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Abstract
1. Introduction.
7KH JHQUH RI PDWKHPDWLFV ZULWLQJ KDV VHYHUDO GLVWLQFWLYH
IHDWXUHV WKDW SRLQW WR VRPH RI WKH ZHDNQHVVHV RI FXUUHQW
GLJLWDO GRFXPHQWV 6RPH RI WKHVH ZHDNQHVVHV DUH
VXUSULVLQJ:KLOHLWPLJKWEHH[SHFWHGWKDWWKHLPSRUWDQFH
RIIRUPDWWLQJDQGVSHFLDOV\PEROVLQPDWKHPDWLFVZULWLQJ
ZRXOG SRVH FKDOOHQJHV IRU GLJLWDO GRFXPHQWV WKH OLQNHG
FKXQNHG VW\OH RI PDWKHPDWLFV ZULWLQJ ZLWK LWV 7KHRUHPV
/HPPDV &RUROODULHV DQG 5HPDUNV H[SOLFLWO\ UHIHUULQJ WR
HDFK RWKHU UHVHPEOHV VWDQGDUG K\SHUWH[W VR FORVHO\ WKDW
RQH ZRXOG H[SHFW WKDW PDWKHPDWLFV ZULWLQJ ZRXOG WDNH
ZHOO WR RQOLQH K\SHUWH[W IRUP ,W GRHV QRW 7KLV IDLOXUH
SRLQWV WR GHILFLHQFLHV LQ RXU XQGHUVWDQGLQJ RI WKH WUXH
VWUHQJWKVDQGZHDNQHVVHVRIGLJLWDOGRFXPHQWV
7KLVSDSHUGHVFULEHVPDWKHPDWLFVZULWLQJZLWKSDUWLFXODU
HPSKDVLV RQ IHDWXUHV RI LQWHUHVW ZLWK UHVSHFW WR GLJLWDO
GRFXPHQWV 7KH GLIILFXOWLHV LQ SURGXFLQJ HIIHFWLYH GLJLWDO
PDWKHPDWLFVGRFXPHQWVDUHWKHQH[DPLQHGDQGXVHGDVD
EDVLV IRU WDONLQJ DERXW JHQHUDO FKDOOHQJHV IRU GLJLWDO
GRFXPHQWV 7KH SDSHU WKHQ GLVFXVVHV VWUHQJWKV RI GLJLWDO
GRFXPHQWV DQG VRPH RI WKH SUREOHPV WKDW QHHG WR EH
RYHUFRPH EHIRUH GLJLWDO GRFXPHQWV FDQ OLYH XS WR FODLPV
PDGH IRU WKHP ,W DOVR H[DPLQHV VRPH RI WKH PLVJXLGHG
FODLPVVXFKDVVXSHULRUVXSSRUWIRUQRQOLQHDULW\WKDWDUH
FRPPRQO\PDGHIRUGLJLWDOGRFXPHQWVH[SODLQVZK\WKHVH
FODLPVDUHXQZDUUDQWHGDQGVSHFXODWHVRQZK\WKHFODLPV
KDYHEHHQPDGHDQ\ZD\
6XJJHVWLRQVDUHWKHQJLYHQDVWRZKDWWKHWUXHEHQHILWVRI
GLJLWL]DWLRQ DUH LQFOXGLQJ SHUIRUPLQJ FRPSXWDWLRQV RQ
WH[WIOH[LEOHFRQWURORIWLPHDQGEHWWHUVXSSRUWIRUKLGLQJ
LQIRUPDWLRQ7KHSDSHUFRQFOXGHV ZLWK D OLVW RI TXHVWLRQV
ZKRVH DQVZHUV DUH FULWLFDO WR XQGHUVWDQGLQJ WKH
FDSDELOLWLHVDQGWKHUHIRUHWKHIXWXUHRIGLJLWDOGRFXPHQWV

For many years, work on digital documents was
dominated by hypertext. Recently hypertext has become
less fashionable, partly because it failed to live up to many
of the promises made for it, but partly also because
equating hypertext with digital documents was misguided
and harmful to both. The claims that the chunked and
linked style of hypertext is new and revolutionary, and that
it is the computer that makes non-sequential text possible,
or at least removes severe limits imposed by paper, are
both patently false. Furthermore, the obsession with nonsequential text and with links has distracted from the true
benefits of digital texts.
I should state at the outset that there are a number of
successful digital documents that go under the name of
hypertext that have broken with traditional forms and do
require the computer for effective implementation.
However, the success of these documents has nothing to
do with the chunked and linked style of static hypertext, or
with the non-linearity of the text, but rather with
computer-enabled dynamic properties of these texts.
I am not the first author who has discussed the red
herring of non-sequentiality. [15] However the
misconception continues to be widespread and persistent. I
hope that the explicit chunked and linked style of
mathematics texts, dating back as far as Euclid’s Elements
of 300BC, and the depth of their hypertext structure will
provide a particularly clear and convincing example that
this style of writing is far from new and has nothing to do
with computers.
Furthermore the successes and frustrations of current
digital mathematics documents can give insight into the
true strengths and weaknesses of digital documents in
general, which will in turn point towards fruitful directions
for the advancement of digital documents.
The paper begins with a discussion of the structure of
traditional mathematics documents, common definitions of
hypertext, and the wrong-headedness of viewing hypertext
structure as the principal advantage of digital documents.
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Current mathematics documents are then discussed with
an eye to both the benefits and shortcomings of these
documents. When appropriate, non-mathematical digital
documents will also be discussed to further illustrate these
points. Fruitful directions for the advancement of digital
documents are identified, and the short-term feasibility of
major advances in these areas is estimated. The paper
concludes with a list of questions for future research,
whose answers would provide insight into the future of
digital documents.

2. The structure of mathematical texts and
its implications for digital documents.
The claim is often made that digital documents, and
hypertexts in particular, provide superior support for nonsequential reading, though few go so far as to say as does
Bolter that “in the computer, writing in layers is quite
natural, and reading the layers is effortless.”[1] People
tend to jump around while reading mathematics even more
frequently than when reading other texts. Mathematical
proofs fall naturally into a complex structure, and readers
jump around following different strands in the argument.
Also, since mathematics is precise and human memories
tend to be vague, people jump around a lot in the text to
refresh their memories. Mathematical reading is
notoriously difficult. Perhaps it was waiting for the
supposedly superior support of digital documents?
Unfortunately digitalization, while helping the
communication of mathematics substantially by enabling
easy and fast transmission of mathematics documents, has
done remarkably little to aid the reading of mathematics.
To begin with it is difficult to put mathematics, with its
special symbols and careful formatting, into many existing
digital systems. But even when the formatting problems
are overcome, the results are disappointing.
The truth is that traditional printed mathematics texts
provides substantial support for non-sequential reading.
Mathematical notation and writing conventions have had a
few thousand years to develop. Given that non-sequential
reading of mathematics is so common, it is not surprising
that text structures assisting such reading have evolved.

2.1. The structure of mathematical texts
Scholarly mathematics papers and mathematics
textbooks are made up of chunks of text, usually between
one line to one page long. Most chunks are labeled and
many are numbered. Common labels include “Theorem,”
“proof,”
“Definition,”
“Lemma,”
“Corollary,”
“Proposition,” “Example,” “Remark.” The numbering
conventions vary. See Figure 1 for a typical example [9] of

Figure 1. Reprinted by permission of SpringerVerlag  1974 [9]
labeled chunks in mathematics text. There are also
unlabelled chunks. These fall into two categories: short
connectors between labeled chunks and texts that serve as
motivation or an overview. Proof chunks occasionally run
for more than a page, and motivation or overview chunks
often do.
Propositional Statements are generally followed by
proofs. The proofs contain explicit links to previous
Propositional statements. The density of these explicit
links can be seen in Figure 2. The linked structure can be
quite complex, as can be seen by Figure 3, a diagram of
part of I.N.Herstein’s Topics in Algebra [8], a commonly
used upper division undergraduate text. Figure 3 was
generated by starting with Theorem 5.7.3, finding all of
the explicit links within its proof to other statements, and
then finding all the explicit links within the proof of these
statements. This process was continued until either there
were no explicit links contained within the proof of a
statement, or the explicit links were broad, for example
“referring the reader to Chapter 2 for the proof.” [8] Note
that since certain propositional statements are used in the

0-7695-0001-3/99 $10.00 (c) 1999 IEEE

2

Proceedings of the 32nd Hawaii International Conference on System Sciences - 1999
Proceedings of the 32nd Hawaii International Conference on System Sciences - 1999

proof of multiple statements (for example, Theorem.
5.6.2), the structure is not a tree.

Chunk type:

The actual link structure stemming from Theorem 5.7.3
is significantly more complex than the graph shows for a

Common labels
for chunks of that
type

Labeled chunks:
Propositional Statements

Proofs
Non-derivable Statements

Theorem,
Corollary,
Proposition,
Lemma
Proof
Definition,
Remark, Example

Unlabelled chunks:
connectors
motivation, overview
Table 1: A classification of chunk types in
mathematical writing.

Figure 3.
couple of reasons. The first is that since the diagram
already showed great complexity, I did not show the links
stemming from references to larger sections of the text
than the ones I identified in the chart above. From these
lengthy sections, graphs of equal or greater complexity to
the one shown would have been generated. Also I did not
include any references to definitions since here we begin
to get into the cloudy issue of what in a paper document is
really analogous to a link in electronic hypertext, and the
case was strong enough without them. But certainly some
of the references to definitions are analogous, which
would add significantly to the complexity of the structure
here, especially since many definitions refer to previous
definitions.
Some mathematics texts provide maps of the
interrelation of the text, like those in Figure 4 [9], that
prefigure those seen in some hypertexts. Formatting is
used extensively in mathematics text to support nonsequential reading. Many of the chunks of text in Figure 1
are not only labeled but space is put around them. Some
are indented, some are in other fonts. These chunks have
been carefully formatted so that chunks can easily be
skipped or located. For example, in the majority of cases a
statement of a theorem is followed by a proof. But the two
are carefully separated, and the end of the proof is marked,
as in Figure 1. Thus it is easy for readers to locate the
statement of a theorem, or to skip a proof. Words that are
being defined are highlighted so that a reader can more

Figure 2. Reprinted by permission of John Wiley &
Sons, Inc. Copyright  1964 [8]
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easily locate the definition. The careful formatting
indicates that the text expects readers to jump around.

2.2. How hypertext has been defined.
Bolter writes that “it is the ability to create and present
hypertextual structures that makes the computer a
revolution in writing.” [1] This emphasis on hypertext
structure as the principal advantage of digital documents is
a common one. To evaluate the merit of this claim, let us
look at what is meant by “hypertext.”
“Hypertext Defined: By hypertext I simply mean nonsequential writing ... Computers are not intrinsically
involved with the hypertext concept. But computers will
be involved with hypertext in every way,....” [11]
“All traditional text, whether in printed form or in
computer files, is sequential, meaning that there is a single
linear sequence defining the order in which the text is to
be read.... Hypertext is non-sequential .... hypertext
consists of interlinked pieces of text “ [13]
“In hypertext, information is organized as a network in
which nodes are text chunks ... and links are relationships
between the nodes ...” [15]
“A hypertext is like a printed book that the author has
attacked with a pair of scissors and cut into convenient
verbal sizes. The difference is that the electronic hypertext
does not simply dissolve into a disordered bundle of slips,
as the printed book must. For the author also defines a
scheme of electronic connections to indicate relationships
among the slips.” [1]

Figure 4. Reprinted by permission of Springer-Verlag
 1974 [9]
Bolter writes about hypertext that “In one sense this is
simply the electronic equivalent of the footnote used in
printed books for hundreds of years. ...The machine is
merely handling the mechanics of reading footnotes. But
there is this important difference: the second window can
also contain boldface phrases that in turn lead the reader to
other paragraphs. The process can continue indefinitely....
The second paragraph is not necessarily subordinate to the
first. A phrase in boldface may lead the reader to a longer,
more elaborate paragraph. One paragraph may be linked to
many and serve in turn as the destination for links from
many others. In a printed book, it would be intolerably
pedantic to write footnotes to footnotes. But in the
computer, writing in layers is quite natural, and reading
the layers is effortless.”[1] It should be clear from the
description of the structure of mathematics writing that the
structure that Bolter describes is exactly the structure that
has existed for years in printed books of mathematics.
These “footnotes to footnotes” are not only tolerated by
the mathematics community, but have been adopted as the
standard by which mathematics communication takes
place. There is nothing new to these structures.

These definitions all represent a standard view of what
hypertext is, which I will call static hypertext. As we shall
see, some documents are labelled hypertext documents
even though they are far from fitting any of the above
definitions. Nevertheless the definition in terms of nonsequential text and authored chunks of text connected by
explicitly authored links prevails. To add to this confusion,
in some cases authors make implicit, or even explicit
claims, that certain texts fit the above definitions when
they do not. We will see examples of such documents and
such claims in the next section.
Let us look at some of the unwarranted assumptions in
the statements given above:
1.

Traditional texts
sequntially.

2.

The computer supports non-sequential reading
better than paper.

3.

Support for non-sequential text structures,
consisting static text chunks connected by authordefined links, is the principal advantage of digital
documents over paper ones.
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Assumption 1 is patently false, as the discussion above
of the structure of mathematics texts shows with particular
clarity. Mathematics texts call into question even lesser
assumptions like “computers make possible more complex
forms of hypertext than are possible on paper.” As the
discussion of the structure of traditional mathematics texts
makes clear, sopisticated hypertext structures have been
the norm for scholarly mathematics writing for centuries.
Other people have argued this point before, but without
the clear-cut example of mathematics texts. Andrew
Dillon argues this point particularly eloquently in his
paper “Myths, Misconceptions, and an Alternative
Perspective on Information Usage and the Electronic
Medium”[15] in which he cites others that have made the
same point. Many more people have pointed to the
chunked and linked style of encyclopedias, newspapers,
and commentaries. But these examples tend to have a less
explicit, less dense, or less deep linked structure than
mathematics texts, or don’t form a coherent whole in the
same way most texts do. For example, the main text of
commentaries does not reference the commentary, so there
is a strict limitation on the kind of linked structure that can
develop. A good case can be made that the majority of
books have implicit links and hypertext structure, but such
arguments lead into the confused ground as to what in a
standard text actually constitutes a link or non-sequential
structure. For example, does the name of a person link
back to the initial description given of them in a novel? Do
two descriptions of the same event given by two different
characters in a mystery story link to each other? The
explicitness of the chunks and links in mathematics text
allows us to avoid this confusion in that case, while
lending support to the general argument.
Moving on, the main support for assumption 2, that the
computer supports non-sequential reading better than
paper, has been the misconception that paper cannot
support sufficiently rich static hypertext structures. The
structure of traditional mathematics texts provides strong
evidence against the limitations of paper in this regard.
Furthermore, any static hypertext document can be
converted to a paper one which maintains the links by
numbering all lines of the document in any convenient
order, putting a box around the link anchor, and putting a
margin note on the side giving the lines the link goes to.
Other conventions are possible. The interface may not be
as convenient to use as the online one, but it is still easy to
use for reasonably sized documents.
This conversion exercise leads to a couple of
interesting points about the advantages of digital form.
One is the ability to have readily available documents of
such size that physical manipulation or storage of paper
versions of such documents would be difficult or
impossible. But this is a difference of scale, not structure,
between digital and paper documents. Also, there is much

greater difference between the ability to create a highly
linked document with or without the use of a computer,
than there is between the convenience of using the paper
or the online linking mechanism. As will be seen in the
next section, relatively few mathematics documents are be
read online, but most mathematicians use the computer to
aid in the creation of their documents. Thus, if the
assumption had been that the computer supports the
writing of non-sequential texts better than paper, I would
have had little quarrel with it.
While the online linking mechanism may be more
convenient to use than the paper one, paper has many
other advantages which include better facilities for other
aspects of non-sequential reading, like scanning and
skimming. Furthermore, digital static hypertext is more
sequentially restricted that a paper version because it is
much harder than on paper to do anything other than
follow author-provided links. A key question for digital
documents is how to provide mechanisms for sequences
that have not been put in place by the author. There are
many theories as to under what circumstances people
prefer to read from paper and why, but the reasons are
complex and, as of yet, poorly understood. [5] But there
are compelling reasons for continued widespread use of
paper. How people actually read in general is poorly
understood. As a result it is hard to evaluate the
effectiveness of any system claiming to support reading.
Andrew Dillon makes these points eloquently and at
length in his book Designing Usable Electronic Text [5]. I
will not repeat his exposition here.
Altogether there is little evidence to support any claim
stronger than that digital documents provide minimally
better support for a certain type of non-sequential reading
than do paper documents, and even this statement is
debatable. Given the feebleness of this claim, we must
hope that assumption 3 is also false, and that there are
much more compelling advantages of digital documents
than their support for non-sequential text structures. In the
next section, we will look at more and less successful
digital documents, particularly digital mathematics
documents with an eye to what the true advantages must
be. Before doing that, however, I will briefly speculate on
the reason for the misplaced emphasis on nonsequentiality and the persistence of this belief.
Computers can store huge amounts of information, and
networked computers can store even larger amounts of
information. But in its raw form all of this information is
hidden. Mechanisms for accessing it must be built in.
Contrary to popular belief computers are naturally better at
hiding information than they are at providing access to it.
As people began to write documents on the computer, they
struggled with means for enabling readers to move from
one part of the document to another. Because scanning and
skimming are so much more difficult on the computer than

0-7695-0001-3/99 $10.00 (c) 1999 IEEE

5

Proceedings of the 32nd Hawaii International Conference on System Sciences - 1999
Proceedings of the 32nd Hawaii International Conference on System Sciences - 1999

on paper, the fact that people want to jump around within
a text came to people’s attention. And thus began the
obsession with non-sequentiality. It began, not because
computers supported non-sequentially well, but because
they supported it so badly it got noticed!

3. Digital mathematics documents and their
implications.
In a weak sense, digital mathematics documents are a
common form of communication within the mathematics
community. Many mathematics papers are posted to
preprint servers, like the Los Alamos preprint server at
http://xxx.lanl.gov/ which has thousands of preprints with
thousands of people connecting everyday. Similarly, many
mathematicians post copies of their papers on their web
pages. And the vast majority of mathematicians have
become fluent with some variant of the TEX typesetting
program like LATEX, which numbers propositional
statements and updates the references to these statements
automatically, as well as formatting equations properly.
Thus most mathematics papers are prepared online.
However, as these papers will be downloaded and printed
before they are read, it is debatable as to whether they
truly constitute digital documents.
A small number of mathematics papers can be viewed
on the web. However, the limitations of HTML make the
inclusion of mathematical symbols and formulas awkward,
time-consuming, and difficult to do well. Problems include
slow delivery, sizing, spacing, and centering difficulties,
and the inability to print, depending on the method used.
For
a
discussion
of
these
problems,
see
http://forum.swarthmore.edu/typesetting/index.html.
To
see some examples of the problems, with varying severity
depending on your browser and its settings, see the papers
at http://www.geom.umn.edu/docs/research/. Scholarly
mathematics documents that can be viewed on the web
remain rare. Even the Geometry Center of the University
of Minnesota, which has been at the forefront of advances
in technology supporting mathematics on the web, has a
preprint server of papers that can be viewed only after
being downloaded.
CD-ROM versions of books suffer from similar
problems, and thus, while they have been tried, they
remain rare. See, for example, Jet Wimp’s review of a CDROM version of Gradshteyn, et al’s Table of Integrals,
Series and Products, a book the reviewer says he “adores.”
[16] He describes the formatting difficulties that mean
“You can’t see the formulas!” in spite of the fact that it
was produced using “the opulent and flexible text display
software called DynaText 2.3.” [16] But the formatting
difficulties weren’t the only problems: “What else could
go wrong? Something else did. You can’t find things.

...You have to know where something is to find it. ... the
honest to god paper book, has to be visually scanned too,
but it is all in front of you: nothing is buried under
something else.” [16]
More successful are web sites that contain tidbits of
mathematics for which multimedia illustrations are
helpful.
See,
for
example,
the
web
site
http://java.sun.com/applets/archive/beta/Pythagoras/index.
html which gives a proof of the Pythagorean theorem
through
animation.
Similarly,
the
site
http://aleph0.clarku.edu/~djoyce/java/elements/elements.ht
ml contains interactive figures for Euclid’s Elements
which are particularly helpful for visualizing the proofs in
three dimensions.
Most common are hybrid documents, printed books or
papers that have an attached CD-ROM or an affiliated web
site that contains animations or interactive components
that help illustrate or promote fluency with concepts in the
text. For example, the CD-ROMs may enable the user to
run an algorithm on their favorite numbers, or to graph
their favorite function. However the interface between the
text and the relevant component of the CD-ROM is often
clumsy. Those of us interested in digital documents should
take a broad view and look at ways of improving these
hybrid documents as well as purely digital documents. As
paper as well as digital form has its advantages, we may
be dealing with hybrid documents for a long time. We
need better mechanisms for linking the digital and paper
worlds together.
We now discuss some benefits of digital documents
and the possibility of further improvements in the future.
Other than availability, these benefits all have to do with
computer enabled dynamic properties of the text, from the
inclusion of dynamic components, to dynamic changes to
the text itself.

3.1. Ready availability and ease of distribution.
Ready availability of documents has been the greatest
benefit of digitization for the mathematics community.
Ready availability of huge documents, impossible on
paper, should not be confused, however, with more
complex document structures. This confusion is common
in the hypertext literature. For example, as his first
example of hypertext in Hypertext and Hypermedia,
Nielsen describes the MIT Media Lab’s NewsPeek
system, a system that “watches the nightly television news
for you and records those parts that it knows are of interest
to you.” [13]. Two things are striking about this system,
neither one having anything to do with the chunked and
linked structure or Nielsen’s definition of hypertext. One
is that it can gather information quickly from a vast
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quantity of news programs and newspaper stories. The
digital information is readily available. The other
wonderful thing about this system is that, through the use
of automated algorithms, the computer can filter the input
to present information tailored to the reader’s desires. We
will discuss this benefit of digital documents in the
subsection on Tailoring.
As digital documents tend to mean ones that are read
online, not just available online, we will not discuss
availability further.

3.2. Inclusion of multimedia and interactive
components
Digital documents enable the integration of video,
audio, graphics, interactive elements, and text into a
tightly interconnected whole in a way that was not
possible before computers. More generally, digital
documents provide effective ways for authors and readers
to go between precisely timed media, like video and audio,
and media, like text, that are not. Furthermore, for
computer simulations, digital documents can integrate
explanations of the model with these models themselves.
Hybrid digital/paper documents will continue to be
common as both have different strengths. Better
interconnections between the digital and paper
components are needed.
However integrating multimedia can have adverse
effects on digital documents as well. There is a
proliferation of color, graphics, and animation in web
pages and CD-ROMs that add nothing to the content. This
trend towards glitz becomes increasingly hard to reverse
as more and more people develop an idea of what a web
page or CD-ROM is “supposed to look like.” One effect of
this trend is that would-be authors need expertise in
graphic design skills as well as writing. In many cases this
overburdens the author, resulting in less efficient
information flow. For these reasons, authors who see a
possibility for greater expressiveness using digital form,
may nevertheless restrict themselves to the medium of
print. This trend can hardly help but have an effect on
digital documents in general.

3.3. Tailoring to the reader.
Almost everyone writing about the advantages of
digital documents, particularly for education, talks about
how digital documents can be tailored to a reader’s goals,
background, interests, style, etc. For example, DeVault
and Kriewall write in the Yearbook of the National Society
for the Study of Education that “it is easy to agree with
Suppes when he says that computers offer the only real
hope for providing learning experiences that are

individually tailored to the unique needs of each pupil.
The question seems to be mainly one of time.”[6]
Similarly Roger Schank suggests that for education
“computers play an important role, for they make
individualized attention a real possibility.” [15] Jay Bolter
states generally that “An electronic book can tailor itself to
each reader’s needs.” [1] Given how much this advantage
is talked about, it is surprising how few documents
provide tailoring mechanisms, and how primitive these
mechanisms are in the documents that do provide them.
Some effective customization exists. The NewsPeek
system mentioned above is one such system. And many
systems provide buttons that make the font larger on all
the pages or change the background globally. But few
mechanisms are provided that change the content. Here are
a couple example applications that would greatly benefit
mathematics texts.
Example 1. The examples and exercises related to
certain concepts could match the reader’s interests or
goals. For example, the exercises and examples related to
a certain aspect of linear algebra could be geared towards
the application of interest to the reader, say computer
graphics, quantum mechanics, or micro-economics. Along
similar lines, students in a language class could all learn
the same grammar while reading text that was geared to
their own interests.
Example 2. Many mathematics books, and other
technical books, begin with familiar objects and notation
and move toward highly abbreviated notation which would
have meant nothing to the reader if it had been presented
first. Such texts provide difficulties for readers who want
to dive into the middle of the text, or wish to skip certain
sections. Digital documents could support such readers by
keeping track of what a reader had read and inserting a full
explanation of a term the first time the reader sees it and
then gradually weaning them away from the explanation
towards the standard jargon or abbreviation.
There are three main obstacles that prevent widespread
customizable digital documents: poor natural language
processing and production, difficulties determining a
reader’s preferences, and the tension between
customization and ease of sharing. Some valiant attempts
have been made to produce customizable documents. See
for example [4], [10], [12]. But in each of these systems,
achieving some level of customizability comes at the price
of burdening both readers and authors. Authors must
create heavily annotated and tagged text for the computer
to process, and readers must manually input their
preferences.
Many proponents of static hypertext claim that
customization can be achieved by providing sufficiently
many links. Such a solution is naive. Say we have a text
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chunk on the habits of rabbits and we are trying to
anticipate where the reader might want to go next. They
may want more details about something on the page,
independent confirmation of what is said, more facts about
mammals in general, or cuter pictures of rabbits. Perhaps
the text reminded them of the white rabbit in Alice in
Wonderland, or perhaps they just realized that “rabbits
teeth” would make a great name for a rock band and are
wondering if someone has already used it. The
possibilities are endless. Even providing links to a large
number of the most reasonable or likely of these
possibilities will overwhelm the content.
A better partial solution is to dynamically customize
the link structure through keeping track of what has been
read and the interactions of the reader with the document.
See for example [3] and [7]. Golovchinsky’s system is
particularly attractive since it manages to provide
relatively sophisticated tailored links with only minimal
and natural input from the reader. Search mechanisms are
another kind of dynamic linking mechanism, needing at
the best of times only minimal input.
The overall goal should be to design digital documents
in such a way that readers can quickly and accurately get
at the information they want, including information they
weren’t explicitly looking for. In many cases people are
willing to spend longer scanning for information than
formulating a search and waiting for it to be carried out.
The reason is that they are more likely to find something
of interest along the way when scanning than when
formulating and waiting search results. For this reason
(and others less admirable) people often flip through
books searching for information instead of using a table of
contents or index which might seem more efficient.
Authors of digital documents must guard against enabling
readers to find what they are explicitly looking for more
quickly, but decreasing the amount they learn per unit
time. When we pick up a book to read it in the simplest
and most conventional sense of reading, we are making a
leap of faith that the author will take us in reasonable
manner towards our goal, or at least to something else of
interest. The beauty of well-written text, whether on paper
or on machine, is that the interest/time ratio is high.

3.4. Restricting access to parts of the document.
Digital documents differ from printed documents in the
control of access. Many authors of digital documents
struggle to give readers a sense of what a document
contains and how to access it, and the difficulty of doing
so is often discussed in the hypertext literature. But few
people mention that this difficulty can be an advantage in
that it allows the author to hide parts of the document from
readers. Video games make great use of this ability,

gaining many coins from people repeatedly playing the
beginning levels because that is the only way to gain
access to higher levels they are curious to see. But
restricting access can be just as valuable in documents.
People use documents as much to filter out information as
gain information, and authors, as the experts on the
subject, are often in a better position than readers to decide
what is most important to know, and in what order to
present it. The NewsPeek system discussed earlier hides
more information than it provides access to.
The strength of Michael Joyce’s “Afternoon” is its
adventure game like structure with its author-defined
restrictions of access which dynamically change as the
reader interacts with the document. The digital form
enables authors to take more control over where ... readers
go” [2] and close off or open up parts of the document
depending on what has been read. Again, it is not the
chunked and linked structure of “Afternoon” that makes it
interesting, but rather its dynamic properties, although it is
possible to read the many pages in which Bolter describes
this work [1] without realizing its dynamic nature, or that
it does not fit the picture of static hypertext given above.
The non-sequentiality of “Afternoon” can be done in book
form. The dynamically changing access cannot.
Choice can be bewildering. Hiding inappropriate or
unlikely choices can be a benefit. While in many situations
it is better to allow the reader to decide what they will read
and in what order, there are a greater number of instances
when the author should suggest a route. Andrew Dillon
cites a study of Edwards and Hardman which showed that
people often feel lost in hypermedia documents not
because they know where they want to go but not how to
get there, but because they do not know where to go
next.[5] Giving the reader choices when appropriate has
long been done in conventional text of all sorts. The
computer does not make the difficulties of good writing
any easier.
Simpler applications of hiding information exist. For
example, mathematics books handle question and answer
awkwardly; it is easy to see an answer to a question you
have not yet gotten to, when looking up the answer to
another question. Since hiding parts of the text is easy in
digital documents, they can handle simple question and
answer more elegantly than books.

3.5. Feedback
The superiority of digital documents in dealing with
feedback is even more pronounced when the feedback
required is more sophisticated than simple question and
answer. Some books present problems, then hints, then
solutions. Multiple levels of feedback can be handled more
smoothly on a computer. For instance, the first level of
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feedback might merely let the reader know that the answer
he or she provided was wrong, allowing the reader to go
back and try to solve the problem more carefully. Then
hints could be provided, and finally a solution, if
necessary.

4. Conclusions.
Mathematics documents, both traditional and digital,
provide insight into the potential benefits and the
limitations of digital documents. Traditional mathematics
texts illustrate exceptionally clearly that deep and dense
static hypertext structures have existed in printed text for
years. The recognition of this fact should encourage
people interested in digital documents to avoid following
the red herring of non-sequentiality, and to instead look at
the potential for various types of dynamic behavior
possible only in digital documents. Existing digital
mathematics documents point to fruitful directions for
further exploration including support for flexible control
of time, tailoring, access restrictions, and more
sophisticated feedback. They also point to the importance
of examining ways of improving hybrid digital and paper
documents.

5. Questions for future research.
I end with a list of those questions towards which the
research community should concentrate more effort if it
wishes to understand how best to advance the future of
digital documents.
1.
How can we increase the interest/time ratio for
people accessing information, and not just increase the
speed and accuracy with which they retrieve information
specifically searched for?
2.
How do people actually read, including
skimming, scanning and information location? What
support can be provided for effective reading? What sort
of devices can we design that will aid reading, or support
the authoring of documents that can be most effectively
read?
3.
Why are color, graphics, and animation viewed as
necessary elements of web pages? Is digital pure text a
culturally viable medium? What can we deduce about the
future of digital documents and communication?
4.
How can electronic documents better exploit
human’s ability to use information outside of his or her
conscious focus? A better understanding of this process is
needed.

5.
What mechanisms can be provided for digital
documents that enable readers to follow paths not
explicitly put in place by authors.
6.
Why aren’t explicit static hypertext structures
more common in writing other than mathematics? Are
there reasons why this might change? What can we deduce
about the structure of future documents?
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