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ABSTRACT

This paper describes a process for creating amésd, which
is based in constructivism. The process is destriioe the
creation of a tool to help novices in designingtuat
environment interactions, however it can be germdl to
other design domains. The process consists of dtaps: first
constructivist values of atomic simplicity, muliigty,
exploration, control and reflection are distilleldext, expert
practices are researched and reframed in terms hef t
constructivist values. Thirdly, novice processes examined
and understood in constructivist terms. Lastly,tqypes are
created and shown to target users. These stejitei@ted until
the designed tool is satisfactory.

Categories and Subject Descriptors

H.5.2 [Information interfaces and presentationkeblinterfaces
— prototyping, theories and methods; H.5.1 [Infaiorainter-
faces and presentation]: Multimedia information teys —
artificial, augmented and virtual realities,
evaluation/methodology

General Terms
Design, Human Factors

Keywords

Design, Virtual Reality, Constructivism

1. INTRODUCTION

It is generally recognised that design is difficliis made even
more intractable by the fact that it can be appladoss
domains to yield vastly different design artefaatish vastly
different requirements. Any account of a designcpss is
necessarily situated within the domain for whick thesign is
being carried out. If one examines accounts of exgesigners
across disciplines, however, it is possible to fawer-arching
principles and practices of good design. We presedéesign
process for a virtual reality (VR) design tool fayuices that is
based on constructivism. We argue that constrsctivbpens
up many possibilities for how design could be dffaty

accomplished and learned, and for how the intesfauk a
design tool can help novices to create valuabléggdemrtefacts
while learning. We also argue that this process &mel
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underlying theory have more generic applicabilitsrt only the
specific domain.

As technologies become more wide-spread, they becoore
accessible. End-users, who do not necessarily thevéaining
or much experience with technology, are takingematar part in
customising their software and creating their owodpcts, for
example, presentations, video and sound editinghiithe
arena of 3D software, 3D gamers are more and mie ta
modify their favourite games through scripting arfthnging
3D models [35]. Virtual reality (VR) is closely rédal to 3D
games, and end-user facilities for creating vireralironments
(VEs) are also being developed [44]. We want to en&lR

design more accessible, so that end-users carivetgadesign
and develop their own VEs in the field in which yhare
experts (e.g., marketing materials, architecturiktweoughs, or
cultural exhibits). Even if this is only accompleh in an
inexpert way, the results will still enable bett@mmunication
between groups in a project team. For example,

programmers will have a much better idea of whatdbntent
expert wants with a dynamic prototype. This potnfor

improved communication within design teams is valeanot
just within the field of VR and games, but in allsdm

domains. Early development of core design prinsipénd
successful communication of these should improve th
efficiency and effectiveness of any design cycle.

the

In this paper, we describe the process of creatitapl for de-
signing and implementing the interactions withins/&/e have
not seen constructivism applied to interactive esystdesign
previously. There have been many accounts of agctstism
applied to creation of educational content for riattive
teaching systems [16, 45]. However, here we appboih to
the content of our tool (which is to help in thesigm of VE
interfaces)and to the design of the interface to our tool. First,
we lay out the steps of our process. Then we disgusletail
each step with reference to our specific domain fandnore
generic design, with background information ancenmefice to
studies conducted. Finally, we examine the implicet of our
process in the resulting system and for more gérd@sign
products.

2. BEGINNING

“The most brilliant concept is useless unless youtbink of
the way that people will play the game. In the erang design
comes down to interface design—the key to making@gafay-
able is how you’ll get people to interact with yowncept and
how simple the interface 1s(Peter Molyneux, designer of
games such aeheme ParlandBlack & White [35] page 77).

The original brief of this project was to reseansterfaces for
designing interactions in a VE, and to make thisrkwo
accessible to non-programmers. This expanded te sodent
to become helping novice designers to conceptuadise



visualise the interactions in a VE, focussing osigie aids that
disentangle the complexity. Designing interactianthin a VE

does not on the face of it appear to be difficaihd it is

certainly not difficult to design simple interagt® The
problem here lies in designing an effective fin&l.\\n VR, any
narrative or goal has to be flexible enough to dunfl by the
user, without their being forced along a particuteath. Of
course, you could force the user along a path amddesign
tool makes allowances for this to happen througtiptec

sequences and control of the user camera (thishés
representation of the user in the VE, sometimesgalsith an

avatar); but the innovation of VR is that the usar determine
the progression of events. This, above all, is vdistinguishes
it from films. Because the events of a VE are depahadn the
actions of the user(s), they cannot be completedgdgtermined.
To a large extent the static environment can gthideuser: one
can create perceptual opportunities [15]. Howewmamic

events are even more effective, and also engagestrein the
narrative of the VE. Apart from other actors, whan dnteract
with the user in different ways depending on timpkce and
sequence, the environment can also react to the eige from
the obviousness of signs appearing to changegtdfiig [8].

As well as designing interactions, the VE creatastrimple-
ment the design. This has traditionally only beenelthrough
programming, although there now exists softwarehsas Vir-
tools, which allows users to implement graphicg]. In

order for the designer to be aware of what is tectly

possible and/or feasible in a VE, an effective gie$ool should
allow the designer to implement the design (oreatst make
technological constraints apparent).

Because of our requirements (interfaces that warkém-pro-
grammers), we looked outside computer science dead or
practices that could inform our research. In psiaiy and
educational theory we found constructivism [16, 3@A].

Constructivism states that knowledge is constructad
individuals through their interactions with otheasd their
physical environments. In constructivism there ¢ abstract
truth, but we can construct knowledge by creatingpherent
network of viable explanations. It focuses on l@agrthrough
doing. As such, the theory supports notions of iplidity of

representation and explanation, reflection on astiand their
consequences, support for exploration, help in firen of

scaffolding that can fall away rather than marking an exact
path, and user control of the process.

Practical application of constructivism has traiglly been
constrained to explicitly educational products. Ftample,
there are many accounts in the literature abouthgusi
constructivism in hypertext systems [e.g. 42, P8jpertext is a
technology that lends itself to the applicationcohstructivist
principles, as the hypertext user actively diré@sreading and
defines her own path through the information, whgikies
control over the knowledge-building experience. TWerld
Wide Web is a very large hypertext system and soidleas
expressed above apply here too. A lot of learniragenl on
the Web is organised so that students can leaarseif-directed
and active way. One could argue that any exercisénding
information on the Web is implicitly using consttivést
learning principles [46]. Our approach is relatedthis idea,
and based on the concept that we learn new thihgiseatime
in a constructivist fashion. And so learning inded design can
also be based on constructivist approaches. Irtiaddihe user
who has to learn a new interface is also busy wikmowledge
building task.
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2.1 Restrictions

There are three main parts to designing and dewvejop
specific VE: deciding on the hardware and input ma@ésms,
creating the content and creating the interacti®iace we
were focussing on interactions within the VE, weided to use
traditional, low-cost hardware (desktop, keyboand anouse)
so as not to confound the study results by obtgimesults
about interactions with the hardware. In addititime target
group is content experts, who do not necessarig lggaphical
design experience in their own fields and probaayhot know
much about the technology of VR. We wanted to umel\are
with which they were most likely to be familiar their own
fields. For similar reasons, we did not investigateation of
content for VR. This is a very different problem tiwat of
designing interactions.

Another restriction on the design tool was thatdicenot want
to introduce any artificial intelligence into thetars. More and
more, in VE applications, actors are provided witgh-level
behaviours which guide their actions. We decided tm
include such a system so as not to confound tlearels ideals.
We wanted to start with the basics and work out howelp
users at this level. Programming behaviours is ¢exnpand
requires an Al engine to be introduced.

3. CONSTRUCTIVIST DESIGN METHOD
Constructivism informs our process for designing and
developing an interactive system. We focus on ngakihighly
usable and friendly for naive users. Design and pitablem
domain, VR, are both difficult subjects. So we aimid
simplify everything else.

The theory was applied at two distinct levels darihe design
process. The tool had to be useful to novice desgof VE
interactions. Therefore, there needed to be sugpoiearning
about VE interaction and its facets. Since constrism is a
theory of knowledge and how it can be constructed a
managed, it seemed appropriate to use it to absstisers of
the design tool in their own design processes. grbeess was
as follows:

1. Distil practical values from constructivism to geidesign.

2. Examine processes of expert designers and experttsei
domain and rephrase them in terms of the desigresal

3. Investigate the practices of novices in the donaaga (VE
design) in order to understand their specific pzois.

&

Iteration: create a prototype and show it to thgehaudi-
ence. Let them use it. Focus on design values laid éf-
fects in questions afterwards. Repeat steps 2 tatitgoal
is met.

3.1 Practical Valuesof Constructivism

In order to use constructivism as a base for theldpment of
a design tool we had to extract usable principlesnf it.

Constructivism is like the classical Hydra: it haany different
heads, often depending on the field to which iapplied, but
the heads all connect to the same body of thowgtt, some
minor variations. For example, in psychology theu® is
usually on deconstructing existing practices ootles so that
the parts which are constructed become more ob\ihis In

education, as stated by theorists such as DonadrSahe
focus is on how to make learning more effective Hgjping

learners to construct knowledge themselves [37,Ad].the

variations and the different ways in which congimism is

framed (it even has slightly different names: carddtonism is



also used), make it difficult to uncover the coedues of the
theory. Through careful comparison of different stonctivist
accounts, we distilled five distinct values with iaf we could
work.

3.1.1 Atomic simplicity

This is the concept that complexity arises from teys in
which simple atomic parts are connected together. t8e
smaller parts of a thing can be specified very siirgnd linked
together in complex ways. This is the guiding pipte of
hypermedia systems, such as wikis. In creatingant®ns, this
suggests that the novice designer should be ablepé¢aify
individual interactions very simply and piece th&mgether to
yield a rich and interesting dynamic experiencee thntext in
which interactions take place provides variatiod enohness.

3.1.2 Multiplicity

The idea of a single, correct truth does not exigthin

constructivism. From this comes the concept tharethare
many ways to an end, and not one single processaduwe can
construct our knowledge and world in myriad wayswe can
examine and analyse them from multiple perspectwesusing
multiple methods. So the value of multiplicity isat

complexity can be broken down and understood bydsiag
on different aspects of it. A design tool can h#ip novice
designer to see and interpret these multiple petises.

One way of doing this is to provide multiple remestions,

covering different aspects of a problem. Howeuee, problem
does need to be understood as a whole, which nthahshe

representations must be conceptually related th etiwer. This
can be done via techniques like juxtaposition, Bymgand em-
bedded linking. For example, a 3D window can bewei

alongside a 2D floorplan of the area and a flowckhowing

narrative of the world. This juxtaposition allowsetdesigner to
see that the representations all refer to the gaotdem space,
but emphasize different aspects of it. Buttons apoleHinks

between all three views help the designer to juosaphem. In
addition, while interactions are happening in tie\gorld, the

other representations can be synched to this, sigowhe

progression of action in all views. Thus, the ire&tedness of
the representations can be indicated to the designe

3.1.3 Practical Exploration

In constructivism, learning and constructing knalge are
active tasks. By making exploration attractive, sigie tool can
make it easier to learn both how to use the tod how to
design in the problem domain. One way in which tas be
done practically is through the way in which errare handled.
If errors are treated as an integral part of thelaration
process, they can be used to provide feedback alloat is
required to complete a design task. Users of toé dee able
and allowed to make mistakes and view their consecgs to
provide concrete insight about design choices. Taliso
suggests that errors must be relatively easilyiferg any
design tool should be robust enough to handle £wgthout
breaking down.

3.1.4 Control

Allied to the concept of active construction of kiiedge is the
idea of personal control. People gain power oveir tlearning

processes by actively constructing their own knogée In edu-
cation, the concept of scaffolding is described fooviding

help to learners. Here guidance is provided in fitven of

artefacts, advice and tutorials, which fall awayewtthe learner
has constructed the knowledge and skill to accahplie task
alone. The educator becomes a coach rather treacher [37].
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A design tool, ideally, should provide dynamic hekhich can
be tailored to the user’s capabilities. This is mixarder than
when an educator is available to assess the sifyats a
software system is less able to judge the useamte.sHowever,
various levels of guidance can be provided, sucboasextual
help, assisted external representations of theepsygpop up
messages and comprehensive templates or tutorasdbon
domain knowledge.

3.1.5 Reflective Process

While activity is important in constructivism, th@ocess of
constructing knowledge requires acting with reftattso as to
build effective connections between bits of knowledwith an
understanding of their consequences [37]. If agesbol can
promote reflection about the design process andegslts, it
can be an effective aid to learning and understendhe

problem domain. Multiple external representatiohthe design
process can be used to promote reflection by emabhe

designer to examine his or her work from differevels and
angles [6, 11, 14]. Allowing for early prototypimad feedback
will add to this power, by enabling contrasts withe

representations. Support for iterative processher way to
foster reflection, by creating a space for the glesi to reflect
on the output of one iteration, and then apply trewv

knowledge to the next iteration.

3.2 Applying Constructivist Principles

While we were examining constructivism, an intdregtand
unforeseen side-effect became apparent. We haddossider-
ing constructivism from the point of view of thetpntial users
of our tool: how the tool could be designed to mmisie its
learning curve and maximise its users’ potential cteate
designs, specifically within the problem domain. ws worked
with the values, we became aware that they wexénggus in a
completely different way: they were informingur design
process. In other words, as well as using constignt to
create an interface for effective VE design, weemasing the
constructivist principles to guide us d@esigningan effective
design tool.

Each part of our system was designed to be sinmglevadular,
so that it could easily be plugged together ankl lip in highly
interconnected and complex ways. Thus, if necesseny part
could be replaced by a part with slightly differémnctionality,

as long as it connected to the whole in the same Far exam-
ple, we used the open source render engine, Hrrliohcreate
our 3D view for prototyping the designed VR produdtis can
be replaced with another engine very easily. Theisacand
keyboard can be replaced with a different systenth(sas a
CAVE system, where images are projected onto sisfacaind
the user to create a 3D effect) that allows alt&reainput

mechanisms.

To gain alternative perspectives on computer degigis and
their effectiveness, we examined other tools whield been
effective in completely different domains. For exden as well
as VR design tools [44], we examined a choreograpbiy{38],

a multimedia presentation tool [21] and a tool fweating
simulations [33]. By examining design tools from alise
domains, we could find their similarities and thays in which
they were tied to their problem domains. They athved

multiple views of the design process at differeavels of
granularity; they all provided direct manipulatiorterfaces as
this was more natural for their users; and theypativided
immediate feedback.



While we know the field of VR, we were novices aingsmany
of the systems which we explored (such as the cgoaphy
and simulation tools); therefore we engaged wittséhat the
same level as new users of our own tool would eageth it.

Therefore, we could experience the effects of easem and
construct knowledge about design requirementsdotaol.

3.3 Expert Processes

“Creating a game usually follows a topdown methodolagi,

game vision on top of the pyramid, game ideas aatlfes in
the middle, and low-level game mechanics on theotmtAc-
cording to Goodman, many game designers concentaaie
much on the top two levels and not enough on howl#yeme-
chanics will work in the game. “The bottom level et
hardest; the implementation of the details is kegdys
Goodman. He also says most design docs seem tometlye

perceptual opportunities as creating narrative pétinough a
VE, via the use of attractors, connectors, retsiaed surprises
in the landscape. He advocates creating percepnads
describing these opportunities so that the desigaerfocus on
perceptual design issues. This strategy is, in ceffe
deconstructing the design process and focussingaots of it
with different representations. It also allows tesigner to
communicate his ideas to guide the user to otlzen raembers,
via a common language.

Kaur [25] compiled general VE design guidelines lier PhD
thesis. She then created a taxonomy of generic Sibility
guidelines. For example, the categogvigatingincludeskeep-
ing navigation pathways cleaThis was intended as a resource
for VE designers to be able to actively test tHeativeness of
their VEs by using a framework of 3D usability gelides. This
allowed designers to reflect on the effectivendsba@r VEs by

first two levels, when the emphasis should be on the heeding simple guidelines in each interaction.

implementation of the ideas into the computer aodjust the
ideas themselves([35], quoting Rick Goodman, lead designer
of Age of Empirespage 84).

Our next step was to examine general expert dgsigctices,
and the practices of experts in VR authoring, inlidjet of our

constructivist values. Expert design practices nig field can

provide general design guidelines. Design has lkeéined as
an ill-structured problem space, with no predefirggzhls or
constraints [12, 41]. This view means that creadirdgsign is a
problem-solving exercise. This is very difficult t without

constraints, especially for the novice [28]. Expednmave con-
straints built in because of their experience andvkedge of
how things work. A design-aid can help novices bygvjding

the basic constraints and goals which they laclth wexpert
knowledge built into the tool and scaffolding infoed by

domain specific information. General expert desigactices,
like user interface design guidelines [30, 39], aseful as a
starting point for dealing with common problemsr Bpecific

goals and constraints, we turn to the practicesdafain

experts.

We examined studies of expert design practicesfamd sev-
eral guidelines. A study comparing architecturaperts and
novices in their sketching behaviour found thatezt@sketched
more and included more alternative perspectiveslasigns
[26]. In this way, experts work through many itemas and
require the ability to play with their designs. Vhalso revisit
their designs and discover more in depth implicatiof the
sketches [14, 36]. Expert programmers draw external
representations less often, but state that thegllysmentally
visualise problems and ideas in graphical or otheraphorical
ways [30]. Various expert designers questioned tbou
ubiquitous computing design tools said they wantadtiple
representations of the design problem, so thatdbaid choose
the appropriate view for each stage of the desigrey also
wanted simulation modes, knowledge support, andergén
support for iteration and prototyping. The ideasida tool also
needed to have support for communicating desigrmigfhout
project teams [13]. These findings are echoed bgrostudies
on the creativity of experts [10, 24], which stréiss necessity
of learning by doing and being able to reconcepaabnd
restructure a problem to allow insights to emerge.

We also examined studies of domain experts: thabqgserts in
the field of designing VEs. From these studies amdown ex-
tensive experience in VE design and implementatwes,dis-
tiled more specific guidelines for creating VEsal points
similar to those made by expert designers also gadef~encott
[15] describes in high-level terms how to desigdEain order
to guide VR users towards goals implicity. He defin
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Bowman et al. [7] created a VR testbed where theloeag the
effectiveness of various travel, selection and malakion tech-
nigues in immersive VR (participants wearing datavgs and
head-mounted displays). Here, the authors weraiteaabout
interaction techniques and their effectivenessriegting exam-
ples of interesting techniques and using them.riterative
manner, they implemented interaction techniques tsted
them in a variety of typical VR situations.

There is a lot of information about strategies afng designers
[18, 35]. In interviews with successful game design Marc
Saltzman [35] asked them about their design seciidisse
designers work in large production teams, and clear
communication is very important. Storyboards andaitil
design documents are important for conveying tio& End feel
of a game. Equally important is the ability to @type early so
that designers can view their work ‘in game’, anlerstand
the player point of view. For example, Brian ReynoM® has
worked on games such &vlonizationand Alpha Centaur;i
states:

“Strategy games are extremely complex to desigrkeafh
the individual components look deceptively simipée/ing a lot
of ‘simple’ moving parts makes for a very complexrall

balancing task... To balance all the moving partsrecty,

there’s no substitute for actually playing your ogame—the
combinatorial explosion from all the moving partakes it
impossible to truly anticipate or tune results ‘paper’ in a
design document. The sooner you get your game mgnthe
sooner you can actually get to work on making thegdun
and making it balanced. Both fun and balance tente taken
for granted by novice designerq[35], page 72)

This advice is echoed by other designers in theesamapter.
There is also a lot of exciting research being catet into
creation of various types of games, which addressynof the
issues with traditional game design (as the quatéss section
show). For example, work by Tracy Fullerton and Game
Innovation Lab at USC [17], where “play-centric dgsi is
followed, and students create innovative gamesobyding on
player experience in iterative cycles and all lsvef what
makes games work. The problem of creating an éffect
innovative game is examined from all these persgesxt Other
recent examples of innovative game design includaixad-
reality Location-Based-Game, Battleship, developeioyvell
et al. at James Cook University [5] and Mermaidsassively
multiplayer online game (MMOG) developed by Peagtal.
from Georgia Tech’s Emergent Game Group [31].



There is also much ongoing work on interesting gtesi
strategies in the MUD and MOO communities. Herayels,
engineers and designers play and work togetheretates large
persistent worlds with multiple narratives playiogt [3, 34].
These narratives may interact to great meta-naestor may
continue in parallel lines. The complexity oftenezges from
the multiple levels of input from many committedtpapants.

The guidelines that we distilled from this reseaneleded to be
related to our constructivist values and incorpedainto the

design of our tool. The fact that experts oftenatzreexternal
representations and revisit these throughout tlsegdeprocess
ties in with values of multiplicity and reflectiofExperts use
their sketches as a reference for thinking andorgag about
their designs. Research on external representatigygests that
they are useful in promoting reflection and a deemelerstand-
ing of the subject of the representations [6, 14], Novices

may not know how to create useful representationsse them
effectively for design. However, Eastman [14], is@vey of

representations used in design, states that nowaeslearn
from viewing and working with external represerdas, so that
in time these are internalised and part of the gihesis rea-
soning tools. Therefore, providing domain speafiternal rep-
resentations of pertinent parts of a design camsastaffolding
for novices, most effectively if expert knowledgeoat how to

read the representations is included (e.g., in fiven of

templates and context sensitive help).

Almost all experts surveyed called for early prgping and the
ability to communicate designs. If a VR tool pro\ddbe ability
to prototype early in 3D, alongside the more simgkternal
representations which can focus on specific aspettshe
design (e.g., a floorplan or timeline), then it @oplishes this.
The prototype and representations can be usedninoaoicate
design ideas effectively to other members of theigieteam.
Exploration and control are fostered by this, asigieers gain
immediate feedback about their ideas in 3D. Theyiogeract
with this and the juxtaposed alternative represimta to play
with their designs (without having to pass the wonko a pro-
grammer to see it realized). If 3D content is net gvailable,
limited prototyping can be done with the
representations.

Lastly, many experts talked about putting together compo-
nents of a design into an effective, more complé&wle. This
dovetails with the constructivist idea of keeping@e atomic
parts. A design tool which makes it easy to creatgple inter-
actions within a VE would help to accomplish thand it
would encourage exploration, as playing ‘what $eenarios
with new interactions would be easy to do and ginmediate
feedback.

3.4 Novice Practices

After initial research into expert practices, wenteal to look at
novice behaviour: both in general settings andhendomain of
VR authoring. Generic advice on user interfaces 8%0,is use-
ful for information on supporting novices, as iviag from the
design of authoring tools [21, 33, 36]. This hetpscreate a
generically usable tool, e.g., the user interfacstnbe unclut-
tered, provide immediate feedback, multiple views toe
activity and be consistent. Research specificallydocted on
end-user programming has elicited learning barrtershese
systems, such as design barriers [27]. Designdrararise from
the fact that design is intrinsically difficult; ehefore a system
must scaffold user creativity in overcoming therieas [24,
40]. Other types of barriers were more integratdth the
software itself, such as users being unable to ind use
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simpler

functionality, or understand its effects. Expertisoahave
problems with some of these barriers, especiakyjgtebarriers.
Design software, even for experts, should be cdetatescaffold
the design process.

There has also been research conducted specifaalBD pro-
gramming by novices [9]. Alice, a 3D graphics pargming
system for novices, was originally developed ag/stes for
rapidly prototyping VEs. The authors found thatreseeeded
lots of help with mathematical concepts, preferdagct ma-
nipulation interfaces, and benefited from immeditgedback
that the system gave on their designs.

Several studies have also been conducted by merbensr
research group into how novices design and intevitbt VES
[4, 48, 23]. We have found that people interactaffely with
VR even when they are complete novices at compuser
Observational studies of undergraduate studenigrdeg VEs
for coursework have been conducted; these includéh b
programmers and non-programmers.

A very useful study [4] was of ten undergraduatelshts from
a humanities background who took part in an Intérac
Multimedia course at the University of Cape Towngevehthey
were introduced to various aspects of VR and hatksign and
partially develop a game. They were divided inteéhgroups,
with a researcher observing and helping each grol@.course
included practical lab sessions and tutorials. &ttgl had to
produce a design document and use other design Hidy
were taught about aids, such as storyboards, flakshmaps,
etc. Several interesting points emerged. A majoblem for all
students was the tendency to think in a linearitestabout
interactions, as if they were designing for a filnAll
interactions depend on user actions, so they ar@nedefined
and the narrative is not linear. However, peopld trauble
conceptualising interactions that diverted from pfenned nar-
rative. They did not consider what might happen miiree user
of the VE did not conform to their design, and ofteft out
alternative user paths entirely. This was even ghotlney had
been taught about interactions and how to speleéyntin terms
of basic programming logic. Using a design docuntended to
amplify this problem, as designers created a stbthe VE by
describing its look and feel, characters, etc. Tiwgame tied to
their stories and unable to visualise alternatives.

When students handed in their design aids, theypraltiuced
very linear flowcharts of the narrative, which pided evidence
of their linear thinking. However, they did understl the for-
malism well enough to create accurate charts ofytpieal nar-
rative flow. We found that students used floorplamsmaps
naturally and very well.

Based on these observations and our own experiégneeshor-
ing VEs, we distilled four general categories gfitgal interac-
tion programming errors, see Table 1. These amrsthat we
ourselves made repeatedly, and have observed eefedn
others.

As we did with research on experts, we had to eelat
information on novice practices to our construstivialues and
apply them in our tool design. Once again, the uises of
multiplicity was highlighted. Novices generally caenefit
from viewing multiple perspectives on a design. fifé
representations can be used in VR design to indtbatextent
to which interactions are linear and unconnectetiesé
representations also assist novices in reflectingdesigns if
they are juxtaposed and synched with each othanices can
create simple interactions, these can be understasiy



(fostering feelings of control), and the ways inieth they
connect (both obvious and emergent) can be madarempby
scaffolded representations of the interactions thedt context.
With simple interactions, first steps in design aesy to take
and are not alarming. Immediate feedback on coresesps is
provided and mistakes can easily be fixed.

Table1: Typical Interaction Programming Mistakes

Category Description Example

Timing Errors arising from the User does not have
time it takes the user grenough time to get
other objects tq through a door be
complete actions fore it closes

Spatial Errors concerned withAn object is set tg

the way space is use
in terms of orientatior
and location of objects

J,turn the wrong way
and therefore movep
in the wrong direcH

tion

Sequencing/ | Errors in the ordering A trigger never exe-

Logical of the interactions and cutes because it is
the way that they relate] not accessed by
other triggers
Implicit Forgetting to state all Designer assumes
Assumption | behaviour explicitly that an actor is fact
ing the User

The combination of simple atomic interactions, rnplet repre-
sentations and contextual scaffolding should helpaddress
sequencing / logical errors (see Table 1), as {fstes can
inform designers of the programmatic consequendetheir

designs. In the same way, different visualisatioas address
the other categories of errors. A floorplan can used to
address spatial errors; 3D prototyping with an eser perspec-
tive (i.e. running the designed VE as an end-usarld) com-

bined with timelines for scripted sequences carrexidtiming
errors; and combined representations and scaffpldim make
novice designers aware of the implicit assumptitveg they
make.

Window on the World

s Walk Mode
Pause/Play

© Fly Mode

3.5 Iteration

The final step in the first iteration of our prosegas to create a
prototype based on our constructivist values ardpitactical
information which we had integrated with them. Tpistotype
was shown to members of the target group and fe&digined
on its problems and successes.

To recap our design requirements: create a toobjpilewides an
engaging problem-manipulation space. Users carcttlirena-

nipulate objects and their activities and gain Beatk through
changes in alternative representations even bdfer8D world
is populated. This is useful for prototyping andnoete
exploration. We wanted to make input to the systsnsimple
as possible, in keeping with the constructive vafisimplicity.

Therefore, we decided to provide simple triggeretition-

action triads, which we named triggersets. Thesedascribed
with natural language. For example:

if object x is 5m from object {trigger), when object y is in
location z AND object z is performing animation ‘dahAND
user is pressing key ‘fconditions)then object y starts sound
‘help me’ AND object x moves towards usstion).

As can be seen from the above example, quite conpierac-
tions can be programmed using very simple atomitspa

We decided to provide three different represematiof the
interaction sequence, besides the 3D window: aglaa, time-
lines, and a sequence diagram (modified statechianflar to
flowcharts). The floorplan was chosen becausestésns to be
the formalism which novices understand and use rimisi-
tively. People often have problems understandingf&re and
the effects of movement in 3D, and a simpler 2Dreéspntation
helps to clarify the effects of acting in 3D [43is was also
our experience from our observational studies. dorplan
helps to disentangle spatial errors and can be used
graphically place or define objects, waypoints fioovement,
facing of objects, locations within the VE, etc. Boaffold
usage of space in the 3D world, we provide 2D regmations
for spatial tasks which are not visualised in tievgorld. For
example, waypoints provide 2D points (i.e. no heigticated)
towards which object can move and locations proZiDeareas
of space which can be used for positional triggassshown in
the example above).
juxtaposed with the floorplan.

(»30)(,%02) (30x,302)
MadPear Eogend
Bouncer uf' waypoint
tatic object
e, &ﬁ* [ static obje
é&h R active object
§ user
—= facing direction
First World and Locations
4] ‘ 1d
Arch B o
D Second Room
D First Room
User
ﬁ] Second
i cﬂb

Faprie

1§ Chalice

_
(30x-302) |

Grid: 1 block =5
square metres

(-30x,-302)

Figure 1: 3D window juxtaposed with floor plan showing different per spectives on design
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Figure 1 displays the 3D window



Timelines are also a well understood formalism. Maisthe
tools that we examined (Section 3.2) had some fafrtimeline
for sequencing actions. VE design is somewhat rdiffeto the
design of other media because the actions depenbteonser,
however VEs usually include sequences where theracare
predictable. For example, during a conversation, designer
may want to synch actor animations and the soundhef
conversation, so that when the actor says ‘helie’,nods his
head at the user. These synched interactions aydrustrating
to capture and require repeated running of a V®Briter to
perfect the timing, as we found in our own VE dasig
experiences. By providing a timeline for these segas, we
make this process much easier. Multiple actionamoéctor can
be synchronised. In addition, interactions are waot as
multiple objects can be placed on one timeline.otder to
address the value of simplicity, branching timedingre not
used. Each timeline portrays a single sequencetioina

Finally, sequence diagrams were chosen to repréisemntarra-
tive flow of the VE. We were inspired by the stdtads of
Harel [22], which were developed for designing ctewp
reactive systems. A VE can be thought of as asyttat reacts
to the user, and the goal of effective VE actiosigle is to
create a complex network of possible interactioatvben the
user and the system. Statecharts are similar tecHarts but
provide various techniques for reducing the conipteaf the
diagrams, such as allowing states to be encapdulaithin
other states. Students used flowcharts naturdthypagh badly,
so we were aware that much scaffolding would needéd
provided to help users read these diagrams. Theeseg
diagrams are automatically generated by the sysbased on
the triggersets which have been set up by the aodésigner.
The states represent points in the VE from whiclerus
interactions will have effects. The arrows are atiselinked to
triggers and indicate the effects of these triggaescuting. This
helps to connect the atomic interactions which Haaen set up
by the designer to the narrative sequences whishltré/ith
some help, designers can use the sequence diagrdiscover
logical errors in their designs.

I Sequence Diagram

EBX

Reset Sequence
Diagram

Triggerset: World start
Faerie tinkle

Triggerset: Faerie
tinkle Move timeline

State 1: State 2:

\ 4

Faerie is not in First
Room

Faerie is in First
Room

JAY

Triggerset:Bouncer
attack MadPear jump

_______
ExtendedEvent: Faerie
Move timeline->Faerie
moves

Triggerset: Faerie tinkle Move timeline
Trigger: Faerie sound ‘tinkle’ends

Condition: None

Action: Faerie starts timeline ‘Faerie Moves’

Figure 2: Prototype sequence diagram screen

These three representations interact with the & vivhich is
provided for visualising the result. A run mode the VE
encourages reflection by juxtaposing and synchiogighe
various representations. It therefore relates tiperence of the
end-user of the VE to the design.

We created a prototype tool, where the representativere
simpler versions of what they would become and3beview
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was not yet available. We did this initial studytiwbur target
users to test how the representations and triggéysmalism
worked. We had some concerns with how well peoplelct
read the formal diagrams and how well they wouldkwith
multiple views simultaneously [2]. Figure 2 disay sequence
diagram similar to those used in the study.

Eleven participants were required to examine twistigxg de-
signs and were given a brief introduction to thal tnd half an
hour for each examination. The participants all haabt-
graduate degrees in various disciplines, suchchtacture and
graphic design. None of them had any graphics progring
experience. They had to work out possible sequenfdeserac-
tions in the first design and find design errorsthie second.
They were observed during this time and interviewed
afterwards. Five of the participants did not reeeithe
representations, as we wanted to examine how e#ecur
diagrams were at helping designers. The resulta fsar study
were very encouraging [47]. The subjects who resbiv
visualizations worked out the interactions sequence
significantly more correctly, and identified twias many errors
as the non-visualization group (although neitheougr
identified very many errors).

Only one participant mentioned difficulty with uginmultiple
views. All of the participants flipped between mosthe repre-
sentations, using them for different aspects ofthdy.

“Working with screens to switch between them is eaisar
looking at triggerset stuff. It is very useful toave
visualisations. Also being able to click on themand work out
problem. | had all three open at the same time.nTiieyou
don't understand the sequence you can look atglaar”’

“1 used the physical maps first, then triggerseisstH look at
all objects, then work from the sequence. Then watkuhat
triggers should go off. | had the sequence, floampland
triggers all open at the same time - floorplan &e bjects,
then sequence to move through sequencing, then &bok
triggersets to back up.

All of the participants found the floorplan mostefid, as it
helped them to orient the physical space. Witho@Daview,
this would be necessary.

“Used floorplan to make environment concrete -
important, really needed it a ISt

very

“(The floorplan was)...most useful as could see where
everything was spatially. Get overview picture in aniffo
understand the scene, the map tells you who is wwhere it

is.”

Participants did not use the timelines very muchhis study,
but as one participant stated:

“1 didn't need to use the timeline as simple thiwgse happen-
ing. For design though, | like the timeline. Itsmportant as
both a visualisation and a construction tdol.

Most participants used the sequence diagram wedl faund it
most useful for finding errors.

“l used the Sequence Diagram. Most important afterfloor-
plan - only for a reference like a flowchart. Itthe least neces-
sary if this is all in the head. The Sequence wa$uliso check
up after your own analysis of the triggers.”

“Mistakes were most obvious from the sequence diagtaat
many sequences never open - can't open the dobisune if
the jailer return happens. The sequence diagrargoisd for



seeing how the triggersets relate, their order anétéctivates
what. | liked highlighting - help to work with the dram?’

We also found some problems during the study. Weviewed
the representations as scaffolding for the desigegss. How-
ever, participants wanted more help with using thespecially
when it came to finding errors.

“(Finding errors is)...more confusing to see what isngréhan

Without external constraints or guidelines, theyuido be
handicapped by their own lack of knowledge. Thewefave
have tried to encapsulate the expert knowledgetitiegtlack in
a way that is easy to learn, while keeping the torealesign
space as open as possible. Since design itself idcky as a
concept [12, 37, 41], this flexibility is needed.

This method could also be situated within the pigracof user-

f|nd|ng sequence. First was much Simp|er - maybe; les centred design [1], as it focuses on the needsibf the user of

variables. Easier to learn. With the second oneijt.is more
complicated to understarid.

Participants also  misunderstood the
occasionally, especially the sequence.

“Sequence diagram is not completed, as there isimptior
button pressing - basically it stops. | didn't lo@t the
floorplan, that would have told me - | looked fobatton press
because that is what | saw on the triggersets.

This participant decided that the sequence diagvamwrong,

as it just stopped, whereas it was indicating thatutton press
trigger was never executed (which was an introdugesign

error). We realized that we needed more scaffoldodnelp

people read the representations. In addition, weldvoeed to
link them in more obvious ways, as some participatitl not

think to examine certain representations for dlzatfon when it

would have been useful (as with the floorplan qudteve).

We are currently completing a second iterationdileg up to a
second study, in which we have incorporated alt the had
learnt in the first iteration.

4. IMPLICATIONS

In this paper we have described a method for deséged on
constructivism. This consists of four simple stephjch distil
and then apply practical values from constructividexpert
practices and novice requirements are examinedstadtured
within this framework. This method has been folldweithin
the domain of VR authoring. The quote by Saltzmds] E8 the
beginning of Section 3.2 states that the difficutiff im-
plementing the mechanics of game designs is eagéylooked
in the design process. This also applies to VR airtgoAn
idea for a design is only as good as its implemintas this is
all that the end-user experiences. This designgsand the
resulting tool should make communication betweesigtepart-
ners easier. It should also allow novice desigt@nsork with
their own ideas, manipulate them according to duhrology
constraints and requirements and provide innovatmple-
mented VEs.

We believe that our constructive design method haésogeneral
applicability. Design can be applied to anythingd a@ach
domain brings its own difficulties. There must beetdom built
into any generic methodology in order for it to bffective
across domains. From the perspective of creatiitys also
preferable to provide the designer with as muckilfity as
possible, so that interesting interpretations caarge. We con-
sider our work to be an application to design taml$Sengers
and Gaver's ideas on fostering multiple interpietat in design
[38]. Like them, we have tried to specify the u$iahiof our
system without controlling its use; we have triedptovide a
space for interpretation around VR design; we hastefed
multiple opportunities for interpretation by prowid multiple
representations of the problem. The way in which diféer
from the authors is also interesting. While Sengerd Gaver
actively resist constraining interpretation in avgy, our tool is
specifically created to help novices with VE desigy
providing guiding constraints which could be dispeth with.

237

representations

the design tool (the designer) and on helping tesigher to
create an exciting product for the end-user (ttaygr of the
designer's VE or game). It departs from this pagadiin that
the users of the design tool may not be experthenfield of
design. Therefore, they have to be scaffolded éir tiise of the
tool. Only focussing on the needs of the user imaigattions as
novice designers are typically not aware of whaytmight
need to design effectively. Constructivism providemre
emphasis on supporting novices.

Another paradigm of interest is the Gibsonian egicil

approach [19, 20]. It may be regarded as incomjeatibith

constructivism, but we find many points of connecti For
example, Gibson defined affordances as the inviariah the
environment and objects that the observer percamdswhich
signify allowable actions. When discussing picturies stated
that“Any picture, then, represents what its creator magiced
and considers worth noticing. Even when she paiffitian or

fantasy, she does it with invariants that have beeticed in
the course of learning to perceivg[19], page 274)

Our premise is that, while expert designers andadfbors are
able to perceive the affordances in the environraedtobjects
of a 3D world that allows them to create new design
effectively, novice designers do not know how tacpéee
them. Therefore, as mentioned above, we chosercatisism
because of its focus on supporting learning. We ose
multiple representations (with scaffolding in hoavread them)
to highlight these affordances and simplify theugisdisplay to
help novices learn how to perceive the necessdoynmation.
Eventually we hope that novices learn through fhiscess to
perceive affordances as directly and automatiealthe experts
whose knowledge is incorporated in the tool. Areliesting
direction to follow for future research would be torther
investigate the ways in which the constructivistl @zological
approaches come together.

Our constructive design method (Section 3) speifidays out
the steps to access domain knowledge and the wsteuafthin
which it can be used in design tools. The proceskesspace
for domain-specific investigations while remainimglevant
across domains. All of the constructivist values generally
applicable theoretically. Step 2 of our process esagpace in
the design process for domain specific investigatib expert
practices to apply to the values. Step 3 allowsdésigner to
specifically consider novices in the domain area vadl.
Therefore, our theory and process provide geneiidietines on
expert practices and novice problems. They alswigeoan
avenue for domain specific investigation.
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