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Abstract: In general, metainformation plays an important role in knowledge management for
finding information. However, adding metainformation usually takes additional time. We work
on WidDocs, a spatial-based knowledge management system. One of its main tasks is providing
implicit metainformation that was added automatically during the structuring process without
requiring ahigh cognitive load. Thisis supported by adetailed and | ess abstract structure model as
well as by real world-based simulation of behavior. In this paper, we focus on emerging rotation,
fixed sized documents, and binding mechanisms. We conclude that spatial structure techniques
that consider physical limitsand emerging structures may add important metai nformation without
significantly increased cognitive load on the user. We further point to our current and future
implementation and the development of a special input device that supports efficient navigation
on WldDocs's space.
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1 Introduction

Human resources are important for task and user oriented views in knowledge man-
agement. Humans use computers as tools to solve problems. A very important aspect
today are user interfaces, because they provide the connection between machine and
user. In knowledge management, thisis the link between the computer application and
the knowledge worker.

A good knowledge management tool can be any tool that supports the user’s way
of thinking by augmenting the human intellect [Engelbart, 1962]. Many different kinds
of applications were created that try to achieve this. Already in 1945, Vannevar Bush
described Memex, a machine that can be used to build trails of information that can be
followed at any time later. The idea behind thiswas using amachinein asimilar way to
how humans think: building associations. Twenty years |ater, some researchersreferred
to Bush’s idea by developing hypertext applications, systems that support creation and
representation of associations among fragmented pieces of information.
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In the late 1980s, people created tools — known as spatial hypertext applications® —
that enabled knowledge workersto apply visual cues to information that is represented
on a 2D space [Marshall et al., 1991]. They were successors of other knowledge man-
agement applications, such as NoteCards [Halasz, 1987], a hypertext tool that was able
to represent its node-link structures graphically.

The step from explicit representation of relations, as the node-link model has, to
implicit structures with visual and spatial cues on a 2D space, was an important one.
The new approach followed a card metaphor. Pieces of information may be moved
on a 2D space similar to cards that can be arranged on a table. So-called collection
objectswereimplemented that all ow usersto collect pieces of informationin sub-spaces
[Marshall et al., 1994]. They follow a drawer metaphor in that different items can be
placed to be grouped together.

Any graphical representation of knowledge is generated either by a machine or a
human. In our research, we focus on the aforementioned, and tools that are used by
humans to structure knowledge.

Recently, [Atzenbeck and Nirnberg, 2004b], we argued that there is a significant
difference between spatial structure applications and paper-based real world structures
in their abstraction levels. Paper-based structures show more sloppinessin their align-
ment as well as have more physical limitations than comparable computer applications.
The questionsthat arise are:

1. Is the reduction or prevention of sloppiness in spatial based knowledge manage-
ment applications positive due to reduced danger of cognitive overload, or do addi-
tional structure details carry useful information?

2. Isthelack of simulated physical limitations in computer applications positive, or
does simulation of limits help knowledge workers directly or indirectly?

To answer those questions, we implement a test environment that lets us switch on
and off certain aspects of emerging sloppinessaswell aslimitationsthat are well known
from the real world. Our application is called WildDocs? and is based on Piccolo, a2D
zoomable graphical user interface [Bederson et a., 2004].

2 Aspects of Sloppiness

Most of the current spatial based knowledge management applications, e. g., the Visual
Knowledge Builder (VKB) [Shipman et a., 2001] or Tinderbox [Bernstein, 2003], do
not allow objects to be rotated. In fact, some applications even snap objectsinto a grid
to get them aligned easily. This takes away rich spatial structure details and increases
thelevel of abstraction.

1 In the following, we use the term “spatial structure application” for any knowledge manage-
ment tool that is used to structure knowledge spatially.

2 WIdDocsis named after “wild documents.” aterm that refersto the ability to apply sloppiness
to its objects while they are being moved.
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Figure 1. VKB Screenshot

For our discussion, we consider the following use case. John Doe, a knowledge
worker at alarge company, structures pieces of information on a 2D space provided by
aspatial structuretool, such as VKB (see Fig. 1.) After using thistool for along period
of time, the application holds several thousand objects. He has created piles and uses
collection objects to group similar documents. Due to the fact that the spatial structure
tool aligns objects on a grid and does not have rotation implemented, piles as well as
other visual structures|ook very similar to each other throughout the space.

For an upcoming presentation, John needsto gather certain information. Because he
does not know exactly what he is looking for, he cannot use any information retrieval
system effectively. Instead, he is browsing the spatial structure he has built. Due to the
human ability to recognize and remember shapes, John remembersthat the information
he is looking for is part of a specific pile. The problem he faces now is that all piles
on his 2D space look almost the same. This makes it hard to differentiate between the
pile he has in mind and other piles. Even though aligned objects ook more appealing
to many people, the drawback of having a higher abstract level of structureis obvious.

How might a possible solution look that enables John to find the required informa-
tion more quickly by having the shape and visual appearance of the appropriate pilein
mind?

We have analyzed real world structures, created with paper. One significant differ-
ence to many computer applications is that paper cannot be moved without constantly
changing its angle. This sloppiness creates piles and other spatial structure types that
have individual characteristics applied.

One notion of those characteristics is metainformation. For example, paper that is
structured in a hurry usually appearsto be sloppier or messier than documentsthat are
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Figure 2: WildDocs v1 Screenshot

carefully put together. Besides a sloppy offset, rotation plays an important role. A com-
puter agent that aligns objects on a virtual desk deletes this implicit metainformation.
Recent research has shown that this kind of information (e. g., changing the color of
e-books according to the frequency of use to make them look older) is well recognized
and understood by the user [Card et al., 2004].

Wi dDocs has two different types of rotation implemented. One kind is applied con-
sciously and directly by the user, the other is applied automatically while the user is
structuring objects by moving them around. As with paper on a table, the manipu-
lated object rotates dightly. This rotation depends on speed of movement, position rel-
ative to the user, and a random factor. The algorithm is based on observations we have
made with paper on adesk. Because emerging rotation happenswithout being explicitly
called by the user, it does not cost any cognitive load.

Instead of VKB, we assume now that John was using a tool that applies sloppiness
in offset and rotation automatically, such as WildDocs as shown in Fig. 2. John may
remember that the paper heislooking for his presentation was collected in a hurry and
thereforeit is part of awide spread and very messy looking pile. It islikely that he will
find this pile faster, because it has graphically represented metainformation that John
remembers.

3 Agpectsof Limitation

Most computer application aim to avoid limitations, such as a small maximum number
of objectsthat are possibleinside a collection. Examplesare collection objectsin spatial
structuretool sthat can hold alarge number of objectsincluding other collection objects,
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or the directory structures of file systems. One single directory can hold a very large
number of files as well as sub-directories. In the real world, bindings are much more
restricted. For instance, a binder cannot hold other binders and it can hold only arather
small number of single pages, caused by its limited space.

Another important difference between computer applications and paper organiza-
tionisthat afile on acomputer is not equivalent to a single sheet of paper. Furthermore,
thereis no generic function that allows a user to guess the number of printed pagesfrom
thefile'ssizein bytes. For example, a PDF file may consist of hundreds of single pages,
but it may consist of less bytes than a high quality picturethat is supposed to be printed
on one single page.

On modern computer desktops, such as Mac OSFinder, KDE, Gnhome, or Microsoft
Windows Desktop, numerical representations of file sizes can be switched on, but there
are no representations that show the size of afile according to its equivalencein printed
pages. It can be assumed that the user remembers the size in pages rather than the size
in bytes. Therefore, a representation of a document’s size according to its number of
printed pages is more useful for our proposed kind of knowledge management applica-
tions than a representation of the file size in bytes

Assume that John Doe is looking for a specific e-book that he has put on the 2D
space some time ago. The only thing he remembersiis that the book is quite thick and
has around 800 pages. It might be relatively easy to find this book on a physical desk,
because of its size. However, in John's VKB-like spatial structure application this book
isrepresented as asingle visual object that has scroll bars. John does not remember how
big the visible section of this object is. This makesit very hard to find it.

In WdDocs we consider fixed size documents. These are predefined sizes a docu-
ment can have (e.g., ISO A4 or ISO A5) that cannot be changed after the document is
created. The document does not have scroll bars. Whenever there is more content that
would fit on afixed size object, anew instanceis created. Even though this behavior isa
limitation on the one hand, it automatically applies visual represented metainformation
about the amount of data. A book in WildDocs can be found according to its thickness,
equivalent to print copies.

Because this behavior forces the user to deal with a large number of single pages,
we aso introduce bindingsin WildDocs. There are different types of bindings, such as
binder or book. A book can be composed, but pages cannot be added to it after that,
whereas the content of a binder may be changed frequently. The notion of bindingsin
W IdDocs is significantly different compared to collection objects in spatial structure
applicationsor directoriesin file systems. Bindings have afairly low number of objects
that they can hold. This number istaken from experiences based on thereal world, e. g.,
a maximum number of 500 single pages per binder or 1000 single pages per book.

This limitation forces the user to restructure information constantly according to
the binding's attributes. An important advantage is that the number of objects within
a binding stays relatively small. This makes it easier and more efficient than browsing
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Figure 3: Early Sketch of WldDocs's Input Device

through a large number of collection items that are represented at one single level. It
also gives a better overview of how many pages a binding holds.

Assuming that John would have used WildDocs, he literally would have seen the
book that has 800 pages because of its thickness. He can use the metai nformation that
he remembers and find the book based on that.

4 Conclusion and Future Work

We concludethat spatial structure techniquesincluding the implementation of physical
limits (such as the maximum number of documents within a binding) and emerging
structures (such as changing rotation of objects during movement) may add important
metai nformation without significantly increased cognitiveload on the user. Humans are
familiar with paper as information carrier for thousands of years. Implementing some
of the limitations may help knowledge workers to use computers more efficiently as
knowledge management tools. Nevertheless, we do not claim that detailed implementa-
tion of areal world metaphor is positive per se. With WldDocs, as afirst step, weaim to
increase the amount of metainformation applied to spatial structureswithout having the
user doing this explicitly. As a second step we evaluate whether implemented features
are useful for increasing efficiency and effectiveness of knowledge workers.

Currently, WdDocs v1 has fully implemented zooming and both kinds of rota-
tion, emerging and purposeful, as well as partly implemented bindings. The aspects
of fixed size documents as well as more details for bindings will be implemented next
[Atzenbeck and Niirnberg, 2004b]. To be more flexible and to make use of the advan-
tages of modern system architectures, we will port WildDocs v2 to serve as structure
services and frontend in Construct [Wiil et al., 2003], a structural computing environ-
ment [Nirnberg et al., 2004].



292 Atzenbeck C., Nuernberg P.J.: WildDocs - Emerging Metainformation Support

Our goal is to test to what extend WdDocs's features support the user in faster
information organization aswell as retrieval. There will be different subject groups that
have single features on or off. All will be given the same task. We will measure the
time that it takes to solve the given problems. We expect to gain first evaluation results
later this year. This approach follows our research in structure interoperability and rich
structures[Atzenbeck and Nirnberg, 20044], that we have presented at the [-KNOW’ 04
conference. The results about the effect of emerging metainformation will also affect
other structure types, such as navigational, argumentation, or taxonomic structures.

We are also involved in developing a special input device for our application that
supports quick and effective navigation and zooming and is easy to use. Figure 3 shows
an early sketch of our development: A touch screen can be moved on ax and y axesto
navigate on a2D space. Movement onthe z axisis used for zoomingin and out. The goal
isto provide asimilar navigation and focus experience to the user that he/sheis used to
havewith paperson adesk. Inthisrespect, our researchisrelated to tabl etop workspaces
that use tables as displays, e.g., The Escritoire [Ashdown, 2004], that projects digital
documents on areal desk and lets them move around or annotate.

Our overall goal isto improve spatial-based knowl edge management tool sfor knowl-
edge workers. In combination with modern IR systems and semi-intelligent agents, the
user will benefit from rich metainformation that does not require him or her to spend
any time to create them.
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