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Abstract

Researchinto the visualization of abstractdatahasresulted
in anumber of domain specific solutions as well as some
more generic techniques for visualising information.

Similarly, the field of sonification has explored the display
of information to the human auditory sense. As haptic
displays such as force-feedback devices becoree readily

available, the senseof touch is also being used to help

understandinformation. While applications that use multi-

sensory informationOdisplays@re becoming more common,
frameworksto assistin design of thesedisplays needto be

developed. This paper extends a previously proposed
structure of the Ovisual@sign spaceto include hearingand

touch and hence defineraulti-sensory design space.lt then
correlates this space with another classificationthefdesign
spacebasedon metaphors.Metaphors are often used as a

starting point in designingnformation displays. Metaphors
allow the user to take advantage of existing cognitive
models aswell asecologically-developedperceptualskills.

Metaphorsprovide anotheruseful structuring of this multi-

sensorydesign space.Throughoutthe paperall discussions
areillustrated using the UML modeling notation. UML is a

standard notation frequently used to documiet design of

software systems.

1 Introduction

Sometimesthe OlnformatiomAgeOwe live in would be
better thought of as the OData AgeO. The widespreafd
computer systems has seemassivegrowth in the size
of data sets available to analysigsignersmanagersand
engineersfrom many domains. These data sets can be
characterised as abstract, multivariate Emde. Dataused
for stock marketrading, softwareanalysisand marketing
are three example domains but many more exist.

Whether the task is to understandor, alternatively to
explore these data sets, many cognitive processescan
benefit from the use of external models to support
thinking. Olnformation VisualisationsOis the term
commonlyusedto describeinteractivecomputersystems
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that provide the user with external visual models of
abstract data (Card, Mackinlay et al. 1999). Many
approachesave beendevelopedin this field to allow
exploration of large multivariate data spaces.

OSonification®' @snewly evolving field, that usessound
rather than vision to representabstract data (Kramer,
Walker et al. 1997). Likewise, the ter@iTactilizationfas
been used when trsenseof touchis usedfor displaying
abstractdata(Card, Mackinlay et al. 1999). This might
better be calletHaptization'as the word hapticsrefersto

both the tactile and kinestheticcomponentsof the sense
of touch. Most interactionsinvolving touch require a
combination of both tactile and kinesthetic feedback.

Because some of the datatsbeing exploredare so large
and have so many attributesit has been proposedthat
multiple senses be used to analyze informatiopairallel.
This requiresthe design of models that make use of
multiple senses. OPerceptualizatioigXthe term that has
beensuggestedo describethe multi-sensorydisplay of
abstractinformation (Figure 1)(Card, Mackinlay et al.
1999). Modeling the multi-sensorydesign spaceis the
focus of this paper.
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Figure 4. Information Perceptualization makes use of
Visual, Auditory and Tactile Structures

The field of OlnformationVisualizationChas progressed
largely by invention as applicationsare developedfor
specific domains. The field is disjointed as it brings
together not only disparate application domdins all so
many research areas. These research fields include
computergraphics,information modeling, perceptuabnd
cognitive science,human computerinteractionand user
interface design. Sometimes it seems that the design of
information display may be better describedas an OartO
andnot a Oscience®et it would be desirablefor non-



specialists to adopt an engineerimgproachto the design
of information visualization. For example, to follow

some simple guidelines and not have to understand
complex perceptualtheories beforehandor alternatively
run time-consuminghumanfactors experimentsafter the

display is built. While this is true for designingvisual

displays it is even more criticathenattemptingto build

a multi-sensorydisplay where sensoryinteractionsand

conflicts complicate perceptual issues.

Categorizingthe design spaceis an important step to
assist in thedevelopmenbf generalprinciplesof design.
Card and Mackinlay have proposeda taxonomy of the
visual designspace(Card, Mackinlay et al. 1999). This
taxonomy is describednd then extendedn Section2 to
include auditory and haptic displays and so provide a
categorization of the multi-sensory design space.

Another approach tanderstandinghe designspaceis to
considerhow Ometaphordtave beenusedas a basis of
information displays.Section3 describeghe motivation
behind using metaphors in design and presents a
taxonomyof the design spacebasedon metaphors.The
correspondence between Bdletaphobesign Space@nd
the OExtendedCard and Mackinlay Design Space'is
discussed.

2 Extended Card-Mackinlay Design Space

2.1 The Extended Process

Creatingvisualisationsfor a specifictaskis typically an
iterative processof analysis,designand use. Card and
Mackinlay describe this 'Visualization Process'(Card,
Mackinlay et al. 1999) that maps from 'Raw Data'into
‘Views'. This processhasbeensimplified in Figure 2 to
show a more linear processfrom 'Raw Data' to 'Data
Tables' to 'Visual Structures' and finally 'Views'.

Figure 3 showsthe extensionof this processto include
the design of multi-sensory displays. Vissalucturesare
augmentedy auditory and haptic structures(Figure 3).
The word 'haptic' has been used because it redeadl the
components that make up thenseof touch. Ratherthan
the userseeingandinteractingwith a 'View' of the data
they interactin a display which is multi-sensory. The
type of display is dependent on thgstembut coversthe
range of emerginguser interfacesthat can be found in
Virtual Environments. Many of these environments
provide 3D visual, auditory and haptic displays [3,4,5].
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Figure 2. A process model for Information
Visualisation, adapted from Card-Mackinlay (Card,

Mackinlay et al. 1999)
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Figure 3. The process model extended to include
multi-sensory displays.'Visual Structures' have been
augmented by 'Auditory' and 'Haptic Structures'.
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2.2 Raw Data

The multi-sensory extension (Figure s$)owsno changes
to the initial part of the process. Ralatais still broadly
characterizedas quantitative nominal or ordered as
shown in Figure 4. Quantitative data may also be
described in more detail if it has the intrinsic propertigs
being spatial, temporal or geographical.Raw data is
transformed to a data table (Cakdackinlay et al. 1999).
Data tables place data attributesin rows and particular
cases along columns of the data talitard, Mackinlay et
al. 1999). Data tables are more structuredthan the raw
data and describe relations that can more easilpdped
into visual, auditory and haptic structures (Figure 5).

Raw Data
Nominal Quantitative Ordered
N Q (8]
| |
Temporal Spatial Geographical
Qt Qx, Qv, Qz Qlon, Qlat

Figure 4. A UML Model of the categoriesof raw data.
Normal abbreviations for each class are shown, for
example, 'N' for Nominal or 'Qlon' for Quantative
data that is inherently longitudinal.
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Figure 5. A UML Model of a data table. Each row of
the table is associatedwith an attribute of the data
and each column is an instance or case of data.

2.3 Visual, Auditory, Haptic Structures

Visual structuresencodeinformation by augmentinga
"spatial substratewith marksand graphical properties”
(Card, Mackinlay et al1999). Temporalencodingcanbe
thought of as an animatiasturing which the marks, their
position in the spatial substrate, or, theéisual properties
change. A high level model of 'Visual Structuise'shown

in Figure 6. Figure 7 and Figure 8 show corresponding

modelsof auditory structuresand haptic structures.Note
that | haveadoptedthe naming conventionsof the visual
structuremodel so that all three models use the basic
concepts of:

Spatial Substrate

Marks

Properties

Temporal Encoding

These concepts have been proposed for visualization
(Card, Mackinlay et al. 1999) btihey arealso applicable
for both sound and touch displays. This allows us to
abstracttheseconceptsn the model of the designspace.
So we augmentthe visual, auditory and haptic spatial
substrateswith visual, auditory and haptic marks. These
marks in turn have visual, auditory and haptioperties

2.4 The Spatial Substrate

A spatial substrateis the most important starting point
for any information display. Space is perceptually
dominant and thelecisionabouthow to usespaceis the
first design choice(Card,Mackinlay et al. 1999). The
Card-Mackinlaymodel describesfour different ways to
organisespace.An unstructuredspacehas no axis. A

nominal axis divides thgpaceinto regionsthat represent

different categoriesSimilarly, an ordinal axis usessub-
regionsbut the categorieshave someorderingwithin the
space.A gquantitativeaxesusesa metric. One, two or
three axis of any type may be usedto describea 1-

dimensional, 2-dimensionalor 3-dimensionalspace.A
model of the spatial substrate is shown in Figure 9.
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Figure 6. A UML Model of the componentsof 'Visual
Structures'.
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Figure 7. A UML Model of the components of
auditory structures.

Haptic
Structures

I I ‘ ‘
Haptis Hapti Haptic

' plis Temporal

S?l gg’?te et have Properties E;Togg;g

t t |

modifies
Figure 8. A UML Model of the componentsof haptic
structures.
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Figure 9. A UML Model of the spatial substrate.

In a multi-sensory display it would be most naturatise
the samespatial substratdfor eachsense.If we think of
the normalworld, objectswithin spacearefelt and heard
at the same location they are seen. It is, howgassible
to consider different spaces for each sense. One usajul
to use this may be to provide differenesolutiondisplays
for eachsenseVisual resolutionis often insufficient to
represent detailedview of datawithout somekind of
zooming. Zooming in can reveal more detailed visual



structure but the visual display must sacrifice global
context. It is possibleto use a much more compact
auditory spacevithin the samevisual space.This allows
detailed data attributes to be heard at much higher
resolutionwhile maintainingthe global contextwith the
visual display. This approachhasbeenusedfor example
with 'sonification' of high resolution well-log data
overlaid on a much sparservisual model showing a
petroleum exploration field witkvell locations(Fr3hlich,
Barrass et al. 1999).

The spatial substrate can have one, two or three
dimensions. There are also a number of additional
artifactsthat canbe containedin this substrateto assist
interpretation(Figure 10, Figure 11, Figure 12). We can
think of such visual landmarksas a labeled axis, grid

marks or navigation aids in the space.In 3D virtual

worlds it is also commonto have a lighting model
associatedvith the global spaceandto define the user's
viewpointin the space However,theseconceptsare also
applicable inthe auditory space A usermay heara 'tick’

eachtime they passan auditory grid mark for example.
Sound can provide an excellentlandmarkin 3D space.
The nearerthe usergetsto the landmark,the louder the
sound becomesand the cuesremainirrespective of the
direction the user is facing. Globally we might also
associatalifferent acousticmodels with the space.With

haptics these same concepts are also possible. For
example it is easyo imaginea 'hapticgrid' wheremarks
in the grid are felt anes or bumpson a surface.Haptic
navigationaids have beenpreviouslyimplementedwhere
the user is 'drawn' in tbuttonsor 'held' by force on dial

control (Hutchinsand Gunn 1999). Again global haptic
modelscanbe associatedvith the spatial substrate.For
example objects are given some weight amgglaaitational
field is associated with the space.
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Figure 10. A UML model showing possible contents
of the visual substrate.
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Figure 11. A UML model showing possible contents
of the auditory substrate.
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Figure 12. A UML model showing possible contents
of the haptic substrate.

2.5 Marks

For visual structuresnarksaresimply elementarnthings
that arevisible in the spatialsubstrate(Card, Mackinlay
et al. 1999). The most elementarytypes of marks are
points(0D), lines(1D), areas(2D)and volumes(3D). The
UML model of marks in Figure 13 shows these
components. These elementanarkscanalso be usedto
describe elementary modeling units for both the soumds
an auditory display and the forces aadtile surfacesn a
haptic display.

| I I |

| Point ‘ ‘ Line ‘ I Area | | Volume |

uses uses

uses
Connection

Figure 13. A UML Model of 'marks’. Note that an
‘area’ in 3D spaceis often called a 'surface'. Note
also that 'Connection' and 'Enclosure' use the
elementary marks to describe relationships within
data.

Sound, for example,can be modeledas arising from a
pointsourcein space.This is our commonexperiencen

‘ Enclosure

‘ Surface ‘




the real world where sound originates from a source
somewherein the space.ln a computer model using

sound itis also possiblefor the userto interactwith the

spaceto generatesounds,for example,moving a cursor
within a volume areaor along lines or surfacesin the

spacemay generateauditory feedback A simple example
is wherethe usertouchesan objectand soundassociated
with that object is heard. This cée eithera surfaceor a

volume depending on how the objechi®deled.A more

complex exampleis the modeling of fluid flow, where
parameterssuch as flow magnitude are determinedby

position in the field and these parametersin turn

determinethe soundgeneratedThe fluid flow field may

be anareain a 2D model or aolumein a 3D model.

Haptic displays can provide both tactile and force

feedback Tactile displaysprovide displacementglirectly

to the skin surface.Tactile surfacesare very consistent
with our everydayuse of touch. For exampletouching a
surface with ouffingertips and registeringsurfacetexture,
slip and shape.Tactile feedbackcan be consideredas the

spatial andemporaldistribution of displacement®n the

skin (Durlachand Mavor 1996). It is possibleto model
this distribution as points, lines, areas(surfacespnd
volumes. Another componentof the haptic senseis the

kinestheticsensewhich tracks position and motion of

limbs and joints. Forcesare sensedby the kinesthetic
sensorysystemsand are understoodas a spatial and

temporaldistribution of forces.Again a model of haptic
marks consisting of points, lines, areas(surfaces)and

volumes isappropriate Forcedisplaysfrequentlyusethe

idea ofsurfaceso model haptic objects, howevenpdels
that generatéorcesbasedon points lines or volumesare
also used. A gravitational field for example, may

influence an area (2D) or volume (3D) of the haptic
display. Again the idea of marksis usefulfor describing
haptic structures if we think of a mags a modeling unit

that is usedto generatethe appropriateforce or tactile

feedback to the user.

2.6 Properties

The other componentof visual, auditory and haptic
structuresthat we needto considerare the properties
associatedvith eachsense.Visual, auditory and haptic
properties are very different, yet there are some
similarities in the organisatioaf our sensoryperceptions
that allow us to keep the models consistédigned with
the Card-Mackinlay model we can distingulglutomatic
processing from '‘ControllegirocessingCard, Mackinlay
et al. 1999). 'Automatic' processinginvolves a direct
encoding of data attributes to perceptual capabilities.
‘Controlled' processing requires cognitive effort to
understand or interpret a more abstetoding. A good
exampleof controlledvisual processings text. Speech,
for the auditory, and Braille, for the haptic sense,are
good examples of encodings that require controlled

processing.Text, Speechand Braille all require some
level of cognitive processing to decode the information.

Information
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l b Automatic Controlled Interaction
Vesod Processing Processing
. uses uses
Marks Visual Direct Visual Abstract
(modeling umts) Properties Properties
Use Direct Encoding Use Abstract Encoding
{Perceptual) (Cognitive)

‘ Text ‘ ‘ Icons |

Figure 14. A UML Model of direct and abstract
visual properties.
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Figure 15. A UML Model of direct and abstract
auditory properties. 'Earcons' are analogousto Icons
used in visualizations but usea syntax that describes
musical motifs (Blattner, Sumikawa et al. 1989).

Figure 16. A UML Model of direct and abstract
haptic properties. 'Touchcons' have not been
described but it would be possible to use a syntax
based on haptic attributes such as surface texture.

Note that | haveuseda slightly differentterminology to
that used by Card-Mackinlay. They describe abstract
encodingsas ‘features'to distinguish them from direct
encodingswhich are called 'properties'l usethe naming
convention of 'direct propertieahd ‘abstractproperties'l
havealso usedthe word "Visual" where Card-Mackinlay



use the terniGraphical". The reasonfor thesechangess
to allow a more consistentnamingin the UML models.
High level UML modelsof Visual, Auditory and Haptic
propertiesare shownin Figure 14, Figure 15 and Figure
16.

We are primarily interestedin direct propertiesbecause
these perceptually-direcencodingsrequire less learning
than abstract encodings aattributesof the dataencoded
in this way can be processedparallel. The advantageof
abstractpropertiesis that they can expressvery complex
conceptsandit is commonfor information displaysto
utilise them in some way, especially where detailed
accurate information is required.

2.7 Visual Properties

We will now consider Visual, Auditory and Haptic
propertiesindividually. Of the three 'Visual properties'
have been the most frequently studaew! applied.Bertin
(Bertin 1999) for exampledescribedsix basic properties
of size, orientation, gray scale, color, texture and shape
and Mackinlay (Mackinlay 1986) used a rule-based
systemfor directly mappingfrom dataattributesrulesto
properties A numberof other propertieshave also been
suggestedthat allow for automatic processing. These
include, length, line orientation, width, curvature,
intensity and 3d depth cué¢Bigure 17) (Card, Mackinlay
et al. 1999).

Figure 17. A UML Model of direct visual properties.

2.8 Auditory Properties

Two different typesof listening havebeendistinguished,
Oeveryday listeningO dbmhusicalisteninggGaver1986).
OEverydalisteningCfocuseson attributesof the sounds
source. In the real world theseattributescanreveala lot

of information. For example,when a object is tappeda
number of questions are asked. What material i®kiject
madeof? Is the objecthollow, doesit contain anything?
How hard was the object struck? Thus properties or

attributesof the object are revealedby interpreting the
sound. When displaying abstract datgerydaysoundsare
useful for displaying categoricaldataby using a cross-
section of sounds as signatures of categorical data.

OMusical Listening@volves the skills usedto appreciate
music. Musical listening helpsto discriminatepitch and

timbre. It also helps discern a number of temppedterns
such as rhythm and melody. The ability to hear
informationin music varies greatly betweenindividuals.

Figure 18 showsthe 'Direct Auditory Properties'.Note

that our senseof hearingis very proficient at monitoring
and sounderstandingnformation that evolvesover time.

Hence temporal encodings are most important for

interpreting both everyday and musical sounds.

Figure 18. A UML Model of types of sound.

2.9 Haptic Properties

Tasks performed by the sense of touch can be divitted
either "exploration'or "manipulation"tasks(Durlachand

Mavor 1996). Sincewe are most interestedn display of

properties weare more interestedn the explorationtasks
which are sensory dominant. However, despite the

division into sensory and manipulation, most hapdigks
involve some combination afxploringand manipulating
(Figure 19).

There are many types of information gatheredby the

different sensory receptors. While this information

includes temperature, pain, tactile, chemogenic and

kinestheticinformation (Figure 20) it is only tactile and

kinesthetic information that cacurrently be displayedby

existing userinterfacedevices.Tactile refersto the sense
of contactwith an object, while kinestheticrefersto the

sense of motion and position in spacqaifts andlimbs

(Figure 21).

The direct tactile propertiesare shown in Figure 22 and

the direct kinestheticpropertiesare shown in Figure 23.

The senseof touchis like hearingin that information is

often conveyedby how the propertiesevolve over time.

Hence temporal encodindsr hapticsmust be considered
carefully.

Haptic displays developed for usetalemanipulatiorand
only in relatively recenttimes have they beenintegrated
more generallyas a componentf the userinterface.The
Phantomfrom Sensable(Salsiburgnd Srinivasan1997)
technologiesis a force feedbackdevice. It is the most



generallyavailable and practical devicesfor displaying
haptic properties.However, it allows only forcesto be
displayedat a point which limits the display of tactile
properties and prevents the simultanedisplay of forces
over a space greater tharsingle point. Despitethis it is
still possible to display many direct properties.

Figure 19. A UML Model of the two main types of
haptic tasks, exploration and manipulation. Formost
tasks our haptic senseboth sensesand acts on the
environment.

Figure 20. A UML Model of types of the types of
haptic sensory receptors.

Figure 21. A UML Model of the tactile and
kinesthetic senses.Currently it is not practical to
provide output to the other haptic components of

pain, heat, itch.

Figure 22. A UML Model of direct haptic properties,
showing tactile properties.

Figure 23. A UML Model of direct haptic properties,
showing kinesthetic properties.

2.10 Temporal Encoding

The final part consideredare temporalencodingsfor each
sense. Temporancodingamodify the position of marks
or their propertiesover time (Figure 6, 7, 8). Visual
temporalencodingsare relatively straightforwardand are
useful for studying datawhich changesover time. This
can be reflected by a movement of tharksor changeto
some property like coloufFigure 24). Auditory temporal
encodingsare very important as the variation in sound
propertiesover time conveys detailed information and
complex propertiesin the data can be understoodas
musical qualitiessuchas rhythm, melody (Figure 25). It
is also possibleto designhaptictemporalencodings for
examplewherethe hardnesf an object changegFigure
26).



Figure 24. Visual Temporal encoding.

Figure 25. Auditory Temporal Encoding

Figure 26. Haptic Temporal Encoding

3 The Metaphor Model of the Design Space

The previous discussion has focused on the exterdian
design space that was originally proposed by Card-
Mackinlay (Card, Mackinlay et al. 1999) for information
visualisation. A previous classification of tsamemulti-
sensorydesignspacebasedon metaphorshas also been
proposed (Nesbitt 2000).

Metaphors provide a starting model that the user takey
advantageof to help understandstructureor relationsin
the visualisation.Metaphorsare often used as a starting
point in designinginformation displays. Metaphorsnot
only allow the user to take advantageof existing
cognitive models but they also take advantage of
ecologically-developegerceptuakkills. Thereare many
difficulties in designing a multi-sensory display as
perceptual conflict®ccur. Using metaphordrom the real
world as models for the desigi displayscan makesure

that we utilise our perceptions in the information watd
we do in the real world.

The metaphorclassificationdescribess broadclusters
of metaphorqTable 1) which are discussedbelow. The
first two clusterscontainspatialand temporalmetaphors
that are applicableto all sensesThe other three clusters
are metaphors froraight, soundand force specificto the
visual, auditory and haptic sense.

Metaphor Cluster
Tempora | Sight | Sound
I

Spatial Touch

Visual
Display

Auditor

y .
Display

Haptic
Display

Table 1. Classification of metaphors

1. OSpatialMetaphorsCrelate to scale, location and
structure. Spatial metaphors can carry quantitative
information. Relationships can be described by
position on a mapor a two or three-dimensionagrid.
Data placedin proximity can be visually assessedh
compareand contrastactivities. Structuressuchas tree
graphs or data maps can carry broader overview
informationthat is importantto the user. Both touch
and soundalso provide useful cuesfor object position
in space.Spatial metaphorsare appropriate for all
senses andoncernthe way pictures,soundsandforces
are organised in space.

2. OTemporaMetaphorsGare concernedwith how data
changeswith time. It includesconceptsof movement,
animation,rhythmsandcycles.Interactionin a virtual
environment, as in theeal world, presentanformation
that can changewith time. These changescan carry
information. Temporalmetaphorswill also be applied
to all sensesandconcernhow we perceivechangesto
pictures, sounds and forces over time.

3. OSight MetaphorsO use direct mappings from
information to the attributesof sight. Theseinclude
colour, light, shape,andsurfacetexture (Hutchins and
Gunn 1999). The use of a colour scale ieaampleof
a common mapping used to representdata values
(Neshitt 2000). Icons are an exampleof how abstract
shapescan be used to convey information using
intuitive symbols.

4. OSound MetaphorsO deal with direct mappintypical
soundpropertiessuchas pitch, amplitude,timbre and
also more musical qualities such as rhythm and



melody. Auditory metaphors are less common,
howevergood examplesexist in the real world. The
Geiger counterusessoundto display radiation levels
andis a well understoodauditory metaphor(Salsibury
and Srinivasan 1997).

5. OTouchMetaphors@elate to tactile propertiessuch as
force, inertia and vibration. It is possibleto assess
object propertiessuch as weight and density by the
inertia that needsto be overcomewhen moving an
object. Other object properties suatithe hardnesand

surface texture can also be used to encode information.

Altogether there are nine broad categoriesof metaphor
which make up this classification. They are:
Visual Spatial Metaphors

Visual Temporal Metaphors

Sight Metaphors

Auditory Spatial Metaphors
Auditory Temporal Metaphors
Sound Metaphors

Haptic Spatial Metaphors

Haptic Temporal Metaphors

Touch Metaphors

LCoNokwhE

Sense Card-Mackinlay Metaphor

Visual spatial substrate
augmented with visual
marks

Visual temporal
encoding

Direct visual properties

Visual Spatial
Metaphors

Visual Temporal
Metaphors
Sight Metaphors

Auditory spatial Auditory Spatial

substrate augmented Metaphors

with auditory marks

Auditory temporal Auditory Temporal
encoding Metaphors

Direct auditory Sound Metaphors
properties

Haptic spatial substrate | Haptic Spatial
augmented with auditory Metaphors

marks

Haptic temporal Haptic Temporal
encoding Metaphors

Direct haptic properties | Touch Metaphors

Table 2. Correlation between the metaphor design

space and the extended Card-Mackinlay design space.

The correlationbetweenthe metaphordesign spaceand
the Card-Mackinlaymulti-sensorydesignspaceis shown
in Table 2. There is a natural correlation betweanporal
metaphors and the concept of temporal encodings.
Similarly the idea of a spatial substratewith marks
matchesto the idea of spatial metaphors.Finally the
sight, sound and touch metaphors corresportedalirect
properties for each sense.

4 Conclusion

I have outlined two architecturesof classification for
multi-sensory design space. Onébsedon an extension
of the previously proposed classification of Card-
Mackinlay. The other classification is a previously
proposedmetaphorclassification. The two classification
are shown to cover the same design space.

During the next stage of work guidelines are being
developedto assist in understandinghow to apply
different parts of the design spaice different tasks. This
will be tested in different application domains.

More work also needsto be done in verifying the
correctnes®f the architectureespeciallyin the less well
understood domains of sound and haptics.
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