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Abstract

The intersection of theare-performance, design, andinformatics
is a fertile aeafor a broader understanding o the possble
design and interaction between people andavatars in smulated
three dimensional information spaces. This paper outlines the
theoretical modelling for the visualization of a generic avatar
template gplicable to information spaces. Such a
representation, it is theorised, would indicate semantic and
structural meanings between contents of a document coll ection
of an information space to a person. The depiction would be
mapped to the visualization engine and represented in a three
dimensional information space. Avatars require some atificial
intelligence, (Al), which indicates knowledge &out the
structure and contents of the underlying information, if they are
to aide the user in tasks related to the information system. This
paper proposes that such knowledge will be represented in the
geometry and structure of the avatar visualised at the interface.
In this manner, the design and form of the avatar functions as a
content analysis tod representing interaction between uses and
an information space. The grouping o such representations
would lend the alded benefit of a history of notational avatars
tracing the user’ s path in an information space over set duration.
Using dbject orientated programming, variables are dtached to
the body, in this case, the asatar. Depending upon the user’s
interaction with the hypermedia system different patterns will
ocaur.

It is theorised that such an approach to the modelli ng of avatars
would enhance the communication of knowledge and meaning
in large data sets where recurring problems of navigation are
compounded by the representationof scalability to users.
Keywords: Avatars, interactive spaces, navigation, visuali zation,
hypermedia-databases, threedimensional spaces, experientia
design.

1 Introduction

The use of avatars in cyberspace refleds an area
fundamentally rich in posshilities applicable to
information modelling for hypermedia systems and
pervasive mmputing.

Avatars have generally been recgnised as navigational
guides, particularly in Virtual Worlds, acting as sSmulated
computer “personas for users. For this reason the
representational modelling of such avatars is aimed at
achieving a naturali stic resemblance to the human form,
or another natural form, familiar to the person from the

Copyright © 2002 Australian Computer Society, Inc. This
paper appeaed at the Pan-Sydney Area Workshop on Visua
Information  Processng (VIP2001), Sydney, Austraia
Conferences in Reseach and Practice in Information
Technology, Vol. 11. David Dagan Feng, Jesse Jin, Peter Eades,
Hong Yan, Eds. Reproduction for academic, not-for profit
purposes permitted provided this text isincluded.

physical world. The avatar frequently has human-like
traits to indicate to the user the internal properties of the
avatar. Often there is a mapping of cognitive factors as
smple dramatised personality traits that the user can
recognise and identify with where applicable. The ALIVE
projed at MIT Media Lab isan example of this approach
to the modelli ng of avatars. (Casey, Gardner, and Basu,
1995).

It is theorised in this paper that the representation of the
avatar can be modell ed as a blended domain, partaking of
properties from bath the virtual and the physical worlds.
This paper advances a theoretical basis for the moddlli ng
of such avatars focusing on the user interface of
Information Retrieval Systems (IRS) and navigational
interaction techniques. The interaction mode at the
interface emphasises interaction tedhniques between a
person and the mmputer simulation of an avatar as a
retrieval and search method for large information spaces.
It is proposed that the modelling can be perceved as a
colledion of entities and aggregates (count, sum,
average) of some property of the avatar objeds, based on
analysis of content description. The visualizaion of the
avatar would represent this content description in the
structural and visual design of the avatar form at the
interface The form would inherently refled the function
the avatar is performing in the interaction design as the
changer between the user and the system .

2 TheAims

To develop software that support user interaction with
large-scale hypermedia databases. To design dynamic
tods for retrieval and search methods represented as the
structural and conceptual form of the avatar. Thesetods
would assst in the finding of information in databases,
and the viewing and interacting with information objeds.
To formulate design strategies within the avatar design
that accommodates collaboration between users and
indicates forms of navigational diredives, the depictions
of which indicate knowledge of other users. Such a
presentation, if coll aborative, can be percaved as a form
of virtual theatre represented as a series of notationa
avatars, providing a visual-kinaesthetic “script” of users
interaction within the hypermedia system.

Receat diredions in Human Computer Interaction (HCI)
support such an approach. For instance Chalmers, 1999
considers informatics. a component of social interaction,
addressng the complexity and the mntext of interactive
design.



3  Three Dimensional Database Environments

The growth of the World Wide Weéb (WWW) and its
open architedure aeates an opportunity for the
development of shared large-scale 3D spaces. However
this brings up issues of scalability in the design of such
spaces. Large-scale hypermedia databases provide an
example of such aproblem for navigation or way finding,
and gereral grasp of semantic relations for a human user.
The traditional approach to providing interfaces to
databases has been primarily through a number of textual
language interfaces such as SQL, and NOODL Such
interfaces can be reasonably opagque to non-programmers
and do not necessarily map satisfactorily to multimedia
documents such asvideo and audio.

One way to introduce greater transparency of design for
the user, when ghe is attempting to krowse/search large
hypermedia document colledions, is to design software
for interactive threedimensional spaces. Three -
dimensional spaces are a natural medium for software
agents and the scoping of new paradigms for the
modelli ng of agents (Nakanishi 1999. With the increase
in computational power and the avail ability of high end
graphics workstations it becwmes posshle to design
graphical, multi-sensory, interfaces that support multiple
configurations from a set vocabulary of terms with
attached contextual rules. This would enable the user to
customise the interfaceto their information needs.

3.1 Definition

A large-scale (hypermedia) database is defined in this
paper as one’which is too large to display and search in
itsentirety, in real time” (Brown 1996.

4  Metaphorical Mapping and Blending

The mnceptual basis for the design of the proposed
avatar is provided by an analogy to theatre and dance
theatre asthe basis for the mapping.

This analogy is one based on the function of a performer
in the theatre, refleding the smulated character and
design of a character through actions (oral, kinaesthetic)
to an audience The performer is in a midde realm
between the “rea” physica world and the formalised
imaginary structure of theatre. The dification of the
performance rests upon an agreed vocabulary and
contextual linkage with rules to this vocabulary. It is
situated in time and often indexed to a spedfic spatial
stuation. The semictics of the performance is
communicated to an audience through the agreel
vocabulary which may require cetain augmentation.
Such additions can take the form of topographical
indicators such as lights, costumes, music, acocompanying
video etc. The resultant “blend” for an audiencewill bea
mix of all these inputs with each individual’s conceptual
framework.

Thisanalogy forms the basis for the conceptual modelli ng
of the avatar. The form of the avatar is coupled to the
function being processed related to the navigation and
accessng of information. As in theatre dance the
resultant presentation will indicate spatial design

communicating lines of diredion and relations to ather
obeds This is communicated at the interface (the
presentation), through the expresson and behaviour of
the avatar.

Placing the avatar design as a communicator of change
between the user’ s neeads and tasks, and the system design
means the avatar hasto indicate properties of bath worlds
in its representation. The form and behaviour of the
avatar has to Hend the neeals of the user with the
information structures in the space and projed these onto
the user interface design. The avatar depiction would
neel to be re-configurable being modified by changing
contextual relations from bath the user and the system
design...

User interfacedesign “performance styles’
of avatarsrepresenting design rules
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Figure 1: The formation of a blended space for the
design of the avatar projected to the user at the
inter face as design configurationswith rules.
(Adapted from Fauconnier (1997)

Fauconnier (1997 indicates the importance of context in
the determination of conceptual blends that arise from
conceptual integration. He states that a blend emerges
from two o more input spaces, a generic space and a
blended space Blended domains can give rise to novel
meanings. The structure that emerges is ©mething else
and is somewhat indepencent from the meanings from the
origina domains. The proposed avatar design like a
performer functions as a blended domain placed in the
middl e between two worlds.

The citeria of the avatar referencing theatre-dance is
structured around a central motif the human baody, to
which meanings are attached and or projeded onto.
Theatre-dance places the body as the central symbd upon
which structural information is scripted. Thisinformation
can reference the text of a play, gesture as in codified
movement, or visual display asin lighting, costume, and
so on. The bady beames the pivotal ohjed to which are
attached interchangeable variables and behaviours that
mutate depending upon the mntext. The ntext is
framed, esentialy, by the terms of the performance
Depending upon the stuation, the behaviours and
structuring of the presentation will differ.

Taking this analogy back to an information spaceit can
be proposed that the mapping of the structura and



semantic relations of an information space by the avatar
design as a response to user needs provides the contextual
framing for the resultant “performance’ of the avatar..
This analysis of the avatar references work done in
cogniti ve science spedficall y the constructionof meaning
through image schema (Lakoff and Johnson 198Q
Johnson 1987

4  Representation

When such a conceptual blend forms the basis for the
conceptual modelli ng it indicates ashifting representation
asthe semiotics changein run time. An inherent problem
of the avatar design is conneded to this changing
depiction of the avatar. To a user such changing
appearance may be perceived as confusing even if
trangition indicators are keyed into such morphing of
appearance Context sensitive relations as when peoplein
the physical world adapt their interaction to different
socia environments may indicate representational design
strategies. Such relations indicate a series of avatar
designs modell ed as instances from a super class These
instances function as notational representations of user
profile at set duration.

The depictions are schematised so that they refled
general, summary properties of the entities that they
convey not detail ed, analogue properties. This relates to
granularity in the representation of the avatar. As the
representation of the avatar indicates movement towards
finer detall in regard to set of documents the design
elements take more spedfic form and the schematisation
of elements may be sharpened

To design and model such a representation, some
fundamental isaues require attention. Thes are to:

- Determine the levels of the avatar architecure and
the interaction paths from onelevel to another.

- Define what sensory information these layers of
avatar architedure have attached to them and how
such outputs are mnveyed to the user.

- Design the cdhannés of communication between the
avatar to the human user and from the avatar classto
the information space

5 TheAvatar Performance

It is proposed that the avatar conveys navigational
pointers to the user in response to user neals and
activities. The design performs actions that point to
documents and relations between documents in the
infformation space The user responds to these
schematised pointers presented at the user interface
design. The response is organised by design rules
modelled on the dance theatre aiteria dtached to the
avatar at any one time. The user by modifying their
information neals difts the mntext and the avatar re-
presentsthe design at the interfaceii response to the rew
situation.

Theavatar’ sfunction ismodell ed on information storage
and retrieval system’s relationship to a colledion of
documents. In such a system, a standard way to describe

information objeds is to use a surrogate to represent an
infformation objed. The surrogate represents the
information objed but is distinct from it. The surrogate
to maintain connedion to the information ohed it
represents neels to have some identifier(s) that link it to
the objed. In the proposed system the avatar class
bewmes the surrogate standing for the information
objeds. The descriptors are modelled on movement
diredives. This gives the potential for spatia
configurations to emerge as the avatar maps the
information space pointing to relations between
information objeds. The avatar class in schematised
form describes the mntents of the document coll edion
and relations between documents. .The design indicates
an alternative to index based approaches to information
retrieval. Instead the avatar design places navigational
information as a means of conneding and mapping
relations between objedsin a space The design criteria
further indicates that the identifiers can be based on
kinaesthetic and visual cues giving lines of diredion, and
interaction diredives to the user by the user interface
design. Such navigational techniques aim to maximize
the amount of information percdvable and appropriate to
the user’ sneed.

The proposed design extends the functioning of
surrogates in traditional informaion and storage systems
(ISAR) to encompassan interactive antrol system of the
animated avatar. The avatar changes the descriptors
attached, which are adified as actions, in response to
contextual cues. It re-assemblesits form as a depiction of
the identifiers it is representing to the user as one
particular event. Careful modelling of dimensions is
required if succesful mapping is to aceur.

Processng
Interactive (information) space
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Avatar design. Interacts between user
and databese. Design function based
on theatre dance citeria

Figure 2: Avatar design becomesthe suurogate.
Transformation of binary bit pattern of hypermedia
to formal symbol system of the avatar.

In figure 2 the avatar acts procedurally. The compuation

can depend on the immediate @ntext- including user-
initiated actions, time, persona information about the
user etc. The mntext, the processng areain figure 2, can
change quite rapidly as semantics are formed. The avatar
classperforms (depicts to the user) diredives asa series
of actionswithin this context.



For this paper it is considered that the design
representation of the avatar at the user interface level
requires a number of actions to take place within the
avatar system. An action is defined here as any change
in the avatar representation that is contextual. For
instance, acting as diredives or pointers to a server to
initi ate some compuation.. Interestingly this issimilarto
recent research in Media Arts and Sciences (Pinhanez
1999 who based his definition of an action upon that of
(Bobick 1997. Bohick views an action as a movement
happening in a context. The question then becomes how
to represent action? ([Pinhanez,1999. For this to ke
trandated into the avatar design two aspeds of the
representation of the avatar require @nsideration.

-the mntext the avatar class b representing to the user.

-the movement in the design of the form of the avatar or
avatars and how this change represents a redproca
changein function..

51 Context

Context is generaly the situation where the movement
happens. A change in context would produce achange in
the associated action (Pinhanez, p33 1999. The context is
coupled to the task being performed, browsing or
searching. the user’s neel, the domain, the structural
design of the datasets, and the physical storage design at
the database end. Sincethese factorsvary considerably no
definitive examples can be given in this paper. For
instance domain differences with a particular system
dedicated to it will account for variation in user tasks
Applying this to the scope of this paper, the activity of
searching, for example, will present different contexts to
a user when the action is sarching a structured database
then when searching the World Wide Web (WWW). The
action is modified by the change in context. The pattern
of such action, which bewmmes the symbdic
representation in the form of the avatar class at the
interface will display different design structure as a
representation of the different interactions.

Information
nead/task

Human
user

—»

Movement in

avatar form

and function documents

Figure 3: Design for an interactive space

Figure 3 indicates the relationships between the avatar,
user, and documents when an action, for instance, to
retrieve documents is initiated. The avatar “moves’
between the documents and the user shifting the
representation in form to accord with the shaping of the
function that is being performed. The avatar matches the
user neal to held descriptors and dsplays results in the
information space accordingly.

6 Movement in theform of the avatar

It is considered here that a change in representation
congtitutes a movement, as it is a movement from a
structural to a symbdic representation. Thisis the same
as a change in the form of a performer in the theatre, or
in a dance, (costume, gesture), indicating to an audiencea
trandation of that performer’s function within a certain
frame. This frame would be determined by certain
formalizaions, for instance length of scene, phrase of
movement in dance-theatre as measured by spatial design
and/ or time, or length of text. A frame could “hold” a
number of such formalizaions or codified instances.
Sequencing and the reations between the sub-
components would carry symbdic content.

Applied to the design of the avatar thiswould include any
change in a date related to the representation of the
avatar. Modification in the form, behaviour, and therefore
function of the avatar, resulting in changes in the
patterning of the avatar, can be moved from the
processng component of the system design to the output
channels in the system. Sequencing and the relations
between the sub-components are intrinsic to this
representation of change. Sequencing indicates an
ordering of components by some appli cation of structural
design and contextual formalizaion. Which sub
components are linked, in what order, and whether these
components are modified by attached variables, for
instance velocity, determines the structural design of the
avatar. The form and function of the avatar are tightly
coupled in the design.

7  Seguencing and Sub Components

The two levels of avatar architedure that map the
representation to the visuali zation engine are sequencing
and the breakdown of a pattern of movement into the
ordering of the patterns sub-component parts. If, for
instance, the movement is communicating to the user the
structuring of relationsin a particular information space,
then this process neals to ke visuadized in the
representation of the avatar.. To do this reguires a
representation that accommodates a re-configurable
vocabulary the rules that are appli cable to the ordering of
these parts giving the resultant sequence Such rules
would be dynamic and contextual. Figure 4 indicates an
architedure supporting such a configuration.

This is a battom up approach to the design of avatars.
Layer 1 is the vocabulary level. Here would be
determined the granularity of action and the scale of
the vocabulary. Level 2 determines the wnfiguration of
the cmbinations of sub components. These culd be
percaved as s or phrases. This level does not,
however, determine the dynamics of the actions. Thisis
represented at level 3 where the order and tempora
length of each component is measured against a
determined interval pattern. This gives the qwerce. In
turn this squence is passed to the visualization engine
and then presented at the interface for the user as a
response to a particular profile instance. An instance
could be a number of search queries or a spedfic search
formulated by the user. It could also be a concept map of
document calledion, or any form forming a segquence of



patterns identifying relations between documents for
users. The length of any instance would require
consideration.

Representation at interface—Layer 4

f

Visudlizdion engine

f

Sequencing in (run) time- Layer 3

Combination —Layer 2
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Sub components-Layer 1
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Figure 4: Avatar Architecture showing how are-
configurable vocabulary could lead to dynamic
representation

This avatar architedure provides for multiple
representations which would, it is suggested, better
support user tasks. The added benefit of such an open
ended approach to the avatar design is the ahility to
output multimodality if appropriate. A “score” of avatar
instances could then be used in navigational design aiding
users in choices guided by the appropriate diredives
attached to the avatar. or avatars. This gives a design
solution in the proposed design to diversity of user’s
tasks. Accompanying interaction between avatars
presenting collaborative patterns, could also be an
extenson form such a modular architedure. Such
interaction would be a means to coll aborative structuring
of meaning and navigational information for users
accessng large hypermedia coll edions.

There has been considerable research done in this area
related to the visualizaion of spatia design in
cyberspace The way that elements are arranged in space
in groups, orders, or distances, can be meaningful, either
iconically or metaphorically (Tversky, B., Leg P.U.,
1999. Depictions of al kinds can be separated into
elements and the spatial arrangement of these dements.
The dements will change, being contextual, the
sequencing being represented as an action placed into an
agent. The sequencing of the sub-components of what
congtitutes an action in the asciated context can be
conceptual or spatial or bath.(Tversky,1999. Depending
upon the three dimensional space the user is navigating
some of these depictions, may be meant to refleda spatial
relations in the real world; or for more abstract
depictions, the spatial relations may stand for non-spatial
relations such as semantic content between documents.

8 Actions and Large Hypermedia Databases

Based on the avatar architedurein figure 3 it is proposed
that there are two main possble applications of the avatar
design at the interfacelevel. Oneis to present the avatar
representation as a singular event the other is to convey
information to the user via a number of avatars. The
context would impact on which style of avatar was
visualised. There @n be one or many avatars, or one
avatar can represent one or many events, or many avatars
can represent asingle event.

This indicates the structuring of patterns based on the
movements between avatars, between avatars and other
objeds, as well as movements occurring within each
body as a discrete event. It is proposed that the design of
the avatar and the organisation of a number of avatar
symbds within a spatial context (that is, as a pattern)
would communicate to the user information in regard to

- organization of the hypermedia colledion- i.e. is it
hierarchical, semi-hierarchical, or unstructured.

- relations between nodes —which are parents and which
are children.

- interpretation of the structure (avatar acting as afilter)
for example a treestructure of a bodk would be displayed
in the pattern normally accessble by the bodk. It would
be interpreted as a pattern of a certain logic representing
the manner in which abodk would be laid out.

- identifying for the user how each structure is
characterised by having a colledion of substructures,
each organising destinations into sets, sequences, or
maps. This action provides the sequence for any
particular context.

What is suggested as being communicated to the user is
keyed to an action. These as indicated abowe are,
organizaion, relating, interpreting, and identifying.
Referring again to figure 4, it can be argued that the
proposed architedure, due to its layered approach and
configurable vocabulary, can support these are
communication “acts’ and could convey them at the
interfaceto a user.



Therest of this paper will discussthe awmponentsin the
avatar design as a re-configurable vocabulary, and the
application to patterns bath as snguar and as
collaborative esents. A brief generic example related to
the activities of navigational taskswill be given.

9 TheAvatar

The avatar class represents an ohjed blend structured
with a core dass <body> to which <actions> and
<modifiers> as variables are attached. This indicates a
grammatical logic that can be used to aide the user in
structuring relationsin cyberspace

If code objeds can be thought of as “real three
dimensional” badies (ohjeds) then the avatar ohjedswith
attached variable descriptions can be mapped to a re-
configurable structure depicted as the visualization of the
avatar. As guch the (avatar) bady would have structural
design, (motif description), events (behaviours here
identified as modifiers) and capabilities for
communicating with the ‘world’ around them (methods-
hereindicated asactions.) A similar logical synthesis has
been noted by (Maher, Simoff, and Ciognani 2000.
These activities generally infer relations between dots
from one objed to another. Identifying the ategories of
knowledge that spedfy an action, body, or modifier
enables one to then determine the rel ations between these
categories and the resultant patterns represented by these
relations.

Applying this to the design of the avatar class there are
proposed three slots for each avatar objed, “structure’,
“action”, and “modifier”. Each of these dots can refer to
another objed. In thisway there are relations between the
objeds and their accompanying slots. Any movement
consists of a combination of such in various manners.
These ategories are based upon the anaysis of
movement as outlined in the system of recrding
movement known as Labanotation (Hutchinson 1980).

The design of the shape and interaction between partsin
the avatar isreferenced to anatomical structure. Relations
can only be etablished relative to the structura
parameters of the parts within the system. Each avatar
sub-class can modify the anatomical structure to some
extent to re-configure the body to indicate different or
new semantic relations. The grammatical logic is based
on the semantics conveyed by the avatar at the user
interface design. The purpose isto kring representational
significance to arrangement and location of abstract sets
of information. (Wexelblat, 1991).

10 AvatarsasBodies

The ore dassbady isthe objed to which the ations and
modifiers are attached as a contextual act. Bodies are the
objeds in the spatial environment to which movement
ocaurs. There are two levels of the body class
Independent bodies in a defined spaceframe that frame
thelr representation within the boundaries of each body’'s
form, and bodies which “build” relations between
information objeds coll aboratively. These act as semantic
indicators displaying connedions and behaviours patterns
between information objeds.

The dass $ody> indicates the geometry of an objed. Is
it a primitive (cube, sphere, cylinder, cone, torus,) or a
complex body? The body can be segmented and jointed,
with various degrees of freedlom assciated with the
“anatomy” of the avatar. Such a design is modelled on a
plastic anatomical system such as the human body. The
system is organised on hierarchiesconsiging of relations
like part-of, is-a, branch-of, tributary-of and contained-in.
The avatar consisting of a single roat term body (for the
part-of hierarchy) organises its dructure as siccessve
layers of children. These mnsist of finer level of detail s
of terms and are the modifiers and actions.

The texture or wrapper of the avatar body can also be
modified indicating semantic dimensions via the mapped
classfication properties. Textures can be sequential,
indicating a linear progresson with adefined starting and
end point, (moving from light to dark /black to white or
sequences may be relational. Properties can only be
determined by examining rel ationships among the objeds
or relationships between the user and the objed. These
kinds of dimensions neeal to be represented generally as
parent-of or is—a, or is-caled-by. In a hypermedia graph
arrows have been generally used to show such properties.
In the avatar representation proposed, which is three
dimensional, such relations would be trandated by the
body classcalli ng the appropriate action to express such a
relational dimension with modifier (s) attached where
necessry. How many objeds would be made from the
avatar classwould depend upon the number of instances
of the dassrequired.

11 AvatarsasActions

The avatar architedure outlined in figure 4 can be
modell ed as an action diagram. Each level of architedure
can be described in terms of the (main) action or
movement relation. that ocaurs for that layer to be
operational.

Such action architedure indicates a number of layersthat
can be alled by the avatar creating a sequenceof actions.
The sequence would be re-configurable, depending upon
the mntext and the activity the user is supporting at the
time. It is proposed that actions and the ordering of such
would be different depending upon the user tasks being
processed..

As noted, the @nfiguration of the avatar would be
modelled at the singular and colledive levels. Patterns
that call upon a number of members of the avatar class
would present relational information, the dimensions of
form measuring nominated semantic dimensions. The
function of such group structuresistoindicateto auser a
conceptual overview of a hypermedia colledion and the
dstructuring  between  documents. If the avatar
representation is supporting the user task of, say,
navigating by the quickest route between point A and
point B then the user interfacedesign would indicate lines
of diredion in the avatar form to support the task. If the
user wished to krowse between points A and B to gain
some overview of content analysis then the avatar design
supports lines of diredion, plus relations, with the
addition of dynamics if terms were weighted in a
particular domain.. A relation would beaturn, ajump, or



posshly a dlide. Dynamics would indicate the weight of
movement accompanying a path between two a more
points, or attached to velocity.

If the user needed to interact with an information ohjed
in the information spaceto pursue an information need
this also would be direded through the avatar display by
seleding, joining and ordering the appropriate vocabul ary
module. The proposed design supports sich mapping of
user tasks to navigational outcomes through an
acoompanying avatar acting very much as a persona
navigational tod. This means there needsto be a number
of avatar ‘styles’ that the avatar class can cal on as
required..

( Layer 4-Visualises )
Presentation of ” sentences’ to user
via the representation of the avatar(s)

Layer 3-Modifies
Sequencing of words giving temporal
dimensions and dynamics to words

Layer 2- Joins
Action from layer 1 is passd to layer
2 Seledion from vocabul ary forming
“words’

Layer 1-Seleds
\ Action= moves/call s vocabulary )

Input

Figure5: Action interaction architecture for avatar
representation. Three stages, input, process, and
output.

Very broadly, it is proposed, that cetain predominate
characteristics of patterns in a three dimensiona
information space ould be mapped as representative of
different hypermedia graphs. The dimensions for such
patterns are indicated in the spatial design of the
information objeds and the attached links call ed by each
node.

A hierarchical tree structure would indicate an avatar
pattern organised around strict rules with determined
paths between nodes. Avatars could only pass attributes
in cetain formations indicating underlying linkage
structure. A semi hierarchical structure would have a
looser configuration not necessrily a treestructure. The
key node may be placed spatialy at variance to

hierarchical sructure, which generaly favours a top
down approach or a left to right structure. A semi
hierarchical colledion may radiate from a central node
or may have a number of parents with attached children.
This would lead to a different mapping for the avatar
class to present to the user. Again the transference of
attributes would be modified to paral e the linkage paths
in the documents. An unstructured hypertext system
would indicate a different representation again with
posshble divergent paths and lessor posshly no ardering
between documents. Semantic relations may be obscure.
The avatar collaborative design would map these
structural components asrelations with few intersedions,
littl e partnering, and joining, and possble divergent paths
in the passng of attributes from one objed to another.

12 AvatarsasModifiers

The structural design of the avatar needls to be able to be
modified to represent behavioural patterns. Behavioura
patterns indicate how the objeds (avatars) interact and
how the presented pattern is modified through the
application of dynamics. This is of fundamenta
importance when semantic relations between documents
are being “mapped” in the avatar pattern. The modifier
also scopes the interaction between avatars delegating
responsibility.

The modifier classadjuststhe action class and or, the
body class with resultant change in the avatar's
representation. For example the action, move, needsto be
modified by diredion, which could indicate movement
from the central node to periphery. In datamining drilli ng
down is fundamentaly different to ‘rolling ug or
“diding across'.. Modifiers in such a context represent
tight coupling to the dimensions and scale of datasets. An
action may need to be repeated, or allocated a dynamic,
such as fast or sow, modelling through this expresson
information on the hyperlinks.

13 Visualization
Dimensions

Techniques and Semantic

It is important to scope what the visualizaion aims to
represent, from the hypermedia graph to the user, and
what can be ignored or maximalised. This proposes an
approach to software design that focuses on transparency
for the user at the interface.

The aim is to support navigational tasks and needs in
different domains as key activities for the user. The
modélli ng of the avatar classwould need to consider how
to scope the representations for different tasks.. To cover
such activities severa different “performance syles’ will
be required to support such variety of user neelsin large
information spaces. Visuadizaion of these user tasks
which can be esentially different, indicates ssme form
of hierarchical seledion in representing information. Any
visuali zation would form a sub-set from the database, the
pattern of which would vary depending on the whether
the database was hierarchical, networked, or relational.
Again it is important to emphasise that this paper is
proposing a generic template for the avatar design and
cannot cover in detail spedfic applications of the design.
Thiswill be mvered in the next stage of research.



14 Navigational Tasks

When a user enters an information space they either are
looking for a spedfic target or they are exploring and
gaining by such activity some view of the mntentswithin
the space The form of the avatar varies from one activity
to another indicating, as noted abowe, the configuration of
two avatar “styles’. Within each of these styles there
would be a number of generic instances called for
particular situations. depending upon the system design
underlying the domain.

Table 1 and table 2 outline the function and form for the
basic hypermedia activities of searching (lodking for a
spedfic information objed) and exploring (browsing).

It is proposed that when the task is to indicate to a user
semantic relation in an information space the avatar
group formation as a pattern, becomes an indicator of
structural and semantic relations for the user. Such group
indicators of spatial design, orientation, and main
diredional lines would represent for a user key aspeds of
the domain. The user interface display would represent a
different configuration for a hierarchical colledion of
information objeds compared to a relational or semi-

Activity Class Function | Formin
inthe the
avatar avatar

Searching/ | <body> Points to | Represent

spedfic one spedfic | relations

information | colour objeds &
neel pattern semantic,
classfied structural,
. Conveys in the.
<action> diredional | behaviour
call lines and | @d
drill planes structural
roll design of
avatar
<modifier> | |gicates | form.
diredion weighting
(up, down, | i, gpace
etc)
relation
(e.g. turn)

Table 2: Indicates some generic actions,function and

form for the activity of searching

hierarchical coll edion.

Activity Class Functionin | Formin
the avatar the avatar
Exploring/ | <action> Show Show
Browsng | Examples: | linkage linkage
jon Show main
(clustering) | |ines of s .
move diredion >now main
(hyperlink) li nes of
diredion
<modifier>
spead
(fast, sow) | Show
diredion Interaction Sh
. ow
turn objeds, and patterns of
Interaction interaction
<body> between to ojeds,
structure objeds and
(primitive, betwean
complex) objeds
number .of b
facds)

Table 2: Indicates some generic actions, function, and
form, for the activity of specific information need.

Basied on (Gloor 1997 the main design concepts for
navigation in cyperspace @n be outlined as limking,
sequentiali zaion, and simil arity or clustering. . Againin
table 2, where the activity is sarching the avatar models
itself on key aspeds of this activity. There would be a
shared vocabulary between these two activities, the
difference from one activity to another bemmes an
inherent design isaue represented in the ordering of the
component design elementsin the avatar.

For large document coll edions a user would be dhanging
from one activity to another tracing a series of patternsin
the information space accordingly. A history of avatars
would be a remrd of a users interaction with an
information space

15 Mapping I ssues

In the hypothetical example given below, each graphical
indicator of a node related to the query is assgned an
avatar. Similar representations indicate semantic
proximity, while dissmilar forms would symbdise the
opposite. This <hematic depiction as an overview
indicates patterns of form appearing pointing to semantic
relations between nodes. When behavioural actions and
modifiers are included in the representation the avatar
carries multi-sensory information to the user.

In figure 5b, the bady of the avatar form is mapped to
represent different relationsin adocument colledion. The
target node (A) and close semantic matches (A, A2, A3)
are differentiated from other nodes by the wre body
form. A further level of the @mnceptual structure is given
in topographic indicators depicted on the body: for
instance adding tone, pattern and colour to map
landmarks between nodes. The central node form shows
three different tones indicating degree of similarity. The
further semantic relations move from the target node the
less $milar the depiction of the avatar form bewmmes.
Parent child structures are indicated in this generic
example by deaeasing one dimension, width, in the body
of the avatar. Obviously such a depiction could be
modelled in numerous ways to represent semantic
relations. The main asped of this example is to propose
how the avatar design can integrate knowledge about
different routesto infer nodal relationships.



Central nod;\
[
O

Figure 5: Basic hyper media structur e of nodes and
links.

Figure 5b: Hypermedia structur e depicted as
schematic body structuresin the avatar design
indicating semantic relations between bodies.

Compare this to figure 5a, where distance is the mapped
dimension for semantic proximity. This basic graph does
not depict the kind of relation between nodes
(similarity/dissmil ar) indicated in figure 5b. Neither does
it depict the posshle wllaborative representation that
could be an outcome of design patterns suggested in
figure 5b.

However the depiction in figure 5b, could only be used to
represent broad relations for a user. To expand the
representation of the avatar sub classes of modifiers and
actions would neel to be alled. The modifier class by
adding dynamic information to the representation could

indicate the speed of different routes. Whether a node
could be reached faster by another route (A, ?, E) or from
somewhere dse in the network (? E). .For the purpose of
this paper the example has to emphasise the display of
visual properties for the user interface It is proposed that
thiswould be extended in an information spacetoinclude
representations of kinaesthetic relations as conveyors of
criteria of the avatar design.

Placing this proposed design in virtua redlity, three
dimensional spaces become a trandatable medium for
avatar colledives. Such spaces could indicate pointers
from one document to another, hyperlinks within a
document and from one domain to another, or in the ase
of VR, from one “world” to ancther. Patterns could
beme a method for storing context, a form of history
/bodk marking for users in hypermedia. Such cognitive
maps of users interaction with the hypertext could record
behavioural and dynamic interactions of a human user.

16 Conclusion

The dallenge for the modelling of the avatars is to
expressthrough the pattern of the representation (which
can be argued is a language if formal rules are applied) a
language that expresses bath data and rulesfor reasoning
abaut the data. This of course mnnedsto research on the
Semantic Web —adding logic to the web, the meansto use
rules to make inferences, choose wurses of actions, and
answer questions. For the design of the avatar it is
important for the user to understand what the
representation of the avatar means in regard to the
nominated domain that the user is arching. This
indicates that domain knowledge has to be able to be
mapped through the design of the avatar to the user
interface design. Such an approach promotes s/nergy;
agents can transfer data anong themselves aslong asthe
data comes with semantics.

There is the isae of heuristics and the representation. If
the language for the rules is made as expressve as
posshble, enabling wsers to reason widely, the structure
(9 may not be totally predicable and could have
paradoxes. However the proposed design addresses two
main aspeds of spatial cognition and hypertext. Namely
that virtual and physical space has different properties. It
is not always posshle or appropriate to map Euclidean
geometry, the geometry we are familiar with from the
physical world, to virtual spaces. For the user to gain
some form of cognitive map of a domain it is important
for the avatar design to reference a vocabulary of sub
components that the user is familiar with from the
physical world. Such familiarity enables the use to create
a concept map of a particular domain...In the proposed
design the avatar builds its vocabulary from bodily
movement relations. It is suggeded that the user will have
an understanding of these same principals based on a
badily intelligence supportive of an intuitive access to
content. .An implication of this is that the cgnitive
representation influences how people reason about space
an din what order they choose to interact with situation
within an information space



The movement events in the depiction of the avatar
esentially couple actions with particular environments,
supporting the view of embadied cognition that objedsin
the world are understoad not only by visual extraction of
features but also by the visual guidanceof action (Varela,
Thompson, Rosch 1997) . Thisunderliesthe construction
of spatial organization without which there is no
semantics (Shun,1990.
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