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Beyond Navigation
http://www.flickr.com/photos/djwtwo/7891312188/
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Spatial Hypermedia
http://www.flickr.com/photos/jakecaptive/49915119/
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What is Spatial Hypermedia?
Tools for supporting emergent structure (implicit structure -> explicit relationships)

Visual/spatial metaphor allows people to express ambiguous or partial structures
• Focus on creation of structure

• Focus on visual and spatial properties: position, colour, border, shape, font

Distinctive line of spatial hypermedia systems in the literature:
• Notecards, gIBIS, VNS, Aquanet, VIKI, VKB

Marshall, C.C. and Shipman, F. (1993) Searching for the missing link: discovering implicit structure in spatial hypertext. Proceedings of the 5th 
ACM Conference on Hypertext, pp. 217-230. 
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Visual Knowledge Builder

Shipman, F. et al (2001) The Visual Knowledge Builder: A Second Generation Spatial Hypertext, Proceedings of the 12th ACM Conference on 
Hypertext and Hypermedia, pp. 113-122. 
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Storyspace (www.eastgate.com)

http://www.eastgate.com/storyspace/
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Tinderbox

http://www.eastgate.com/Tinderbox/
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Sculptural Hypertext and Hypertext Patterns
https://www.flickr.com/photos/swolfe/5800097543/
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Sculptural Hypertext
Considerations for the writing of hypertext:

• Conventional (calligraphic) hypertext adds links between nodes until the desired 
structure is achieved

• Sculptural hypertext assumes that all nodes are linked to each other, and removes 
links until the desired structure is achieved
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Card Shark
A Card Shark node (or card) contains:

• A brief, focused passage of text

• Optional constraints on the context in which the card may be read

Reading is like playing a solitaire card game
• Reader dealt a hand of seven random cards

• Chooses a card to play (i.e. node to read) based on card constraints

• Deals a replacement card, repeats

Social Shark: collaborative, competitive reading
• Readers take it in turns to play cards

• Points awarded to readers for the playing of particular cards

Bernstein, M. (2001) Card Shark and Thespis: exotic tools for hypertext narrative. Proceedings of the 12th ACM Conference on Hypertext and 
Hypermedia, pp 41-50.
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Temporal Hypermedia
http://www.flickr.com/photos/rachelpasch/2405915548/
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Time-Based Hypertext 
Linking into temporal and continuous media (sound, animations, video)

• Providing hypertext jumps to other contexts

• Annotation of the current item playing

• Synchronization of multiple media

Issue: embed the links or point from outside?
• If embedded, what media format does this?

• If linking by reference, how to describe the place the link is?

Issue: quality of Service
• Will things happen when they should?
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Microcosm Sound Viewer (1993)
Early innovative work on putting jump 
links into sound files

• Top window shows clickable links and bar 
is the “now point”

• Bottom window shows top window in 
context of whole file

• Links can be user activated or 
automatically invoked (decided by author)

• Link anchors described as start and finish 
times in seconds through file 
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The Amsterdam Hypermedia Model (1994)
Concerned with provision of systems to 
author multimedia presentations and 
synchronise multiple data streams

• Parallel “channels”

• Offset links into temporal media

• Stationary hotspots in media

• Inspired SMIL 

Hardman, L. et al (1994) The Amsterdam Hypermedia Model: Adding time and context to the Dexter model. Communications  of the ACM, 37(2), 
pp. 50-62.
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HyTime 
Hypermedia/Time-based Structuring Language ISO/IEC 10744:1992 (and v2 in 1997)

• Added cross document links to SGML 

• Contextual links (c.f. HTML a element) and independent links (c.f. XLink extended links)

Multiple ways of addressing locations:
• Named elements (c.f. name/id attribute in HTML)

• Using document structure – treeloc and dataloc
(c.f. XPath/XPointer expressions)

• Using queries (HyQ query language, later supplanted by DSSSL – c.f. Xquery/XPath)

• Indirectly via a series of steps – nameloc

HyTime link mechanism inspired that of XLink/XPointer

Goldfarb, C.F. (1991) HyTime: A Standard for Structured Hypermedia Interchange. IEEE Computer, 24(8), pp. 81-84.
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HyTime ilink example
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Synchronized Multimedia Integration Language (SMIL)
XML format for multimedia on the Web

• Timing, screen layout, interaction of media elements

• Nested parallel and sequence elements

• Switch element for alternative media (e.g. for different users or different displays)

• Uses CSS, XPointer and XLink

Now largely supplanted by HTML5 (but does things that HTML5 cannot)

Still used for animating SVG

Bulterman, D. et al (2008) Synchronized Multimedia Integration Language (SMIL 3.0). W3C Recommendation. 
Available at: https://www.w3.org/TR/SMIL3/



19

<?xml version="1.0"?>
<smil xmlns="http://www.w3.org/ns/SMIL">

<body>
<par endsync="first">
<switch>
<audio src="greeting-en.mp3" type="audio/mpeg" systemLanguage="en"/>
<audio src="greeting-de.mp3" type="audio/mpeg" systemLanguage="de"/>

</switch>
<seq>
<switch>
<text src="greeting-en.txt" dur="2s" systemLanguage="en"/>
<text src="greeting-de.txt" dur="2s" systemLanguage="de"/>

</switch>
<video src="titles.mp4" type="video/mp4"/>

</seq>
</par>

</body>

</smil>

media to
be played
in parallel

SMIL example
alternative audio

based on language 

media to 
be played

sequentially
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Computational Hypermedia
http://www.flickr.com/photos/jamie_hladky/2126628775/
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Seven Issues
Issue 4: Computation in (over) hypermedia networks

• The idea is to provide APIs to allow cards to be orchestrated and scripts to be executed 
when certain events occur

• Interactivity

• Adaptivity

• Generated nodes and links

Halasz, F. (1989) Reflections on Notecards: seven issues for the next generation of hypermedia systems, Communications of the ACM, 31(7), pp. 
836-852.
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NoteCards
Script cards that orchestrate the display of 
other cards

• Used to determine what material to show 
next

• Scripting engine separate from hypertext 
system

Halasz, F.G. et al (1986) NoteCards in a Nutshell. SIGCHI Bulletin, 18(4), pp.45-52.
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Trellis
Petri Net-based hypertext

• Variant finite state automata
• Vertex types: places/transitions
• Places labelled with tokens
• Directed edges are either 

place->transition or transition->place
• Tokens follow edges from place to place 

through transitions 
• Transition can only be activated if all 

predecessor places have tokens

Petri Nets as hypertext
• Places correspond to nodes
• Nodes with tokens are visible to reader
• Transitions correspond to (n-ary) links

Stotts, P.D. and Furuta, R. (1989) Petri-net-based hypertext: Document structure with browsing semantics. ACM Transactions on Information 
Systems, 7(1), pp. 3-29.
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ILEX
Dynamic hypertext system that generates 
both nodes and links at run-time

• Text generation from structured 
knowledge

• Hypertext is history-aware

O’Donnell, M. et al (2001) ILEX: An Architecture for a dynamic hypertext generation system. Journal of Natural Language Engineering, 7(3), 
pp.225-250.
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PageRank
Algorithm used by Google to rank search 
results

• Calculation performed over hypertext 
structure

• Pages ‘vote’ for each other by linking to 
each other

• Votes by highly-ranked pages are valued 
more highly than those by low-ranked 
pages

Brin, S. and Page, L. (1998). The anatomy of a large-scale hypertextual Web search engine. Computer Networks and ISDN Systems, 30, 
pp. 107–117. 
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Conceptual Hypermedia
http://www.flickr.com/photos/binary_koala/2069692015/
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Origins: typed links
Early hypertext systems allowed links to 
be “typed”

• Links have meaning (semantics)

• We understand what we get by following a 
link

We may be able to infer further 
information

• If the semantics are well defined, then 
maybe a machine can infer information 
too

Conklin, J. and Begeman, M.L. (1988) gIBIS: A Hypertext Tool for Exploratory Policy Discussion. Proceedings of the 1988 ACM Conference on 
Computer-Supported Cooperative Work, pp. 140-152.

Each of an Issue’s Positions, in turn, may have one or 
more Arguments which either support that Position or ob- 
ject to it. Thus each separate Issue is the root of a (possi- 
bly empty) tree, with the children of the Issue being Posi- 
tions and the children of the Positions being Arguments. 

There are nine kinds of links in IBIS. For example, a 
Position Responds-to an Issue, and this is the only place the 
Responds-to link can be used. Arguments must be linked 
to their Positions with either Supports or Objects-to links. 
Issues may Generalize or Specialize other Issues, and may 
also Question or Be-suggested-by other Issues, Positions, 
and Arguments. 

A typical IBIS discussion‘begins with someone posting an 
Issue node containing a question such as “How should we 
do X?“. That person may also post a Position node pro- 
posing one way to do X, and may also post some Argu- 
ment nodes which support that Position. Another user 
may post a competing Position responding to the Issue, 
and may support that with their own Arguments. Others 
may post other Positions, or Arguments which support or 
object to any of the Positions. In addition, new Issues 
which are raised by the discussion may be posted and 
linked into the nodes which most directly suggested them. 
Figure 1 shows a state transition diagram specifying all of 
the legal moves within the IRIS method. 

I 

Figure 1: The set of legal rhetorical moves in IBIS. 

There is no stopping rule, nor is there in the IBIS method a 
particular way of registering that an Issue has been re- 
solved by agreement upon some Position. Rather, the goal 
of the discussion is for each of the stakeholders to try to 
understand the specific elements of each others’ propos- 
als, and perhaps to persuade others of his own point of 
view. The method makes it harder for discussants to make 
unconstructive rhetorical moves, such as “argument by 
repetition” and name calling, and it supports other more 
constructive moves, such as seeking the central issue, ask- 
ing questions as much as giving answers, and being spe- 
cific about the supporting evidence of one’s viewpoint. 

In implementing gIBIS we have made certain changes and 
extensions to the IBIS method to allow needed flexibility. 
However, we tried to change the method as little as possi- 
ble. The IBIS method has been in use by Rittel in various 
design and planning activities for many years, and we felt 
it was important to push his method as far as it would go, 
understanding its strengths and weaknesses, before we 
started making any radical extensions. 

The extensions to IBIS in the current glBIS tool are: (1) an 
additional “Other” type for nodes and links, as an “es- 
cape” mechanism for users who could not find a way to 
express a thought within the IRIS framework; (2) an addi- 
tional “External” type for nodes that contain non-IRIS ma- 
terial, such as requirements documents, design sketches, 
or code; and (3) the ability to let Positions “specialize” or 
“generalize” other Positions, and likewise with Arguments. 

THE glBlS TOOL. 
There were three technological themes guiding our design 
of gIBIS. The first was an interest in exploring the capture 
of design history: the decisions, rejected options, tradeoff 
analysis . . . in short, the rationale behind the design itself. 
For this purpose, the IRIS framework seemed a good start- 
ing point. The second theme was an interest in supporting 
computer mediated teamwork, and particularly the various 
kinds of design conversations that might be carried on via 
networked computers, a la email or news [EVE86, 
HOR86]. And thirdly, we needed an application in which 
we would have a sufficiently large information base that 
we could investigate navigation (i.e. search and browsing) 
of very large information spaces. All of these factors lead 
us to this application, and to the more specific require- 
ments discussed below. 

As can be seen in Figure 2, the basic gIBIS interface is 
divided into 4 tiled windows: a graphical browser on the 
left, a structured index into the nodes on the top right, a 
control panel below the index window, and an inspection 
window in which the attributes and contents of nodes and 
links can be viewed. This interface is somewhat unusual in 
that the only way to view the contents of a node or link is 
to select it, causing it to be immediately displayed in the 
single inspection window.? 

The browser. 
The browser provides a visual presentation of the IRIS 
graph structure. Nodes and their interconnecting links are 
displayed on a canvas of virtually unlimited size. Most of 
the browser is dedicated to a local view of the network: a 
“zoomed in” view of the current area of interest which 
shows the full detail of the nodes and links. The lower- 
right portion of the browser is reserved for a global over- 
view of the data: a “zoomed out” abstraction of the entire 
network in which node labels, link type icons, and the sec- 
ondary links which make up the network’s fine structure 
are filtered out. In addition to giving an overview of the 
entire network, the global view also indicates the scope 
and position of the current local view by a rectangular 
overlay (in this example, the local view extends down 
from the top left corner of the global view). 

t The examples used throughout these sections are taken from the 
issue group “gibis-issues” which we have used to capture many 
of the design issues for the glBlS tool itself. The reader is 
warned not to confuse statements which appear in the issue 
group (e.g. “The glBlS tool does not allow users to select 
links”.) with the current state of the tool. (This particular lBlS 
conversation resulted in an implementation for selectable links.) 

141 
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What is Conceptual Hypermedia?
Conceptual Hypermedia = Hypermedia + Ontologies

“An ontology is a specification of a conceptualisation”
• Specification: A formal description

• Conceptualisation: The objects, concepts, and other entities that are assumed to exist in 
some area of interest and the relationships that hold among them

Ontologies as engineered artifacts:
• A specific vocabulary used to describe a certain reality, plus 

• A set of explicit assumptions regarding the intended meaning of the vocabulary

Gruber, T.R. (1993) A translation approach to portable ontologies. Knowledge Acquisition, 5(2), pp. 199-220.
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What is Conceptual Hypermedia?
Hypertext is the study of what can be said using computer media, databases and links

• Computer-mediated extensions to familiar textual communication

Things that exist have complex relationships with each other
• Complex structures are required for expressing and exploring these relationships 

• Ontologies formalise these complex structures

Conceptual Hypermedia is the kind of hypertext whose structure and links are derived 
from the relationships between objects in the real world

• Hypertext with an underlying ontological model
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Conceptual Open Hypermedia
Hypermedia links can be viewed as navigable ontology relationships

Ontology used to improve linking
• Concepts used to disambiguate word sense of candidate link endpoints

• Links derived from ontology relations

Carr, L. et al (2001) Conceptual Linking: Ontology-based Open Hypermedia. Proceedings of the 10th International Conference on World Wide Web, 
pp. 334-342.
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John Smith
employee of

creator
101 Widgets

graduated from

name

title

name

name

uri

Medfield College

homepage

homepage
homepage Acme, Inc.

Links for John Smith
• Homepage
• ACME, Inc.
• Medfield College
Publications
• 101 Widgets

ontology

hypertext
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Pervasive Hypermedia
http://www.flickr.com/photos/traceyp3031/2892438542/



36

Pervasive Computing
HCI vision in which computers are 
integrated into everyday activities

• “Machines that fit the human 
environment”

• Computers in everything

What about links in everything?

Weiser, M. (1991) The Computer for the 21st Century. Scientific 
American, September pp. 94-104
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Interactive Spaces
Embedding interactive media in physical environments 

Halloran, J. et al (2006) The Literacy Fieldtrip: Using Ubicomp to Support Children’s Creative Writing. Proceedings of the 5th International 
Conference for Interaction Design and Children, pp. 17-24.
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Augmented Reality
Overlaying computer-generated imagery 
on the real world

• Annotate live video with links

Fifteen years ago, a research curiosity…

Sinclair, P. et al (2003) Augmented reality as an interface to adaptive hypermedia systems. New Review of Hypermedia and Multimedia, 9(1), pp. 
117-136.
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Augmented Reality
…today, a commonplace reality

• Smartphones with cameras and 
location/position sensors 

• Conventions for embedding links in/on 
physical objects
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StoryPlaces
Sculptural hypertext system for location-
based narratives

Card constraints based on:
• Location

• Environmental factors
(time, weather, etc)

Try it out - http://storyplaces.soton.ac.uk

Hargood, C., Hunt, V., Weal, M. and Millard, D. (2016) Patterns of sculptural hypertext in location based narratives. Proceedings of the 27th ACM 
Conference on Hypertext and Social Media.
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Adaptive Hypermedia
http://www.flickr.com/photos/worldofoddy/102313059/
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Adaptive Hypermedia
Hypertext systems which adapt:

• Links

• Nodes (content)

• Presentation of links or nodes

Adaptation based on some user model 
(static or dynamic)

Brusilovsky, P. (2001) Adaptive Hypermedia. User Modeling and User-Adapted Interaction, 11,  pp.87-100.
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Intelligent Tutoring Systems
Adaptive hypermedia often based on 
ideas of “intelligent tutoring systems”

(see also: programmed instruction)

Limited uptake due to difficulty/cost of 
authoring (for both AH and ITS)

PROGRAM SAMPLES 45 

3. Vitamin A was originally recognized as a substance needed in the diet of rats to 
maintain normal 
growth 

4. This dietary growth factor can be supplied to the body not only by substances con- 
taining Vitamin A, but by carotenes. Carotenes are red and yellow colored pigments 
found within the cells of plants. Carotenes are associated then in some way with 
supplying Vitamin - -  to the body. 
A 

5. Carotenes, those pigments found in , are hydrolyzed or broken down 
to form Vitamin A. Carotenes are substances occurring before the vitamins and are 
called precursors. (Pre meaning before) .  
plants 

6. Carotenes are colored pigments occurring in plant cells. Carotenes will break down 
to form __.  

Vitamin A 
7. Carotenes are present before Vitamin A is formed. Thus, one can say that carotenes 

are of Vitamin A. 

precursors 
8. A precursor of Vitamin A is a 

c a r o t e n e  

9. Carotene precursors are also called pro-vitamins. This is another term that means 
occurring before the vitamin. Thus, when talking of vitamins, precursor and 

are interchangeable terms. 
pro-vitamin 

 9 C O M P U T E R S  

Crowder, Norman A. (S, C, A) SBP 
The Arithmetic of Computers. Santa  Barba ra ,  Cal i forn ia :  Wes te rn  Design & Elec-  
t ronics,  Divis ion of U. S. Industr ies ,  Inc.  Copyr igh t  1958, N o r m a n  A.  Crowder ;  
1960, U. S. Industr ies .  Pub l i shed  by  D o u b l e d a y  and Co.  Tutor text ,  $3.95. Length,  
480 pages.  

Tutortext Page 1 
We have defined the symbol b n as meaning "the product reached by using the number 

b as a factor n times." Thus, for example 

2 3 = 2 x 2 x 2 = 8  
3 3 = 3 x 3 = 9  
b 2 = b x b  

We have also learned that in an expression of the form b n, the number b is called the 
base and the number n is called the exponent. 

, . . . . i  exponent--......~ 
bn~.._ ~ 2  3 

~ b a s e  ~ / ~ "  
46 AV COMMUNICATION REVIEW 

Finally,  we have seen that a number  expression such as 23 is called "the 3rd power  
of  2" or  "2 raised to the 3rd power ,"  and so on. Now,  here is a question on this review 
material .  Pick an answer and turn to the page number  given after the answer you choose. 
The  question is: If  the base of an expression is 2, and the exponent  is 3, what  is the 
expression equal  to? 

A nswer Page 
8 5 
9 9 

I have no idea 13 

Tutortext Page  5 

Y o u r  answer was:  1 / the  base o/ an expression is 2 and the exponent is 3, then the 
expression is equal to 8. 

You  are correct :  23 _-- 2 x 2 x 2 -- 8 

Very  well. Now,  to cont inue this quick review, you may  have learned previously that 
if b m and b n are two powers of  the same base, then there is a short-cut way of  multi-  
plying these two numbers ,  as shown below: 

(b m) (b n) ~_ b ( m + n )  
Thus  (23 ) (25 ) - - 2 ( 3 + 5 ) - - 2 8  
and (42) (43) = 4(2 + 3) _-- 45, etc. 

Also,  there is a similar rule for division involving two powers of  the same base. 
b m / b  n - - b  ( m - - n )  

Thus 56/54 = 5 (6--4)  = 52 
and 73/72 = 7 (3--2)  -- 71 ' etc. 

These " fo rmulas"  were justified at some length in the full text of  The Arithmetic o/ 
Computers. Here  we must  merely  state them and hurry  on to get to the interesting part. 
But let 's be sure you have understood what  has been said up to now. Wha t  is the result 
of  dividing 86 by 82? 

Answer Page 
86/82 = 8(6/2) = 8 3 10 
86/82 = 8 ( 6 -  2) = 84 14 

I don't know 18 

Tutortext Page 9 
Y o u r  answer was: I/  the base o/ an expression is 2 and the exponent is 3, then the 

expression is equal to 9. 
You  have it backwards.  You  used the number  3 as the base and 2 as the exponent ,  

and we want  it the other  way around. 

In our  brief  discussion on page 1, we stated that in the expression b n the number  b 
was the base, the number  to be used as a factor,  and that the number  n was the exponent, 
which tells the number  of  t imes the base is to be used as a factor.  So if the base is 2 
and the exponent  is 3, and we substitute these values in the expression b n, we have 23. 

Now,  23 means  the product  reached by using the number  2 as a factor  3 times. And,  
what  is "2  used as a factor  3 t imes" equal  to? 

Return  to page 1 and choose the correct  answer. 
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Adaptive Navigation
• Direct guidance (where should the reader go next?)

• Link sorting (in order of value to the reader)

• Link hiding (don’t show links that aren’t relevant to the reader)

• Link annotation (tell the reader about the links)

• Link generation (make new links for the reader)
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Adaptive Presentation
• Stretchtext (text can be expanded or summarised using predetermined fragments)

• Natural language adaptation (generated text)

• Adaptive modality (video to audio, audio to text, etc)
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Summary
Hypertext links aren’t necessarily explicit, static and textual

• They may be derived from underlying relationships: spatial, conceptual, temporal

• They may be computed on the fly

• They may change depending on who is looking at them, or what they’re trying to do

• They may point to physical objects, or be embedded in physical contexts



Next Lecture: Telling Tales


