study, the difference in results caused by varying skill levels cannot be
overlooked. After all, low and medium skilled users comprise a sizable portion
of people who use computers in the real world. Therefore, we must not
forget to bear their skills in mind when new ideas and systems are discussed,
designed and tested.
Research has provided a variety of hints, ideas and even working implementations that could definitely enhance present commercial mainstream
systems. Nevertheless, research propositions are seldom taken into account
in design. Some services have even gotten worse over time, despite existing
knowledge to the contrary. For instance, a brief survey in our private environment revealed that to skilled and non-skilled users alike, the interface to the
search functionality in WindowsXP was perceived as being totally useless.
Another lesson to be learned is that ’less is more’ ! It is not a new insight,
but it is more valid and urgent now than ever. The never-ending variety of
small system services that are added to every system release without any
better reason than their availability, is counter-productive in the long term.
Improving the already existing functions to the point that they become really
and truly useable, and only adding services that clearly have an added value
to the user, would result in more content users, more efficient work and
less time and money wasted. For example, three services that fall into this
category (two were previously mentioned in this chapter) are: (1) facilitation
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of annotations of electronic documents, (2) conversion of text and image
formats to publicly available standard formats when saving to a file system,
and (3) the system search functionality.
The latter especially seemed to exasperate its users through a variety
of inherent problems. In our study, ten users underlined the convenience of
searching by ’contained text’, since remembering titles is difficult and it is the
content that dictates the importance of a document. Despite the fact that
modern systems do offer this facility in a limited number of formats, users do
not use the search function more frequently or regularly. We doubt that this
would change even if an option for format independent search by content was
available, although users’ sentiments indicate the contrary. Our observations
suggest that there was a discrepancy between the users’ understanding of
what a piece of information’s characteristics were, and the system’s (and
thereby its designers’) understanding. For instance, from the system’s point
of view, a document’s location is clearly in the folder in which the document
is stored. However, to a user, location intuitively means a place needed to
be reached physically - not logically - in order to store or retrieve an object.
The users and the system both store their information based on their own
respective understanding. It is no wonder users have difficulty using existing
search tools.

5.7

Conclusion

In this chapter we have reported on the results of an interview study with
16 users, focused on the processes and problems implied in document classification and retrieval on personal computers. Our results supplement the
published works of (Kidd, 1994; Nardi et al., 1995; Barreau and Nardi, 1995;
Barreau, 1995; Kaptelinin, 1996), and help to gain in-depth knowledge about
users and the way they work, their preferences, and how they regard a system, which is needed for the design and development of future systems. Our
study is based on de facto state-of-the-art systems, as we consider them ideal
for providing us with the opportunity to study the users in an environment
to which they are accustomed, and onto which they are able to emboss their
habits and preferences. Overall, our study has found that the practices for
the use of desktop metaphor based computer systems have not changed fundamentally since the first studies were reported. However, it seems that as a
consequence of daily usage and extensive concern with system abilities and
restrictions, users have clear, concrete ideas as to problems with contemporary systems and as to what is lacking that would enable them to work more
efficiently. Their diagnoses, comments and statements enable us to think
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about what features future systems, regardless of whether or not they are
based on the desktop metaphor, will have to incorporate and how they may
look.
The remaining question is: What should an improved system achieve or
provide? Our interviewees would have answered this question as follows:
Findings that should be addressed as soon as possible:
1. ‘Annotations’ as a new type of information. Suitable handling - in
programs, storage and retrieval facilities, etc. - are subsequent requirements.
2. Store documents in publicly available default formats in order to avoid
difficulties when exchanging documents.
3. Provide a ‘search for content’ feature that includes all file formats that
exist in a system.
4. Simplify the UI of the existing built-in search tools. Do not require
users to specify more information than they can possibly know.
The following are issues in need of further research and user studies, but
that require to be addressed in the not too distant future:
Technical file metadata is, for the most part, useless to users and should
be replaced by more user-friendly attributes. What exactly ’user-friendly attributes’ consist of and to what extent they differ from the standard metadata
description are issues still in need of research.
Users try to visually interpret pictorial/spatial hints. Therefore, the integration of thumbnailing for all file types (pictures and text and presentations
and spreadsheets etc.) might make Direct Access searching more efficient.
However, the precise pre-conditions for either the use of the Direct Access
Strategy or a search tool remain to be determined. Do the pre-conditions
depend on the magnitude of the data stored? Or do they depend on the
familiarity with it? Or even on purely personal preferences?
Furthermore, a storage facility is needed that would represent the users’
view of his or her information space as precisely as possible. Requirements:
Files should be classifiable in multiple ways; there should be only one single
storage of information; there should be various kinds of relations between
different files; and collaboration between users should be integrated.
Not only must storage activities of classification and retrieval be properly
supported, but also on-going, actual working activities. Hence, means are
needed that support activities like sketching, drawing, scribbling, correcting
etc., common practices of work and knowledge acquisition processes.
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Such a system would have to come with a new GUI metaphor instead of
the traditional desktop. A further requirement for a new UI is to offer both
finely grained perspectives of the data stored, as well as coarsely grained
overviews over the entire body of information (not just one or the other).
Giving suggestions and advice for new metaphors and design alternatives
based on current technology and knowledge is
[...] rather like being asked to imagine a colour one has never
seen. We have the mental apparatus to see things in terms of
how they are, or how they have been, but not how they will be.
(Landsdale, 1988))
Still, at this point, we will try to provide a somewhat concrete idea of how
the future should look from our perspectives, keeping in mind our previously
made recommendations.
Our impression is that most of the problems encountered by users in
personal information management systems stem from an overly concrete
metaphor that no longer complies with the rules of the real world from which
it originates. Therefore, we suggest the use of non-concrete, i.e. abstract or
semi-abstract, metaphors. Our initial experiences with this concept have
been promising (Ravasio et al., 2003).
Abstract metaphors have an advantage in that they are more likely to
be able to cover the various roles a personal information management system needs to play. General graphs for instance, support almost any type
of storage structure: hierarchical, flat, clustered, etc. In principle, they do
not require the user to view her data in one particular, system pre-defined
manner. As a consequence, they also support more easily employed information configurations for on-going work or for non-traditional information
types, like addresses, names, to-do lists, etc.
As for the underlying system, the storage paradigms originating from the
database world sound promising. In the past, database systems have been
designed to offer various services that are also demanded by users of personal
information management systems. These services include: unified handling
of all types of documents (text, pictures, emails, etc. ); multiple classification of documents, i.e. in various contexts, and thereby offering context
dependent behaviour; bi-directional links between documents in order to directly manage semantic associations and access related information; tracing
of documents’ temporal evolution; transparent physical location of a particular piece of information; and finally, ability to deal with both large and small
quantities of data alike. Together, these services form a sound system-sided
basis on which to build the (re-)design and implementation of state-of-the-art
and novel functionality demanded by users.

Chapter 6
Attributes, Tactics and Rules for
Search and Classification in
Information Management
Environments: A comparative,
qualitative and quantitative study
Summary
In this chapter, we present the results of a qualitative experiment which
looked at three aspects of user behaviour when retrieving and classifying documents within information management environments, they were: document
characteristics applied, tactics used and rules employed in retrieving and
classifying documents. A qualitative experiment was carried out with two
groups of 10 users. Each participant completed a search and classification
task. Each group completed the task in a different environment: a physical office or an electronic file system. The goals were 1) to extract relevant
context-independent clues from the two environments which would help to
improve the design of the other respective environments, and 2) extract clues
from each of the two tasks to find out how to better assist its counterpart.
21 context-independent document characteristics, as well as 3 tactics in
classification and retrieval, were discovered. Concrete rule sets for each activity, mostly based on the previously identified characteristics, could be
identified. For each of these three aspects, differences could be identified
between the two tasks (search, classification) as well as between the two environments (office, PC). Surprisingly, the differences between the search and
classification tasks were found to be stronger than those between the two
settings.
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Introduction

A major goal of human-computer interaction (HCI) research is to determine
how computer applications can better fit their users. It therefore follows that
HCI research must investigate both mainstream, state-of-the-art computer
applications as well as innovative, revolutionary approaches.
Thanks to ever improving processing power and storage capabilities, the
past decades have seen amazing changes in the management of both personal and shared (i.e. group or corporate) information. Despite these dramatic changes, considerable more work is necessary with respect to the work
processes and procedures involved (also in a cognitive sense), and in determining how technology should be shaped to support the involved processes
without requiring the users to adapt to the system.
When it comes to the management of information, classification (i.e. categorisation plus filing) is crucial for our daily life since we are continuously
administrating and working with relatively large amounts of information.
However, the primary goal of classification is to find the classified information again in the future. However, we all know from experience that finding
something in our personal information space can be at times difficult, no
matter how well ordered the computer or the office may be. Consider the
following scenario: “I am looking for a paper on the topic of the paperless
office. Unfortunately, I cannot remember the name of the authors or its title.
But John gave me the hint that the paper was in an email last summer. The
paper had a prominent table on its first page and turned out to be extremely
interesting.” To help this and similar cases, personal information management systems (PIMS) and collaborative (shared) information management
systems (CIMS) must improve their support considerably, via better tools
and superior Graphical User Interfaces. Good classification practices aid
the process of retrieval by coding knowledge into the classification structure,
which can then be used at the time of retrieval (Jones, 1973; Davies, 1989;
Kwasnik, 1992).
We are of the opinion that the electronic office can be fundamentally enhanced if its physical counterparts’ relevant achievements can be extracted
and suitably adapted (though naturally each of these environments suffers
from its individual defects). That is why the issues addressed in this chapter
revolve around the act of information searching and classification in the PC
desktop environment on one side, and in the physical office on the other.
The physical office and the personal computer (PC) are two work environments where individuals habitually engrave their organisational habits, and
can therefore be considered equivalent in that they are both common, every
day environments concerned with the organization of information (Malone,
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1983; Barreau, 1995; Nardi et al., 1995; Whittaker and Hirschberg, 2001;
Ravasio et al., 2004). Through their daily work, users have become well acquainted with both of these two environments. Both serve the same goal:
to organise, work with and eventually archive relevant information. In this
context, information organisation has two fundamental goals: 1) to classify
(i.e. categorise and file) information correctly, in order to 2) access it later
with a minimum overhead.
It is worth noting that collaborative information management environments are similar to personal long-term information archives in one important
aspect: they both lack a consistent reference-context. In shared information
management environments, this absence results from various individuals using the same environment simultaneously. In personal long-term information
archives, this absence is due to the fact that a single individual’s context
changes considerably over time which leads to misinterpretations of contextual clues coded into the archive at some point in the past. This lack of
context poses a serious problem to users when trying to retrieve stored information, since the retrieval process cognitively implies the use of context,
as Raaijmakers and Shiffrin state:
“On the basis of the retrieval plan, the subject assembles probe
cues to be used in retrieval. Generally, these clues will include:
(1) information the subject has about the context at the time of
study, (2) context representative of the moment of test (although
these cues may not be useful or desired), (3) information from
the test question, (4) information retrieved earlier in search, and
(5) information generated during the construction of the retrieval
plan.” (See Figure 6.1) (Raaijmakers and Shiffrin, 1980)
This quote clearly demonstrates two important points: that the contextual clues of shared information environments are entirely missing or too
incoherent to be useful; and that the contextual clues of long-term personal
archives are also ineffective because of the time that has passed between the
act of classification and the act of accessing the information.
From a pragmatic point of view, to overcome these inherent problems in
the use of information management systems, the goal must be 1) to determine
a catalogue of category types, working procedures and rules that are actually
used for searching under circumstances when contextual clues fail or are
undesired, and 2) to support their use in classificatory decision in order to
close the gap between context-relying classification and non-context relying
retrieval.
Therefore, the central questions addressed in this chapter are of relevance
to both personal and shared information environments: Which clues are
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Question

Retrieval Plan
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Long-term Store Region
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(i.e. of aggregate, of
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(of Context and
Item Features)

(Automatic Retrieval Process)

Assemble Probe Cues
in Short-term Store

Evalutation
(Context comparisons,
Item decisions)

Output Decision
(NO)
(NO)

(YES)
Response
Production

Termination Decision
(YES)
Stop

Figure 6.1: Retrieval from long-term memory (Raaijmakers and Shiffrin,
1980)
suitable for classification and retrieval in both, non-personal, shared resources
information systems and long-term personal archives? Which clues could be
taken from the physical office environment and used in the electronic office
- and vice versa - , and which clues should not? What type of working
procedures and rules must be supported in each environment?
The results we obtained suggest that (at least) 21 different attributes exist
that play a role when searching and classifying, and that different sub-sets
of attributes are used for the two tasks and the two settings.
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Three kinds of tactics were applied for searching: Direct, Reverse and
Assisted. The first two occurred both in the Office and in the PC setting,
the third in the PC setting only. The act of searching in an office environment
consisted of the three phases: ’Overview of sought items’, ’Overview of search
space’, and the actual ’Search’. However, in the PC setting, the second phase
was lacking in the majority of cases. For classification, three tactics (Private
vs. Work, Overview and Concurrent) and four phases (Gain overview of
items and classification space, Absolute and relative document specification,
Execution, and Verification)could be identified. Here, the phases were equally
present across both groups.
Furthermore, differing rule sets were used for searching, but almost identical ones for the act of classifying.
From the results we obtained we conclude that the main difference is not
between the two environments but rather between the two tasks of searching
and classification respectively. This raises questions about the current paradigms inherent in the design of information systems, personal ones in particular: i.e. that information retrieval uses the same criteria used to classify
information. In addition, the attributes we list are of immediate importance
for the design of future personal and collaborative information systems as
they indicate the direction further research in automatic retrieval algorithms
should take to support the users’ already existing working procedures.
The remaining of the chapter is structured as follows: Section 6.2 gives
an overview of relevant work. Section 6.3 formulates the exact research hypotheses, gives a precise definition of the three terms, and explains in detail
the experimental settings and tasks, as well as how the analysis of the (qualitative) results was executed. Section 6.4 reports on the results for document
attributes, Section 6.5 on those for tactics, and Section 6.6 for rules. Finally,
Section 6.7 concludes. Annex B provides additional details on the rules discussed in Section 6.6.

6.2

Previous Work

Preliminary relevant information has mainly been provided in the context
of information retrieval (IR) systems and information seeking in the world
wide web (WWW) for searching, and from library and information science
for the field of classification. So far little work has been performed concerning
the classification and search practices for either office environments or office
information system environments, and the few results available deal with
information categorisation and filing almost exclusively, without considering
retrieval or the relationship between the two activities.
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The importance of physical office organisation for the design of office
information systems was recognised early (Malone, 1983) and subsequently,
more in depth knowledge was gathered concerning people’s organizing habits
(e.g. (Whittaker and Hirschberg, 2001; Case, 1986, 1990)). It became clear
that categorisation involves a considerable mental load, that some documents
fitted regularly into more than a single category, and that searching a specific
item within a given information space did not necessarily rely on the same
categories as previous classification of the same item.
By investigating the use and value of file names to the user of electronic
environments, Carroll was the first to look at document attributes judged
important in this context (Carroll, 1982). He revealed file names to be a
means heavily relied on to recover the content and context of a given file,
though Barreau and Nardi later demonstrated that they were rarely used to
actually access or retrieve documents (Barreau and Nardi, 1995; Nardi et al.,
1995).
Of particular interest are the context-dependent attributes (i.e. attributes
based on the individual context of a given person), which are employed for
categorisation and filing of a user’s personal information in both the office
(Kwasnik, 1991) and when using electronic personal information management
systems (Barreau, 1995). The descriptive dimensions that Kwasnik found to
be used most often by subjects in their classification decisions included: form
(e.g. book, loose sheet of paper), use or purpose (e.g. “to write a complaint
letter ...”), time (e.g. “I use that regularly”, “that must have been published
some 20 years ago”), topic (e.g., “information management”, “holiday planning”), location (e.g., “things on the desk”) and circumstance (e.g. an ongoing
project) (Kwasnik, 1991). Barreau on her account came to the conclusion
that in general, Kwasnik’s attributes also applied in the context of electronic
organisation of personal information, though behavioural aspects - individual
procedures of various kinds - must not be neglected for the design of personal
information management systems (PIMS) (Barreau, 1995).
Berlin was the first to point at the classification and retrieval issues implied with the use of shared, i.e. non-personal, information sources:
“An inherent problem of a shared repository is that individual
finding strategies do not work for a group. [...] Users won’t know
another user’s idiosyncratic rules and exceptions, won’t be sure
and item is there, and won’t necessarily be able to search for a
remembered unusual word or phrase.” (Berlin et al., 1993)
For the organisation of bookmarks, this problem was addressed by Gottlieb
and Dilevko’s studies (Gottlieb and Dilevko, 2001, 2003). They showed that
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for non-personal information, context-dependent attributes play, not surprisingly, a minor role, while the importance of content-dependent attributes was
of fundamental influence.
Carlyle (1999) finally, studied the same topic as we did, but with a focus on document representations in library catalogues. In her study, the
attributes used for classification of documents were the following: physical
format (e.g. audio tapes, hard back books), audience (e.g. youth, sight
impaired), content description (e.g. novel, play), pictorial elements (e.g. cartoon, colour artwork), usage (e.g. for relaxation), language (e.g. Spanish),
physical characteristics (e.g. medium size, think hard bind), content age /
integrity (e.g. unabridged, short version), textual characteristics (e.g. big
print, overly frequently repeating words), creator/performer (e.g. Charles
Dickens, produced by Disney).
Tactics were exhaustively treated in the context of text-based retrieval
systems. Here, research suggested and defined a wide range of search tactics
applicable to professional, manual and online (IR style) information seeking
in libraries (Bates, 1979). Novices were shown to use heuristic, highly interactive search strategies (Marchionini, 1989). But numerous other factors
were also proven to have an influence on search behaviour in IR systems (for
a dense, quite complete overview see (Sutcliffe et al., 2000)). Various attempts have also been made to define and describe cognitive models relevant
for information searching and seeking (e.g. (Burnett and McKinley, 1998;
Sutcliffe and Ennis, 1998; Navarro-Prieto et al., 1999).
As for the area of personal information management, the few studies reported, all focused on email classification strategies. The different researchers
agree that there exists different types of email filing behaviour. In dependence of the various existing sources, identified user email filing behaviour
types are: prioritisers, archivers, no-filers, spring-cleaners, frequent-filters
and folderless-cleaners (Pliskin, 1989; Whittaker and Sidner, 1996; Bälter,
1997), or purists, proliferators, semanticists, syntacticists, scruffies, neatniks,
savers, deleters, and purpose-based filers respectively (Berlin et al., 1993).
Results on classification and retrieval rules employed by users - intuitively
or explicitly - were reported first by Kwasnik (1991) for the office setting and
then by Barreau (1995) for its electronic counterpart. However, whilst Kwasnik went as far as to list at least some of the rules applied by her participants,
both researchers eventually concentrated on the statistical relevance of the
document attributes that influenced the users’ classificatory decisions, and
did not outline in detail the set of rules found to be applied by their users.

6.3 Method
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Method

A qualitative experiment (as defined in (Kleining, 1986)) for the social sciences) was performed using two groups of 10 users. The general task was to
a) look for information and b) classify information, in either an unfamiliar
office or an unfamiliar PC file system.
Similar research settings were also discussed in (McDonald and Schvaneveldt, 1988) and have been used in a range of other studies, such as (Hayhoe,
1990; Lohse et al., 1994; Carlyle, 1999).

6.3.1

Hypotheses

The issues we address in this chapter focus on the following points (for the
precise definitions of the terms attribute, tactic and rule, please refer to the
analysis description provided later in this section):
What does a set of context-independent attributes, i.e. attributes that
eventually rely on some objective aspect of a document, consist of for classification and searching? What differences in attributes exist between the acts
of retrieval and classification, What differences in attributes exist between the
physical and the electronic office environments on the other? Here, existing
results (cf. section 2) only apply to an extremely limited extent. Such attributes would be of interest in situations, where personal context is required
to be excluded as far as possible, as is the case for collaborative document
information systems, shared physical office spaces and long-term personal
information archives. The concrete hypotheses to be verified were:
• Attributes hypothesis: The individual context-independent attributes
which are used to describe and act upon the documents for the process
of search resp. classification, are identifiable and definable.
• Difference hypothesis 1 : In the PC setting, the identified attributes
differ from those commonly used as meta-data in technical contexts.
• Difference hypothesis 2 : The attributes used in the PC setting differ
from those used in the Office setting.
• Difference hypothesis 3 : The attributes used in the Search Task differ
from those used in the Classification Task.
How do search and classification tactics and rules look like in the physical office and desktop computer system environments? What differences in
tactics and rules exist between the acts of retrieval and classification, and
between the physical and the electronic office environments? In information
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retrieval environments, users do not know whether the information they are
looking for exists. The opposite is true for an ordinary office or desktop
computer environment where the users know with certainty that a piece of
information is there and has simply to be located. This important difference
is the reason why, when it comes to search and classification rules and tactics applied in the physical office or desktop computer system environments,
the knowledge gained for the IR case needs to be verified and adapted. The
concrete hypotheses to be answered were:
• Phases hypothesis: The act of searching resp. classifying takes place in
phases.
• Tactics hypothesis: Search resp. classification tactics are used both,
in the physical office environment and the electronic PC environment.
The tactics used in each of the two environments differ from one another.
• Linearity/Structure hypothesis: Search resp. classification tactics for a
physical office environment are more linear/well structured/logic than
search resp. classification tactics used on a PC.
• Explorative hypothesis: Besides the fact that in one case we are dealing
with an electronic environment and in the other a physical one, ’something else’ is different between the two.
For searching: Potentially, this could explain to some degree why people experience more problems searching an unfamiliar computer than
an unfamiliar office.
For classifying: Potentially, this could partly explain why people find
it easier to obtain an immediate idea where a document belongs in an
unfamiliar physical office compared to an unfamiliar computer.
• Rules hypothesis: There exists identifiable and well definable rules (as
defined in 3.5.3) along which persons search resp. classify the documents they handle. These rules are based on the attributes defined in
section 4.1.
These hypotheses were investigated in a comparative, qualitative and
quantitative experiment aiming at discovering and proving the hypothesised
existence of context-independent, i.e. freed of personal context, attributes
(document descriptors), tactics and rules that are used for searching and
classifying in an information space.
Two groups of users were asked to search and later classify given sets of
documents in either a physical office setting or a PC file system, in order
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to determine the differences in use and application of descriptors, tactics
and rules between the two groups. This chapter therefore, is not about
comparing a real life 3D system (the office) with a 3D-projected-to-2D system
(which would be a 3D desktop metaphor), but about comparing two habitual
everyday information spaces with one another.

6.3.2

Subjects

The subjects of both groups were selected to represent an average audience
of office workers and PC users respectively, and were randomly distributed
to the two groups.
The PC group consisted of 3 computer scientists, 5 students (1 business,
1 linguistics, 1 psychology, 2 environmental science), 1 physiotherapist and
1 web content manager with a background in chemistry studies. Half of the
users possessed high or professional levels of computer skills, the other half
possessed intermediate skills.
The Office group consisted of 1 computer scientist, 1 electrical engineer,
1 assistant to the system administrator, 1 manager, 1 psychologist, 1 lawyer,
2 secretaries and 2 students (1 business, 1 environmental science).

6.3.3

Setting

Since our intention was to look at the search and classification process independent of the individual context of a person, we provided the participants
with unknown environments, a PC which did not belong to them and an unfamiliar office. This procedure removed anything belonging to their individual
context, without shifting fundamentally away from the actual application
domain, i.e. the physical and electronic office. Our intention was to make
them feel like a new co-worker in a shared office space, having to use - in
dependence of the setting -non-personal, but already existing, electronic or
physical information resources. As a consequence, the participants would
have to rely on attributes, strategies and rules that would be generally applicable and not exclusively relevant to their own, particular environment
only.
Settings for the Search Task
The PC group subjects were given a CD with a set of 20 target documents.
The set, as a whole, had the following characteristics:
• Document formats: 6 Word files, 9 PDF files, 2 emails as text files, 1
GIF file, 1 PowerPoint file and 1 Internet shortcut.
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Figure 6.2: Layout of the experimental (physical) office: (1) file with administrative papers, (2) pens, pencils, (3) spare paper, plastic see-through
files, (4) old newspapers, waste paper, (5) pile of old calendar sheets and
other context-less papers, (6) file with collection of presentation slides, (7)
unplugged computer with old newspapers on top, (8) file containing various manuals and tutorials, (9) lose file with context-less piece of paper, (10)
folder containing Java programming manuals, (11) various files containing
project documents, (12) pile of magazines, book, (13) file containing scientific articles, (14) pile of student project documentation.
• Document types: 2 manuals, 3 pieces of scientific literature, 4 scientific
’working’ documents, 4 documents from administrative work, 3 newspaper extracts, 2 private documents, 2 documents not belonging to any
obvious context.
• Document names: The documents’ names had been replaced on the
CD (though not in the file system) by letters from A to T.
Reason for the file naming: Document names do not generally communicate content, but the context the document was filed in (Carroll,
1982). Document names are therefore rather unreliable for anybody
else except the creator of the environment. In order to guarantee that
the experimenters’ personal context was not introduced, evidence-less
file names (letters A to T) were given to sets of documents in the PC
setting.
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• With the exception of the above mentioned categories, the documents
were not related to one another.
The PC group executed the task on a Windows 2000 computer. The ‘My
Documents’ folder contained the file system content to be searched through
during task execution, and had been taken as a whole from a single person’s
(a researcher’s) computer. The target documents had been added manually
to the folders where the person (researcher) considered them to fit best.
A video camera was placed in front and to the right of the subject at
work, recording body movements, gestures and mimic. The actions on the
screen were recorded on a separate tape which was directly connected to
the computer’s screen input signal. Both tapes were recording sound for
synchronisation later.
The Office group subjects were given a pile of 20 un-named print-outs,
identical to the documents that had previously been included on the CD for
the PC group. For task execution, a stripped version of a physical office
had been assembled in the laboratory. Its layout as well as the position and
angle of the two recording video cameras are indicated on Figure 6.2. Both
cameras were again recording sound for synchronisation later.
Settings for the Classification Task
The 20 documents to be used for the classification task had, as a whole, the
following characteristics:
• Document formats: 4 Word files, 9 PDF files, 2 Text file, 1 Jpeg file, 1
GIF file, 1 PowerPoint file, 2 Internet shortcuts.
• Document types: 2 programming related documents, 5 scientific ‘working documents’, 2 documents from administrative work, 2 pieces of
scientific literature, 1 technical presentation, 4 private (2 Admin, 2
holiday planning), 2 Jokes, 2 not belonging to any obvious context.
• Document names: The documents’ names had been replaced in the
source folder (‘Document Collection’) by letters from A to T (for the
reason, please refer to the previous section).
• With the exception of the above mentioned categories, the documents
were not related to one another.
The PC group executed the task on a Windows 2000 computer. A folder
called ‘Document Collection’ in the lower left corner of the desktop served in
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this setting as source folder; a folder called ‘Task’ in the upper right corner
of the desktop as target folder.
A video camera was placed in front and to the right of the subject at work,
recording body movements, gestures and mimic. The actions on the screen
were recorded on a separate tape which was directly connected to the computer’s screen input signal. Both tapes recorded sound for synchronisation
later.
The Office group subjects were given a pile of 20 un-named print-outs,
identical to the documents that had previously been included in the ‘Document Collection’ folder for the PC group. For the task execution, the same
stripped version of a physical office (Figure 6.2) as used for the search task
was used. The position and angle of the two recording video cameras were
identical to the search task. Both cameras were again recording sound for
synchronisation later.

6.3.4

Tasks

Search Task
The task for the PC group (Figure 6.4) was to search and find as many of
the CD target documents as possible in the PC file system. Subjects knew
that the target documents existed somewhere in the ‘My Documents’ folder.
They also knew that the file names on the CD did not match the ones of the
corresponding documents in the file system. The task was executed with a
given time limit of 20 minutes.
The Office group subjects were asked (Figure 6.3) to search for the piled
target documents within the experimental office illustrated in Figure 6.2.
Again, the subjects knew that the target documents were actually present
somewhere in the experimental office. The task time was also limited to 20
minutes.
Classification Task
The task for the PC group (Figure 6.6) was to file as many of the target
documents contained in the ‘Document Collection’ to the ‘Target’ folder,
both of which were located on the desktop. Subjects were allowed to “behave
as with their own PC”, i.e. create folders, rename files but also to throw files
to the bin. The task was executed with a given time limit of 20 minutes.
The Office group subjects were asked (Figure 6.5) to classify the piled
target documents in their experimental office environment (Figure 6.2). Here
too, the task time was limited to 20 minutes.
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You have started this morning your new job as
senior secretary with FastSolutions S.A. You
have barely seen your new office, when your boss
enters it in a hurry, and throws a pile of document
copies on your desk. The original versions of
these documents have to be sent via DHL to the
new business partner in Japan. You are asked to
take care of the job yourself immediately - the
documents are confident.
You only know: The documents are somewhere in your
new office, as you have taken it over from your
predecessor (with the exception of the new computer
on your desk). But where are those documents now?
Please describe loudly and in detail your actions
for retrieving each document.

Figure 6.3: Exact formulation of the Office group’s search task.

6.3.5

Analysis

Voice and actions on the video tapes and the documents they referred to,
were subsequently transcribed for both experimental settings. The analysis
was based on the transcripts, i.e. on the actual verbal statements and action
of the participants. For each analysis aspect (attributes, tactics, rules), a yet
unprocessed (fresh) set of transcripts was used.
Attributes
In the remainder of this chapter, an ‘attribute’ refers to “A property, quality,
or feature belonging to or representative of a person or thing” (Collins, 1998),
in this case ‘a document’: A user’s attribute is therefore what (technical)
meta-data is to a computer system, namely a standard set of descriptors
that serve to describe - some of them uniquely - a given document within a
storage space. E.g. on a PC file system, technical meta-data fields comprise
at least: file format; program required to view or edit the file; file path; size
and size on disk; creation, last accessed and last changed date; permission.
The analysis of the transcripts took place following the processing steps
described hereafter:
1. Generate attribute codebook.
Read through the transcripts separated by tasks (classification/retrieval).
For each attribute that occurs:
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This morning you have started your new job as
senior secretary with FastSolutions S.A. You have
barely seen your new office when your boss enters
in a hurry, and throws a CD on your desk that
contains an old backup of important files. The
most recent versions of these files have to be sent
via email to the new business partner in Japan.
You are asked to take care of that job personally
and immediately - the documents are confidential.
You only know: The documents are somewhere in the
‘My Documents’ folder on the computer on your desk,
as it is the one used by your predecessor. The
backup CD is so old even the document names can
not be trusted. But where are those documents now?
Please describe loudly and in detail your actions
for retrieving each document.

Figure 6.4: Exact formulation of the PC group’s search task.
Attached to this task description, comes a
collection of documents. You are asked to file
each of the documents contained therein, in this
office. How would you proceed at your habitual
(office) workplace?
Use the provided files, post-its etc. to create
your filing order with the documents given in
the collection. Also, arrange the files etc.
within this office just as you would in your own
workplace. If required, you are allowed the give
each individual document a name, or assign keywords
etc. Please explain loudly and detailed your
actions for each document

Figure 6.5: Exact formulation of the Office group’s classification task.
• Assign it a name
• Give a precise definition
• List sufficient example occurrences to make identification unambiguously possible (extract see Figure 6.7).
• Define marker (e.g. colour for analysis by hand) that is going to
be used in the subsequent processing steps to identify attribute
occurrences.
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The folder ‘Document Collection’ is located in the
bottom left corner on the screen. You are asked
to file each of the documents contained therein on
the computer in front of you. In order to do that,
just proceed in the way you would in your own home
or office computer.
On the screen (‘desktop’) in the top right corner,
a folder called “Task” is located. Use this folder
as an entrance point for your filing activities.
In order to file the documents contained in the
‘Document Collection’, you are allowed to create
in ’Task’ new folders, rename the documents etc.
Feel free to use the screen surface (‘desktop’) for
filing , too, if you need it.
Please explain loudly and detailed your action for
each document.

Figure 6.6: Exact formulation of the PC group’s classification task.
2. Code the transcripts using the markers defined in the previous step.
Go through the transcripts (possibly with a focus on one attribute) and
mark down each individual occurrence of an attribute. An attribute is
marked down if:
• It is defined in the codebook.
• The occurrence in the transcript clearly identifies it as being of a
defined attribute type.
• The occurrence is decidedly (judging on transcript as documentation) not at random (e.g. selection of folder while looking exclusively at the task sheet).
These requirements also imply that an attribute occurrence may still
be identified as belonging to two or more attribute types at the same
time (e.g. format and program-of-origin). For each such occurrence the
identification rules as listed under point 1 must be applied.
3. Verify the results of the first two phases.
• Revise the codebook for missing attributes and their definitions.
• Revise each occurrence of each individual attribute in the transcripts. Make sure that the marked down occurrences correspond
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Attribute “Document type”:
• “This is an email ... a letter.”
(line 265, candidate E03, PC, classification)
• “This is not an order ... maybe under
furniture ...”
(line 088, candidate P04, office, classification)
• “Though this is a project description
[...]”
(line 249, candidate E07, PC, retrieval)
• “Where would I expect a meeting protocol
...”
(line 320, candidate P01, office, retrieval)

Figure 6.7: Attribute examples drawn from the final codebook version.
to the definitions and example occurrences in the codebook. Correct, adjust, state more precisely where required.
4. Tabularise occurrences.
• Count occurrences per attribute, task, and participant.
• Create a table, re-usable for statistical analyses, containing all the
numbers/values determined.
5. Statistical analysis
• Per attribute: Kolmogorov-Smirnov Analysis of occurrences.
• Per attribute: Wilcoxon-Mann-Whitney test of occurrences by
Task and Setting respectively.
We expected the results for the Attributes hypothesis and the Difference
hypothesis 1 to come from steps 1 to 3. Step 4 to 6 would contribute towards
the results for the Difference hypotheses 2 and 3.
Tactics
Definition of a tactic: “The manoeuvres and/or plans followed to achieve a
particular short-term aim.” (Collins, 1998). We therefore intentionally use
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the term ‘Tactic(s)’ as opposed to ‘Strategy’, which would be the medium or
long-term goal.
Definition of a ‘phase’: “Any distinct or characteristic period or stage in
a sequence of events or chain of development” Collins (1998). More precisely,
a phase in our context denominates a component of a tactic applied to a
document in order to search or to classify it.
The tactics analysis therefore, took place following the processing steps
described hereafter:
1. Generate phases codebook.
Read through the transcripts separated by tasks (classification/retrieval).
For each phase that occurs:
• Assign it a name
• Give a precise definition
• List sufficient example occurrences to make identification unambiguously possible (see e.g. Figure 6.8).
• Define an identifier (e.g. phase abbreviation) that is going to be
used in the subsequent processing steps to identify phase occurrences.
2. Code the transcripts using the identifiers defined in the previous step.
Go through the transcripts (possibly with a focus on one phase) and
mark down each individual occurrence of a determined phase (extracts
of the transcript). A phase is marked down if:
• It is defined in the codebook.
• The occurrence in the transcript clearly identifies it as being of a
defined phase type.
3. Verify the results of the first two processing phases.
• Revise the codebook for missing phase types and their definitions.
• Revise each occurrence of each individual phasePhase!Occurence
in the transcripts. Make sure that the marked down occurrences
correspond to the definitions and example occurrences in the codebook. Correct, adjust, state more precisely where required.
4. Generate tactics codebook.
Read task-wise through the transcripts separated by tasks (classification/retrieval), containing the marked down phases. For each tactic
that occurs:
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• Assign it a name
• Give a precise definition both, in if-then-else statements and in
terms of phases contained therein.
• List sufficient example occurrences to make identification unambiguously possible. Define an identifier (e.g. tactic abbreviation)
that is used in the subsequent processing steps to identify occurrences.

5. Amend the coded phases transcripts using the tactic identifiers defined
in the previous step.
Go through the transcripts (possibly once per tactic in focus) and mark
down each individual occurrence of a determined tactic (extracts of the
transcript). A tactic is marked down if:
• It is defined in the tactics codebook.
• The occurrence in the transcript clearly identifies it as a defined
tactic type.
• The phases composing the tactics coincide with those defined in
the tactics codebook.
6. Verify the results of the previous two processing steps.
• Revise the tactics codebook for missing tactic types and their
definitions.
• Revise each occurrence of each individual tactic in the transcripts.
Make sure that the marked down occurrences correspond to the
definitions and example occurrences in the codebook. Correct,
adjust, state more precisely where required.
7. Tabularise occurrences.
• Count occurrences per tactic, phase, task, and participant.
• Create a table, containing all the numbers/values determined
8. Collection of additional characteristics:
• Number of documents found.
• Total number of micro-phases, i.e. when the subject’s attention
was focused exclusively on either the search/classification space
or the target documents.
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• Number of occurrences of each type of micro-phase.
From the above described procedure, we expected results for the Phases
hypothesis to come from steps 1 to 3. The results of steps 4 to 6 were expected
to help us find and define the search tactics applied (Tactics hypothesis). The
results of step 6 were also expected to help with the Linearity hypothesis. For
the results of the Explorative hypothesis we compared, the two groups across
all the material and results existing up to that point.
Rules
Classification Tactic and Rules:
“∗Marks R.txt∗ ∗Hits Enter∗
Angelika blablabla ... dentist for my daughter ... blablabla
∗Approaches with the mouse pointer the subject line of this letter
document∗
∗Closes R.txt∗ ∗Renames R.txt into Dentist.txt∗
I’ll call this ’dentist’ ...
I have only got a single ’dentist’ for the time being.
∗Activates File Explorer from Task bar∗
∗Creates new folder at the highest level∗
I’ll leave that over there ... that’s private stuff ... new
folder
∗Names folder ’private’∗
What I have here, should not bother or interest my job
∗Moves Dentist.txt to folder ’private’∗ ...
la voila!”
• (line 47ff, candidate E06, PC, classification, Tactic: private/work)
• (line 47ff, candidate E06, PC, classification,
Rules: (Annex 8.2)
No.2,
No.0 Topic= private,
No.4 Title= Angelika Dentist for my daughter
No.0 Title(short)= Dentist = Name )

Figure 6.8: Tactic and Rules examples, drawn from the completely coded
transcripts.
The ‘rule’ definition relevant to our context is: “Prescribed method or
procedure for solving a methodical problem, or one constituting part of a
computer program, usually expressed in an appropriate formalism” (Collins,
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1998) i.e. based on this definition, a rule in our context shall be describable
through the set of attributes found and defined beforehand, and expressible
in pseudo-code If-Then-Else statements.
The analysis took place along the following processing steps:
1. Generate rules codebook.
Read through the transcripts separated by tasks (classification/retrieval)..
For each rule that occurs:
• Assign it a name
• Give a precise definition in If-Then-Else pseudo-code statements,
with the If-clause being based either on traditional technical metadata or on the previously defined attributes.
• List or reference sufficient example occurrences to make identification unambiguously possible (see e.g. Figure 6.8 above).
• Define an identifier (e.g. rule abbreviation) that is going to be used
in the subsequent processing steps to identify rule occurrences
2. Code the transcripts using the identifiers defined in the previous step.
Go through the transcripts (possibly once per rule in focus) and mark
down each individual occurrence of a determined rule (extracts of the
transcript). A rule is marked down if:
• It is defined in the codebook.
• The occurrence in the transcript clearly identifies it as being of a
defined rule type.
3. Verify the results of the first two processing phases.
• Revise the codebook for missing rule types and their definitions.
• Revise each occurrence of each individual rule in the transcripts.
Make sure that the marked down occurrences corresponds to the
definitions and example occurrences in the codebook. Correct,
adjust, state more precisely where required.
4. Tabularise occurrences.
• Count occurrences per rule, task, and participant.
• Create a table, containing all the numbers/values determined.
All of these processing steps aimed to provide insight into the Rules hypothesis.
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Attributes: Results

The upcoming section presents a summary of the results obtained for the
analysis, ordered by hypothesis.

6.4.1

Attributes hypothesis

The collected material suggests this hypothesis is plausible.
In our analysis we were able to identify and define a basic set of attributes
as employed by the users. In this section we present this attribute set and
the definitions of the individual attributes found to play a role. Some of the
attributes presented have a slightly varying definition, depending on whether
we consider their use in the PC or Office setting. They are however named
identically, as the difference in meaning comes from the difference in setting,
and the attributes are therefore still precisely defined within their respective
settings.
As a consequence, where not explicitly stated, the definition applies to
both settings.
(*: indicates an attribute that, despite the experimental design, turned
out to be or to have a component belonging to the personal context of the
respective participant.)
• Physical Location
– PC setting: Identifies a storage location on any of the hard drives.
Example usage: “That must be on C.” // “I will have a look at
that folder there.”
– Office setting: Identifies a concrete place or position in the physical
office space. Example usage: “That pile.” //“On the table.”//“In
that corner there.”
Importantly, if the referred to location formed part of the screen plane
(desktop), the usage type of this attribute by the subjects in the PC
setting was identical to the use by Office setting participants.
• Physical Format
– PC Setting: Identifies a file format defined either by the system
or by its user. Examples are: “PDF” // “DOC” // “TXT”
– Office Setting: This attribute does not apply. Attributes used
instead are, the Physical Size or the Program-of-Origin attributes.
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In the PC setting, the use of this attribute occasionally implies an
equivalent ‘Program-of-Origin’ attribute, especially for lower skilled
users.

• Physical Size
– PC setting: Denominates the number of (Kilo-/Mega-)Bytes owned
by a given file and needed to store it on a storage media.
– Office setting: Denominates, directly or indirectly, the quantity
of physical space needed to store the item. Example usage: “No,
this is not an A5 document.” // “This is too thick for what I am
looking for.” // “Another bunch of individual pages.”
• Program-of-Origin:
Denominates the program that was used to either create the document
in question, or that is required to view the document. Example usage:“This is a Word document.” // “This is a [web] browser page.”
For the PC setting, this attribute may or may not coincide with the
program the document was originally created in, and that appears in
the document’s properties.
• Time/Date
– PC setting: Defines the precise day and time when the document
in question was created or used last. Example usage: “[...] on the
31st of October.” // “This one has been updated two hours later.”
– Office setting: Defines an approximate day and/or time, when the
document was created or used last. Example usage: “[...] that has
been used recently”
• Document Type:
Defines a basic, commonly known document prototype. Examples:
letter, picture, form, presentation, news paper article, manual etc.
• File-Properties
– PC setting: Explicit use of the ’File>Properties’ menu option.
– Office setting: Does not apply.
• Document or Folder Name:
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– PC setting: Denominates the user defined identification name of
either an electronic document or an electronic folder. The name
may or may not be used with its entire path.
– Office setting: Denominates the name indicated on a file or folder
label. Occasionally, a document is also given a special name.
• Title:
Prominent first line, heading etc. that also visually stands out from
the rest of the document.
• Topic:
Perceived content of the document through words that have been grabbed
while skimming the document.
• Author :
Creator or owner of a given document. May or may not coincide for
the PC setting with the author indicated in the document’s properties.
• Language:
Language the document is perceived to be written in. Example: English, German, French etc.
• Visual Appearance:
Overall picture of a document, i.e. its visually perceived look and
structure.
• Perceived Importance: Judgement rating applied to a given document,
based on characteristics such as its type, layout etc.
• Work / Private:
Indicates whether a document is considered to be private or work related. Is generally one of the very first attributes applied.
• Project:
Indicates an identifiable project, a given document belongs to.
• Future processing:
Denominates an (intended) action that will be taken upon a document
in the (near) future. Example usage: “This document, I’ll have to
return it to Mark.” // “This will go to the bin first thing tomorrow
morning.”
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• Use / Purpose:
Judgement rating applied to a document, denominating its perceived
intended use. Example usage: “The protocol contained a to-do list,
which I’ll have to check.”
• Expectation from own environment (*):
Denominates a judgment rating applied to a document in question,
based on how the respective document would fit into and be treated
in the individual personal information space (PC / Office) of the participant. Example usage: “Such a document [...] I would not normally
look for in a private folder.”//“Where would I expect a meeting protocol?”//“Such stuff - one tends to have more of the sort.”//“No, I would
not file such a thing, since I can retrieve it easily from the internet
again.”
• State (*):
Cognitive state of the participant when trying to judge a document.
The state is then further applied as actual description of the document
in question. Example usage: “This is the document I do not understand.” // “Again this belongs to the bunch of things I don’t know
what to do with.”
• Circumstances (*):
The experimental circumstances as well as the personal background are
used to judge and rate a document. Example usage: “Well, actually I
hardly ever throw any thing away.” // “It seems as if I was interested
in such things.”

6.4.2

Difference hypothesis 1

The hypothesis can be upheld.
The 21 attributes identified in the transcripts, and defined in the previous
section, can be separated into the following two groups:
• Attributes, which coincide with meta-data used in technical contexts:
– Physical Location
– Physical Format
– Physical Size
– Program-of-Origin (◦ )
– Time / Date
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– File Properties
– Document or folder name
• Attributes, which are not of a technical nature:
– Program-of-Origin (◦ )
– Document Type
– Title
– Topic
– Author
– Language
– Visual Appearance
– Perceived Importance
– Work / Private
– Project
– Future Processing
– Expectation from own environment
– State
– Circumstances
(◦ ): Depending on the actual use in the transcript, this attribute may or
may not be used as a technical attribute.
(Note: this separation naturally only applies to the PC group. The Office group used attribute definitions that have (almost) entirely lost their
technical notion.)

6.4.3

Difference hypotheses 2 and 3

The two hypotheses can be upheld.
In the remainder of this section, we will present the results of the statistical analyses performed with the non-parametric data obtained through the
analysis of the transcripts.
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Table 6.1: Results of the Wilcoxon-Mann-Whitney test of attribute occurrences by Setting.
Attribute

Setting

Office
PC
Office
PC
Office
PC
Office
PC
Office
PC
Office
PC
Office
PC
Office
PC
Office
Title
PC
Office
Topic
PC
Office
Author
PC
Office
Language
PC
Office
Visual
Appearance PC
Office
Perceived
Importance PC
Office
Work/
PC
Private
Office
Project
PC
Office
Future
Processing PC
Office
Use/
PC
Purpose
Exp. from Office
PC
own Env.
Office
State
PC
Office
CircumPC
stances
Physical
Location
Physical
Format
Physical
Size
Programof-Origin
Time/
Date
Document
Type
File
Properties
File or Folder Name

Mean
Rank
24.20
16.80
29.75
11.25
16.50
24.50
10.95
30.05
15.20
25.80
24.83
16.17
17.92
23.08
12.52
28.48
19.58
21.42
21.42
19.58
21.67
19.33
20.98
20.02
20.63
20.38
20.52
20.48
21.95
19.05
17.38
23.63
20.67
20.33
21.38
19.63
22.55
18.45
19.00
22.00
18.05
22.95

Sum of
Ranks
484.00
336.00
595.00
225.00
330.00
490.00
219.00
601.00
304.00
516.00
496.50
323.50
358.50
461.50
250.50
569.50
391.50
428.50
428.50
391.50
433.50
386.50
419.50
400.50
412.50
407.50
410.50
409.50
439.00
381.00
347.50
472.50
413.50
406.50
427.50
392.50
451.00
369.00
380.00
440.00
361.00
459.00

a : Exact Significance = 2∗(1-tailed Sig.)

Mann-Whitney
Exact Sig.a p < 0.05 ?
U
126.00

0.046

yes

15.00

0.000

yes

120.00

0.030

yes

9.00

0.000

yes

94.00

0.004

yes

113.50

0.018

yes

148.50

0.165

−

40.50

0.000

yes

181.50

0.620

−

181.50

0.620

−

176.50

0.529

−

190.50

0.799

−

197.50

0.947

−

199.50

0.989

−

171.00

0.445

−

137.50

0.091

−

196.50

0.925

−

182.50

0.640

−

159.00

0.277

−

170.00

0.429

−

151.00

0.192

−
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Wilcoxon-Mann-Whitney tests by Setting, for attribute occurrences
Table 6.1 gives the results by Setting for attributes occurrences, of the
Wilcoxon-Mann-Whitney test (N=20 for the PC and the Office setting).
The following attributes were, across the two tasks, significantly (p <
0.05) used more often by the Office group than by the PC group:
• Physical Location
• Physical Format
• Document Type
The following attributes were, across the two tasks, significantly (p <
0.05) used more often by the PC group than by the Office group:
• Physical Size
• Program-of-Origin
• Time / Date
• Document or folder name
No significant differences in usage between the two settings could be found
for the following attributes:
• File properties (though only being an attribute that exists in the PC
setting)
• Title
• Topic
• Author
• Language
• Visual Appearance
• Perceived Importance
• Work / Private
• Project
• Future Processing

118

Chapter 6. Attributes, Tactics and Rules

• Use / Purpose
• Expectation from own Environment
• State
• Circumstances
The data show that subjects in the PC setting tended to rely on document attributes that coincided with technical meta-data fields, rather then
on non-technical descriptors. This result is not surprising, since, after all,
these are the attributes that users experienced to be important for work with
computers.
It is however interesting to note that there was a relatively large number of
non-technical attributes that seemed to be equally relevant for both settings.
That such attributes got used in the tangible version of the setting, came
as no surprise. However, at the same time the results also imply that nontechnical descriptors were used as often in the electronic setting - despite
the fact that these kind of descriptors are known by the users to be nearly
useless when working with their computer system, as it was not designed to
take such descriptors into account.
Wilcoxon-Mann-Whitney tests by Task, for attribute occurrences
Table 6.2 gives the results by Task for attribute occurrences, of the WilcoxonMann-Whitney test (N=20 for the Search and the Classification task).
The following attributes were used across the two settings significantly
(p < 0.05) more often in the Search task than in the Classification task:
• Physical Format
• Expectation from own Environment
The following attributes were used across the two settings significantly
(p < 0.05) more often in the Classification task than in the Search task:
• File or folder name
• Topic
• Perceived Importance
• Work / Private
• Project
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Table 6.2: Results of the Wilcoxon-Mann-Whitney of attribute occurrences
by Task.
Attribute

Setting

Search
Classify
Search
Classify
Search
Classify
Search
Classify
Search
Classify
Search
Classify
Search
Classify
Search
Classify
Search
Title
Classify
Search
Topic
Classify
Search
Author
Classify
Search
Language
Classify
Search
Visual
Appearance Classify
Search
Perceived
Classify
Importance
Search
Work/
Classify
Private
Search
Project
Classify
Search
Future
Processing Classify
Search
Use/
Classify
Purpose
Exp.
Search
from own
Classify
Env.
Search
State
Classify
Search
CircumClassify
stances
Physical
Location
Physical
Format
Physical
Size
Programof-Origin
Time/
Date
Document
Type
File
Properties
File or Folder Name

Mean
Rank
21.40
19.60
25.05
15.95
23.65
17.35
20.70
20.30
23.17
17.83
18.08
22.92
22.15
18.85
16.58
24.42
17.42
23.58
12.60
28.40
19.60
21.40
21.05
19.95
19.55
21.45
15.82
25.17
12.35
28.65
15.00
26.00
16.40
24.60
13.57
27.42
25.98
15.02
20.15
20.85
12.50
28.50

Sum of
Ranks
428.00
392.00
501.00
319.00
473.00
437.00
414.00
406.00
463.50
356.50
361.50
458.50
443.00
377.00
331.50
488.50
348.50
471.50
252.00
568.00
392.00
428.00
421.00
399.00
391.00
429.00
316.50
503.50
247.00
573.00
300.00
520.00
328.00
492.00
271.50
548.50
519.50
300.50
403.50
417.00
250.00
570.00

a : Exact Significance = 2∗(1-tailed Sig.)

Mann-Whitney
Exact Sig.a p < 0.05 ?
U
182.00

0.640

−

109.00

0.013

yes

137.00

0.091

−

196.00

0.925

−

146.50

0.149

−

151.50

0.192

−

167.00

0.383

−

121.50

0.033

yes

138.50

0.096

−

42.00

0.000

yes

182.00

0.640

−

189.00

0.779

−

181.00

0.620

−

106.50

0.010

yes

37.00

0.000

yes

90.00

0.002

yes

118.00

0.026

yes

61.50

0.000

yes

90.50

0.002

yes

193.00

0.862

−

40.00

0.000

yes
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• Future Processing
• Use / Purpose
• Circumstances
No significant differences in usage between the two tasks could be found
for the following attributes:
• Physical Location
• Physical Size
• Program-of-Origin
• Time / Date
• Document Type
• File Properties
• Title
• Author
• Language
• Visual Appearance
• State
The results show that, classification relied on a different set of (technical
and non-technical) attributes than searching.
We think that these results explain - at least to some extent - why users
regularly experience problems in locating previously classified pieces of information when it comes to the task of retrieving them: different sets of
attributes were used for the two tasks, which means that attempts to retrieve information used different criteria than those used to classify it.
The third group of attributes demonstrated that there are a fair number
of attributes common to both tasks. These form an important basic set of
attributes that are equally relevant to both classification and retrieval tasks,
which can be used to design useful user interfaces.

6.4 Attributes: Results

6.4.4
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Attributes: Discussion

Our evidence suggests that document attributes are used for searching and
classifying. However, what is more interesting is the fact that these sets of
attributes differed 1) between a physical office and an electronic personal
computer information environment, and 2) between the classification and
the search task. It seems important to note that the differences that became
manifest between the two tasks were even stronger than those between the
two settings.
This leads us to conclude, that the problems that arise during searching
(in both environments, office and PC) are partially due to the fact, that people
use different sets of descriptors for the two activities. People intuitively try
to rely on non-technical descriptors - an approach that works relatively well
in the physical setting of a real office. For electronic environments however,
this simply exacerbates the already encountered problems. In this setting,
any intent to use non-technical attributes is bound to fail due the systems’
design and goals.
With respect to previous results, (Kwasnik, 1991; Barreau, 1995) have
already reported on context-dependent attributes for classification. Yet, the
process of search, and the difference between the physical and electronic
worlds, and context-independent attributes had not been investigated. That
was therefore the point where our study stepped in.
The attributes and their respective importances are useful to know for
various aspects in the design of future document and information classification systems. Firstly, they could be used to assist their users (better) in
properly classifying the information at hand (in areas where the system is
intended for non-professional information searchers). Secondly, provided the
list of attributes is integrated as actual metadata¨ into the system, with the
system being able to fill them with ‘sensible’ values, even the act of searching
using a tool would be made convenient, as the available fields would be more
to the users’ needs.
Generally, personal as well as shared (collaborative) information management systems are certainly intended to be suitable information storages for
individuals and differently sized groups alike. However, an important aspect
for both kinds of systems is their goal to make information easily accessible
and retrievable, i.e. to find stored information again. In our opinion, this
aspect, though intuitively clear, has so far not been sufficiently considered.
As will be seen in the remainder of this chapter, the greater differences
between tasks rather than settings will become even more manifest in the
results presented in the upcoming sections.
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Tactics: Results

Generally, the Office group was considered more successful at the searching
task in terms of the total number of documents found (97 vs. 48 for the PC
group).
For classification, the Office group came up with a wider final structure,
having a total of 59 folders and 0 documents at the basis level and 70 folders
in total (opposed to 38 folders and 12 documents at the basis level, and 72
folders in total, for the PC group). The Office group therefore differentiated
the categories at an early hierarchical level, whereas the PC group started
off trying to use as general categories as possible.
The time limit of 20 minutes posed no problem to the Office group,
whereas the PC group subjects considered it to be extremely short. As a
matter of fact, they had needed about half the time to come to terms with
the documents they were given for searching or classifying, the system and
to decide what general idea to follow.
The upcoming section presents a summary of the results obtained, ordered
by task and hypothesis.

6.5.1

Phases hypothesis

Search
The collected material agrees with the hypothesis.
The act of searching in either of the two environments happened in three
phases: (P1) Gain overview of items to be searched; (P2) Gain overview of
search space; and (P3) Execute search.
P1 happened at the very beginning of the search process. All subjects
practised this phase as thoroughly as one another. The phase included the
act of sorting the documents out along the following attributes (as defined
previously) and characteristics:
Office: Topic of document relative to the other documents, work/private,
visual appearance, document type, referring to a quite technical topic or not.
Computer : Topic of document, pictures vs. text, file format, the subject’s
knowledge about how to handle the file format, remarkable size, document
type, perceived document importance.
P2 happened as an intermediate step between P1 and P3. Per default,
the subjects’ assumed the search space to be tidy and recognisably ordered
(Default Assumption).
“I assume there to be a certain order in this office [...].”//“Now the question
is: How did that person organise his or her office?”// “Certain things will be
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filed in a logic place, for example.”
This phase therefore served to orientate in the search space, to prove or
reject the default assumption and to associate their own, subjective categories with the material found in the search space. For the Office group,
the thoroughness of execution depended on the first sight impression gained
when entering the experimental office. If the office had been classified as
disorganised at first sight, this phase was merely used to prove (but never
reject) the correctness of the initial impression.
“It would be a lot easier, when you arrive at a new work place ... if a
general structure was being used ... and not just some structure.”
In the PC group however, this phase was not existent for the majority of
the subjects. Nevertheless, all subjects but one rejected explicitly the default
assumption, and hence came to the conclusion that the file structure on the
PC was very much if not totally disorganised.
“[...] because it is not very tidy [...].”//“What a chaotic secretariate!”
Execution of P3 depended on the acceptance or rejection of the default
assumption of P2. In the case of acceptance, search happened document
driven, i.e. the documents to be found were looked at and then the search
space was accessed based on the orientation gained in P2. The single subject in the PC group that considered the file system to be ordered, accessed
it manually, i.e. using the mouse. In the case of the default assumption’s
rejection, the PC group relied on the assistance of the system’s search functionality, whereas the Office group proceeded search space driven, i.e. the
piles, folder, files etc. were searched or browsed to see whether one of the
documents happened to turn up.
Classification
For Classification, the collected material agrees with the hypothesis.
The following four phases were present in either of the two environments:
(P1) Gain overview of items to be classified and of classification space (’at
a glimpse’); (P2) Document specification, absolute and also relative to the
others, consideration where documents belong; (P3) Execute classification;
and (P4) Verify whether the chosen classification is (still) appropriate.
P1 happened at the very beginning of the classification process and was
generally executed only once. The phase comprised of scanning the two
classification components: the documents and the locality. This phase was
present only in half of the Office group participants, but in the entire PC
group. Furthermore, the level of detail with which this phase was practised
varied considerably across the participants, though the trend was for the
Office group participant to focus primarily on the locality followed by the
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documents, and the PC group participant to do the opposite.
In P2, the documents to be classified were examined and described. The
description occurred both absolute, i.e. using actual characteristics of a document such as e.g. the title, and relative, i.e. with a focus on commonness’
with other documents. On this basis then, the next focus was to decide on if
and where the document fitted in the already existing structure and where
it would eventually be classified.
As a consequence, P3 consisted of the actual classification act, based on
the insights gained in P2. It is hence the execution of the decision developed and taken in P2. People browsed again through the documents already
visited and filed, and added where appropriate the documents examined in
P2.
Phases P2 and P3 were performed by both groups with equal thoroughness.
Phase P4 served to verify the structure that had been created and applied
up to this point. If considered inappropriate, the structure was changed,
adapted or even discarded. Potentially, this phase could initiate a re-classification process, i.e. an act of tidying up (a part of) the entire environment.
P4 finalised the classification process with occasional use of break points
during the classification process, (in particular by Office group members) to
revise the achievements, possibly because they were actually able to execute
it ’at sight’ rather than by having to re-visit the whole structure.

6.5.2

Tactics hypothesis

Search
These finding agree with the hypothesis.
In total, three different search tactics were practiced.
Table 6.3: Tactic frequencies for the Office group in the search task
Office Group
Direct Tactic Reverse Tactic Assisted Tactic
Number of subjects that
9
10
0
applies the tactic
Total number of times
36
76
0
the tactic was applied

As can be seen from the numbers in Tables 6.3 and 6.4, subjects rarely fell
back to one single tactic only. Generally, at least two tactics were used in parallel, or even simultaneously. One of the tactics however, always played the
leading role, across each of the two groups and for each individual subjects.
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Table 6.4: Tactic frequencies for the PC group in the search task
PC Group
Direct Tactic Reverse Tactic Assisted Tactic
Number of subjects that
6
8
9
applies the tactic
Total number of times
19
24
42
the tactic was applied

Hereafter, we formulate the different tactics in pseudo-code like manner, each
tactic subdivided into the three phases identified above:
Direct or Document-driven Tactic: (P1) Get an overview of the documents. (P2) Then, have a close look at the search space used for work. (P3)
Go back to the documents and have another look at them. Decide which
document is to be found where in the search space. Try to retrieve the first
document. If document is not found, iterate P3 for the same document. If
document is found, iterate P3 with new target document.
“Well, I was looking for newspaper things, and I just looked, I knew it
was a newspaper article. I had seen newspapers and then searched in the
newspapers.”
Reverse or Search space-driven Tactic: (P1) Get an overview of the documents. (P2) Then, have a superficial look at the search space. (P3) Search
or browse the information contained in the search space. Expect some of the
documents to turn up at any moment. Iterate P3 until all documents are
found.
“[The subject picks up a file of scientific articles] Oops! That actually belongs to this domain [of documents on his lap].”//“[...] I just gather everything
that looks like any of the documents I have been given.”//“Well, apparently,
I just look at what there is closest-by. I work through it in the perimeter of
... more or less radial to where I am sitting.”
Assisted Tactic: This tactic was practiced by the PC group only. (P1)
Get an overview of the documents. (P2) Skip execution of this phase, go
straight to P3. (P3.1) Arbitrarily select one of the documents. Determine
the following characteristics: file name, file format, creation date and file
size. Open the document and select one word from the first line of text.
Open search tool. Insert any previously determined arbitrary combination
of the document characteristics. (P3.2) Push the search button to retrieve a
set of documents. If correct document does not appear, first decide whether
to iterate entire P3 for a different document. If continue with same document, refine search by changing (specify more/less/other characteristics,
reduce words to stem, respell words, etc.) arbitrarily or systematically the
query specification. Go to (P3.2).
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“The first idea is to find it using Search, for files and folders, [...] with
for example the first, A, A dot pdf ... no dot doc.”//“Now I’ll go into that
search tool ... [Starts Search for files and folders, types a keyword into first
line].”//“I’ll go back to that search thing [tool]. Now I am able to ... the
date.”
Classification
The material collected agrees with the hypothesis.
In total, three different classification tactics were practiced.
Table 6.5: Tactic frequencies for the Office group in the classification task
Office Group
Number of subjects that
applies the tactic
Total number of times
the tactic was applied

Private vs
Work Tactic
7

Overview
Tactic
7

Concurrent
Tactic
10

45

71

156

Table 6.6: Tactic frequencies for the PC group in the classification task
PC Group
Number of subjects that
applies the tactic
Total number of times
the tactic was applied

Private vs
Work Tactic
9

Overview
Tactic
9

Concurrent
Tactic
10

45

140

149

The numbers in Tables 6.5 and 6.6 suggest that: 1) All three tactics
occurred in the two groups. 2) In each subject, the application of at least two
tactics was found to be used in parallel or simultaneously. 3) Across the two
groups however, the Concurrent Tactic was used predominantly, whilst the
Overview Tactic was equally important in the PC group. 4) Classification,
with respect to the interplay between the different tactics, happened in a less
continuous, linear way than the previously described search process.
In the following, the different tactics are formulated in a pseudo-code like
manner, again subdivided into the four phases identified previously.
Private vs. Work Tactic: (P1) Get a rough overview of the documents.
(P2) For the document at hand, decide whether it belongs to a private or
a working context. Give it a name if necessary. Go to P3. (P3) Separate
private from working documents. If there are too many documents or the
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categories are not fine-grained enough: Iterate P4 once. Iterate P2 with next
document. (P4) Go through each of the categories and have a look at each
of the documents contained therein. If the categories and their documents
are not ‘well ordered’, either directly re-assign documents to other categories
or create new categories. While there remain documents to classify, iterate
P2 with next document.
“I’m separating ... let’s put it this way: I’m separating between private
and other stuff.”//“Well, the first separation that I see [...] is the one along
private [...] and working documents.”//“Now - private things. Where do I
store private things? [Meditates the question.] I have them in one of those
drawers.”
Overview Tactic: (P1) Get an overview of the documents. (P2) Then,
look at one of the documents. Describe this document using easy graspable
characteristics, e.g. its layout, title key word etc. Give it a name if necessary.
If other documents have been revised already: Answer the question: In what
way does it fit with them? While there are still documents to describe, iterate
P2 with next document. (P3) Look at any one of the documents described in
P2. If a suitable category already exists: Add it to the category. Otherwise,
if no such category exists: Create one. If at any point you are unsure of the
order existent: Iterate P4 once. While there remain documents to classify,
iterate P3 with next document. (P4) Go through each of the categories and
have a look at each of the documents contained therein. If the categories and
their documents are not ‘well ordered’, either directly re-assign documents to
other categories or create new categories first. While there remain documents
to classify, iterate P3 with next document.
“Now I’ll have a look at the topics the documents are drawn from.”//“Well,
first I’ll organise them by subject, and then I’ll see how I want to classify
them.”//“Okay, I’ll see first what stuff we have here in general, and then I’ll
see [...].”
Concurrent Tactic: (P1) Get an overview of the documents. (P2) Then,
look at one of the documents. Describe this document using easy graspable
characteristics, e.g. its layout, title key word etc. Give it a name if necessary.
If other documents have already been revised: answer the question: in what
way does it fit with them? Go on to P3. (P3) Look again at the document
described previously in P2. If an appropriate category already exists: add it
to the category. Otherwise, if no such category exists: create one. If at any
point you are unsure whether the order already exists: Iterate P4 once. If
there are still documents to classify: Go back to P2. (P4) Go through each
of the categories and have a look at each of the documents contained therein.
If the categories and their documents are not ‘well ordered’, either directly
re-assign documents to other categories or create new categories first. If there
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are still unclassified documents, iterate P3 with the next document.
“Well - I’ll do multiple runs, I simply, say, create three to five categories, each of which I work through again in a next run [...].”//“This is
a letter. Dental treatment daughter Sabine [Rename the document]. This
belongs somehow under ’Admin’ [Creates folder ’Admin’, moves document
into folder].”//“Let’s see. State of mind - this is going over here [On the desk,
bottom right corner].”

6.5.3

Linearity/Structure hypothesis

Search
In sight of the material collected, this hypothesis can neither be upheld nor
rejected, since evidence for both exists.
Evidence in favour of the hypothesis: The total number of micro-phases,
i.e. timeslots when a subject’s attention was focused exclusively on the documents (copies/CD) or on the environment (office/PC) respectively. The
number averaged at 33 for the office group (19/14 for copies/office) and 40
for the PC group (21/19 for CD/file system). The lower totals of the Office group suggests that those subjects proceeded more directly in the act of
searching, whereas the PC group subjects had to switch frequently between
overview, document details and the search functionality. This interpretation
agrees with the experiment supervisor’s subjective impression gained during
task execution, when the PC group’s frequent ‘jumping around’ between the
document and the system view was noticed. This interpretation also agrees
with the fact that all subjects of the Office group, but only a minority of the
PC group, went through all of the three previously described phases.
Evidence contradicting the hypothesis: The transcript analysis of the
subjects’ comments and actions during task execution however, revealed that
the PC group subjects work was extremely structured and logic driven. It
became apparent that the characteristics they employed for P3 (as listed in
3.1.1) do not support intuitive and imprecise search procedures, but almost
exclusively serve the use of a search tool and a purely logic driven approach:
“First, I would search for the same file type, though you could of course
convert a Word document into a PDF.”//“Now let’s see whether there occurs
some A-M-M-E somewhere in a document.” //“And now I’ll have a look at
the title, maybe there is something [in the search results] that fits.”
The opposite is true for the characteristics listed for the Office group.
They adopt a very intuitive, rough search manner:
“I’m going to find some things also en route, like this questionnaire for
example.”// “Well, I have already seen that ’Tanja’ somewhere.”//“With re-
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spect to searching, I generally take the form into account more than I do the
content.”// “Well, I’ll dig into the piles in this office and then I’ll see whether
there is something I can use.”//“And then - let’s do it by trial and error.”
Classification
The hypothesis is to be rejected.
The total number of micro-phases, i.e. timeslots when a subject’s attention was focused exclusively on the documents (copies/documents given in
source folder) or on the environment (office/PC with the respective already
self-created document classification structures), averaged at 47 for the office
group (21/26 for copies/office) and at 45 for the PC group (24/21 for documents/file system). The almost identical totals of the two groups, suggests
that neither group proceeded more directly in the act of classifying than the
other. This interpretation agrees with the experiment supervisor’s subjective impression gained during task execution, where the main difference was
perceived as laying in the application of the different tactics. This interpretation also agrees with the facts presented in the previous section: the office
group predominantly uses the Concurrent Tactic, where as the PC group
extensively used the Overview and the Concurrent Tactic in equal measure.
The transcript analysis of the subject’s comments and actions during task
execution do, however, not pain a clear picture. The tendency is, that the
Office group’s proceedings are nevertheless more comprehensible, this could
be due to the fact that they worked more linearly without jumps from one
idea to another. The evidence is very weak, and is far overpowered by those
that clearly reject the hypothesis.
The data obtained combined with the supervisor’s subjective impression
suggest that the search process proceeded in a much more clear straight
forward manner than the process of classification.

6.5.4

Explorative hypothesis

Search
A range of findings supports this hypothesis.
In our experiment, the subjects were intentionally confronted with an
unknown working environment, so that no subject could draw upon a historically grown context. However, the members of the Office group managed
within very little time to get a good, quite complete overview of the experimental environment, whereas the PC group did not manage to gain the
same degree of competence within the given time limit. The precise reason
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for this requires further investigation. The transcripts however suggest that
the spatial arrangements and shapes in the experimental office had a considerable influence on the orientation process, i.e. apart from the PC file system,
a common understanding of the values of specific locations within the office
seemed to exist among the users: “This must be his literature corner.”//“This
seems like waste paper.”//“Up here [top left corner of the desk], this must be
urgent.”
Returning to findings delineated for search phase P1 and P3: We compared the kinds of characteristics used in the two phases for the two groups
and noticed that they represent two different levels of detail. The Office
group took a rather coarse-grained perspective on both, the search space and
the search for documents. Guesses on a document’s affiliation were based
heavily on visual clues, a rough look at a document’s content and the experience gained in everyday handling of office environments. The PC group
looked closer at the details of the documents being searched, which turned
out to be more abstract than the perspective taken by the Office group. They
appeared not to see the wood (hence recognising clues given by the file system e.g. through folder labelling) for the trees (the documents searched). An
example of this is the application of the characteristic ‘program needed to
view a file’. While it certainly helps to determine a target document in a final
search stage, the transcripts show that this kind of information is too detailed
to access the file system directly and search for a document manually, but
was also generally too coarse for exclusive use with a search tool.
For the Assisted Tactic, the use of file names seemed to be also very
important. Though ‘sensible’ file names had been intentionally suppressed
on the CD and changed to letters from A to T, and even though all subjects
knew that this had occurred, the majority of the PC group tried to use
the letter file names in the search tool. Additionally, the application of the
Reverse Tactic in the PC group relied on reading a file name given in the file
system and then trying to affiliate a possible CD document’s subject with it.
Classification
The findings agree with the hypothesis.
As in the search task, the working environment used for classification
was intentionally made unknown to the participants. The aim of this was
to prevent participants from drawing upon their own individual contexts.
Despite this precaution, an implicit, quiet agreement on the significance of
some selected, particular locations in classification became manifest.
For the PC group, such locations were: the ‘My Documents’ folder; the
browser’s Bookmarks; a ‘My Pictures’ folder; the Desktop; and finally the
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top (root) folder of any personal information structure. For the Office group,
manifested locations were: the bin; a shelf far enough away from the working
place for having to get up to reach it; a filing cabinet or a drawer or a corpus
underneath the working desk; a letter case in one of the distant corners of
the desk; the wall in front of the desk that serves to hang up reminders, jokes
etc.; the desk surface itself to leave certain documents lying around openly
and at hand; everything else at arm’s length while seated at the desk; the
PC as a separate entity of it’s own.
“This, I’ll have to do that this afternoon, so I have to remember this. So,
I’ll move that immediately on the desktop.”//“This is going somewhere to
the top [of the folder hierarchy] I’d say.” //“Such a meeting protocol, I’d for
sure - that’s what I need to see what has happened during last week and
what has to be done this week. This is therefore well visibly laying about on
my desk.”//“Now, what remains to be filed are the open issues. This would
be a letter tray on my desk.”
We think that the findings presented in this section once again underline
what has already been pointed out by Malone (1983): “In general, the notion
of accessing information on the basis of its spatial location, instead of its
logical classification, is an important feature of the way people organize their
desktop that might be profitably incorporated into computer-based information systems”. But in sight of the differences in distinguished locations, it
seems as though this incorporation has not yet taken place or at least not to
a satisfactory degree.
After the initial state of the classification process, both groups used ’place
holders’ in order to handle (groups of) documents. Each of the two groups
used a different type of place holder. The PC group used the file and folder
names to code content and expected context directly into them through words
or meaning drawn directly from the documents. In subsequent handling they
therefore handled the names first (accompanied by an appropriate icon) as
representations of the respective document.
The office group used a document’s visual aspect plus one or two prominent heading words has their place holder for a given document, this represents therefore an indirect coding of content and expected context into place
holders. This means that while classifying, the documents and categories
were only referred to ‘at first sight’ using the previously memorised place
holders. Interestingly, the name place holders used by the PC group turned
out to be considerably less reliable than the ‘aspect’ place holders used by
the office group. The participants in the PC group were regularly obliged to
open and re-verify a document’s content in order to continue classification,
whereas the office group only checked with a glance the peer documents in the
same category for the same purpose. Here, the place holders associated with
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a document or a category seemed therefore to be enough to keep working.
When comparing the level of detail of the characteristics’ mentioned previously of the two groups, no similar observation could be made for classification.

6.5.5

Tactics: Discussion

The results of the Tactics section have shown that differences occur primarily
between different tasks and not in different environment. This agrees with
the results obtained in the attributes section.
While the two groups performed the task of classification in a similar
manner, significant difference between the groups existed during the search
task. This should not come as much of a surprise, as the desktop metaphor
for PC systems has traditionally been developed to help users classify their
information, not to retrieve them. In sight of the similar tactics applied, it
has been achieved reasonably well to offer sound support for classification.
The fundamental differences that exist between the two groups and the
problems encountered by the PC group, suggest that While search tasks
in the physical office are deemed to be relatively easy to achieve (although
improvements can still be made), the task of search in the electronic office is
deemed to be unacceptable.
As a consequence, further studies are required to improve both the services and the user interface offered by state-of-the-art desktop systems for
information retrieval. Nothing has changed in this domain in the past 20
years. While working with ‘desktop’ systems has certainly become less awkward it is still far from being comfortable and convenient. People consider the
search tool integrated into the system hard to use and the results obtained
are often unsatisfying. We therefore believe that the use of the Assisted
Tactic while searching is due mainly to the absence of a more convenient
alternative.
Looking at the individual search tactic results using the library information retrieval system, we were able to identify procedures that fit into the
following four tactics types presented in (Bates, 1979) (naturally, these apply
best to the PC group): Monitoring Tactics (PC and Office group), File Structure Tactics (select, cut: PC group; survey, stretch, scaffold: Office group),
Search Formulation Tactics (PC group), and Term Tactics (PC group).
We also obtained evidence that spatial and visual clues are drawn upon
for experience- (and hence mental model-) based orientation in unknown
but tangible information working environments. It seems these clues are
either completely absent or represented unsatisfactorily in the PC working
environments (in particular in their file system interfaces). Malone (1983)
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underlined the significance of spatial clues in personal office environments
and their integration into office information systems. However, it still shows
how surprising strong the influence of these clues continues to be, even in
offices and impersonal desktop systems.
To-date, studies in cognitive models for searchers and classifiers have only
dealt with one of the two relevant aspects in exclusivity, i.e. either searching
or classification, but not with the direct interplay of the two. For searching,
applicable results have so far been obtained for information retrieval (IR)
environments and may therefore be applied to what we call the Assisted
Tactic (Raaijmakers and Shiffrin, 1980; Sutcliffe and Ennis, 1998; NavarroPrieto et al., 1999). Whilst these models may serve as a starting point
refinement is necessary to adapt them to the context of personal information
spaces. Are cognitive strategies for IR environments just simple derivations
of the ones applied in the personal information environment? Or do they have
an existence on their own right? As for classification, the emphasis was set on
the development of basic psychological models that explain the recognition of
(natural) object categories and the possible existence of such hierarchies (e.g.
(Rosch, 1975; Mervis and Rosch, 1981)). Still lacking are models that directly
deal with information categorisation on a more application oriented level
usable for general information environments, may they be physical offices or
electronic personal and corporate information management systems.

6.6

Rules: Results

The upcoming section presents a summary of the results obtained, ordered
by task.

6.6.1

Rules hypothesis

Search
The hypothesis can be conditionally upheld.
The reason why we say that the hypothesis is conditionally acceptable
is that on the one hand, we were clearly able to identify attribute based
rules (which will be presented in this section), but on the other hand, it
became clear while analysing the transcripts that more rules must be present
which are possibly based on factors other than attributes. Such factors would
naturally include characteristics such as the context, personal experience and
routine.
The attribute based rules identified for either of the two groups, are listed
as pseudo-code statements in Annex B. The respective usage frequencies of
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the different rules, were as listed in Table 6.7 and 6.8:
Table 6.7: Rule frequencies for the Office group in the search task
Office Group
Number of subjects
that applies the rule
Total number of
times the rule was
applied

Rule 1
(Default
Rule)
8
19

Rule 2 Rule 3 Rule 4 Rule 5
10

10

9

10

135

83

42

149

Table 6.8: Rule frequencies for the PC group in the search task
PC Group
Rule 1 Rule 2 Rule 3 Rule 4 Rule 5
Number of subjects
4
10
8
7
9
that applies the rule
Total number of
13
41
73
43
60
times the rule was
applied

The two rule set are almost entirely different from one another, as can be
seen in Annex B, Tables B.1 and B.2. Only Rule 3 (both settings) appear
to be similar in the two groups. This finding agrees with the findings of the
fundamentally different search tactics applied but also with the differing sets
of attributes used for the two tasks in the two settings (Table 6.1 and Table
6.2).
Classification
The hypothesis can be conditionally upheld.
With respect to the hypothesis, the set of rules we were able to identify is
probably only part of the entire set of rules used, though these will be based
on additional resources rather than attributes.
For both groups, the rules identified are listed in Annex B, Table B.3.
As can be seen in Annex B, the two rule sets are almost identical, with
exception of Rules 1 and 5 where the rule for the PC group are slightly more
detailed than those for the Office group. This finding also coincides with
the fact that both groups applied the same classification tactics to roughly
the same extent. The difference in the number of times the Naming Rule
was applied stems from a fact that was already mentioned in Section 6.5.2,
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Table 6.9: Rule frequencies for the Office group in the classification task
Office Group
Number of subjects
that applies the rule
Total number of
times the rule was
applied

Rule 1
(Naming
Rule)
2

Rule 2 Rule 3 Rule 4 Rule 5 Rule 6

11

10

7

10

9

10

91

20

209

46

64

Table 6.10: Rule frequencies for the PC group in the classification task
PC Group
Number of subjects that applies the rule
Total number of
times the rule
was applied

Rule 1
(Naming
Rule)
10

221

Rule 2 Rule 3 Rule 4 Rule 5 Rule 6
9

3

10

6

9

68

7

303

24

79

namely that the document name is used as document placeholder in the PC
environment only.
Interestingly, the differing sets of attributes used for the Tasks in the two
Settings do not suggest such an rather surprising similarity between the two
groups (Table 6.9 and Table 6.10).

6.6.2

Rules: Discussion

As has already been pointed out in the discussion of the Tactics section: It
is remarkable how similar the identified rules are between the two groups in
the classification task, and how different they are in the search task. The
implication is that the main differences are due to variations in task and not
variations in setting.
The mere existence of identifiable classification and search rules implies
that neither task is as unstructured as often believed. While people used
rules, even quite strict ones, they may not be able to personally break them
down as they have been in this chapter.
In the past decades, several personal information management systems
have been proposed offering varying degrees of automatic classification func-
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tionalities (e.g. (Fertig et al., 1996b; Dourish et al., 1999b)). While it is
not a good idea to entirely replace the users’ classification activities in their
personal information space through system-sided ones, we strongly believe
that filters (and therefore the underlying rules) will be helpful, if they can
be guaranteed to reflect the users’ intentions.
However, where filters - both for classifying information as well as to
access it - are already standard components in end user applications such
as email tools, it is still difficult to properly represent the intentions of the
users. It was therefore our intention to take the first steps in determining
factors that play a crucial role in the design of system architectures intending
to support information filters. We are very aware that a great deal of further
research in this area is necessary
Despite considerable research efforts, a structured extraction of semantic
content of a document is still absent. The combination of computer linguistics and the many research approaches in information retrieval have provided
us with a range of relevant results. However, these rarely attain a level of
usability suitable to averagely skilled users - which are after all the target audience when it comes to personal and collaborative information management
systems.

6.7

Conclusion

In this chapter, we have reported on the results of a qualitative and quantitative experiment with 20 participants, focused on the processes of ‘from
personal context independent’ search and classification in the physical office
on the one hand, and in its electronic counterpart the PC file system on the
other. Our results therefore continue the work published by (Bates, 1979;
Malone, 1983; Kwasnik, 1991; Barreau, 1995; Nardi et al., 1995) and help
to gain the in-depth knowledge needed for the design and development of
future personal and shared information management systems. Our study is
based on de facto state-of-the-art information environments (office and PC),
which are the most suitable since they offer the opportunity to study users
in an environment that they are familiar with, and onto which they are able
to stamp their habits and preferences.
There is no doubt that improvements or fundamental changes in the
graphical user interface (GUI) of personal and corporate information management systems will need to be further addressed in the future, as they
have been repeatedly in the past (Malone, 1983; Mander et al., 1992; Ballay,
1994; Fertig et al., 1996b; Dempski, 1999; Ravasio et al., 2004). However, our
concerns deal with the problems encountered due to the users’ intuitive appli-
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cation of descriptors, procedures and (inappropriate) personal background,
when describing and handling pieces of information.
Overall, our study generated valuable insights which will help to improve
search and classification support in future generations of personal and collaborative information management systems. Given the lack or change of
context while working with these two types of systems, we conclude that the
main issues, that account for the larger part of the difficulties encountered
in personal and shared document and information management systems are
the following:
Firstly, people tend to try to use identical structures and procedures to
organise both, their physical and their electronic office, with the physical
one being the primary reference system. This however does not work out
as expected, and there are still sufficient differences in the way individuals
act in each of the two environments as to lead to confusion. This becomes
manifest in the differences in attributes, tactics and rules that exist between
the physical office and the PC, and that we have shown to exist in this
chapter.
Secondly, existing systems implicitly assume that their users follow the
same lines while storing a document or piece of information as when retrieving it. We have shown in this chapter that this assumption is incorrect:
The differences in users’ attributes, tactics and rules are noticeably stronger
between search and classification activities, than between the physical and
the electronic office environment. It is definitely not the same whether the
system is made to store information properly or whether it serves well the
retrieval of stored information.
Existing personal and collaborative document and information management systems however, belong entirely to the group of systems that are intended for ‘good’ classification, with a sometimes devastating effect on the
individual productivity due to failed retrieval attempts. This raises the fundamental question as to whether existing information and document management systems (both personal and collaborative) are as suitable as they
were expected to be when designed and implemented.
Thirdly, personal context certainly exists and users try to use it for classification and retrieval. However, at least for the retrieval procedure in archives
and group memories, it is eventually more a hindrance than an advantage.
The problem is, that the context of an individual person changes over time; in
shared information environments, context embodies information not sharable
by the other co-workers. Personal context as a factor, should hence best not
be relied upon at all for classification and retrieval activities in for example
archives.
Fourthly, the possibilities offered by the interfaces to today’s systems’
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storage facilities, lack ‘intuitive’ clues. Maybe we could still learn from the
physical office environments towards turning its electronic counterpart into
becoming more usable. One such relevant clue could be the fact that the
understanding of a ‘storage location’ is (still) coined by the movement within
a physical office required to access a resource. Yet another clue could be
the possibility to visually scan an environment, either to search it or to
orientate on the information contained - for efficiency reasons and ease at
work. However, those clues do not tell us, exactly how to integrate them in
an electronic environment, but they indicate activities or possibilities that
must be supported for the users’ sake.
If we knew the exact clues for orientation are provided by real, tangible office environments the discussion would merely be about how to best
integrate and represent them in the user interface. Unfortunately, we still
need to work out what those clues are. The sets of attributes we identified
in this chapter play a role in classification and retrieval activities, and are a
first step in this direction. They are an indication of which clues could be
of importance and how these are understood and employed by searchers and
classifiers. In that sense, our results are a first step to extract systematically
relevant clues from the physical environment, in order to enrich the electronic
environment with them and to make working with computers more intuitive
and efficient.
With these few aspects in mind, we think that there is plenty of material
for future investigations. For instance, the search tools provided by standard
operating or document management systems (all of them based on traditional pre-defined search forms): If all the rules and attributes were precisely
known, both for the task of classification and search, search tools for personal
and shared electronic information systems could be made to go beyond their
public by allowing at least some of the users common, intuitive practices to
be applied. However it may be unfeasible to perfectly attain these goals in
theory as well as practice. Nevertheless, partial insights and advances in this
area will help to assist the users.
At this point, the question remains: What advice or guidelines could
we give for the design and implementation of future systems, based on the
insights gained in the presented study?
What has become apparent throughout the chapter is that the user-sided
processes of information classification and retrieval within personal as well
as collaborative information systems are distinguishably different from one
another. Nevertheless, most systems are tailored towards classification activities neglecting the fact that the classified information is eventually intended
to be re-used again. The advice we can therefore offer is to point to the
development stages, where these differences should be taken into account.
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System designs are habitually preceded by more or less extensive user
studies, which aim at finding out how the potential users habitually complete
the tasks in question within the existing environment. For information and
document management systems, these studies traditionally concentrate on
determining where information ends up after being processed. We suggest
that the focus should instead be focused on wherefrom and how information
is acquired, and what information is needed concurrently with one another.
The insights obtained will provide us with direct knowledge on the act of
finding, accessing and retrieving relevant information, and additionally with
indirect knowledge on classification. Therefore the question to be answered
at this stage is: “How do people find, access and finally retrieve information,
that others or they themselves have filed away at some point in the past”?
Where search forms are used to retrieve stored pieces of information,
‘non-technical’ document attributes, such as the ones present in this chapter, should be supported. This consequently implies on the one hand that this
type of meta-data needs to be automatically stored away together with the
corresponding document, and that on the other hand, system-sided retrieval
mechanisms must be implemented to make use of them. One approach in
this context, applicable for instance to the attribute Visual Appearance: The
use of image retrieval algorithms would allow the users to search a target
document based on the thumbnail of a different, but similar looking document.
Also, if the use of filters is offered in the context of a specific application
(e.g. in email tools), the non-technical, user-friendly attributes we proposed
come into play. Allow the users to rely upon these attributes to specify their
filters. They may now actually use the filters, since application become more
understandable and probably also more efficient - at least subjectively - to
them.
If the system under design is intended for a specific application domain,
e.g. accounting, determine where and to what extent classification could
happen automatically, or what categories are pre-given by the domain. In
accounting consultancy for instance, the different clients (represented by their
respective names) will probably be among the most important existing categories. Also, look how classification and access procedures to information
look like it this very specific knowledge domain - domain inherent characteristics may require the procedures to happen differently then they habitually
would in a non-specific context.
Distinguish between working information (i.e. information immediately
in use) and archived information. The former is unchangeably linked with
the context a specific person is presently moving in, and the user requires its
handling to be flexible, efficient and adaptable to his or her working habits.
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The latter however, is information that either belongs to a working team as a
whole, or has at least lost its immediate relevance to the individual. It may
therefore be subject to ‘normalisation’, i.e. efforts to support appropriate
uniform, and from personal context independent access.
And finally, the last point we would like to mention seems to be a minor one, but nevertheless represents a constant challenge to the individual
user, a fact very prominently documented in the transcripts of this study:
Allow actions, in particular searching, to be taken upon pieces of information independently of their individual electronic format. This aspect is one
that decidedly distinguishes the use of electronic information management
systems from the experiences we own in the context of tangible, real world
offices.
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Chapter 7
Summary and Conclusion
“Human-computer interaction (HCI) is the study of how people
design, implement, and use interactive computer systems and how
computers affect individuals, organizations, and society. This encompasses not only ease of use but also new interaction techniques
for supporting user tasks, providing better access to information,
and creating more powerful forms of communication.” (Myers
et al., 1996) [italics added]
Following the quote, the main topic of the presented thesis revolved
around user-suitable facilities for the organisation of and access to personal
(or team-owned) information.
In the past, new arising technologies have driven focused research in HCI.
There was also a tendency for this to happen with respect to subject-matters
revolving around the organisation and display of personal and/or groupowned (collaborative) information. To-date, the technological assumption
“everything is possible” still holds. As a consequence, it is now more important than ever to move the focus away from mere systems design and
implementation towards the systems’ users and how to turn systems more
useful and up to their needs.
The strong technological focus of the past, has lead to the development
of systems that aimed at resolving problems users were declared to have
(though often the respective proof was absent). For this thesis we went the
opposite way: we tried to clearly define the problems encountered by users,
and only then looked for and suggested appropriate solutions appropriate for
implementation.
In HCI, a frequently cited contrast is that between systems-oriented engineers and studies-oriented empiricist, both of which claim to work towards
the user’s good, but often against one another. In reality of course, both ap-
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proaches are needed: (1) systems that are being developed to address drawbacks, and (2) theory that is built in order to gain knowledge and enable
neat systems design.
In this context, this thesis tried to overcome extremes: Based on user
studies, we crystalised our results to the point that they become applicable
by, and useful to, the systems designers and engineers.
The departing central question of this thesis was:
How can we better support users in their efforts to get their information organised and, more importantly, retrieved efficiently?
In pursuit of an answer to this question, the results we have presented in this
thesis addressed the following points:
Method In the context of HCI, the adaptation and definition of the qualitative experiment as an investigative method in its own right (Chapter
4).
The qualitative experiment draws from two sides, the inductive type of
field studies used in social sciences, and the deductive type of empirical
experiments used in natural sciences. It therefore has two aims: while
being exploratory, it still follows a relatively well-defined procedure
trying to prevent accidental outcomes and results.
System Dos and don’ts for personal information management systems (Chapter 5).
Questions that we addressed, among others, were: How do the preferences of e.g. novices and experts become manifest in the primary
interface (the actual desktop) of to-date systems? Do users achieve to
work with their information as they wish with the means available?
What are issues that make the interviewee’s life easier or especially
uncomfortable? What system facilities are still lacking?
Theory Definition of user-friendly, context-independent metadata, and tactics and rules actually employed by users for searching and classifying
information hence suitable to the user (Chapter 6).
When personal context cannot be relied upon anymore, e.g. after longer
time periods or in the case of group memories (i.e. collaboratively used
storage spaces), information must be intuitively stored and accessible.
User-friendly, context-independent metadata support the end-user to
intuitively access data, even in situations where the original context of
information is no longer available. Based on the traditional means of
metadata, they facilitate a pragmatic system-sided approach.
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At this point, the question that remains is: What general advice can
be given for the design and implementation of future systems, based on the
insights gained in the presented studies and analyses?
Method: The investigative method matters.
Both, in industry as well as in science, not only the What of (user) studies is of evident relevance, but also the How. Even more importantly,
the What, i.e. the study goal and the respective results, are necessarily
a direct consequence of the How, i.e. the method employed. Evaluating the pros and cons of the individual methods at hand against one
another, is therefore not only a compulsory step in any investigative
effort, but should be done with a clear focus on the type and degree of
detail of the desired outcome.
System: “Details matter: [...] knowing a little can matter a lot” (Anderson,
2003)!
Details certainly matter, as the best system is insufficient if a common task can only be accomplished in a complicated, awkward manner
(Microsoft, 2004). The interplay between the different components
strongly influences the success or failure of the entire system. Accordingly, it seems to us that, with respect to the existing knowledge on
personal information organisation as well as the several systems that
have been built in this context in the past, the fundamental step of
integrating the achievements of the various disciplines involved, is lacking. It would be beneficial to both the research community and the
industry if any of the developments were to be taken beyond the stage
of an initial prototype or ‘mere’ studies, and be further developed.
System + Theory: Facilitate intuitive access to and retrieval of personal
information!
Information is only of evident value if it can be found and used again
for work whenever needed. Interestingly however, in information management, the main focus of existing systems so far was not the access
to, or retrieval of, information, but rather classification in almost entire
exclusivity.
This might be due to the fact that computer systems and their software
are usually made to serve more than one master, i.e. are intended to
support different types of activities. In the context of personal information organisation, these activities are on the one hand the classification
of pieces of information, such as documents, bookmarks, emails and
email addresses etc., and on the other hand efficient access to and retrieval of those pieces of information. What needs to be learnt from
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this fact is that while it is feasible to support a range of activities
within a single system, one activity will always be the most important one among them. It must therefore be ensured that a system
supports activities in accordance to their relative importance in the
real-life working context.

Theory: HCI should be a truly trans-disciplinary field!
It is not until software engineers, human factors specialists, usability
engineers, designers and cognitive psychologists truly join their forces
that a trans-disciplinary science of HCI will really come into existence.
And it is not only with respect to systems where integration must
be an issue, but also when it comes to the work of specialists. Just
like with technical components that bring together the strengths of
different sides, the same goes for the science of HCI. Many approaches
have sought to improve a single target; each approach attained the goal
to some extent, but it is not until the different elements are brought
together true advancement can take place.
More generally, we have learnt that, as in literature, metaphors are a
powerful means of communication and have to be applied with according
caution. In the context of computers, real-life metaphors may rapidly introduce unjustified allusions that do not fulfill the user-expectations induced by
them. A prominent example in this context is the desktop metaphor, originally intended to make learning a computer easier by increasing the users
familiarity with it. A question that might be worth posing here, though
no answer currently exists, is whether (semi-)abstract metaphors instead of
concrete ones could aid the situation.
A factor that finally plays a crucial role and therefore has to be kept in
mind is: Technology to-date evolves faster than theoretical and instructional
concepts and techniques can possibly keep up with. As a consequence, no
matter how much knowledge exists for the design, implementation and tutoring of the latest generation systems, eventually this knowledge lags behind
what would be required at present (Carroll, 1990).

7.1

Perspectives for Future Research

The field of research in personal information organisation and related areas
such as information visualisation, information retrieval etc. is vast, and much
remains to be investigated.
In our opinion, areas where future research is required, are:

7.1 Perspectives for Future Research
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Method: In Chapter 4, the qualitative experiment has been presented and
defined as a method on its own right in the context of HCI.
We have aimed at providing insights into its practical application, and
have pointed out a number of studies where the qualitative experiment
has already been used in the past.
However, extensive experiences with the application of qualitative experiments is still needed, as well as the development of a code of best
practise. It is only then, that the qualitative experiment will become a
widely accepted “standard” method.
System: In information retrieval (IR), algorithms for a range of different
kinds of data already exist: text, images, web pages, and more recently
also music and video.
While such algorithms embody a tremendous potential when incorporated into personal information management systems, they are based
on technical metadata (descriptors) that for the average user hardly
make any sense, and in some cases no sense at all. As a consequence,
information access based on such descriptors yields results that seem
totally arbitrary from an average user’s points of view.
One initial step forward in this respect would be to offer facilities that
allow document retrieval and access along the user-friendly metadata
fields presented in Chapter 6. For thumbnail search for example, the
existing procedures in image retrieval could come into use. Naturally,
not all in Chapter 6 presented fields have such a ready-to-use approach
as is the case for thumbnails. The way towards document type specific
searches, such as for letters, protocols etc., remains a challenge to be
met.
Theory: For optimal technical support of retrieval as well as classification
efforts of individuals, it is unavoidable to know in detail the characteristics on which the human brain relies upon to complete these tasks.
There have been many intents to define such characteristics, though all
in all, the knowledge gained up to now is not sufficiently concrete to
allow reliable translation into technological concepts.
As a consequence, the cognitive sciences are challenged to fill this gap
in knowledge.
Technology:In the past few years technologies (often web-based) have
emerged, whose concepts could serve as a basis for future generations
of personal and collaborative information systems. Examples are Wikis
(Wiki, 2004) or ‘Google Adds’ (Google, 2004), each of which represents
a different approach on how to offer personalisation.
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Appendix A
Interview Preparation: Guidelines
Context
Organisation
• What is the name of your organisation?
• What is your administrative entity?
Please describe your company (structure, responsibility, economical
branch, ...)

Person interviewed
• Name, Title
• Principal responsibilities

Work in General
• What are your primary responsibilities and activities at work?
Describe a typical day of yours with respect to your activities!
Where / At what distance are the people you are working with located?
(Same office, same building, town, ...)
• Where do you situate yourself within the information stream? (Source,
middle, end)
• What do you use your computer mainly for? (Writing, Reading, Programming...)
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Material
• What operating system and version do you run?
What applications (only the most important ones: MS Office, Adobe
...)?
• Is there a file server connected to your computer (central storage system)?
If yes: how do you use it (backup, main storage, ...)
Available storage size?
• What are your computer’s hardware specifications?
RAM, ROM, HD, HZ, ...

PC Support
• Who does maintain your computer (updates etc.)?
System Administrator, yourself, ...
• Backup: How and where does it happen?
(yourself, centrally, ...).

Working with a desktop
Screen Desktop
Get Screenshot
• Would you please describe what there is on your (desktop) screen?
I would like to know what there is, what it contains, why it is there.
Description (objectively: Formate, Content, Reason, Associated Program, ...)
• Is there any order imposed on your stuff on the screen?
Please explain!
Structure/Order (by areas, by systematics)
• (If the desktop is used as some kind of temporary storage:)
What happens to all that [non-system] stuff on the screen over time?
How are ‘things’ on the desktop being processed: worked with, ordered
and stored, ...?
(From ...[how] ... To, Directly thrown away, ephemeral?)
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• Imagine:
There is no application (e.g. no Word). However, there are still your
files, your data and the computer screen plane.
What do you expect to be able to do, what not?
(What functionality is part of the Desktop? What belongs to the underlying system?)
Explanations
• Question 1 and 2: The user shall describe the desktop in his or her own words.
Together with the user’s description and the picture (video or photograph), it is
the goal to figure out the criteria along which a user orders the different things on
the screen.
• Question 3: Often, the screen desktop is used to store temporary files, e.g. retrieved
from the web. If so, what procedure follows?
• Question 4: Technically the desktop as such does not incorporate functionality.
Nevertheless, the users seem to have the idea that the screen plane does offer some
useful functionality. It’s about finding out in what way and to what extent this is
true.

Filing Question
• What kind of information / documents do you store?
How / Where from do you get them?
Relation: self-created / other
Can you classify your information roughly?
(project, private, administrative work, ...)
• Explain me the structure of your filling system, including emails and
bookmarks.
When / Why do you create a directory?
Trigger event.
• How often do you re-order your data?
How long do you guess it takes you each time to do that?
• Procedure of ordering:
Following what criteria do you create directories and subdirectories?
Explain it using your own file system structure.
• Cleaning up:
Process of cleaning (directly throw away, intermediate step, ...):
Why / When / How often do you clean-up your files?
How much is cleaned? (Roughly estimated amount relative to the whole
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info stored)
What stuff is it? From where does it come from (external, own; directory, application, person)
Explanations:
• Question 2: How often does to user need the re-order his whole bunch of information? Is it usually starting only from one particular location (directory: ‘from’
always the same, ‘to’ varies. order or hierarchy of ‘to’ a afterwards does not change
any more) to re-arrange his information - hence the order stays the same for ages?
How much time is spent each time? What about patience, nerves?
• Question 3: What are the categories which are used? Where do they come from?
• Question 4: Same as for question 2, only not in terms of order, but of deletion
(throw away).

Search
• (Ask co-workers to name document - electronically, plus possibly also
a physical one)
Procedure of search?
(place: first, second, third; by hand, by tool; ...)
Generally: When was the last time you searched for something on your
PC? What were you looking for?
Reasons.
• Is there anything at hand that might help you at the task of finding?
(What of the mentioned do you use?)
• What are the pros of search mechanisms/tools? Why?
What are the cons? Why?
Improvements? Why?
What shall be kept? Why?
• How often in the last two weeks (/the last month) did you search for
some particular piece of information on your PC?
Success?
(Overall; by hand, by tool)
• In your opinion, what is the main difference between searching the web
(Google) and your computer (Windows File Search)?
Explanations
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• Question 1: Search is a task supposed to be frequently executed. However, most
users do not seem to make heavy use of mechanisms provided by the system. The
reason may be waiting time or hit rate.
When does a user search? How do users proceed when looking for a file? When do
they start to use a search mechanism?
• Question 2: Meant is: Tools, mechanisms, ... Find out about what the user thinks
there is on offer, how he judges it, what he uses and why.
• Question 3: Same idea as question 2.
• Question 4: How often does the user need to search his whole bunch of information?
Is it usually only at one particular / a few selected / every location searching is
done? How much time is spent? What about patience, nerves?
• Question 5: Just to get a clue about what the users consider to be different.

Other
Office Walkthrough
• How do you have your (physical) office organised?
Give me a rough impression what information is to be found where.
• How is the stuff in your PC integrated/related (in)to the entirety of
your (physical and virtual) office landscape?
• In that sense: What do you keep at sight on the screen? Is there a pile
kind of thing?
Explanations
• Some 20 years ago qualitative studies have been made looking at the physical and
the organisational layout of the office. We shall get an idea how, to what extent,
and in what manner the PC is integrated into the office. Physically only? Are there
links from the physical to the virtual world and vice versa? What about the logical
file order and the order within the PC and in the rest of the office? Is there some
kind of implicit ‘pile’ the users create for themselves?

General
• What would be your ‘ideal’ desktop?
What annoys you most with that system you use? What do you like
most?
• Have I forgotten something you would like to add?
Explanations
• Questions 14 and 15: Did I forget/oversee anything fundamental?
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Identified Search and
Classification Rules
Symbols used:
Format = Attributes known from the documents to be sought.
| = Any arbitrary AND combination of the listed attributes
The word ’target’ in this context always refers to the set of documents
sought (i.e. that was given to the subject).
Table B.1 summarises the search rules applied in the PC environment
that could be identified, and Table B.2 those for the Office environment.
Table B.3 finally, summarises the rules found to be applied for classification in the two environments.
Table B.1: Identified PC Search Rules
PC Rule 1:
if
you expect only a few documents of Format in the search space,
then
use search tool with Format.
Verify results for correctness
by opening the target and result documents.
end
PC Rule 2.1:
if
Date of target document is known
then
use search tool with Date in the search tool’s Date option.
Include R1.
end
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PC Rule 2.2:
if
FileSize of target document is known
then
use search tool with FileSize in the search tool’s Size option.
Include R1.
end
PC Rule 2.3:
if
FileName of target document is known
then
use search tool with FileName in the search tool’s Name option.
Include R1.
end
PC Rule 2.4:
if
Title OR Topic OR Citation
of target document is known
then
use search tool with combination of Title | Topic | Citation
in the search tool’s ContainedText option.
Include R1.
end
PC Rule 3:
[Given: A potential interesting folder or list of documents]
if
Format | Title | Author| Topic | Size
| Type | Name | Date | Properties | Citation
of target document is known
then
if
Format | Title | Author | Topic | Size
| Type | Name| Date | Properties | Citation
applies to any documents contained in the folder/list
then
open document;
if
IsTargetDocument = FALSE
then
close document;
if
all documents in folder/list are verified
AND more interesting folders/lists exist,
then
goto next folder/list.
end
Re-do R3 with other document.
end
end
end
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PC Rule 4:
[Given: A potential interesting folder or list of documents]
Open a document in folder/list.
Look at
Format | Title | Author | Topic
| Size | Type | Citation
of documents in folder/list.
if
Format | Title | Author| Topic | Size
| Type | Name | Date | Properties | Citation
applies also to any of the target documents,
then
if
IsTargetDocument = FALSE
then
close document;
if
all documents in folder/list are verified
AND more interesting folders/lists exist,
then
goto next folder/list.
end
Re-do R4 with other document.
end
end
PC Rule 5:
if
you see a potentially interesting
Topic | Name | Type
| Size | FolderName | Document
in search space
AND IsTargetFormat = TRUE
AND IsTargetTopic = TRUE
then
Verify Results for correctness.
end

Table B.2: Identified Office Search Rules
Office Rule 1: Default Rule
Expect the organisation of the search space to be
obvious | SimilarToMyOwn.
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Office Rule 2:
if
Title | Topic | Type | Size
of target document is known,
then
GoTo R1;
if
Title | Topic | Type | Size
applies to DocumentThinkHaveSeen
OR arbitrary document contained in the search space,
then
Check at supposed location;
if
IsTargetDocument = FALSE
then
Re-do R2.
end
end
end
Office Rule 3:
if
NOT R1
AND
( CannotMakeSenseOfSearchSpace
OR CannotMakeSenseOfParticularPile/folder )
then
Look through all piles files and folders one by one;
Browse what at hands;
if
VisualAppearance = TargetAppearance
then
Verify Results for correctness using
Topic | Type | VisualAppearance
with target documents.
end
end
Office Rule 4:
if
you see
( documents on desk
OR documents close to those already searched
OR conspicuous documents )
then
Verify Results for correctness using
Topic | Type | VisualAppearance
with target documents.
end
Office Rule 5:
if
you see a potentially interesting
Topic | Type | VisualAppearance
in search space,
then
Verify Results for correctness using
Topic | Type | VisualAppearance
with target documents.
end
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Table B.3: Identified Office and PC Classification Rules
PC Rule 1: Naming Rule
if
name is intended for document
then
if
DocumentHasTitle = TRUE
then
use Title as Name
else
use
GeneralDescription | Topic
as Name
end
else
if
name is intended for folder
then
Use
Type | Topic | Format
as Name.
end
end

Office Rule 1: Naming Rule
[Applies only to files/folders etc]
Use
Type | Topic | Format
as Name for file/folder.

Office/PC Rule 2:
if
IsPrivateDocument = TRUE
then
put into a private file.
if
IsInfoDoc = TRUE
then
put in private into InfoSubfile
else
if
IsFunDoc = TRUE
then
put in private into FunSubfile
else
if
IsSpecialPurposeDoc = TRUE
then
put in private into SpecialPurposeSubfile
end
end
end
end
Office / PC Rule 3
Separate by
Author | GoesToKnown | ToDo
from the remaining documents
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Office/ PC Rule 4:
if
Topic | Title | Type | Use
| Project | Citation | SupposedContext
is similar as from other documents seen before
then
put it into folder/file with peer documents
else
create a new folder for it.
end
PC Rule 5:

Office Rule 5:

Separate
ImportantForWork | ImportantGeneral
| InUse | OwnDocs
from
NotImportantForWork |
NotImportantGeneral |
NotInUse | ByOthersDocs

Separate
ImportantForWork |
ImportantGeneral | InUse
from
NotImportantForWork |
NotImportantGeneral | NotInUse

Office / Pc Rule 6:
Separate
Format | Type
from
remaining documents into a special folder.
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A
AI

Artificial Intelligence
The study of the modelling of human mental functions by computer
programs.

Attribute

A property, quality, or feature belonging to or representative of a
person or thing.

B
Batch System

A system by which the computer programs of a number of individual users are submitted to the computer as a single batch.

Bookmark

An identifier put on a website that enables the user to return to it
quickly and easily.

C
Case Study

Intensive study of a single individual (also called ‘case history’)

CIMS

Collaborative Information Management System:
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A An information system developed by or created for a group of
individuals for collaborative use in a work environment. It includes
a group’s methods and rules for acquiring the information which
becomes part of the system, the mechanisms for organising and
storing the information, the rules and procedures for maintaining a
system, the mechanisms for retrieval, and the procedures for producing the various outputs required.

CRT

Cathode Ray Tube
Valve in which a beam of high-energy electrons is focused onto a
fluorescent screen to give a visible spot of light. The device, with
appropriate deflection equipment, is used in television receivers,
visual display units, oscilloscopes, etc.

D
Desktop
System

A computer system, esp. for word processing, that is small enough
to use at a desk.

Direct
Manipulation

Refers to interfaces having the following properties: continuous representation of the objects of interest; physical actions or labelled
button presses instead of complex syntax; operations whose impact
is immediately visible, and which are incremental, rapid, reversible.

E
Email

Empirical
periment

Abbrv for electronic mail.
The transmission and distribution of messages, information, facsimiles of documents, etc., from one computer terminal to another.
Also: The act of contacting a person or sending messages or documents by electronic mail.
Ex- see: Lab Experiment

Ethnography

Branch of anthropology that deals with the scientific description of
individual human societies.
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F
Field Study

Study conducted ‘in the wild’, i.e. in the natural habitat. This term
excludes any study that involves an invasive procedure, harms, or
materially alters the behavior of the subjects under study.

FFD

Flat File Directory:
A system of organising files in an OS where all files are stored in a
single directory, i.e. a file directory that can contain files only, but
no subdirectories. In a FFD, each file is uniquely identified by its
name, i.e. every file must have a different name because there is
only one list of files.

FTP

File Transfer Protocoll
The standard mechanism used to transfer files across the Internet,
or a similar network, between computer systems.

G
GDSP

Global Disk Storage per Person

GUI

Graphical User Interface
Interface between a user and a computer system that involves
the use of a mouse-controlled screen cursor to select options from
menus, make choices with buttons, start programs by clicking icons,
etc.

H
HCI

Human-Computer Interaction:
Study of how people design, implement, and use interactive computer systems and how computers affect individuals, organizations,
and society. This encompasses not only ease of use but also new
interaction techniques for supporting user tasks, providing better
access to information, and creating more powerful forms of communication.

HFS

Hierarchical File System:
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Files are stored into directories, which again are a special kind of
files and can be stored into other directories. As a consequence,
directories form the nodes of a tree with the actual files being the
leaves.

I
Icon

From Greek: eikōn image, from eikanai to be like
A pictorial representation of a facility available on a computer system, that enables the facility to be activated by means of a screen
cursor rather than by a textual instruction.

Interviews,
Structured

Personal interviews following a strict guideline of questions to be
asked, and possibly also a sampling plan.

IR

Information Retrieval:
The process of recovering specific information from stored data

ISaR

Information Storage and Retrieval System:
Mechanisms for organising, storing, maintaining and retrieving information throughout a storage system.

K
Knowledge
Worker

The defining characteristic of knowledge workers is that they are
themselves changed by the information they process.
To some extent, this is true of any human being. What distinguishes knowledge workers is that this is their primary motivation
and the job they are paid to do. Their value to an organisation is
to understand a body of knowledge and generate new information
from this understanding which changes either the organisation or
its customer in a direct way.

L
Lab
Experiment

Studies that employ treatment, outcome measures, experimental
units, and use random assignment to create the comparison from
which the treatment-caused change is inferred
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M
Memex

A device in which an individual stores all his books, records, and
communications, and which is mechanized so it may be consulted
with exceeding speed and flexibility. It is an enlarged intimate
supplement to man’s memory.

Meta-data

Literally: “Data about data”
In data processing, meta-data is definitional data that provides
information about or documentation of other data managed within
an application or environment.
For example, meta-data would document data about data elements
or attributes, (name, size, data type, etc) and data about records
or data structures (length, fields, columns, etc) and data about
data (where it is located, how it is associated, ownership, etc.).
Meta-data may include descriptive information about the context,
quality and condition, or characteristics of the data.

Metaphor

from Greek: metaphora, from metapherein to transfer, from meta
+ pherein to bear.
A figure of speech in which a word or phrase is applied to an object or action that it does not literally denote in order to imply a
resemblance.

MIT

Massachusetts Institute of Technology

N
NFS

Network File System

O
OAS

Office Automation System

OS

Operating System
The set of software that controls the overall operation of a computer
system, typically by performing such tasks as memory allocation,
job scheduling, and input/output control.

164

Appendix C. Glossary

P
PARC

Xerox Palo Alto Research Centre

PC

Personal Computer
Small, inexpensive computer used in word processing, playing computer games, etc.

Phase

Any distinct or characteristic period or stage in a sequence of events
or chain of development.

PIMS

Personal Information Management System:
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 a system, the mechanisms
for retrieval, and the procedures for producing the various outputs
required

Q
Qualitative Ex- The intervention with relation to a (social) subject which is exeperiment
cuted following scientific rules and towards the exploration of the
subject’s structure. It is the explorative, heuristic form of an experiment.
Quantitative
Experiment

see: Lab Experiment.

QuasiExperiment

Studies that employ treatments, outcome, measures and experimental units of analysis, but do not use random assignment to
create the comparisons from which treatment-caused change is inferred. Instead, the comparisons depend on non-equivalent groups
that differ from each other in many ways other than the presence
of a treatment whose effects are being tested.

Questionnaire,
Standardised

Individuals are mailed written material to be completed, or invited
to respond to a series of items about some product or topic in movie
theaters, restaurants [...]
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R
Rule

Prescribed method or procedure for solving a methodical problem,
or one constituting part of a computer program, usually expressed
in an appropriate formalism.

S
SFS

Semantic File System:
An information storage system that provides flexible and associative access to the system’s content by automatically extracting attributes from files.

Strategy

The manoeuvres and/or plans followed to achieve a particular
medium or long-term goal.

T
Tactic

The manoeuvres and/or plans followed to achieve a particular
short-term aim.

Time-shared
System

A system by which users at different terminals of a computer can,
because of its high speed, apparently communicate with it at the
same time.

TTI

Tele-type User Interface

Thumbnail

A tiny copy (about the size of a thumbnail) of a larger image.
Generally, thumbnails appear on Web pages to give users a general
idea of what the image looks like before they choose to spend time
waiting for the larger version to download. Clicking on a thumbnail
image generally causes the larger image to load automatically.

U
UI

User Interface

UIP

Universal Information Platform
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V
Validity,
external

The degree to which conclusions can be generalized.

Validity,
internal

Validity of empirical statements dealing with the question of
whether X (as manipulated) causes a change in Y (as measured).

VDU

Abbrv. for Visual Display Unit
A device with a screen that displays characters or line drawings
representing data in a computer memory. It usually has a keyboard
or light pen for the input of information or inquiries.

W
Wiki

Wiki is a piece of server software that allows users to freely create
and edit Web page content using any Web browser. Wiki supports
hyperlinks and has a simple text syntax for creating new pages and
crosslinks between internal pages on the fly.

WWW

Abbrv. for World Wide Web
A vast network of linked hypertext files, stored on computers
throughout the world, that can provide a computer user with information on a huge variety of subjects.

WYSIWYG

Abbrev. for ‘What You See Is What You Get’
Referring to what is displayed on the screen being the same as what
will be printed out.
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