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Abstract. Developments in digital design workbenches that combine
Augmented Reality (AR) systems and tangible user interfaces (TUIs)
on a horizontal display surface provide a new kind of physical and
digital environment for design. The combination of tangible
interaction with AR display techniques change the dynamics of design
communication and have an impact on the designersQperception of 3D
models. We are studying the effects of TUIs on designersOspatial
cognition and design communication in order to identify how such
tangible systems can be used to provide better support for design.
Specifically, we compare tangible user interfaces (TUIs) with
graphical user interfaces (GUIs) in a collaborative design task with a
focus on characterising the impact these user interfaces have on spatial
cognition.

1. Introduction

Digital desgn workbernches table-top Augmerted Realty (AR) systems
equipped with tangible user interfaces(TUIs), have been proposed as an
alternative for the dedgn review meetngs since they allow dedgners to
intuitively modify the spatial qualities of 3D dedgns and keep
communicaion chamels openby presening tradtional mectansms such as
verbal and non-verbal communication. This reseach focuseson the way the
digital desgn workberch supports dedsgn thinking and desgn
communicaion. Sewral resarchers have proposed that such tangible
interacton combined with AR display tecmiques might affect desgnersD
cognhition and communicaion (Tang 1991; Bekker et al. 1995). However,
they have not posed any evidernce in a systematc way. To date, the certral
preoccupation of reseach on TUIs has beenin a developmertal direcion,
which usually describesthe fundamental ideasbehind their targible systems
their prototype implementation, possible applicaion areasand some initial
usahlity reaults.
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We aim to obtain emgrical evidence about the potential impact of TUIs by
invedigating if and how the tangible presence of the virtual objects on the
desgn workberch affects desgnerD spatial cognition and desgn
communicaion in codlaboraive dedgn. This paper presris some
preliminary reaults of a pilot study using protoca aralysis.

2. Tangible Presenceand Spatial Cognition

Since a humanOsognitive akility is strongly bounded, to carry out complex
rea®ning without the aid of tools is very diffi cult. Norman (1991) defined
tools as cognitive artefact, which are external aids that erhance cognitive
alilities Thus, we predct that desgnergpercegion of spatial knowledge
will be improved when using TUIs, and this may be due to the tangible
presrnce of virtual objects.

2.1. TANGIBLE USER INTERFACES AND PHYSICAL INTERACTION

Arias et al. (1997) argued that new HCI approaches need to combine
physical and digital environmerts to augmert the weaknessesof the other by
using the strengths of eachsince the Oreféctive conversationsO are very
different betweenthe two ervironmerts. AR tecmology blends reaity and
virtuality to allow the seamless interacton between physical and digital
worlds. Thus AR reseaich has focused on the linkage between digital
information and physical objects by superimposing, tagging and tracking
object. The term Caugmerted realtyOis often used to referto such TUIs in
which 2D and 3D computer graphics are superimposed on physical objecs.
TUIs provide a physical interacton by turning the physical objects into input
ard output devicesfor computer interfaces which restores the richness of
the physical world in humancomputer interacton.

Accarding to Wang et al. (2001), the strengths of physical interacton can
be explained by two agect. Firstly, physical interection provides direct,
nave maripulahlity and intuitive underdanding. It is very natural to pick up
ard placea physical object, ceriain characeristics such assize and shape can
be usedto communicate mearing. Secandly, it provides tacile interacton as
an additional dimersion of interacton. Sechter and Kvan (2004) posed the
concept of Caugmerted affordanceOto explain physical interactons using
TUIs in AR systems From this point of view, TUIs can be seenasoffering a
conduit betweenthe real or perceved affordancesimplied by the physical
properties of the interface tool and the affordances creaed by the digital
behaviours in the virtualised interface. The term OaférdanceOrefersto the
percevedand actual propertiesof the thing that determine just how the thing
could possibly be used which reailts from the mental interpretation of
things, based on our pag knowledge and experience applied to our
perceftion of the things (Gibson 1979; Norman 1988).
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2.2. DESIGNERSGOSPATIAL COGNITION AND SPATIAL REPRESENTATION

As a consequence of the diversty of approaches and related disciplines
thereis little consistercy in what is meart by the term OgatialO(Foreman
and Gillett 1997). We associate the desgnersOperception of the form and
spatial relationships of the desgn components with the desgnerspatial
cognition. The mearing of Opacedto the desgners is not an abstract of
empy space, but rather of the identity and the relative locatons of the
objects in space.Space then is decanposed into particular objects and the
spatial relationships ammg them The spatial relationships may include
functional rea®ning since dedgn is requiredto satisfy intended functions. In
addition, it hasbeenargued that touch is also a spatial modality, where the
close linkage between motor and spatial proceses has been emphaszed
Kinaeshetic information through a haptic system providesus with the ahility
to construct a spatial map of objects that we touch (Loomis and Lederman
1986). It is the movemert of a hand repeatedy calliding with objects that
comesto define extra-personal spacefor eachindividual, asa consequence
of repeaedy experienced associations (Foreman & Gillett 1997). Thus, the
movemert simulated by the mouse in dek-top systems lacks tactile and
kinaeshetic feedoack that normally accanpanesmovemert.

Based on the assumption that pegple often use general purpose verbs and
prepositions when the context is sufficiertly clearto disambiguate them, we
will invedigate language as spatial represertation. Language draws on
spatial cognition so that we cantalk about what we perceve and it therely
providesa window on the nature of spatial cognition (Anibaldi and NuallFin
1998). Gedure is also recaynizedasa good vehcle for caguring visual and
spatial information as it is associated with visuospatial contert. The
movement of hands can facilitate recall of visuospatial items as well as
verhbal items(Wagner et al. 2004). Pe@le produce some geguresalong with
their speech and such speech-accanpanying gedures are not just hard
moving. Speechand gedure are both charecterizing the spatial relationships
amang ertities which are closely related to and may even be bereficial for
cognitive processing (Lavergne and Kimura 1987; Goldin-Meadw 2003).

2.3. DIGITAL DESIGN WORKBENCHES

We reviewed various digital desgn workbenches metaDESK, iNavigator,
BUILD-IT, PSyBench, URP, MI Xdesgn and ARTHUR system. Ulmer ard
Ishii (1997) constructed the meaDESK system with a focus on physical
interacton to maripulate the digital ervironmert. Standard 2D GUI
elemerts like windows, icons, and merus, are given a physical instartiation
as wooden frames Opicons, and trays, regectively. iNavigator is a CAD
platform for desgnersto navigate and construct 3D models, which consists
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of avertical tadet devicefor displaying a dynamic building section view ard
a horizontal table surface for displaying the correponding building plan
geometry. From the userOsperspective, the display tablet is served as Oa
cutting planeQ(Leeet al. 2003). BUILD-IT developed by Fjeld et al. (1998)
is a cooperatve plaming tool consisting of a talde, bricks and a screen
which allows a group of dedgners co-locatied around the talde, to interact
by mears of physical bricks, with models in a virtual 3D setting. A plan
view of the scere is projected onto the talde and a perspective view of the
scere is projecied on the wall. Brave et al. (1998) designed PSyBench and
inTouch, employing telemarnpulation tecmology to creae the illusion of
sharedphysical objects that distart usersareinteracing with. Although still
in the early stage, it shows the potertial of distributed tangible interfaces
URP deweloped by MIT meda lab is a luminous tangible workbench for
urban plaming that integrates functions addressing a broad range of the
fieldOsconcerrs such as cag shadows, reflections and windflow into a
single, physicaly basd workbernch setting. The URP system uses pre-
existing building models asinput to an urban plaming system (Underkoffl er
and Ishii 1999). MIXDesdgn allows architects to interactwith a real scale
model of the desgn by using a paddle in a normal working setting, and also
presrts an erhanced vergon of the scale model with 3D virtual objects
regstered to the real ones (Dias et al. 2002). ARTHUR system is an
Augmerted Round Talle for architecture ard urban plaming, where virtual
3D objects are projected into the comman working environmert by semi-
transparert sterescopic headmounted display (HMDs). Placelolder objects
(PHOs) and wand are usedto control virtual objects (Granum etal. 2003).

These various configurations of digital workbenches with and without
awmerted reaity, show a trend in developing tecmology that supports
dedgnersin creatng and interactng with digital models that go beyond the
tradtional humancomputer interface of the keyboard, mouse, and vertical
screen The different configuratons described above draw on specific
interded usesto define the components ard their configuration. Few of the
publicatons about digital workbenches evaluate the new interface
techology with regpect to spatial cognition or improved underdanding of
the spatial relationships of the componerts of the digital model. In this
paper, we consider the existing digital workbenches as defining a class of
dedgn ervironmerts that use TUIs to be a departure from the tradtional
GUIs that desgners are currertly using to creat and interactwith a digital
dedgn model. While TUIs and GUIs will continue to be altermative desgn
environmerts for digital models, we focus on the differences betweenthem
in orderto clarify the role ard benrefit of TUIs for desgners
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3. Comparing GUI-based with TUI-based Collabor ation

In devising an experimert that can highlight the expected improvemert in
spatial cognition while using TUIs, various scerarios have beenconsidered
Fae-to-face codlaboraton with physical models versus TUI-based
callaboration with tangible digital models; Faceto-face collaboration with
pen and paper versus GUI-based cadlaboration with mouse and keyboard
GUI-based cdlaboration with intangible digital models veraus TUI-based
collaboration with tangible digital models. We chose the third catgory for
this reeearchbecawse it will emable us to verify if and in what way tangible
interacton affect desgnersD spatial undergarding of 3D models in
computer-medated collaborative desgn.

3.1. DESIGN COLLABORATION IN GUI VS. TUI ENVIRONMENTS

A GUI isagraphical user interfaceto a computer, which featuresa pointing
device, icons and merus, and destop on the display screen Thus, we
consider a 3D CAD system for the desgn ervironmert in a GUI
ervironmert. Current CAD systems allow dedgners to explore desgn
alternativesas modifialle models, but they produce indirect interacton with
3D models using a mouse. Degite the physical form, the mouse has no
physical contextual awareress and lacks the efficiency of specialized tools.
It is regarded as a timemultiplexed input device controlling different
functions at differert times (Fitzmauwice 1996). The akllity to use a single
devicefor several taksis amajor berefit of the GUI, but giventhe nature of
interacton where only one person can edit the model at a time, the GUI
ervironmert may change interectivity in collaborative desgn (Magerkurth
2002).

On the other hand, TUIs have been offering an alternative to standard
computer user interfaces where physical objects are repreenations and
controls for digital informaton, therely regoring some of the tangibility of
physical models. We consider a digital desgn workbench for the dedgn
configuration in a TUIl ervironmert. The digital desgn workberch is
specificaly configured for 3D desgn ard visualizaion (Daruwala 2004),
where desgners can manipulate 3D virtual objects in a semiimmersve
ervironmert in realtime and canbe spatially aware of eachother aswell as
the dedgn. The direct hands-on style of interaction afforded by the physical
objects provides desgners concurrent acces to multiple, specialized input
devices That is, they are Opace-multiplexedOinput devices which can be
attached to different functions, eachindeperdertly accesible (Fitzmaurice
1996). Using AR techniques TUIs merge the display and task space,which
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may support shared underdganding due to the interacton that draws out ideas
in aconversational mamer (Ariasetal. 2000).

3.2. EXPERIMENT SET-UP

We chose ArchiCAD asan applicaton for the GUI-based collaboration ard
a deggn workbench constructed by Daruwala and Maher (2004) for the TUI-
based cdlaboration. Inspired by the fact that tabletops and walls are the
main working surfacesduring collaborative desgn sessions (Ma et al. 2003),
they proposed a customizeddigital workbench that provides both horizontal
ard vertical display surfacesto facilitate multiple views of the 3D model.
The digital workbench ervironmert is desgned to demonstrate a range of
novel input tecmiques for 3D dedgn, so it is hot engineeredas a targeted
end-user application. We included a collecion of 3D blocks with tracking
markers in ARToolKit to offer a form of tactile influence on the dedgn as
handlesto the virtual objects.

TABLE 1.Two experiment settings

GUI -based collaboration TUI-based Collabor ation
Hardware Desktop computer Digital design workbench
Input Mouse & Keyboard 3D blocks
Application | ArchiCAD ARToolkit
Display Vertical LCD screen Vertical LCD screen & Horizontal table
Task space | amouse & keyboard Horizontal table

0 e -~
Settings I - Ty A .

o o et e

To simulate a situation similar to a desgn review meeting where desgners
review the current state of the 3D plan and modify it, we developed two
rerovation scerarios of the samedegee of difficulty: the layout of a home
offi ce apartmert and the layout of an interior desgn offi ce. Dedgners are
requiredto calaborate on renovating the studio to satsfy intended functions
to apre-defined set of specfficaionsin desgn briefs.

TABLE 2.Experiment design

Experiment 1 Experiment 2 Experiment 3
Sessons | 1"GULLA | 2WTUl:B *TULLA | 2¥GUEB | 1*TULB | 2MGULI A
Subjects | Two architecture students Two architecture students Two architecture students
Activity | Renovating the studio by placing the furniture, which are provided through the library

*Task A (A): Home offi ce apartment, Task B (B): Interior design office
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We recriited three pairs of 2™ architecture studerts as subjecs for the pilot
study. They did not have acces to a pen device or to the 2D view in
ArchiCAD to make the conditions similar to the TUI-based collaboration. A
set of 3D objects weremack available in the applicaionOsibrary in order for
them to focus on desgn configuration rather than desgning the furniture
components during the dedgn sessions. The working time in each dedgn
environmert waslimitedto 20 minutes

4. Segnentation and Cognitive actions

We have done a pilot study that is an adaptation of protocol aralysis, a
methodology for studying problem solving proceses that has beenwidely
used in desgn cognition. Rather than ask the desgners to think aloud, we
recaded their conversation and gedureswhile they were collaborating on a
precefined dedgn tak. The data codlecied for amalysis includes verhal
de<cription of spatial knowledge and non-verbal data such as gegures We
focus on capturing the conterts of what dedgners do, attend to, and say
while dedgning, looking for their percegion of discovering new spatal
information and actons that creae new functionsin the dedgn.

4.1. SEGMENTATION

Segnentation is dividing the protoca into smal units accading to a rule.
One way of segmertation is to divide protocols basd on verbalizaion
everts such as pauses or syntacic markers for complete phrases and
sertences(Ericsson and Simon 1993). Another way is looking at the contert
of the protocal, and divide the protocdls into smal units along lines of
desgnerOsntertions (Suwa et al. 1998). We take the latter approach thus a
charge in subjecsQintention or the conterts of their acions flagged the start
of anew segmert. Consequently, a single segmen sometimescomprisesone
sertence,and sometimesseveral sernterces

TABLE 3. Segments of the protocols from one of the TUI sessions

SN Time Transcript I ntentions

S: Cos 10 seen in how in some studio apartments | S is  retrieving  previous
9 1:40 | how theyOe got these bookshelves that partition the | knowledge on bookshelves
room E. and then just chuck some crap in there that partition the room.

A: Okay. Um. Should we go about rearranging it? They are rearranging 3D
10 1:49 | S:Alright, so.weOregonnamove thesg, like, thatway | blocks by moving all living
A: So, first, these are all living stuff but youOreshE stuff to other side.

S: How about if we partition in there and wek | A is putting bookshelves on
11 2:04 | A: EPut some bookshelves like this. Uhh.. yeahE | the horizontal surface
some bookshelves attending to partition
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4.2. COGNITIVE ACTIONS

For each segmert, we classified desgnersD cognitive actons into four
cakegories including visual and non-visual information based on SuwaOs
definition (1998): 3D modelling actons, percepual actons, functional
acions ard desgn communicaion. The three caegories corregpond to the
levels at which incoming informaion is thought to be procesed in human
cognition. 3D modelling actions corregpond to sersory level, percepual
acions to percepual, and functional acions to semartic. Another action
caegory, the desgn communicaton, is includedto reveal specific agect of
the collaborative interections. We paid attertion to the information of
whether or not actions arenew for each desgn acion and the dependercy on
eachother in order to measire the correlation between them and desgner<D
spatial cognition. The first category, 3D modelling actions, refers to physical
actons that are functionally procesed with dedgn thinking. This caegory
includesthe selection, placemenand relocation of piecesof 3D blocks mack
by desgners

The second category, perceptual actions, refersto actions of atending to
visuo-spatial features of the artefact or spaces they are desgning with.
Perepual actions are inherertly dependert on physical actons. The
attertion to the feature or relations, creation of new spaceor relations, ard
unexpected discovery of objects or spacesthat occured were invedigated as
ameasire of desgnerperceptive akilitiesfor spatial knowledge. The third
caegory, functional acions, refersto acions of conceiving of non-visual
informaton, but something with which the dedgners associate visual
informaton. Wherever instances of functional acions were found it was
necesary to interpret what perceptual acions or 3D modelling actons were
deperdert on them (Suwa et al 1998). In temms of functional acions, we
focused on discovering ORénterpretationO which was applied to a segmert
when a dedgner defined a differert function from previous one when she
revisited The fourth category, desgn communications, refers to acions of
communicating with one another regardng desgn ideasand the completion
of the dedgn ta itself.

5. Analysis

The following amalysis is a preliminary interpretation of the data colleced
We focussed on finding patterns of desgnergDbehaviours and cognitive
actions by interpreting the informaion shifts, specificaly looking for
significart differencesin the data collecied from the GUI sessions and the
datacollecedin the TUI sessions.
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5.1. OBSERVATION OF DESIGNERSCBEHAVIOURS

Through the observation, we noticed that desgners in the GUI sessions
discussed ideasverbally and decided on a solution before performing 3D
modelling acions whereasdesgners in the TUl sesions communicaied
desgn ideasby geduring at and moving the objects visually and decided on
the location of each piece of furniture asthey were manipulating 3D blocks.
That is, dedgnersin the GUI sessions spert a lot of time explaining their
ideasto one amother verhally while desgnersin the TUI sessions used 3D
blocksto ted and visualizededgn ideas

Figure 1. GUI-based collaboration

In terms of collaborative interactons, the TUI ervironmert enaded
dedgners to collaborate on hardling the 3D blocks more interactvely by
allowing concurrent acces to the 3D blocks and to produce more revisited
3D modelling acions before producing the final outputs. These reaults may
be cawsed by the differert properties of the tools. Desgners in the GUI
ervironmert shared a single mouse compared to multiple 3D blocks, thus
one dedgner mainly maripulated the mouse and the other explained to his
partner what they werefocusing on. On the other hard, with the direct, nave
maripulahility of physical object and rapid visualization, desgnersin the
TUI environmert seemed to produce more multiple cognitive acions ard
completedthe desgn tasks fager.

Figure 2. TUI-based collaboration
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The above reaults motivated us to be interegedin the revisited 3D modelling
actons in termsof ideadevelopmerts and desgnersOspatial cognition. We
specuate that the revisited 3D modelling acions in the TUI sessions
uncover information that is hidden or hard to compute mertally and sugges
that this will play an importart role in supporting desgnersD spatial
cognition and producing a desgn solution.

5.2. COGNITIVE ACTIONSIN THE GUI AND TUI SESSIONS

Looking into the contert of cognitive acions, we found different patterrs of
behaviour betweenthe GUI and TUI sessions. In terms of perceiving the
location of anaobjector space, desgnersin the GUI environmert focused on
the individual locaton itself while dedsgners in the TUI ervironment
atended more to spatial relaions amag object or spaces For example,
when dedgnersworked on the layout of asink in the home office apartmert,
dedgnersin the GUI session just clarified the location of the sink without
noticing the problem in relation to the bedroom whereasdedgnersin the
TUI sessions found that the currert locaion of the sink is wrong by
perceving the spatial relation with the bedroom.

TABLE 4. Perceptual actions on the location of asink

Session Transcript (GUI )

B: Kitchen and dining area, A: Yep
GUI 2 B: Which she does not yet haveE well she hasasink [laugh] in her ba-bedroom, and then
living/meeting area A: YepE and aworking area

Transcript (TUI )

A: It shouldn't be near the bathroom or | mean, | think it shouldn't be near the bedroom,
sorry. It shouldn't have akitchen sink.

TUIL | B Yeah that'swhat | was thinking. Why isit next to the bed?
A: It'sabit odd, and it's also justE .notEn ormal
B: coz.. The sink sink, sink dosen't need to be in the bedroom
R A: needsto bein the kitchen

B: yeah sink in the kitchen. sink over here for now
A: mm hmm

When placing an object in the GUI environmert, dedgners put it in a
relevant areasimply considering the function of the object and someimes
they attended to the shape or style of the object itself. On the other hard,
dedgners in the TUI ervironmert creaed and atended to a new spatial
relation created by placing an object, with resectto other objects or space
araund it. For examge, regarding the placemenof a new de<, dedgnersin
the GUI session emphadzed the function of a desk for a computer
programmer and placedit in the corner. However, desgnersin a TUI session
consideredtwo locatons for the des, in the corner or nearthe window, ard
then they decided to put it near the window becaise the desgner can look
out the window by creaing a spatial relation betweenthe desk and window.
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TABLE 5. Cognitive actions on the placement of adesk

Session Transcript (GUI )

B: we need awork table A: desk and stuff
GUI 2 B: she'sa prgrammer right? so she'd need.. A: that one's got a little computer thing on it

B: hummm (asin yeah) A: that one? ]
B: yeah A: and that can go in the cornerE.

Transcript (TUI)

B: we need adesk, first of al, for his um offi ce area.. maybe one of this..
isit like adesk? A: ok

TUI 3 B: maybe in the cor ner there

B: now we want the desk to go near thewindows A: ok

B: so he can look out the window

In comparison to the GUI system, the TUI system allowed desgners to
discover hidden spacesamong objects or featuresof an abject unexpecedy
when they were revisited Thes perceptual actons can be classified as
unexpected discovery, which is one of the crucial acts in creatve activities
(Suwa et al. 1999). The following are examples of unexpected discoveries
and re-interpretation extracted from the verbal protocals of the TUI sessions.
Reinterpretaon was associated with unexpected discoveries in the
protocals, which is adriving force for exploration of new desgn ideas Thus
we hypothedze that the TUI system supports creatve desgn by discovering
or gereraing new ideas which may be related to the improvemert ard
chargesof the desgnergOspatial cognition. In the next phases we will look
more in depth into this agectof the protocals.

TABLE 6. Unexpected discoveries and Re-interpretation in the TUI sessions

Transcript Interpretation
B felt that the layout is
B: Just little bit layout is not very.... little bit strange and then
A: You don’t like how they have drawers in the A is discovering an
middle? empty space in the
B: No,I mean  A: You end up with empty space | middle.
in the middle. how this sofa faces onto her (Unexpected
discovery)

B: and ahh... the dining table can go... can go
her... near the kitchen A: 'm
thinking of having the dining.. The kitchen and
dining area closer to..

B: Closer to the bed? A: Yeah. pit it closer to
this section here

B is discovering that the
area is getting
crowded (feature) by
placing the dining table
and sink near the bed

B: That ahh That might get crowded over filijsnc(i)xvpei(;)ed

there. I could...move it around here?

S: (Interrupt) ya know how they have those After discovered the
kitchens that are just two long rows? A: shape of kitchen to be
Oh yeh two long rows

S: And then that would be like, become like the (Unexpected discovery),

bar. The breakfast bar. Ais defining a new
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function of the cabinet
in the kitchen. (Re-
interpretation)

5.3. DISCUSSION ON THE EXPERIMENT SET-UP

The original intertion of doing a protocd amalysis of the desgn
communicaion was based on the assumption that the desgners would
express their spatial rea®ning using words. From the transcription of their
discussion, we would be alble to code and aralyse differences in spatal
cognition in the two environmerts. From our pilot studies we found it
diffi cult to analyse the dedgners spatial thinking through the conterts of
verbal data since their dedgn ideasor intertions were not described fully in
the conversation. While the desgnersusing the GUI environmert discussed
their spatial consideraions verhally, the desgnersin the TUI ervironmenrt
expressed their ideas by maripulating 3D blocks visually rather than
explaining themverbally.

Our original intertion in studying collaborating desgners rather than
using the think aloud metod for an individual desgner was based on the
observation that tangible interacton allowed the task spaceto be within the
communicaion space, therefore improving desgn communication. In our
pilot studies a desgner was often interrupted by the other desgner. This
cawseda problemin caguring anindividual desgnerOsognitive acions. We
also think that the task space factor might affect behaviours in terms of
desgn ard expressional body mations, and herce design communicaton.
Thus, it is not clearif the some reallts of the pilot study are cawsed by the
impactof tangible interactions or the tak spacefactor.

In future studies we will consider differert experimertal situations
including a single dedgner using the think aloud method, a simple WIMP-
based applicaion for the GUI sessions in addition to the same task spacein
the GUI and TUI environments. We will also consider adding several spatial
constraints to desgn briefsto further stimulate desgnersGcognitive acivities
and asking dedgnersto draw their final desgn after experimerts, which can
reveal how much the desgner perceives herhis design layout while s/he is
navigating it.

5. Conclusion

The reallts of the pilot study indicaed that the GUI and TUI sessions
produce differert outcomes in terms of desgnersO cognitive actons.
Compared to the GUI sessions, desgnersin the TUI sessions exhibited the
following patterns of behaviour:

¥ performedmultiple cognitive acionsin a shortertime
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¥ revisited a previous desgn frequertly while coordinating desgn
ideas
¥ creaed and attended to spatial relations such as local and global
relatons

¥ discoveredspaces or features of an objectunexpectedy
¥ producedmore re-interpretation acions

From the above reallts, we canassume that the TUI system s an effecive
dedsgn environmert for the spatial layout desgn since it encourages
dedgnersto attend to or creat spatial relations between artefacts or spaces
However, more protocols have to be analysed to reinforce these findings. In
the next phases we will dewvelop a coding scheme derived from our
observations in the pilot study and thearies of spatial cognition, and will
aralyse the reaults using both qualitative ard quartitative methods.

While there may be significart differencesin spatial cognition in using
TUIs, we do not think that digital workbenches will redace GUI systems
Rater, new developmerts in TUIs will provide altermative desgn
ervironmerts that complement existing GUI systems. Knowledge of the
implicaions of the differences in spatial cognition provide a bads for
dewveloping ard implemening new desgn ernvironmerts aswell as provide
guidelinesfor their most effective use.
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