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The hypermedia capabilities of today’s computer systems al- 
low f o r  easier and much-improved information management  and 
dissmenination. T h e  growth of the  Internet  and the evolution 
of information-based standards has driven m a n y  organizations 
t o  provide on-line information within the organization and to  
the  public as  well. Hypertext and hypermedia systems will be ex- 
plained and discussed and the  process of conversion of a simple 
document to  a n  on-line hypermedia fo rmat  suitable for distribu- 
t i on  o n  the Internet’s World Wide  W e b  will be presented. 

INTRODUCTION 
Since the advent of computer systems, the goal of a paperless office, and even a paperless so- 

ciety, has been pursued. While the normal paper flow in an organization is far from totally auto- 
mated, particularly for items requiring signatures or authorizations, electronic information dissem- 
ination is becoming an almost simple task. The reasons for providing on-line documents are many 
and include faster and easier access for everyone, elimination of printing costs, reduction of wasted 
shelf and desk space, and the security of having a centrally-located, always up-to-date document. 
New computer softwaxe even provides the user with the ability to annotate documents and to have 
bookmarks so that the old scribbled-in and dog-eared manual can be replaced without loosing this 
“customizability.” Moreover, new hypermedia capabilities mean that documents can be read in a 
non-linear fashion and can include color figures and photographs, audio, and even animation se- 
quences, capabilities which exceed those of paper. 

The proliferation of network-based information servers, coupled with the growth of the Inter- 
net, has enticed academic, governmental, and even commercial organizations to provide increas- 
ing numbers of documents and data bases in electronic form via the network, not just to internal 
staff, but to the public as well. Much of this information, which includes everything from mun- 
dane company procedures to spiffy marketing brochures, was previously published only in hard 
copy. Converting existing documents to electronic form and producing only electronic versions of 
new documents poses some interesting challenges to the maintainer or author. 



CONVERTING HARD COPY DOCUMENTS 
In some organizations, hard copy documents are not retained or maintained electronically. 

This makes conversion to an on-line product difficult since the documents must be typed in or 
scanned in. While scanning documents can save a significant amount of time, such documents 
must either be stored as images, which means that full-text searches are not possible, or they 
must be converted to text using optical character recognition (OCR) software, which usually intro- 
duces its own errors. In any case, the documents must be diligently proofread as if starting from 
initial document creation. After the text is stored electronically, the job of converting to a useful 
electronic form only then begins. 

McGrew and McDaniel in On-line Text Management state, ff.. .you may find that the styles 
you use to present information in a printed format do not lend themselves to the best presentation 
on-line” (p. 164). Spacing between list items and before and after headings, which would consume 
valuable “screen real e’state” if preserved from paper documents, is cited as an example of format- 
ting differences between on-line and printed documents. While such formatting issues are of con- 
cern, McGrew and McDaniel understate the differences between on-line and hard copy publishing. 

m - I \ 

Figure 1 shows a typical on-line docu- 
ment. This document has been converted 
to simple text and can be searched and 
displayed on a terminal screen. However, 
the drawing described in the on-lime doc- 
ument is not available and the equation 
has been converted to a poor text repre- 
sentation. In addition, the example cannot 
be shown and the significance of the point 
being made will be lost on most readers. 
This document would benefit from con- 
version into a hypermedia format. This 
format would not only retain the figure 
and equation from the original paper doc- 
ument, but would allow for the animated 
example described in the text. The first 
step involved in the creation of a hyperme 
dia document is the conversion to hyper- 
text. 

HYPERTEXT 

applications (Jonassen, NATO), but on-line hypertext, particularly that associated with the World 
Wide Web over the Internet, is the hottest thing going. Hypertext is “the concept of perusing 
text in a non-linear manner through the use of software links between document elements, as well 
as through sequential and associative methods” (McGrew and McDaniel, p. 87). This merely 
means that words or phrases or other parts of a document are linked to related parts of the same 
or other documents in such a way that the user c& move around in or between documents very 
easily. 

Software tools are available for converting word processing files into some kind of hypertext 
format; however, human intervention is often required to structure the hypertext in a logical and 
application-dependent way. While some elaborate software packages have been developed in an 
attempt to eliminate this need for human intervention, these systems have many limitations and 
are, in general, too expensive for most organizations. 

There are many approaches to structuring hypertext. Conceptual structures link document 
elements with related content, such as explanations which are covered previously or elsewhere in 
a document. Task related structures are organized to facilitate completion of a task, such as in 

Hypertext has been around for a long time and has been applied successfully to educational 



engine or component assembly. Knowledge related and problem related structures are more hier- 
archical in design, similar to knowledge-based expert systems. Knowledge related structures are 
particularly useful for pedagogical applications (Jonassen, pp. 48-54). Different applications call 
for different structures, and not every document is designed to be read in a non-linear fashion. As 
a result, not every document will benefit from conversion to hypertext. Nevertheless, on-line avail- 
ability of h e a r  documents, as well as hypertext documents, is usually desirable. 

The document in Figure 1 could be enhanced by linking all occurrences of the words “lin- 
ear discrete system” to a formal definition which is presumably contained in a related document. 
The reference to the figure in the first sentence of the document, could be linked to the area of 
the document which contains the figure. This would enable the user to find the figure quickly by 
merely selecting the words “Figure 1” in the first sentence. Likewise, the citation made in the sec- 
ond sentence could be linked to the actual bibliographic citation at the end of the document. Ad- 
ditionally, text could be enhanced for emphasis. 

HYPERMEDIA 
Hypermedia is a super-set of hypertext; it includes hypertext and multimedia objects like 

graphics, photographs, audio, and video. The World Wide Web (WWW) on the Internet is a 
hypermedia system which uses the HyperText Markup Language (HTML) (Balasubramanian; 
Berners-Lee; Connolly; Grobe; Musciano; NCSA; Tilton), based on the Standard Generalized 
Markup Language (SGML) (Bryan; Smith). Browsers, client software which runs on a user’s local 
machine, such as Mosaic from the National Center for Supercomputing Applications (NCSA), al- 
low the user to access WWW hypermedia from anywhere on the Internet. A nearly exponentially 
increasing amount of traffic on the Internet results from the use of the WWW by users browsing 
the interconnected web of hypermedia documents. Converting documents to a hypermedia system 
like that used on the WWW usually results in much improved documents. 

Graphics 
In HTML, in-lined graphics, ie., pictures contained directly in documents, are generally in 

the Graphical Interchange format (GIF) for 8-bit color images or the X11 bitmap format for 1- 
bit monochrome images. Such graphics, which include everything from line drawings to business 
graphics and color photographs, can be scanned in using common page scanners, and can be con- 
verted, cropped, scaled, and normalized for use in HTML documents. Other kinds of graphics, 
including other file formats or PostScript documents, can be included in HTML files as external 
objects. When converting existing documents to HTML, original photographs are usually sought 
for scanning. Since much of the graphics used in documents today is computer generated, it is 
often straightforward to save them in the correct format when they are created. This allows for 
simple on-line maintenance of images. 

real equation. Similarly, the drawing described in the document could be included just as it was 
in the original hard copy document. 

The text equation in the document in Figure 1 could be replaced by a graphical image of the 

Audio 

ally in the ULAW format, but other formats ‘are used as well. Audio is used in documents for 
reading text to the user (often accompanied by background music), for providing information 
which is only in audio form or best presented in audio form (like music or talk shows), or provid- 
ing additional information which has not been keyed in but is available in audio form. Generally) 
audio is used to enhance a document by allowing a user to listen to information instead of just 
reading it. Audio is also used in conjunction with video and animation sequences. Adding audio 
to existing documents is not often done but may, depending on the application, be useful in help 
ing users retain information longer since some people are better at retaining auditory information 
than visual information. 

Audio is being used on the Internet for radio programs and conferencing. Audio files are usu- 



The typical reader would probably grasp the example, contained in the document in Figure 1, 
more quickly and easily if the text were read to him or her. With audio capabilities, this type of 
document enhancement can be realized. 

Video 
Many different video formats are be- 

ing used to distribute short movies and 
animation over the Internet. The Mov- 
ing Pictures Experts Group (MPEG), a 
body of developers working under the di- 
rection of the International Standards Or- 
ganization (ISO), is still working on what 
is expected to be the standard for video, 
which includes both image frames and au- 
dio. Movies can be useful for all kinds of 
applications including assembly manuals, 
training documents, marketing documents, 
and much more. Adding movies can really 
enhance some documents by putting the 
subject matter in motion. 

Figure 2 shows the document from 
Figure 1 after being converted to hyper- 
media. Hypertext links are available as de- 
scribed above; some pieces of text are em- 
phasized by changes in fonts; the equation 
and the drawing are shown as graphical 
images; the example is read aloud when 
the user selects the speaker icon; and when 
the underlined word “example” is selected, 
an animation sequence is played for the 
user. 
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Figure 3: A single frame of an ani- 
mation sequence. 

Linear Discrete Systems 

The output signal y(&) of allnear dlsaete wstem to 8 Kroneckm deltainput slgnal. 
u ( k ) = 6 ( & ) , b e q u a l t o t h e t l m e ~ ~ a r s ~ ~ t i o n o f t h a t ~ e m .  
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Figure 2: A typical hypermedia document. 
A single frame from the animation sequence described 

in the document is shown in Figure 3. When the reader 
views the animation, he can easily see that the incoming 
Kronecker 6 signal does, in fact, convolve with the response 
function of the system to yield the time-reversed response 
function. Reading, hearing, and seeing the process enables 
the reader to quickly and easily understand it. 

CONCLUSION 
As document handling capabilities of computer software have improved over the years, many 

of the benefits of having on-line information have been realized. Distribution of information over 
the Internet is easily done even with complex hypermedia documents which can include graphics, 
audio, and movies. Evolving standards and industry pressures will continue to drive organizations 
toward on-line information management and reduction or elimination of paper-dependent opera- 
tions. 

It has been shown that a short and relatively simple document can be improved using hyper- 
media. Due to the audio and video capabilities of hypermedia systems, information can be con- 
veyed in multiple ways. This usually results in faster and better understanding of the information 
on the part of the reader. 
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