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ABSTRACT

The paper presents an initial framework for stugyissues in the
design and evaluation of Collaborative Virtual Howments
based on immersive projection technology systemé&ie T
framework consists of a software platform, devetbpesing
Virtools® software suite, which supports collaborat work
among collaborators in different immersive syste@AVE®-
like environment, Workbench, etc.), and usabilitggection of
each iteration of the platform. The objective dktbetting for the
framework was to gain insights on both technoldgi&spects
regarding the development of such a platform anddrufactors
issues on collaborative work within Virtual Envirents; and
more importantly on the interrelation between tegtbgical and
human factors aspects for building usable CollabaraVirtual
Environments. A live demonstration of the platfooonnecting
two CAVE®-like environments situated in geograpHicdistant
places was organized to collect feedback from gpetnts. The
demonstration provided the users with differenteriattion
metaphors addressing the three main characterist€s
collaborative work through Virtual Environments: aeness of
others, context sharing, and negotiation and conmwation.
Details about the platform, results of an informélservational
study though the live demonstration and lessonméeh from
conducting such a framework are presented in therpa

Keyworbps: Collaborative Virtual Environments, Design and
Evaluation, Usability.

INDEx TERMS: H.5.2 [Information Interfaces and Presentation]:
User Interfaces — Evaluation/methodology, Intemactistyles,
Theory and methods, User-centred design

1 INTRODUCTION

Immersive systems and Virtual Reality (VR) techryods, which
become more and more accessible, provide toolsdifferent
actors in the design sector to analyze, evaluat® validate their
products through three-dimensional (3D) models teefany
physical prototyping phase. Yet, these sectorsgbtingether
different building trade around 3D models wherertlaetors are
more and more geographically farther apart for fess strategy
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reason (subsidiary, subcontractor...). In this cantése need for
an environment supporting collaborative work on &idels
among geographically separated collaborators ermefdes issue
is the focus of an active research on Collaboratitigual
Environments (CVEs), a subfield of Computer Supgmbrt
Collaborative Work (CSCW) which addresses "howatndirative
activities and their coordination can be suppofgdmeans of
computer systems"[4]. In fact, CVEs deal with fveblem of
real-time sharing workspace among multiple users at
geographically different sites being connectedacheother via a
communication network. The shared workspace camelsted
either to two-dimensional (2D) user interfaces orat spatial
context through 3D user interfaces or Virtual Eamiments
(VEs). The working interfaces have impact on thearst
workspace and thus on the way users collaborate egith other
in a common working environment.

Despite the increasing advances of VR technologfieslack of
ergonomics-based guidelines for collaborative waithin VEs,
usability in particular, is still one of the chailges to overcome so
as to define usable CVEs. In general, “researctherusability of
CVEs is still at an early stage”, as stated by Setler et al. [14].
Different efforts has been carried out for underdiag about
design, usability for CVEs (e.g., the COVEN (CObedtive
Virtual ENvironments) project [13]); however, siailto the case
of VEs, there are still few reported contributidnsthe structured
design and evaluation of Collaborative Virtual Bowniments (as
stressed by Economou and Pettifer [8] and by Tremgl. [17]).
In addition, few CVEs are available for studyindlaoorators’
behaviours within VEs. The lack of available codedtive
platforms, as stressed by Schroeder et al. [14], stadying
usability issues of collaborative work within CVHstroduces
even more difficulties to get to usable CVEs.

In this context, the present paper proposes a framie for
studying issues in the design and evaluation of €VHhe
framework involves the developmemnff a software platform
which supports collaborative work among collabarstoat
different CAVE®-like environments (CAVE is a recius
acronym that stands for CAVE Automatic Virtual Emriment,
which was introduced by Cruz-Neira et al. [6]) iombination
with usability inspection of each iteration of tpé&atform. The
objective of this multidisciplinary setting of tfimework was to
gain insights on both technology and human fac@spects
regarding such a platform for collaborative workhin VEs; also
on the interrelation between technological and hurfectors
aspects for building usable CVEs.

The remainder of the paper is organized as follolt®e next
section provides an account of related work on giesand
evaluation of interfaces for collaborative work irtual
environments (VEs), followed by a brief discussion the
approach we followed. “The Platform” section ddses the
methodology we used to design the collaborativéfgria and
also the state-of-the-art at the end of our degigptess. The



‘Preliminary Evaluation of the Platform’ sectionstdeibes the set-
up of a demonstrator of the collaborative platfdotiowed by a

summary of feedback collected from participantsirdurthe

demonstration and following discussion. The workusnmed up
by some lessons learned from the study in the ‘@sian and

Future Work’ section.

2 RELATED WORK

This work involves both a framework for design @awéluation of
CVEs and a collaborative platform developed withihe

framework. However, technical issues of the colfative

platform are not the main focus of the present papstead, the
focus is on the multidisciplinary setting (i.e.rarhework that take
into account both technological and human factssaés) for the
design and evaluation of VEs supporting collabaeativork.

Therefore, in this section, related work on mu#t@iplinary

setting for studying issues on the design and etialu for CVEs,

in particular in CAVE®-like environments, will béstussed.

Before going into detailed related work in a muédaiplinary
setting regarding CVEs, it is worth briefly presegthere some
existing collaborative platforms. Among the exigtiplatforms,
DIVE (abbreviation of “Distributed Interactive Viral
Environment”), developed at the Swedish InstituteComputer
Science (SICS), can be considered as one of theé makire
multi-user virtual environments. It is being usedridwide for
developing VEs applications [5]. DIVE, which is aot kit for
building distributed VR applications in a heterogeas network
environment, allows a number of users and apptinatto interact
and communicate through a virtual environment ial-tene.
More technical details of DIVE can be found in [#nother
platform supporting CVEs is MASSIVE (abbreviatioh“Model,
Architecture and System for Spatial Interaction VWirtual
Environments”), developed at the University of Nagham in
UK (the latest version of MASSIVE is MASSIVE-3). iEh
platform allows multiple users to communicate audjmaphics,
and text media over networks. MASSIVE focuses cales¢i.e.
simultaneously supporting as many users as poksiaiel
heterogeneity (i.e. supporting interaction betwaesers with
different hardware platforms, different user indéeds). More
technical details of MASSIVE can be found in [10{et, a
comprehensive review of other existing platformsd an
applications can be found in [5].

Regarding related work in a multidisciplinary segti the
COVEN project [13] is probably one of the most intpat
projects on design and usability for CVEs. COVENuUsed on
investigating the human behavioural aspects thateciaf
performance and satisfaction in VEs. The most @stémg aspect
of COVEN is that this project combined studiesssfuies on both
technology and human factors sides though diffestatlies of
user behaviour and computational demands througheytroject
[17]. A relevant point regarding the framework GOVEN
development and evaluation is the use of an itergirocess for
usability inspections of the project demonstratdrs.a more
detailed manner, the framework composed of 4 niaieatls of
works including usability inspection, observationakiations,
consumer evaluations and usability guidelinesakt,fin addition
to usability inspections of each iteration of theoject
demonstrators, observational evaluations were ezhrout to
explore and understand main issues regarding coltile work
(i.e. presence, co-presence, interaction and awotion),
consumer evaluations to access social acceptahbiitly utility of
the demonstrators, and usability guidelines weraticoously
prepared throughout the project for future develepts of CVEs.
The user-centred framework composed of differenivities as

adopted by COVEN was proven necessary to buildejjnies for
the structured design and evaluation of CVEs.

We will now focus on studies on collaborative wawkithin
CAVE®-like environments, which relate more closedly the
present study. Actually, few studies on CVEs hagerbcarried
out in these environments. Besides, existing studave worked
on varied topics; perhaps due to the fact that C¢Bstain
complex subjects involving different issues regagdiboth
technology and human factors. We detail two studieg we
found relevant in the context of the present study.

The first study on collaboration within CVEs, based the
DIVE platform, was carried out by Mortensen et[aR]. This
study investigated the feasibility of collaboratiwvgork in
physically remote virtual environments: a CAVE®dik
environment (a four-sided Trimension ReaCTor) ativersity
College London (UCL) in UK and a head-tracked heaminted
display at University of North Carolina Chapel HWNC-CH) in
the US. In the study, each pair of participantcd@afederate at
UCL in UK, an experimental subject at UNC-CH in t48) who
did not know each other had to collaborate to d#ift object
together and move it to another place. An avatas wsed to
represent the remote participant on each side. Hhigly
examined the relationship between several variaflieh as co-
presence (i.e., the sense of being together witithen person)
and self-assessment of task performance of paatitspby way of
a questionnaire. The participants’ feedback suggeitat the co-
presence was significantly and positively correlatéth the self-
assessment of task performance. It's worth notimg in this
study, the experimental subjects, which were thesost UNC-
CH, were wearing a head-tracked head-mounted didplathe
collaborative task, instead of being within a CAViike
environment.

Regarding studies on the collaborative work whiokolve
CAVE®-like environments, we found an investigation long-
term use of CVEs, carried out by Steed et al.[B6Jive-sided
TAN VR-Cube™ at Chalmers University in Sweden anfibua-
sided Trimension ReaCTor at UCL in UK were usethia study.
Each pair of subjects carried out a series of diffetasks over a
long period of time (more than 210 minutes in age)aAn avatar
with jointed arm animation, but no facial animatisas used to
represent the remote participant. One of the aiintisi® study was
to examine whether the pair of subject who did kdw each
other would collaborate differently from the paihavknow each
other well. Other aims of this study were to examhow the
participants’ experience changed over time, andotopare their
experience during different tasks. The participafeisdback was
collected by way of a questionnaire, interviews abdervations.
Overall, the study shows that users could collaieoedfectively
over an extended period of time, that there wabigdlifference
between the two types of pairs: friends and strang®ne
interesting result concerns the avatar; some sisbjéound
negotiating tasks harder because of the absencdamél
expressions of avatar. The DIVE platform was alsolived in
this study.

Our approach

Inspired by the framework of development and eu#unafor
CVEs employed in the COVEN project, we pursued tbgearch
direction, focusing on collaborative work within @E®-like
environments in particular. We worked on a collaboe
platform for CAVE®-like environments, developed hising
Virtools software suite. In addition, we used agrative process
for usability inspection of a demonstrator whichswauilt from
the platform. In the next section, we describe fthenework we
used to design and evaluation of the collaborapiatform. We
also describe the platform we achieved at the dnolip design
process.



3 THE COLLABORATIVE PLATFORM

3.1 Framework for design and evaluation of the

platform

An iterative process was adopted to the designesatliation of

our collaborative virtual environment platform. @itag from the

initial design of a demonstrator of the platforime evaluation has
been carried out at two different levels as follows

Inspection-based evaluation of the platform to weco
usability problems and design flaws. Those findings
were then analyzed so as to suggest design
improvements for the platform. A group of evaluator
was involved in the inspection. The evaluatorsofetd

a set of guidelines to inspect the interface of
collaborative work provided by the platform.

Observational evaluations of participants’ behavaod
collection  of participant's  feedback though
demonstration of the platform, so as to understied
behaviour characteristic of users in CVEs and teak
the design flaws from the point of view of noviceets.

v

Platform design

v

Platform development

v

Inspection based evaluati(}ai

Observational evaluationsJi

Figure 1 : lterative process

Feedback from each evaluation is subjected to iwgnents of
the platform at both system and interface levelshe T
improvements of the platform resulted in an imprbwiesign
which is subjected for successive evaluation andrsdThe next
two sections will detail the technological aspetth® platform
and the usability inspection used for evaluatiothefplatform.

3.2 The Platform

The platform was developed based on the Virtoolsvsoe suite,
a complete development platform with different biril libraries
for interactive 3D content creation. Details of htwbuild a VR
application based on Virtools would be out of tlepe of the
paper; however, we provide in following subsectisosne basic
knowledge about Virtools so as to facilitate thelenstanding of
our collaborative platform’s architecture.

321 Architecture of the Platform

In general, a VR application involves a virtual \omwhich
composes of different elements (e.g. 3D object,ezametc.) with
their own behaviour. All elements in the virtualnabcan interact

with each other so as to provide the 3D and inteacontent of
a VR application. In a similar way, the virtual wein Virtools,
known ascompositionis an arrangement of one or more elements
and their associated behaviours. In Virtools, be&hav is
expressed as script which is a set of interconnect&lilding
Blocks(BBs). Each Building Block corresponds to a fuoatii.e.
a ready-to-use solution to a known task. To fatiit the
development of VR application, Virtools softwaretsurovides
different modules. Each module, which composes wifding
blocks, supports a specific aspect of VR applicesio
development. Developing a Virtools-based VR apfilice
involves in creating a composition based on thezistieg
modules.

The platform is developed based on two Virtools oiest
MultiUser Pack and VR Pack. MultiUser Pack provideserver
(which provides supports for either client-serverpeer-to-peer
architecture) and a library of BBs supporting muker
applications. The client-server architecture wafdusn our
platform. VR Pack permits a Virtools compositiorvtork on any
VR platform thanks to VRNR (Virtual Reality Normadd
Resources), a layer of abstraction allowing thetality of
Virtools composition on different VR platforms (R\platform in
general terms composes of a set of input devicest af output
devices and a tracking system) VRNR allows autorabyi
building a composition based on the modules andrpeters
defined in a configuration file. The fact that VRN&Rcustomized
through configuration files improves the deploymeh¥irtools-
based VR application on different types of VR path. For
example, the administrator of a VR platform can fipre a
composition according to his input devices, outgdatices and
tracking system, without modifying the composititself.

VRNR

Virtools || VR
BBs BBs

‘ C(ollaborative)VRNR ! ‘

. VRNR
B [Virtools || VR

MultiUser
BBs

BBs BBs

Figure 2 : CVRNR

The platform is developed based on VRNR. The oljeabf
our platform is to provide another layer of abdimt so as to
facilitate and support collaborative applicatiowe call this
abstraction level the Collaborative VRNR based lI§@/RNR)
(cf. Figure 2). Using VRNR, CVRNR allows automatiga
building compositionsvhich work in the special context of CVEs.

3.2.2 Collaborative Interaction Protocol

Regarding the details of the platform, a collabweainteraction
protocol was introduced to guarantee special demasfdan
environment supporting collaborative work. In matetail, this
interaction protocol was designed to generalize lamghogenize
interaction between different software platformsheT initial
development of the protocol was based on an asalysithe
manner to describe interaction on different plaiferas well as on
several use cases. Detail of this analysis woulduef the scope
of the paper; however, the results of this analgsiggested that
interaction in a context of collaborative work mag divided into
two categoriesexclusive controt control of an object’s property
by several users at the same time is not allowed slrared
control - control of an object’'s property by several usarshe
same time is allowed. In the two following paradrspeach
object is considered as a collection of properties.

In case ofexclusive contrglwhen the user wants to
access a property of an object, first s/he requibss



ownership of that object, then the property, amalfy
releases the object when still keeping control o t
property. This mechanism allows the user to modify
property while other users can modify independently
others properties so as to ensure both the safetyeo
property value and the access to other properfi¢seo
object.

In case ofshared contrgl a mechanism has been
introduced to allow several users to modify the sam
property. The first user who gets the ownershipaof
property keeps the ownership of that property, disb
integrates every contribution of the other userstto
When the owner of a shared property releases é,obn
the other users takes instantaneously the ownercship
the property.

Figure 3 describes the detailed structure of theRER. The
CVRNR is made up of two parts: core and tools. Trioelule of
user management also provides dynamic avatar enedthe core
part composes of modules for session, user managenaad
dynamic avatar creation. As aforementioned, thentiserver
model was used in the platform. The MultiUser serwas
running on a separated PC. The core part takes afarthe
connection with the MultiUser Server. The tools tp& a
collection of modules used to interact with a 3Ddelo This part
provides different metaphors for interaction in GQvVHwo tools
are provided for the platform: the object selectionl and the
object manipulation tool.

Core Tools

Session Management
User Management
Dynamic Avatar Creation

dl
. Selection Tool
MultiUser / Mani pulation Tool
Server

C(all aboratwe)VRNR

MuIt|User
BBs

Other Virtools
BBs

[ ||
Building Blocks

Figure 3 : Features of Collaborative VRNR

We are going to detail the object manipulation twhich is the
main part of the platform dealing with collaboratio The
manipulation tool lets the user move object follogi the
collaborative interaction protocol implemented agae machine.
This state machine (cf. Figure 4) has seven diffestates and its
proper context for a selected object.

The initial state is the “IDLE state. In this state,
manipulation tool is waiting for an object to béested.

In the “IDLE” state, when an object is selected (cf. link @) i
Figure 4),, the state machine enters the “Objecit@bRequest
state in which the manipulation tool requests ainiof a
parameter of the object. In case the control reigaesccepted (cf.
link (b), Figure 4), the state machine enters th@bjéct
Moadification in Exclusive Modestate in which the manipulation
tool locks this parameter to prevent the access fother users.
The modification is thus reserved to the ownerhatt fparameter.
Otherwise, if the requested parameter has already bontrolled
(cf. link (c), Figure 4), the state machine enttre “Access-
Request Sendirigstate in which an access request (either for
shared control or for exclusive control) is sendht® owner of the
requested parameter.

In the “Object Maodification in Exclusive Modestate, if there
is any access request (either for shared contrdbroexclusive

the

control) from distant users (cf. link (d), Figurg 4hen the state
machine enters the “Access-Request Solvstgte in which the
manipulation tool waits for the answer from the guaeter’s
owner.

(b) req uest accepted

Object
Modification in
Exclusive Mode

23

.--(m) object released
by host

Object Modification
in Collaborative
Mode

[CLIENT]

(g) acces:
refysed

by the last client
client dlscon nection

Object Modification
in Collaborative Mode
[HOST]

Figure 4 : The state machine with seven states

In the “Access-Request Sendingfate, in case the parameter’s
owner accepts thehared controlrequest (cf. link (e), Figure 4),
the state machine enters the “Object ModificatiorCooperative
Mode [CLIENTY" state. “[CLIENT]" is to mention the fact that
the requesting user plays the role of a clienthef éwner of the
requested parameter in this case. In case the saxeleontrol
request is accepted (cf. link (f), Figure 4), thvenership of this
parameter is given to the requesting user and tdte snachine
returns to the “Object Maodification in Exclusive Klig state.
Otherwise, in case the access request is refudedirfe (g),
Figure 4), the state machine returns to the init@LE " state, the
requesting user will be in a waiting list to beeld control this
parameter once it is released.

In the “Access-Request Solvihgtate, if the parameter’'s owner
accepts theshared controkequest (cf. link (h), Figure 4), then the
state machine enters the “Object Modification ino@erative
Mode [HOSTT state. “[HOST] is to mention the fact that the
parameter’s owner still keeps the ownership of gaaameter and
integrates contribution of the requesting users. chse the
exclusive controkequest is accepted (cf. link (i), Figure 4), the
parameter is released and the state machine returthe initial
“IDLE " state.

In the “Object Madification in Cooperative Mode [I5D]"
state, the owner of a parameter integrates conioite of the
user(s) in the “Object Modification in Cooperativislode
CLIENT]” state. In case the last client gives up the abmf that
parameter (cf. link (j), Figure 4), the state maehieturns to the
“Object Modification in Exclusive Mode state since the
parameter's owner is the only user who has accesshe
parameter at that moment. In case there are acegsssts from
others users (cf. link (k), Figure 4), then thdestaachine returns
to the “Access-Request Solvihstate to solve these requests.

In the “Object Modification in Cooperative Mode [ENT]”
state, in case the parameter’'s owner releasesan&@mneter (cf.
link (1), Figure 4), the state machine returnshe tObject Control
Request state in which the first users in the list oferits of that
parameter ask for the ownership of that parameféis
mechanism of owner swapping is completely transpafer
users.

3.3

A collaborative working situation normally consisistwo main
phases: one phase in which the user works indilidinrer/his

Usability Inspection



way and another phase in which the user commuisiteggotiates
to others to do her/his task. The same consideratan be
applied to collaborative work within VEs. A collatative work in
CVEs should consist of two modes: an individual moeferring
to user interaction in VEs and a collaborative moeferring to
collaborative work though VEs. Between the two é&sswour focus
was mainly on the second for the inspection ofptla¢form. This
does not mean we played down the importance ofldsign of
VEs interface with regard to the individual modea e contrary,
focusing on the collaborative mode would help usigsight of
the CVEs design issues. Meanwhile, we were alwagseaof the
important inter-relation between the two modes; tksues
relating individual mode which have impact to tt@laborative
mode revealed during the inspection would be ald@n into
consideration.

As a matter of fact, we inspected the interfaces thoé
collaborative platform from the point of view of IEborative
work, based on the five main characteristics oflatalrative
virtual environments as thoughtfully analyzed byué€thill and
Snowdon [5]:_transitions between shared and indslidctivities
flexible and multiple viewpointsawareness of othersharing
context negoatiation and communicationBased on those
characteristics, we developed guidelines for thgpéation of
collaborative interface of the platform. We summaearbelow the
five characteristic and introduce the guidelinesadepted for the
inspection.

- Transitions between shared and individual actisitin
a collaborative working context, each collaborator
works to achieve the task/subtask allocation hediin
way in collaboration with others. Collaborative Wor
thus involves the interleaving of individual and
collaborative effort. To support these interleaved,
individual-to-shared activities, the platform shdul
allow collaborators to switch smoothly between
individual and collaborative working spaces.
Flexible and multiple viewpoinisin certain cases, a
collaborator may require different information amrd/
multiple views of the scene (e.g., view of other
collaborators) to reflect on his/her task, whelieasther
cases, they mainly need specific information orcge
view for their tasks. Taking to account this
characteristic of collaborative work, the platfoshould
support multiple viewpoints and facilitate the
collaborators getting a required information or
viewpoint.
Awareness of othersin the context of collaborative
work, awareness is mostly considered as
understanding of the activities of others, whichvides
a context for your own activity” [5][7]. The awaress
could be intentional, i.e. focusing on a specific
collaborator in case the user work closely withttha
collaborator, or unfocused when the user moniténsro
collaborators’ activities without getting involvedhe
platform should allow  collaborator being
knowledgeable of others’ activities.
Sharing context Shared context can mean shared
knowledge of each other's current activities angést
activities or shared artefacts. It is important ttha

“an

Therefore, shared artefacts should be visible and

available in CVEs.

Negotiation and communicatio®uring a collaborative

work, collaborators may need to negotiate shared

understandings of task goals, of task decomposition

subtask allocation and of task/subtask progressidBs,

the nature of interleaved, singular-to-shared éie#vin

a collaborative work context requires considerable

communication between collaborators to guarantee a

successful task. The platform should guarantee a

reliable communication channel and provide

collaborators with tools supporting negotiation.

Evaluators got used to the platform, carried osegof tasks,

listed problems encountered and then follow abavidaiines to
interpret, classify the problems and propose smhgti

4 PRELIMINARY EVALUATION OF THE PLATFORM

A demonstrator was built from the platform so agptovide us
with an environment for studying issues on desigth @valuation
of CVEs. On the technical side, the demonstratoreseto study
issues on system design and performance. On tharhfaators
side, it served to investigate usability issuesalfaborative work
within VEs and to design collaborative interactioetaphors as
well.

In the following sections, we detail both differeieatures of
the demonstrator and impacts of the usability in8pe on the
design of collaborative interaction metaphors. Amdhe five
characteristics of collaborative work aforementibnee mainly
focused on three points; Awareness of oth8tsared context
Negotiation and communicatidar the usability inspection.

4.1 Demonstrator

The demonstrator allowed the user to work with a&nsc
containing 3D objects in an immersive virtual eomiment. The
user was able to select and move objects in theesbyg using a
given pointing technique. The user could work dodiatively
with another user in a remote immersive virtualiemment. The
remote collaborator was represented by an avatesidBs the
avatar, different visual aids and interaction mbtap were
introduced in the demonstrator to support the bollative work
within VEs. Details of the pointing technique, theatar design
and other collaborative interaction metaphors amsgnted in
following subsections.

41.1 Pointing technique

A pointing technique is used to help the user $elmove and
position objects in the scene. In the demonstraer ray-casting
technique was used for pointing. The ray-castiroprigue (the
term used in [2]) presents a pointer under the fofra light ray
emanating from the user's hand. The light ray ms the
direction of pointing and serves as a pointer feera to pick up
and manipulate objects in the scene. The useraisedtked input
device to control the pointing direction. The cleoaf ray-casting
as the pointing technique for the demonstrator guite evident
since existing pointing techniques are mainly \dtthand-based
or ray-based pointing techniques; besides, mangietuhave

collaborators know what is currently being done and Shown that ray-casting outperforms virtual hand ohject
what has been done in the context of the task goals selection tasks [3][11]. Virtual hand refers toainting technique
Shared artefacts not only become the subject of which presents a 3D cursor in the form of a graghicesentation
communication between users, but also the medium of ©f human hand whose the position and orientati@ raapped

communication; for example, when a collaborator
moves an object, the changes in position of thobb
are visible to others presenting processes of @hang

onto those of the input device.

In order to improve the mutual awareness among
collaborators, each collaborator was able to sd¢ie ber/his light
ray and that of remote collaborators. The light irayhe context

all



of CVEs played the role of visual aids for colladtors so as to
help them be aware of activities of other remot#laborators.
Details on the visual presentation of the light raythis case
appeared to be more important than in the casmglesuser VEs.
Thanks to usability inspection which focused on dasness of
others”, some improvements on the visual presemtati the light
ray were added to overcome revealed usability sssue

Figure 5 : Avatar, the ray-casting technique and icon used in the
demonstrator

The light ray indicates the position of the cor@sting remote
collaborator. The two ends of the light-ray wereeganted
differently to overcome an eventual position ambigwf the
user’s hand. This is not an issue in single uses SRce the user
is always aware of the start and the end pointeefight-ray (the
start of the light ray links to the user’s handhefefore, for the
design of a box was added to the start of the lightto indicate
the position of the user’s hand.

Another issue is the colour code for the light cdydifferent
collaborators. The colour code light ray in thisea among the
visual aids to help identify one collaborator amaigers. For the
design of the demonstrator which involves two dmdlators, we
used two different colours to distinguish the ligay of the local
user from that of the remote collaborator.

4.1.2 Avatar

An avatar of the remote collaborator was introdudedthe
demonstrator. This was to improve the awarenesisedocal user
about his/her remote collaborator. The avatar wagraghical
presentation of the user in the VEs. As aforemeetio the light
ray also contributes to indicate the position of themote
collaborator. However, the perception of the callabor though a
light ray moving in the air was quite disturbingin case of
collaborative work within VEs, an avatar presentthg remote
collaborator might potentially improve the sense@fpresence in
CVEs. In the demonstrator, the avatar was compadethree
different parts: a head, an arm and a torso priegerthe
corresponding parts of the user.

4.1.3 Menu

A floating menu which is popped up on demand waesduced in
the demonstrator. The floating menu serves as regheormal
menu to provide the user with different options fobject
manipulation or a dialog box to display informati@nd/or
demands from the remote collaborator. The uséoafihg menu
as dialog box provided an extra option for negmratetween

collaborators. Even though verbal communicatiomse® be the
most evident option to negotiate in this contelkg problem of
ambiguity between communication and commands, hewev
required another extra option to validate the comnd@he dialog
box is useful in this case, particularly in case winy
collaborators when the ambiguity could potentidgcome much
more important.

Give object to?user1

Figure 6 : A floating menu was used as dialog box for negotiation;
the ray-casting technique (the red ray in this case) was used
to point to menu items

414 Icon and Colour Code

Besides, the activities of the remote collaboraw@re made
coherent by a colour metaphor applied to an ictétaslaed to the
selected object (cf. Figure 5). The icon turnedirethe exclusive
mode, i.e. no support for collaborative work anchéd green in
the collaborative mode, i.e. authorize the collabive work. The
icon in this case played the role of a shared aste¥isible to the
remote collaborator to inform about the objectestat

4.1.5 Communication

The platform had not supported the vocal commuiupayet.
Therefore, the verbal communication was enabledhé&o users
thanks to VolP communication based software sucSlgpe™

and MSN™,

4.2 Observational Evaluations

An informal evaluation of the platform was orgamize the Laval
Virtual 2008 exhibition. A demonstration of a cditaative
working scenario was presented in two CAVE®-likatfirms:
the first one is set of 4 projection walls: thraed-walls with 3m
large for 4m height and the floor with 3x3 m) in idaille and the
second is a set of 4 projection walls, each witBr3xn Laval,
France. The purpose of the demonstration was tdeatol
participants’ feedback on the usability of the abbrative
platform connecting to two geographically distaites in real-
time condition. The impact of temporal lags in réale condition
and interaction metaphors for collaborative workevamong the
main focus of the evaluation.



Figure 7 : The scene of kitchen in the demonstration

Regarding the scenario, a kitchen with furniturd agquipment
was chosen as the scene for the demonstratiofi¢efre 7). All
the pieces inside the kitchen were selectable aadahie. The
task was to rearrange the kitchen by moving fureitand
equipment in the kitchen. An expert user at the E&ike
environment in Marseille gave instructions to arallaborated
with a novice user at the CAVE®-like environment in Laval in
order to finish the task together with her/him.Tgbuquite
informal, this is a quick and direct way to get #eely feedback
of users about the platform though the demonstrator

Regarding the input devices, a tracked Flystick@&wli control
buttons was used by participants in Laval, wheesea&¥iimote®
based 3D pointing device was used by the expertinddarseille
(cf. Figure 8). The users at two sites were alsadteacked
through 3D glasses. The ART tracking system wasl uséwo
CAVE®-like environments.

The user used a light ray to select, move and ipositirniture
and equipment in the kitchen. The local user cosge both
her/his light ray and that of the remote collabaraTwo ends of
the light-ray were presented differently: the etabe to the user
hand was presented by a box attaching to the &vatem. The
visual representation of light-ray of the remotdlatmrator was
used to indicate the position and intention of tremote
collaborator.

Negotiation was possible thanks to a menu showérgahds of
the remote collaborator. The local user points emmitems so as
to accept or refuse a demand. The menu was sesvadiaual aid
to express the demand and validate the agreensatdféement.
Regarding the audio communication, VolP communicativas

used thanks to Skyp8. The participants used a wireless headset

for audio communication

Figure 8 : Two different input devices used in the demonstration -
(a) a Wiimote® based input device and (b) a Flystick® wand

4.3 Results and Discussion

There were about 30 participants (10 minutes pefggzant) who
had tried the demonstration during Laval Virtuahiition. The
feedback was collected from the exchange betweenegpert
user in Marseille and the participants in Lavalpnfr the
observation onsite in the CAVE-like environmentliaval and
from informal discussion with participants aftdals. Despite the
low bandwidth network condition during the demoastm, all
the participants had finished the collaborativek tagth success
and with ease.

Many of the participants appreciated the use ofn3hu. The
direct mapping of 3D menu compared to 2D menu ceufolain
for that, supposing that all participants were faniwith the 2D
user interface on PC. The negotiation using a 3Duras dialog
box seems more time-consuming compared to verlgitiagion
as in real conditions. However, in case of collative work
through VEs, the verbal negotiation can cause probl During a
verbal negotiation, vocal communication support€hexging
opinions to reach agreement/disagreement betweeo
collaborators. Whereas both collaborators can staed the
verbal exchanges, the VEs cannot distinguish tHéerdnce
between communication and agreement/disagreemacied by
both collaborators. An extra vocal communicatiorVes should
be used to communicate the agreement/disagreemeviEg. In
this case, there are potentially ambiguities betwealaborator-
collaborator communication and collaborator-VEs aloc
commands. The menu is still an evident option tidete a
command. In the case of more than two users (irchwtiie voice
communication could be more ambiguous) and/or g& cf many
options to choose, the menu could be even moreilusdfe use
of 3D menu for negotiation is thus promising.

The graphical presentation of the avatar was ragineple (only
three parts of the user (the head, the arms andotkse) were
presented) but still satisfied the participantse Tdvatar played
well the role of indicating the position and intent of the remote
collaborator. However, the effect of low bandwidtgtwork was
very noticeable for the avatar. The avatar moveelfisometimes
without linking to the movement of the remote uskris caused
the incoherence in the perception of the positiod atention of
the remote collaborator. The transmission instgb#dind packet
loss are among the main reasons explaining thislemo In a real
condition, even with a high bandwidth network cdiudi, the
jitter and/or the interrupt of network communicatiois
unavoidable; a solution to compensate to this gmbshould be
envisaged. An avatar, even very simply presersteolild be built
from different sources of data received from difer sensors
attached to the user so that in case of lost ofesdata sources,
the position and movements of the avatar cankstitiierived from
other data sources.

Regarding the icon and colour code, the colourciatitig the
state of the object is very relevant. This is soowela mapping to
the colour code of “traffic light” which is intuite and easy to
understand. The colour in this case is a sharesfaatt which
informs what is currently being done by collaboratin the
context of the task goals.

5 CONCLUSION AND FUTURE WORK

The paper has presented a software platform for CVfEa
multidisciplinary setting for studying issues of sag and
evaluation of CVEs. The platform was build on Vat® software
suite which is novel compared to existing CVEsfplas such as
DIVE and MASSIVE. The focus of the paper was notspecific
issues of CVEs such as avatar design, pointingnigak or
negotiation and communication which are among thainm
features of the demonstrator. Instead, the effectss of such a



framework built on a Virtools-based platform foudying issues
of CVEs was our main focus. From that point of viesame

lessons can be drawn from the process used in rdesigl

evaluation of a demonstrator of a collaborativekuased on the
proposed Virtools-based platform.

First, Virtools software suite, Virtools MultiUs&ack and VR
pack in particular, has proven to be feasible foilding CVEs
applications on different platforms. The platformegenting the
present paper, which takes advantages of Virtaolsupporting
rapid prototyping ,would be useful for investigatidifferent
issues in CVEs which normally required customizettisg for
each issue (e.g. avatar presentation, visual etd9, Second, the
iterative process of design and usability inspectias proven
effective in the preparation of the demonstratdre Bet of used
guidelines was rather simple and still at a genésskl but
efficient for systematically analyzing and ideniify usability
problems of the demonstrator. The only focus onctiieborative
working side is effective for revealing usabilityssues of
collaborative work within VEs. However, the indiva mode
(user interaction in VESs) is also an important dactvhich has
impact on the collaborative mode (collaborative kvdhough
VEs) in CVEs. Existing heuristics [16] and ergonoruiiteria [1]
for design and evaluation of the VEs interface widug useful for
the design and evaluation of individual mode in GVE

Besides, some interesting issues which were redeale
throughout the study such as the perception ofaayvtiie use of
verbal communication for both negotiation and isgutommands
to VEs require in depth studies to gain more insigto these
issues. The scenario in the demonstrator involvitvgp
collaborators was just a simple case of collabegatwork.
Complex scenario with three or more collaboratoil$ lve taken
into consideration in further investigation. Thegniive charge
regarding the awareness of others’ activities atergially higher
in those scenarios and would reveal more issueslborative
work within VEs. Efforts to combine the verbal infeation with
the avatar (e.g. who is talking, who is doing whsat) as to
understand the activities and demands of otherspatentially
higher in those cases. In this perspective, futurestigations will
focus on both quantitative and qualitative studéeget insight of
those issues. The platform will be used as a tedt-bor
experimental study of different issues regardindlaborative
work within VEs.
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