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Abstract.  An advanced interface is preserted for uid interaction in a
personal digital library system. The system employs a zoomable planar
represertation of a collection using hybrid contin uous/quantum treemap
visualizations to facilitate navigation while minimizing cognitive load.
The systemis particularly well suited to usertasks which, in the physical
world, are normally carried out by laying out a set of related documents
on a physical desk| namely, those tasks that require frequent and rapid
transfer of attention from one document in the collection to another.
Discussedare the design and implementation of the system aswell asits
relationship to previous work.

1 Intro duction

The persistenceof paper as a preferred medium for documert interaction, in

the face of distinct and growing advantages of electronic represerations, has
in recert years been well-studied [1]. Perhaps nowhere are the advantages of

paper over extant electronic alternatives so strong as in the case where the

reader wishesto compare a set of passagesappearing in seweral documerts, or

to cycle attention among passagedrom seweral documerts in rapid succession.
Sud patterns of interaction arise naturally during a variety of knowledgetasks,

including the preparation of lectures, the reviewing of papers, the analysis of

intelligence brie ngs, and the writing of a report, among many others. We shall

refer to sud patterns as\reading from multiple sources,"with \reading" to be
taken in its general senseto include such activities as annotation, extraction,

summarization, and the like.

We considerreading from multiple sourcesin the context of a personaldigital
library. By the quali er \p ersonal" here we meanthat the user (1) already has
the right to useall of the data objects in the library, and (2) already has local
possessiorof those objects. An example of such a personaldigital library is the
result of scanningone'so ce ling cabinet onto a local hard drive.

In recert years, the importance of e ectiv e visualization tools and visual
interfacesto digital library collectionshasbeenrecognized[2{4]. In the caseof a



personal digital library, an opportunit y exists to blur the traditional separation
between searding for materials and using them. The system preserted in this
paper pursuesthis goal.

In the physical world, reading from multiple sourcesoften involvesspreading
out a set of documerts on a large deskor table. During the courseof the activity
the reader is at various times absorbed in the close study of one documert
or another, while at other times, be it in transition or in respite, the reader
broadenshis or her focusmomertarily to regard the workspaceasa whole. Fluid
transitioning among these modes of attention is achieved, and the cortinuity of
orientation maintained, by virtue of the persistenceof the layout of the physical
documerts in a singlevisual eld, and through the ability of the readerto adjust
his or her certer and eld of attention rapidly and at will.

The system described in this paper is an attempt to simulate and, at least
with respect to navigation, surpassin the electronic realm the a ordances of
reading from multiple paper sources.A uniform and consistert interaction inter-
faceis provided to every documert in a zoomablevirtual workspace,irrespective
of its nativ e electronic\format" or \t ype." This universality is enabledby a fast,
transparent, and automatic meansof corverting arbitrary documerts of interest
into a common intermediate working represeration. To support the naviga-
tional cuesthat get built up in spatial memory during the courseof the activity;
advanced visualizations known as treemapsare usedin the system's interface.
Provision is made for navigation by interactive incremertal textual seard.

1.1 Univ ersalit y of Represen tation and Consistency of Interface

Phelps and Wilensky [5] note that \picking a format is often tantamount to
choosing a browser/editor/view er with its padkagedbundle of featuresand lim-
itations." The diversity of applications required to interact with dierent doc-
ument typesleadsto a proliferation of user interfaces, placing the additional
burden on the user of having to learn and remenber their proper operation.

Personal digital library systemscan mitigate these problems by allowing
documerts to be converted into a common intermediate format for purposesof
indexing and viewing. Reading applications need then support only this single
common format. Becausethe addition of new information sourcesis a frequert
and integral part of the reading activity, conversioninto this commonformat |
including the extraction and processingof any requisite metadata, must be as
fast, transparent, and automatic as possible.

1.2 UC: a System for Fluid, Seamless Interaction

This paper describes a system for reading from multiple documerts which ad-
dressesthe above mertioned shortcomings of current digital reading systems.
The system, called UC (a name deriving from its initial but no longer usedin-
ternal name\UpLib Client") is built on the UpLib personaldigital library plat-
form [6], which provides an extensible, format-agnostic, and securedocumert



repository layer. UpLib achievesa degreeof universality in accommalating mul-
tiple document formats through heavy reliance on two principal transductions
of the original documert, oneinto the image domain and the other into the text
domain. From the perspective of UC, the image projection facilitates simulation
of the visual experienceof reading from multiple paper documerts, while the text
projection enablesseard-basednavigation. By virtue of its leverageof UpLib,
incorporating a new documert into the UC systembecomeslargely a matter of
producing its two fundamertal projections. To accomplishthis in a manner that
imposesthe least amount of latency and cognitive load on the user involved in
a reading task, an area of the user's le systemis designatedfor scanningand
processingsothat any documert placedthere is automatically incorporated into
the workspace.

For eadh documernt in the workspace,the UC system usesan instance of
a single consistert reader application, ReadUp, described in detail in a paral-
lel submissionto the presert conference.Despite the compositional relationship
betweenUC and ReadUp, the userexperiences uid interaction within what ap-
pearsto be a singleapplication. This is accomplishedby making every documert
behave asif it were always openin a separateinstance of ReadUp, independert
of whether it is an object of current focus. Thus, from the user's point of view,
there is no needto launch a separateviewer application to interact with a doc-
ument; one merely zooms, pans, and focuseson a documert to interact with
it.

The remainder of this paper is arranged as follows. Section 2 summarizes
relevant prior work. Section 3 motivates key design aspects of UC by consider-
ing those a ordances most valuable when reading from multiple documerts. A
detailed description of the UC is provided in Section 4. Section 5 lists future
work and Section 6 concludes.

2 Prior Work

The importance of e ectiv e visual interfacesto collections has beenrecognized
by a number of researders [2{4], but in the context of remote digital libraries
where nding and using materials are constrainedto be separateactivities.

Se\eral previous systemshave used treemaps and zoomable user interfaces
(ZUls) similar to those described in this paper. The original implementation
of this idea was in the PhotoMesa image browser [7]. Many of the principles
driving our system design are derived from this work. The International Chil-
dren's Digital Library (ICDL) [8] builds on PhotoMesaby laying out children's
book cover thumbnails in zoomable treemaps. Our work di ers from the ICDL
in seweral respects, including the use of hybrid treemaps, the speci ¢ modes of
navigation supported, the ability to generatethe collection automatically, and
the accommalation of large, heterogeneouscollections.

Scatter/Gather [9] and Visual RelevanceAnalysis [10]both provide visualiza-
tion of documernt collections basedon interactiv e clustering techniques, and the
latter presers an interactive treemap visualization of topics. Unlik e the presen



work, neither attempts to support documert use(i.e., reading, annotation, etc.)
as an integral part of the activity.

The Web Book and Web Forager [11] usesa 3D book metaphor to organize
collections of web pagesinto a three level hierarchy for navigation and read-
ing. Our work diers in that it provides visualizations of multiple collections
simultaneously. It is also not limited to web pagesor to a xed hierarchy. Data
Mountain [12], another technique for interacting with collections of web pages,
provides a planar 3D workspacein which the user can manually organize web
page thumbnails. In cortrast, our techniques provide automatic visualization
layouts, overviewsof multiple collections, and support for a variety of documert
types.

Much of the prior work on electronic reading has focusedon reading individ-
ual documerts. Document Lens[13] presens a sheye view of a grid of thumb-
nails of a documernt's pages.XLibris [14]focuseson providing for freeform anno-
tations on an electronic documert. The Multivalent Browser[5] attempts to cre-
ate a standardizedreading and annotation platform independen of a documert's
originating format; our work extendsthis ideain dealing with documert collec-
tions. In contrast to the above cited work, we focus on multi-do cumert reading
taskswherethe ability to transition from collection-browsingand overview mode
to detailed comparisonof the contents of the documerts are typical and frequert
operations.

3 Eectiv e Interaction

3.1 Fluid Reading

Current documert browsersand reading tools have overheadthat can be cog-
nitiv ely disruptiv e for reading. One limitation in these systemsis that not all
documert types are supported by the same reading application. As a result,
not all documernts support the samefunctionality, such asthumbnail overviews,
highlighting, freehand annotations, text notes, or keyword seardi. Moreover,
even when similar functionality is available in a documert's native applications,
the userinterface cortrols to that functionality are not standardized.

A related limitation is that documert nding and browsing is divorced from
documert reading. As a result, reading a documert typically involves opening
a new application external to the one usedto nd it. This act of opening an
application often intro ducessmall delays both for the systemto respond and for
the user to orient to the change. Moreover, if the new application is displayed
in its own window, it can also intro duce window managemem problems. These
issuessubstartially increasethe cognitive load of reading.

A more subtle e ect of the separation betweenbrowsing and reading is that
the reader is often forced to prematurely commit to spending time with a doc-
ument that turns out not to be most relevant. Applications for nding and
browsing typically display a xed amourt of information about the documert so
the user must make a decisionwhether to incur the costsdescribed above based
on limited information.



3.2 Multi-Do cument Reading

Becausedocumert nding is typically separatedfrom documert reading, mul-
tiple documert reading tasks are particularly dicult in the electronic realm.
Many applications provide facilities for navigating betweenmultiple documerts
of the sametype, such astabs in a web browser. However, reading tasks may
involve moving between seweral types of documerts suc as web pages, word
processingdocumerts, presenration slides, etc. This type of task suggeststhe
needfor techniquesto transfer attention rapidly among documerts, regardless
of type, in small working sets.

A related problem is being able to view the pagesof multiple documerts
at once. With paper, this is often accomplishedby spreading out documerts
on a table. Reading applications often provide thumbnail facilities for viewing
multiple pagesfrom a single documert but not from multiple documerts. The
ability to do so can be important for making comparisons[15] and for getting
an overview of a collection of documerts [16].

3.3 Finding Documents

Perhapsthe most widely acceptedmethod of nding relevant documerts is key-
word seard1. This method has a number of limitations in the caseof personal
digital libraries. Keyword seard is fundamertally a recall-baseduser interface.
A classicprinciple in userinterface designis to minimize the memory load on the
user [17]. This is often referred to informally as\supp orting recognition rather
than recall."

A generalproblem with keyword seard is that a user'svocabulary often does
not match the desired documert's vocabulary. This meansthat usersmay not
be ableto nd certain documerts or they may have to experiment with seweral
queries before they nd what they want. A number of techniques have been
introduced to deal with this problem such asterm aliasing or personalizations
like those in Haystack [18]. Nevertheless,these heuristics are not likely to work
in all caseslt is alsooften the casethat the useris not able to formulate a query
at all. Some examplesinclude searding for a picture, a specic page layout,
or some other visual property of a documert. In these cases,the user needs
techniquesfor interacting with documerts visually rather than textually .

4 The UC System

The UC system developed in our researd group integrates a number of recert
userinterface, information visualization, and digital library techniqueswith the
goal of addressingthe problems described in the foregoing. The systemis also
designedto work well with pen-basedtablet computers where traditional user
interface cortrols, sud as scrollbars and text boxes, are of limited e ectiv eness.
While the foregoing sectionshave described the motivation and designrationale
for this system,the presen section and the next describe the systemin detail.



UC isin part a userinterface for interacting with documerts in an UpLib [6]
repository. As sud, it is able to connectto existing UpLib repositories, such as
thosethat have beenmanually constructed. However, it also providesa powerful
facility for nding documerts in the user's le systemand automatically adding
them to the repository.

4.1 Contin uous and Quantum Treemaps

UC usescortinuous and quantum treemap [19] layouts to presert collections
of documerts. Contin uous treemapsare space lling visualizations of trees that
assign area to tree nodes basedon the weighting of the nodes. In continuous
treemaps,the aspectratio of the cellsis not constrained eventhough squarecells
are often preferred. Quantum treemaps extend this idea by guaranteeing that
cell dimensionsare an even multiple of a unit size. These layouts are described
in more detail by Bedersonet al. [19].

The page thumbnails usedin UC are basedon documert icons created by
the UpLib system. In addition to portraying the often unique appearancesof
the documerts themseles, these icons can also be augmerted with overlays
such asimportant text or pictures to further assistusersin di erentiating one
documert's icon from another. These unique documert icons sere to enhance
spatial memory of documert locations within UC's spatial treemap layouts.

Usersoften collect large numbers of documerts that are more than can be
meaningfully displayed using thesethumbnail basedvisualizations. As a result,
the system has a threshold number of documents above which thumbnails are
no longer displayed and standard continuous treemaps are shown instead. The
continuous treemap attributes of cell sizeand color can then be usedto display
quarntitativ einformation about the underlying collectionssuc asnumber of doc-
umernts, number of pages, le sizes,last modi ed or last viewed dates, alphabetic
ordering, values for manually assignedmetadata, or other semartic properties
extracted from the documerts. Table 1 lists somecommonoperationsin UC and
their allowable starting and ending treemap types. When an operation supports
both treemap types,the system choosesbetweenthem basedon the number of
documerts in the current view.

A number of algorithms can be usedto arrange cortinuous treemaps. Our
system supports both squari ed and strip treemap layouts. Becauseour data is
typically ordered by date, le name, etc., the default layout is a strip treemap.
Bedersonet al. present evidencethat the strip layout is preferable over other
available treemap algorithms for presering ordered data [19]. This layout also
has reasonablebehavior as documerts are added to collections or the window
aspect ratio changes.

4.2 Navigation

An important aspect of the interface is the uidit y of navigation. This allows
the userto focus on the documerts rather than on interacting with the tool. In
UC, the navigation controls are similar to those in other ZUIs. Left click on an



Zoom |Zoom In In Limit |Explode| Read

Out Context | View to |to Pages| Docu-
Search | Seardh ment
Results
cC! C
C! Q
Q! C
Q! Q

Table 1. The available transitions between the two types of treemaps. In the row
header,\C" represerts continuous treemaps and \Q" represerts quantum treemaps.
An \X" in a cell indicates that the column's operation can start in the rst treemap
type and end in the second.

object or group of objects zoomsin and either button clicked on the background
zooms out.

One problem that arisesfrom combining a zoomable user interface with con-
tinuous treemaps involves con icts with aspect ratios. The cells in continuous
treemapshave a range of aspect ratios, asdemonstratedin Fig. 1. Each of these
di erent aspect ratios may dier from that of the view window. As a result,
zooming in on these cells, as you might zoom into a country on a map, may
not increasethe amount of screenspacedewvoted to a cell. For example,if a cell
consumesthe full width of the window but only half the window's height, then
there is no way to increasethe sizeof the cell while keepingit ertirely on screen.

There are two solutions to this problem. The rst isto zoom in sothat some
of the cellis o the screen.In the previous example,this would meanzooming in
to the point wherethe cell's height is equalto the window's height and the cell's
width is twice the window's width. The advantage of this approadc is that it
presenesthe kind of standard geometric zooming usedin many other systems.
The disadvantage is that the changein scaleneededto zoom a cell is essetially
unlimited. In our previous experiencewith ZUIs, we have found that this type
of large changein scalecan be disorienting evenwhen the transition is smoothly
animated.

The secondsolution, and the one usedin UC, is to zoom and morph the
cell to the window size and aspect ratio while leaving the rest of the layout in
place. The primary advantage of this approad is that it minimizes the visual
disturbance of the display sinceonly a singlecell moves.Animating the transition
can further help orient the userduring the change.

The contin uoustreemap views also provide previewsof the layout at the next
level down when the user movesthe mouseinto a cell. One bit of information
this preview providesis whether the layout at the next level down is a continuous
treemap or a quantum treemap. The preview can also give a rough idea of the
number and structure of groups at the next level.

Importantly, the quantum treemapsin UC are navigated with standard view-
point animations while the documert layouts remain static. This allows the user



to build awarenessand memoriesfor spatial relationships within smaller working
setsof documerts.

4.3 Rening and Searching Collections

UC providescortrols to re ne which documerts are displayed. First, the interface
provides mechanism to seard for speci c content within the documerns. The
systemincremertally highlights matching documerts as letters are addedto the
seard query to immediately indicate matching documerts. The user can also
chooseto update the view to re-layout with only documerns that match the
current query. An example of this type of seard, ending in reading a documert,
is shawn in Fig. 1.

Fig. 1. An example keyword seard scenarioin UC. The scenariobeginswith a contin-
uous treemap visualization of a document collection (top left). As the usertypessearh
terms (top right), interactiv e highlights appear for groups with matching documernts.
The user pressesa button to limit the view to only matching documents (bottom left).
Finally, the user zooms in on a document and begins reading with the ReadUp reader
(bottom right).

For UpLib repositories generatedfrom a le system, the interface also pro-
vides cortrols for nding patterns in the le path name and for limiting which
le typesare displayed. We also plan to generalizethis to include controls for
limiting le size,number of pages,last accessor modi cation times, and other
typesof documernt metadata.



4.4 Explo de to Pages

For multiple documert reading, usersneeda medanism to easily make compar-
isons betweenmultiple documerts. This is accomplishedin the UC by allowing
the userto explode a set of documerts into their pages.As with collections of
documert iconsin UC, thesepagethumbnails are laid out in quantum tree maps.
Using an identical layout at both the documert and individual pagelevel allows
the userinterfaceto provide a consistert setof functionalit y and interaction tech-
niques between the two types of views. These exploded documert layouts not
only support comparisonsbetween pagesof multiple documerts, they can also
provide overviews of collections and a medchanism for quickly jumping between
pagesin multiple documerts. Fig. 2 shows the layouts in use.

Fig. 2. An example of exploding a document collection to pages. A working set of
documernts is obtained through a seard (top left). Pressing a button explodes the
documernts to pages.The user zooms in on the pagesof sewral interesting documents
(top right). The user contin ueszooming in to a portion of a single document (bottom
left). The userthen selectsa document page and beginsreading at that pagein ReadUp
(bottom right).

4.5 Integrated ReadUp Reader

An important principle in the system designis that reading be uid and not
require opening a separateapplication. This is achievedin UC by integrated the
ReadUp documert reader provided by the UpLib system. This reader provides



thumbnail overviews, freehand pen annotations, highlighting, text sticky notes,
bookmarks, and full text keyword seard.

Annotations madein the readerare automatically storedin the sameUpLib
repository that storesthe image and text projections. This allows the user to
uidly read and annotate documerts without having to manageannotated les
or explicitly save changes.The user'sactivity, suc ashow long the userviewed
a particular page, is also stored in the UpLib repository which can be usedto
inform the visualizations provided by UC. For instance, documerts that a user
readsfrequertly can be made more prominent to support easily revisiting them.

4.6 Implemen tation Issues

UC is a Java application that connectsto one or more UpLib repositories as a
network client. The UpLib server alsoruns an extensibleset of documert analysis
and processingoperations on ead documert when it is acquired. These opera-
tions extract metadata, create various thumbnail versionsof ead page image,
and perform full-text indexing. The UC system requestsinformation from the
sener, such as thumbnails, word bounding boxes, or document metadata, to
enableinteraction with documerts in the repository. UC alsoincludes a utilit y
to scana portion of the le system specied by the user. This scannerthen
adds supported documert typesthat it nds to a specied instance of an Up-
Lib repository. UC extends the set of documert types handled by the UpLib
systemto include those producedby popular word-processing,spreadsheetand
preseriation applications.

5 Future Work

In this paper we have described the designrationale, feature set, and implemen-
tation of UC, but not its ewvaluation in controlled user trials. User evaluation is
essetial to fully understand the bene ts of the approach and to identify weak-
nessesand opportunities for improvemert. A complicating factor in designing
such a user study is that the time scaleof the sort of multi-do cumert reading
tasks for which this systemis intended can span days and weeks,involvesthe
interaction of many factors, and is subject to a great deal of variability in both
the methods currently employed and their e ectiv eness.The common expediert
of devising a small, arti cial task on which to compareand report statistical p-
valueshasbecomederigueur in the user-interfacereseard community, but likely
would not lead to much insight. Instead, working with our colleagueswe intend
to undertake a descriptive ethnographic study in an authentic multi-do cumert
reading setting.

UC's userinterface currently supports re neable automatic treemap layouts.
We would also like to look at combining these automated layouts with user de-
ned layouts such asthosein Data Mountain [12] and VKB [20]. The automatic
layouts could then bootstrap the users manually constructed working sets for
particular tasks.



6 Conclusion

This paper has described an advanced visual interface system for navigating
within a personaldigital library and interacting with its contents in a uid and
consistert manner. The systemis basedon a zoomable planar represenation of
the collection in which sub-collectionsand individual items becomeaccessible
as the scaleis varied. In contrast to most existing collection visualization and
managemen systems, provision is made for interacting with elemerns of the
collection seamlesslyand in situ, without having to open a separateapplication.
In contrast to most documert reading interfaces,the systemfacilitates rapid and
uid movemert from one documert to another documert, again without leaving
the overarching spatial represenation of the collection, thus preservinga senseof
orientation and reinforcing spatial memory throughout the courseof interaction.
In addition, the system streamlinesthe incorporation of new documerts within
the personal digital library by automating the corversion of those documerts
into a common compatible format.
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