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1. HISTORY 

Hypertext: The New Way of Browsing 
RoY RADA 

Vannevar Bush was a Director of the Office of Scientific Research and 
Development and was involved in co-ordinating the activities of some six 
thousand American scientists in the application of science to warfare. 
Towards the end of the Second World W ar he perceived a problem to 
which the emerging technology of computing might provide a solution. 
He articulated the problem thus [Nyce Kahn 1989]: 

There is a growing mountain of research. But there is increased evidence that 
we are being bogged down today as specialization extends. The investigator is 
staggered by the findings and conclusions of thousands of other workers -
conclusions which we cannot find time to grasp, much less to remember, as 
they appear. 

Bush proposed a technological solution to this problem in the shape of 
a device he termed the Memex (Memory Extender ). This was a device in 
which an individuai stores all his items of information in miniaturize form 
and which allows for their subsequent consultation and processing with 
great speed and flexibility. 

However, it was not so much the technology that was important about 
the Memex but what this technology made possible. The all-important 
feature of the Mèmex would be its provision for associative indexing 
« ••• whereby any item may be caused at will to select immediately and 
automatically another». Significantly, perhaps, associative indexing would. 
be provided in addition to a conventional scheme of indexing. Perhaps 
Bush's most important insight was that in order to cope with and benefit 
from the vast production of information it was not merely sufficient to 
augment mankind's capacity for logical thought. The only way that mankind 
could benefit from having so much information to hand was through the 
amplification of his faculty for creative thought. 
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Since 1945 Bush's ideas have inspired a growing number of researchers. 
"'As We May Think» is considered a semina! article in the field of hypertext 
and also, latterly, in the irr1portant field of computer-supported co-opera
tive work. In 1981, it was noted that in the years since the publìcation of 
the anicle it was still being cited as a major point of reference in a growing 
number of papers in information science. It must be assumed that this 
process has continued, since the 1980s saw the emergence of popular 
commerciai hypertext. Such is the extent of Bush' s influence that it has 
been suggested that Bush's Memex has provided an image of potentiality. 
Images of potentiality resuìt whcn untested theories, unanswered questions, 
or inbuilt devices guide scientists and technologists. Bush neither tested his 
theorv of associative indexing nor built Memex but his ideas have influenced 
the ,;ork of many others. ~ 

The inter-connectedness of information is surely not an idea of thìs 
century. It was conceived thousands of years ago by those who started 
thinking philosophically. However, this idea has become the origin of 
hypertext, as hypertext is considered a set of nodes of information connected 
with links between them. 'f1ne importance of hypertext is based on its 
potential to be a very powerlul way of organizing and accessing information. 
The vastly increased availability of computing power has allowed the imple
mentation, elaboration and exploration of the ideas undcrlyi.ng hypertext. 
[McKnight context 1991] 

The idea of a node in hypertext is one without certain restrictions about 
its dimensions or content. A node of information can be a piece of text, 
a piece of music, a film, etc. There is also no restriction about the nodes 
that are going to be linked together. Therefore, a link is arbitrary as there 
are no rules to sav where it shall be made. The author makes links between 
any t'ìvo nodes he thinks that are connected in some way. There can be 
several different types of links in some systems. TI1e difference be1ween 
hypertext and an inter-linked paper document is that in the former thc 
links are «machine-supporced,,, This aìlows automatic transfer between two 
nodes, when a hypertext link is selected. For thìs to happen there should 
be the proper computer techno!ogy developed and therefore hypertext had 
not appeared until recently (1964). 

2. AccESSING HYPERTEXT 

Accessing infonnation entails both quantitative and qualitative aspects. 
The computer can scan huge volumes of text for a pre-specified pattern of 
characters far more efficìently than the unaided human. Bur until recently 



Roy Rada I Hypene:.>ct: The New \Vay of Browsing 35 

computers werc not capable of allowing users to browse large volumes of 
information, for a number of reasons: 

• The high cost of computing time and communciations links made it 
uneconomic to allow users to take the time to browse. 

• The techniques of human-computer interlace design had not been 
developed that would encourage browsing. 

• Computers had not entered domains where browsing is an important 
activity. 

Now, however, there ìs a vast amount of information that can onlv be 
accessed via a computer with a telecommunication's link to the international 
networks. Thìs makes it essential that users have rhe opportunity to browse 
thìs information, for it is by browsing that one builds a conceptuai picture 
of domains of J,-.nowledge. 

Traditionally, computer-based ìnformation retrieval systems have not 
becn designed to alìow browsing. This is pardy due to the nature of the 
information stored, that is, mainly small, compact items of data amenable 
to storage in fixed-length records; and also partly due to the requirements 
of users. Thesc systems have been designed to aHow users to find infor
mation on demand, and require that the users approach the system with a 
dearly defined idea of exactly what they want. However, full text and 
multimedia systems need to be desìgned so as to allow the users to browse. 

The browse process depends fundamentally on information being orga
nized systematically according to a consistent model. This organization 
should allow the user to navigate, or browse, at wi11. Hence, the importance 
of domain modeling in the design of information systems. Domain modeling 
aìrns to provide a framework for the identification of objects, operations, 
and other stmctures that can be captured as concepts. It achieves this 
through detailed analysis of a domain corpus of existing items. Ideally, 
both domain expettìse and expertise in generai domain modeling are needed 
for the efficient pedormance of this task. 

Hypertext is often associateci "rith browsing as the access strategy. A 
dictionary definicion of browse is «to read desultorily», and «desultorily» is 
defined as «jumping from one thing to another: without rational or logical 
connection: rambling: hasty: loose». This presents a less-than positive vicw 
of browsing. Some argue that the value of browsing is that it is a self
directed activitv, and the freedom to browse is the freedom to cxercise 
curiosity, and ti1c cxercise of curiosi!)' leads to learning from experience. But 
this humanistic intetpretation of the value of browsing can be augmented 
wìth a rigorous assessment of the roie of browsìng in infonnation access. 



36 Informatica e diritto I Hypertext and Hypermedia Technologies 

People may be perceived as accessing information in three ways, depen
cling on their goals and the character of the hypermedia accessed. The 
types of access may be called searching, browsing, or reacling. One can 
pose the task in terms of the amount of information in the database which 
must be accessed in order to reach the goal. 

A search question for which one term is key to the question and that 
term occurs just once in the hypermedia database is a question ideally 
suited for a hypermedia system with a search function that allows one to 
readily find the information containing that term. At the point where search 
fails because either too many or not enough information contains the key 
term, then another method is appropriate. 

The ideai search problem highlights one term which upon search leads 
to retrieval of the desired information. A browse question has severa! im
portant terms and they connect to severa! parts of the hypermedia database, 
some of which are relevant and some not. If a few parts of the hypermedia 
must be accessed to hartdle a task properly and those parts are neatly 
connected with links in a hypermedia network, then browsing is appropriate. 

A table can be arranged which associates an access method with the 
number of key concepts in the task definition and the number of hyper
media parts relevant to the task (see Fig. 1). The range of task types is now 
broader than just searching and browsing, for the task of 'understanding' 
or 'applying' arises when many parts and concepts must be considered. 
[Wright Dexterity 1983] 

FIG. 1. Mapping of Exercise, Text, and Tool 

Mapping 

number of terms critica! number of relevant appropriate 
to answer a question parts of hypermedia access method 

one one search 

several several browse 

many many read 

3. CREATING HYPERTEXT 

The ancient Greek philosopher, Aristotle, emphasized that a text has 
basically two parts: stating the case and proving it. Reluctantly, he 
recognized the role of an introduction and epilogue. The introduction shows 
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the aìm of the speech. The audience must be motivated to read the rest of 
the text. The epilogue may be used to secure the good disposition of the 
audience and rcfresh thc audience' s memories. I).fa gili McGreal 196 l] 

The tbrec phases of writing a document are: exploring, organizing and 
d. T l 1 . h k 1 ' • • d b . ' eneo' mg. rn t ·;e exp orat1on p ase nowJ.ectgt' 1s acqmre I ramstorrnmg 

occurs, and unstmctured notes an~ made. Next, the unstructured nores are 
organized into an outline. In the encoding phase the prose for tlie final 
document is written (see Fig. 2). [Rada t 989] Some writers progress through 
this model of the writing process in a 1inear fashion, going from rough 
notes to outline to prose. Other wrìters may begin Ìn the midd!e of the 
process and write an outlinc before making any notes. The writing process 
not onlv varies from eme author to another, but the seauence of events 
mav als~} vary from rime w time for a single author .. Autb~:rs like io move 
fre;ly frorn ~ne phase to another and back again. 

FIG. 2. Three Phases of lVrùing 

The top row s.ho•ws the sequence of cognitive processes through which a person 
writes a document. The paper items in the middle row reflect the activìty in the 
top mw, 1.vhile the urulerlying struct1-1ral representaiion is given in the bottom TO',f..'. 

L~~~~~g_J--+ l. 0rgam· ,:.ing · 
; ~----~;--• I Encodi.n°b· i I l l I '--~-~ 

( Notes '!-• l Outlìne J-•~ 
I . 

. I ! 
! ---·---·'---··-~, ( Seq~ence ) 

r-·---.l.·-· ·-----.., ' r Hierarchv I•"----·-------··· 
I Network 1-,. ' 
' ) 

Psychologica.l 
Process 

Paper Form 

Computer 
Representation 

Novices and e:xperts wJ.ite differe.nt:ly. Novic,; or inex:perience:d writets 
find writing a tedious chore of ::ranslating what they aiready know omo 
paper. They do little effective reorganization of d1eir ideas and feel that after 
the writing exercise that they know no more than they knew before the 
writing exercise. Expert or experienced writers bave tbe opposite experience. 
As they go through the various phases of making notes and outlines and 
prose, they cominually exz,mine what they have suggested relative to tì(YW 

thi:y exp{:çt Ìt to impact ori their imended audience. Experts have a good 
reader or audience or user model and contirma!Jv adiust ,,,,hat thev havc to 
say after feeding it through their readcr modeL [Sca;damalia Bereiter l 987J 
After an expert has written a document, he feeìs that he has gained insight 
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about ways to look at the subject of the document; his reader model has 
criticized his thinking and helped him to develop a better document. 

The phases of exploring, organizing, and encodìng can be further elabo
rated by considering unstructured and structured representations at each 
phase. lill unstructured text item is ìsolated. A structured text item shows 
~oru1ectivity. During the unstructured subphase of the exploratory phase, 
brainstorming is represented by scattered idea labels. In thc note-taking 
subphase of the exploratory phase the idea labels are elaborated as notes. 
In the unstructured subphase of the organizing phase, argumentations lead 
to relationships being sketched among idea labels. In the structured subphase 
of the organizing phase, various groupings of notes are made. In the unstruc
tured subphase of the encoding phase, groupings of notes are viewed as 
sequences of notes. In the structured subphase of the encoding phase, the 
linear sequence of notes is polished .into final form. Given the matrix of 
unstructured and stmctured items versus explorìng, organizing, and encoding 
phases (see Fig. 3), the writer may proceed from one box of the matrix to 
another in any order which suits hìm. For example, the plan-draft-revìse 
strategy of writing proceeds first from the unstructured organizing phase, 
then to the unstructured encoding phase, and finally to the structured 
encoding phase. 

FIG. 3. Structured versus Unstructured 

The cells of the matrix indicate the cognitive process which occurs for each 
type of item and each phase of writing, [Sharples 1989} 

Unstructured Item Structured Item 

Exploring BrainstomìÌng Note-taking 

Organizing Argument Organìzing notes 

Encoding Linear planning Drafting and revising 

4. HYPERTEXT ARCHITECTURE 

In tlùs secrion the basic components of the underlying hypertext struc
ture are presented. A description of generai data and sernantic models is 
given. Hypertext nodes, lìnks, and network structures are included, as is 
the Dexter model of hypertext. 

fo the Dexter model, hypertext has a runtime layer, a storage layer, and 
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a within-component layer. [Halasz Dexter 1990] The storage layer is com
posed of nodes and links. Nodes may be composites of other noàes. Links 
may also be composites of other links and may connect any number of 
nodes. Each node or link may have arbitrarìly many attribute-value pairs. 
A link is divided into parts each of which points to either a node or 
composite of nodes. The descrìprion of each node i.ncludes pointers to the 
exact locations to which its links connect ( see Fig. 4 ). Between the sto rage 
and runtime layers is a 'presentation mechanism' and between the 'storage' 

FIG. 4. Dexter Model Link 

Depiction of link connecting two nodes. 

Link #22 
Node #13 Node #77 

I, ~ Anchor #1 I Storage 
Anchor #1 1--------< / Anchor #1 

'-------'I Anchor #1 / ~----~ Layer 

·"~ // 
----~-------~~------

~ f:/ w·th· 1 111 I Contents I I Contents I Component 
Layer 

FrG. 5. De:xter Model Layers 

A sketch of the layers and their interfacing mechanisms 
for the Dexter model [Halasz Dexter 1990] 

Runtime Layer 

~~ i 
Presentation 1v1echanism 

"'I ~ 
~/ 

Storage Layer 

,.,//~~ ...... , 
~ r-· 

i I --
Authoring Mecharùsm 

~/~ 
Within Compooent Layer 
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and 'within-component' layers is an 'anchoring mechanism' (see Fig. 5). 
The presentation mechanism presents the hypertcxt to the user, and the 
anchori11g mechanisrn retrieves componenw. 

4.L Dat,1, and semantic modds 

The three traditional data models that developed in the two decades 
benveen 1960 and 1980 were the hierarchical mode.i, the network model, 
and the relational model. In the 1980s the need for a more :flexible data 
modeiing formalism has resulted in the development of, firstiy, semamic 
data rnodels and, latterly, bypersemantic data models. These may be 
dassified into four dìstinct groups dtstinguished by increasing levels of 
abstraction wirhin the modeling formalism. 

The hierarchical, network, and relational data models are basically re
cord-oriented models. The development of these modds was motivated 
and influenced by primitive file-system implementation concerns. While 
they satisfied Kant's first two universai principles of knowicdge organization, 
the principle of the homogeneity of f01·ms and the principìe of the 
specification of forms, they failed to sat:ìsfy the third principle, the principle 
of the continuity of forms. 

The abstraction of a document as a nenvork of corn:epts and relatìons 
is a semantic net. In a semantic network, concepts are defined br their 
relationships to other concepts in the network. For example, the meaning 
of 'hypertext' may be defined by saying that it contains documents, runs 
on computers, and serves users. The link types in this example are 'contains', 
'runs on', and 'serves', Tbe nodes are 'hypertext', 'documents', 'cmnputers', 
and 'users', Semamic nets are a model of memory. They lend themselves 
to graphic display, and their mearùng tends to be intuìtivdy dear (see Fig. 6). 

F 6 ~ ' "'' '"' ' IG. . .:"Jern"1nttc 1,' et t:.,xatnpte 

servers 

contents :run.s on 
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The disadvantage of semantic nets is that the meaning or semantics of the 
net may be difficult to formalize. 

The best understood semantic net link types manifest inheritance proper
ties. For instance, if the network connects the node 'student' to the node 
·'person' with the link 'is a', then one can infer that the properties of a 
student can be inherited from those of a person. Inheritance is a type of 
transitivity. If a student is a person and a person is an animal, then by 
transitivity, a student is an animal. Transitivity also applies to the 'cause' 
link. For instance, if viruses cause infection and infections cause fever, then 
viruses cause fever. 

The semantic net of hypertext may be independent or embedded. In the 
'independent' case the nodes and links are tagged with concepts represented 
by tenns. Each node of the net points to text blocks, but the links between 
nodes can be seen without necessarily seeing the text blocks. In the 'em
bedded' case a document chunk is at the end of a link (see Fig. 7). In 
traversing an embedded semantic net, the user has to visit a text block. 

FIG. 7. lndependent versus Embedded Semantic Net 

Above: Sketch of semantic net a leve/ above the document itself 
Below: Sketch of semantic net embedded within the document 

virus contains nucleic ....... . 

4.2. Nodes and links 

cause 

inflammation, infection ..... . Independent 
Semantic 
Net 

inflammation, infection . . .... Embedded 

..._ ________ ......, Semantic 
Net 

There is no standard hypertext node. According to their characteristics 
nodes can be divided into: 

• Nodes that provide a screen-sized workspace containing text, graphics, 
or image items. The links are components of the node and (or) used 
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to invoke a program. The advantage that arises from the fact that the 
content of a node can fit in one screen is the reliance on scrolling is 
eliminated. The disadvantage is that not all large graphics or text 
items can be split to fit on the screen. 

• Nodes that contain arbitrary text, graphics, or image items. The links 
are components of the node, and (or) used to invoke a program and 
nodes are represented separately. The advantage is that the author is 
not confined in the screen-sized workspace. The disadvantage is that 
scroolling is an inefficient way of navigation. 

A problem for all hypertext systems is the difficulty of breaking a 
thought or a segment of information into a node. In most hypertext systems 
the start of a link is a node, and it is indicated by an individuai text item. 
The text item describes what it is linked to. The start of a link may be 
embedded within text, or not. 

Having the start of the link embedded within the text causes severa! 
problems. The reader learns which links to follow by trial and error, since 
the destination of the link is not clearly described. Following 'bad' links 
the reader faces an enormous clutter. 

Link types provide users and programs with more information about 
their destination than the start of the link does. They can be divided into 
those that connect nodes in the network, those that associate nodes with 
additional information, and those that are used to invoke programs. The 
distinction of link types allows the user to avoid disorientation, since he 
knows whether he wades in the network or looks at a comment associated 
with text contained in a particular node. 

Virtual and Conditional links are expected to be implemented in the 
future. In Virtual links the user specifies the link' s start explicitly and gives 
a description of its destination. This approach has the advantage that in 
large networks the user can find easily the destination of a link. It is also 
useful in premature organization of the network when reorganization is 
needed. An example of Conditional link is: if evidence Q is present, then 
link from node A to node containing Q, othèrwise link from the node A 
to the node containing P. A query language is needed to use Virtual and 
Conditional links. 

5. lNTERFACE 

The interface is criticai to the success of a hypertext system. The interface 
should be easy to use, but there are no well-understood methods for creating 
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such interfaces. Particular guidelines have been developed for browsing and 
writing in a hypertext context. 

Browsers may have no clear indication of the type of information that 
they want. Browsing may be defined as 'the art of not knowing what you 
want until you find it.' [Cove Walsh 1988] There are different types of 
browsing depending on whether the user has many unrestricted options or 
not. Success in the less restricted type of browsing depends in some ways 
on serendipity or luck. 

The layout of a hypertext screen should draw attention to important 
pieces of subject matter (information content), as well as the links (structure 
informati.on). A bold word should not borh indicate a button at times but 
at other times simply indicate an important term. Links always take the 
reader somewhere else, but do so for diff erent reasons. Each link type 
should have a distinct and standard style. [Hardman 1988] For instance, a 
button that takes the user to the beginning of the document might consi
stently be represented with a picture of a house, while a button that rakes 
the reader to the next page, might be represented with an arrow pointing 
to the right. 

With electronic media, it is not automatically apparent how much infor
mation is avaiìable, how it is structured, and where the reader currently is. 
In a hierarchical view, the reader gets to see a high-level, tree-structured 
index ìn onç:; window, and by poiming at an item the user can view the 
contents of that document in another window. The stabìlitv of the text and 
the simple cognitive model make the hierarchicai vìew attr;ctive. [Shneider
man Kearsley 1989] 

The concept of the fisheye view is based upon the analogy to a fisheye 
camera lens, which distorts the image so that the nearest objects are secn 
Ìr, detail and distant objects are compressed. In the context of a document, 
a fisheye view shows full details of the immediate location and outlines of 
other parts of the document. Although the fisheye approach solves some 
problems, Ìt can be dìsconcerting. As the user moves the focus of attention 
the screen changes drastìcally, and the user must reorient themseìves. In 
one approach to the microtext interface two hierardncal views are presenced 
and provide a kind of fisheye view. The reader sees a page of text and next 
to that page a hierarchy for the top level of the document and the hierarchy 
around the current page. [Nielsen 1990] 

Text menus or semantic graphs may be inadequate metaphors for brow
sìng. To provide the kinesthetic or taEgible feel which people appreciate on 
paper or in person-person interactions one might exploit space and time 
metaphors. [Dillon 1990] For instance, a guided tour across a town wìth 
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compeùtiveness of the airline industry are driving the industry towards 
electronic access and delivery of information. 

A iarger role for hypen;xt entails eìimìnating the distinction between 
authors and readers. In many projects, information ìs created, analyzed, 
revised, reviewed, and approved through a complex series of interactions, 
bb r l ,,e 1 l' .. H ot , rorma and mtorma,, among peop e all{i orgamzat1ons. ypeaext 
could support coliaboration by showing relationships among all demems 
of the project, at all phases of its life, and by providing access to all the 
dara elements regardless of where they may be. Past project decisions now 
become traceable. 

Hypertext has always been seen by it visionaries as more than merely 
a delivery mechanism for text, but as an authoring environmem as well, 
whereìn new materiai can be effortlessly linked Ìnto the exìsting corpus, 
Applications of hypertext include, apart from the authoring systems for 
non-linear writing, interactive training systems, and as index systems for 
large, document dat:abases. CTohansen l 989] At tbe heart of the hypertext 
paradigm is a prescriptive model of the interaction between human beings 
and techno!ogy. An essemial feature of this model is the freedom to browse 
i,1 an information space. The importance of hypertext is that it has the 
potential to play a significant role in the <levelopment of informatìon 
technology, which in turn is shaping the society in which we live. 
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