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The Multi-level Document Visualization Prototype 
In the Multi-level Document Visualization prototype that we have developed, the prospect view indexes 
a fisheye read ing view, where a segment of text of about a dozen lines is shown at full size, while 
adjacent text is displayed as increasingly smaller lines of microtext (Small, 1996; Furnas, 1986; Bederson, 
2000). Prospect on an entire document has been a traditional component of print design, with books, 
for example, often containing apparatus such as the table of contents, indexes and chapter headings. 
However, there were inherent limitations, since the static form of the text could not be the basis for any 
new opportunities for action derived from tools associated with prospect. However, with a digital text 
there are several advantages that can be made available. These in some ways parallel the advantages 
gained by people using zoomable electronic maps. By zooming out, the reader is able to gain some 
insight into the larger terrain; by zooming in, the reader can examine details within context. In the 
case of digital text, however, there are further advantages that relate to the linearity of the document, 
as outlined below. 

Firstly, the prospect view can be used as an index to the document, allowing the reader to gauge the 
total amount of text against the current insertion or focus point._figure2 This feature is similar to the 
ability to gauge location in a printed book by physically judging the total number of pages against the 
current page. However, since in this case the text is digital, the gauge can also be used as an access 
method, where the reader can accurately change the current insertion point by choosing a new point on 
the prospect view. This capacity resembles to some extent the scrollbar and sliding thumb, the size and 
position of which correlate to the length of the document and the current viewing position. However, 
the prospect view provides additional cues to the reader through the visual presence of lines of microtext, 
which in some documents can help differentiate section breaks or other textual characteristics. The 
explicit use of the scrollbar as an analog for the entire document has also been explored by projects such 
as Hill and Hollan (1992), where marks were superimposed on the scroll bar as a form of interaction 
history, to indicate locations of reading and editing . 

Figure 2. This version of the multi-level 
document visualization prototype shows 
three views: one of the entire document 
for prospect, another for reading and 
a third with notes. The prospect view 
includes a position indicator that allows 
the reader to quickly determine where the 
reading view sits within the larger doc
ument. Speeches by France are currently 
highlighted by bold face. 
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King Lear by William Shakespeare 
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Secondly, a prospect view can be used to gain insight into the overall structure of the document and 

some of its characteristics. For example, a prospect view with an associated search function might allow 
the reader to find a particular word or phrase and see at a glance all the points where it occurs in a 
particular novel. If the novel has been encoded in XML, the search might also reveal segments of text 

that match an XPath Query (where certain markup tag names and/or encoded attributes are located). By 
extension of this idea, a prospect view on a play might allow the reader to select two or more characters 
from the cast list and see all the locations where those characters interact on stage (Johnson, 1994). Since 

the prospect view and reading views are connected, selecting each of the character interactions in turn 
provides a quick means of seeing how the interactions progress through the course of the play, without 
losing the larger context of the scenes in which the characters do not appear. 

Thirdly, and perhaps most importantly from the perspective of the reader, the tools associated with the 
prospect view provide a set of new opportunities for action or affordances. The concept of affordances, 

developed by Gibson (1979), suggests that people learn to directly perceive what they are able to 
accomplish in a given environment. Designing interface affordances can therefore direct the designer 
in ways that are somewhat more generalized than designing functions, since one purpose can be 

to maximize the opportunities for action, rather than attempting to constrain them to the maximum 
efficiency for a single task. From this perspective, the prospect view serves as the basis for the design 
of new affordances. Some excellent text visualization systems have included prospect views (e.g ., 
Small, 1996); the current prototype generalizes the capacity of such visualizations through additional 
affordances, largely derived from the reader's opportunity to choose any available digital text and to apply 

tools for visual selection and extraction that rely on characteristics of the texts, such as XML markup. 
Some additional affordances are also being developed, such as the provision of annotation, interaction 
histories and the mapping of text on stage. 

The concept of working with a prospect view can be generalized by including additional levels of display. 

These levels cou ld conceivably display an arbitrary number of prospect views for increasingly smaller 
structural sections, beginning at the level of the document collection and descending in a cascading 
manner into the reading details of a particular document. The levels might include, for example, in 

descending order of size, the text collection, author collection, genre collection, play, act, scene and 
currently selected lines. Aside from the full prospect and reading views, the display of the various levels 
depends on the use of markup in the documents as a means of expressing an ordered hierarchy of 
content objects (OHCO), where someone has tagged each document according to standard divisions and 

subdivisions (Renear et al, 1996). 
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Where an OHCO form of tagging has been applied, a corresponding multi-level representation has been 
implemented in the prototype. The reader can navigate the document by clicking in any of the displays, 
and the current insertion point in the text visibly changes in all of them. Features that remain to be 
implemented in addition to this cascading form of prospect display include any number of related tools 
that draw on the new perceptual opportunities at each level. For example, at the level of the document 
collection, the system might allow the user to sort the items alphabetically by author's last name. At the 
level of the author collection, the system might provide a tool for sorting the documents by date or genre. 
Within the genre display, an appropriate tool might allow the user to group the items by publisher, sort 
within publisher groups by date of publication and display the results as a set of multiple timelines. 

Associated with these multiple displays are a number of tools and related features, each of which provides 
a new affordance. The annotation tool, for example, allows users to create and insert comments at any 
point in the text, which appear as marks on all the displays. As different readers each access and annotate 
the text, an interaction history in the form of previous readers' annotations becomes available. Some 
documents may have been previously encoded using a textual markup system (or "tagset") defined in 
Standard Generalized Markup Language (SGML) or eXtensible Markup Language (XML). One tagset that 
has been widely used for text collections in the humanities is the one defined by the Text Encoding 
Initiative (TEl), which specifies that information be provided for structural elements such as chapter 
breaks for novels, or divisions into act, scene and line for plays. For documents that have been encoded 
with a TEl-style tagset, an additional index appears attached to the prospect view, which displays these 
structural elements. 

Through the combination of multiple simultaneous document views at different scales and a set of related 
tools, the Multi-level Document Visualization screen provides a dynamic reading environment that begins 
to demonstrate some of the unexplored promise inherent in digital text. The application of this system 
opens a variety of possibilities for reading and studying electronic texts, including any situation in which 
an advantage can be obtained by viewing a document at multiple structural levels simultaneously. 

Three different scenarios will be outlined below, including one where the system would be useful to 
directors or dramaturges adapting a script for a specific production, another where it would benefit 
literary students studying novels and a third where it would by used by students attempting to acquire a 
second language. Each of these scenarios is intended to represent a situated application of the principle 
of prospect display, as it would be provided through a system like the prototype under discussion. A 
second phase of research will involve observing participants working with the prototype in each of 
the ways discussed. These scenarios are not intended to be exhaustive, but to suggest possibilities for 
different kinds of users with different needs. Further application of the system in other areas will also 
be considered in future research. 
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SCENARIO 1 READING SCRIPTS 
For a director or dramaturge working on the staging of a play, or for certain academic readers researching 
drama, one of the common requirements is to determine which of the characters can be played by the 
same actor or double-cast. Typically, three kinds of information are required. First, which characters never 
appear together? Second, which characters appear together seldomly (such that it might be possible 
to delete some of those appearances)? Third, of the characters who rarely or never appear together, 
which ones appear in quick succession, making costume changes difficult or impossible? These three 
kinds of information can be obtained by scanning carefully through the script and taking appropriate 
notes, but the process is time-consuming, and in complicated plots with many characters, it can be 
prone to error. 

Using the Multi-level Document Visualization prototype, a visual analysis of a play for possible double
casting could be carried out in one of two ways. If the system included a tool that allowed the user to 
identify lines by character, and more than one character could be selected at the same time, the director 
or dramaturge would be able to run through the list of likely permutations and identify cases of all 
three kinds. For the third kind, where the task is to identify distance between appearances on stage of 
two characters who are candidates for double-casting, the user could then select instances of proximal 
appearance for display in the reading view, in order to determine exactly how close they are. 

On the other hand, if the system were tailored for this function, it would also be possible to provide 
the user with a dedicated tool that would filter characters by simultaneous appearance and show only 
those characters who never appear together on stage or appear seldomly together according to some 
pre-determined threshold. Dedicated applications have been developed for this purpose (e.g., Johnson, 
1994), and augmenting them with a prospect view once again allows the specific function to be readily 
generalized into the larger affordance of working directly in the script, rather than moving from output 
tables to text and back again. 

As in the first method, these instances of non-simultaneous appearance could then quickly be scanned in 
the reading display to determine how closely together they do appear, since time is required for costume 
changes. It is important to exploit the reading display for this purpose, since the prospect display will 
in many cases provide only a logarithmic representation of the entire script, where one line of pixels 
represents several actual lines of text. This conversion is necessitated by screen resolutions that do not 
provide enough lines for a true representation. 
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·scENARIO · 2 : STUDYING NOVELS 
Fora student. of literature w.ho is interested in obtaining an overview of a novel, the Multi-level Document 
Visualization system can . provide structural insights based on the ability to select significant features for 
highlighting. For. example, the student might be looking at an electronic copy of The Great Gatsby that 
has been tagged using an XMUagset with tags for metaphoric materiaL By choosing various keywords 
from the list of available tag values, the student can begin to see at which points in the novel different 
metaphors come into play. Extracting those sections into the reading view will allow the student to 
analyze the interactions between characters at these significant points in the text. 

For example, one of the recurring metaphors in The Great Gatsby is the watching eyes, as symbolized 
by the signboard by the road that advertises the local optometrist. By looking at occurrences of optical 
references in the text, the student can quickly develop a sense of the structural and stylistic presence 
of this feature of the novel. If the task for the student included the need to write a paper about the 
significance of scrutiny in this novel, the ability to efficiently select these passages for extraction into 
the reading view would also provide the opportunity to place them in a file for subsequent selection 
of citations. 

SCENARIO 3 LEARNING A SECOND LANGUAGE 
One of the tasks faced by people who are learning to read a new language is the ready identification 
of grammatical constructions of various kinds, as actually practiced by people who are proficient in the 
language. When working with conventional print materials, this intermediate literacy skill relies either 
on the ability of the student to correctly identify instances of the right type or on texts that have 
been prepared in advance by sophisticated language users, which can limit the student in terms of 
text choice. 

By using the Multi-level Document Visualization system, a student of a new language would be able to 
apply the different views to any electronic text that had been encoded with grammatical markup. For 
example, an ESL (English as a Second Language) student with a philosophical inclination might wish to 
find instances in Smith's On the Origin of Objects of sentences in the perfect past. If an appropriate tool 
were available to identify and highlight these sentences, the student could then read quickly through the 
list and discover by example some of the variations that are possible in English. 

Furthermore, if a tool is also available for annotating the text and storing the annotations, either the 
professor or the tutor could choose particular examples for discussion, then pass the text with its 
associated annotations to all of the students who are interested in learning through the use of that 
particular document. 
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Conclusion 
The advantages of a Multi-level Document Visualization tool include the ability for the user to obtain an 
overview of a text that is keyed to a reading view, and in the general case, to any number of related views 
at different levels of granularity. In the prototype discussed here, several levels of detail are provided. 
These different views are combined with tools that allow opportunities for action in relation to electronic 
texts that are not normally available. Potential uses of this kind of electronic reading system will be limited 
only by the imaginations of the users and the capacity of the designers to provide appropriate tools, but 
examples of the kinds of possible uses include script analyses for double casting, thematic study of novels 
and adoption of literature as a source of grammatical models for people attempting to acquire literacy 
in a new language. Future research directions will include the experimental observation of participants in 
each of these areas using the prototype system and the identification of potential new tools to facilitate 
additional user tasks. 
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