Virtual Concept_P56

Original Article

Proceedings of IDMME - Virtual Concept 2008
Beijing, China, October 8 — 10, 2008

APPLICABILITY OF SYNTHETIC ENVIRONMENTS FOR

PRODUCT

DESIGN

Huaxin Wang' , Frank Meijef, Jan Miedemd, Egon L. van den Broek Mascha C. van der VoottJoris S. M. Vergeest

(1) : Industrial Design Engineering, Delft University of
Technology, The Netherlands
E-mail: {huaxin.wang, j.s.m.vergeest}@tudelft.nl
(3) : Laboratory of Design, Production and Management,
University of Twente, The Netherlands
E-mail: {J.Miedema, M.C.vanderVoort}@ctw.utwente.nl

(2) : Cognitive Psychology and Ergonomics, University of

Twente, The Netherlands
E-mail: F.Meijer@utwente.nl
(4) : Center for Telematics and Information Technology
(CTIT), University of Twente, The Netherlands
E-mail: vandenbroek@acm.org

Abstract: This paper studies the applicability of Synthetic

Environments (SE) for dynamic prototyping in thelgg@hase
of product design. For this purpose, a simple Rkl with
commercial off-the-shelf (COTS) technology, was &yed to

support the design of the lid of an X-Ray machir}e

Psychological  experiments,  statistical  analysis
questionnaires, and user interviews indicated tioat the
design problem concerned, the SE was a properituiust of
the physical prototype, although the participantpegienced
difference in sense of presence. To further imerdkie
applicability of SE, a design strategy of intuitiveer interface
is proposed for dynamic prototyping in SE to fdaté the
communication among stakeholders with various kedgé
backgrounds.
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Abbreviations

API Application Programming Interface

AR Augmented Reality

CORBA Common Object Request Broker
Architecture

COTS Commercial Off-The-Shelf

DCOM Distributed Component Object Model

DP Dynamic Prototyping

IPQ IGroup Presence Questionnaire

MANOVA Multiple ANalyses Of VAriance

MR Mixed Reality

RW Real World

SE Synthetic Environment

SME Small and Medium Enterprises

STEP Standard for the Exchange of Product
model data

Ul User Interface

VE Virtual Environment

VR Virtual Reality

XML Extensible Markup Language

1- Introduction

Virtual Reality (VR) is often used as a notion o§m@up of
8‘ hnologies to create artificial environments tat human
users interact with multi-sensory modalities inugis haptic,
or even smell, taste, etc. Such an environmerntalked
Virtual Environment (VE). A related term is “Mixed
Reality” (MR), referring to environments where batintual

and physical objects are included.

Although different researchers and organizationy imave
somewhat different concepts with the same termntisstic
Environment” (SE) in a general sense refers to any
deliberately constructed artificial environment aa
replacement to the real and natural environmenthith an
operator can navigate or interact as if in the veald (RW)
[A1][RB1][RA1][IP1]. As a simulation of its RW
counterpart, in most cases its construction is dase VR
technologies. SE may be used as a general teerrirgf to
a superset concept of virtual reality, virtual eomiments,
teleoperation, telerobotics and augmented redlity1].

In this paper, the term “SE” in the narrow sensthinithe
scope of the specific research project, is limitedthe
application domain of Industrial Design, especiallythe
early stages of the design process like the conakpesign
phase where the SE is assumed to have wider mafgin
(hypothetical) advantages.

1.1 - Development of VR and SE

The concept of VR can be traced back to the pioressrarch
work by Ivan Sutherland [S1] in 1963 in which a qurter
display was described as a window into a virtuafleho As
early as 1967, the development of one of the firstimodal
VR systems GROPE [BO1] was started. But it's ntluhe
1990s when the booming advancement in commercial
computer hardware started to accommodate the erqaints
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of VR applications thus the new opportunities afeby VR SE already found many applications in product dedig
technology were widely recognized and researchvitie8 support the prototyping of vehicles [C1], the design a
proliferated. However, criticism over the applidiyp of VR virtual workbench [WD1], production planning [DFMB1],
also paralleled the advancements. For instancE%3, Cobb and haptic virtual product assembly [HV1], etc. wéwer,
et al [CD1] stated that VR technology is “a solatlooking for these applications are limited to the later stagésthe
a problem” in contrast to Brooks, who in 1994 hatargely product design process for dynamic simulation basethe
positive view that “it almost works” [B1] in a publlecture relatively matured prototype of products.
cosponsored by the Royal Academy of Engineering thed
British Computer Society in London. In Biocca and Levy’'s book [BL1], VR was investigdtas a
communication media in the general sense. It aldie
The earlier applications of SE were mostly confiedhilitary presentation of design information in a way thatist
mission and critical system simulations becausehef high comprehendible regardless of discipline or trainnbereas
cost of equipments and complicated technology. hWiite consequences of design choices can be experieatier r
rapid development of computer technologies, thdiegtpn of than imagined. Such an SE can serve as a collamora
SE spread into academic, commercial, industrial amdrkspace for designers.
educational domains.
For example, Antonya and Talaba [AT1] presente@nty
In a review of the state-of-the-art VR technologiaed one of the first VR applications for product an@ystages.
application systems in 1999, Brooks [B2] alreadyaioded Bordegoni and Cugini [BC2] demonstrated a possible
that “VR is now really real”. Many successful VRpdication application in the conceptual stage, using haptiay c
systems for industrial product simulation were désd and modelling.
discussed in this review report, covering the aapion
domains of military, medical, mechanical industrynda Bowman and McMahan [BM1] made a convincing assertio
scientific research. about the reason of success after a brief reviesuofessful
VR projects, that “they all fulfil requirements itheir
One example of the research projects that resuitedr respective domains and improve on alternativesrfeeting
successful general purpose commercial VE produ@AYE. those same requirements in some way”. They obdehat
It allows multiple persons to experience a sterepiscvisual there is already a trend toward lower-cost, comiakff-
space constructed with image projections on fidlwviscreens the-shelf (COTS) VR systems.
according to the tracked body position and movenuérthe
viewers [Al]. Jimeno and Puerta’s detailed review [JP1] provittedmost
updated overview of VR applications in design and
The most successful applications of VR technologigght be manufacturing. Cecil and Kanchanapiboon’s sureg 1]
aircraft cockpit simulators for pilot training, caimulators for is quite comprehensive specifically on virtual ptgping
driver training, movies special visual effect makirand (VP). There are also similar projects employing NR
computer video games, where level of immersion@medence evaluation of engineering design, such as Mixed
is regarded as the key point to judge the succelkany Environments for Review and Generation of Engirmegri
researchers made insightful reviews of SE appboati Designs (MERGED) [WK1], with relatively high levedf
[A1][DM1][B2][SC1][BC1][SC?2], where at the time afhose immersion and an evaluation plan focused on corepari
reports, most featured SEs still cost too much Samall to between MR and VR solutions.
Middle Enterprises (SME) applications. For exampée

commercial VR display system like CAVE cost about test et design .
$300,000. RAVE cost about $500,000, and less espen | user P :i@

- prototype -
variants like Future Lab's PC CAVE Linux PC clusteith A moddy modify T
nVidia graphics cards cost less than $100,000 [BCajhile comment
high-end advanced CAVE cost from $250,000 to $lilom, present

the cost to build a low-end CAVE-like system canreduced ‘ o ‘ _
to about $20,000 in the year 2006, but with lowpeesl, Figurel: Dynamic Prototypingin Synthetic Environment
graphic quality and level of immersion [L1].

1.2 -Application of VR and SE in Product Design 2- Dynamic Prototyping with SE

The development in video game industry further @elgo Prototyping refers to the design process of maknagk-ups
reduce the costs with mass production of technetogind Of the product for testing and evaluation purposesmost
equipments previously only available in high-end $&tems. Of the cases the costs of physical prototypes erg high so
This popularized VR concepts and technologies itite @ digital virtual prototype is preferred thus thesigner can
society and stimulated more research on poterpialigations. modify the prototype with lower costs than a phasic
The research work of this paper is also one ofetfastempts to Prototype.  Moreover, the prototyping process mdso a
explore and contribute knowledge on the possibiliyd €mploy physical and/or virtual prototype, with 3Basning
methodologies to build applicable SEs with curreatvailable @nd rapid prototype manufacturing (such as stereo

VR technologies to improve the industrial produesign lithographic 3D printing) techniques to support ratess
processes. modification migration, or with Augmented Reality
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(AR)[FA1][OY1] to impose virtual modifications onhgsical process including all the stake-holders of diffénetes like
prototypes. Such a process is called Dynamic Bpottg customers (product end users), marketing personnel,
(DP). designers, engineers, business management persetmel

Figure 1 illustrates the DP process in the SE. désigners Especially at the earlier stages of the producigdesrocess,
present their design of the product through theégbype in the such as the conceptual design phase, normally twgh
SE to the product end users (and other stakehd|dmnd the design concepts and the available prototype isrtaiceand
users test the product design by interacting with grototype ambiguous. The requirements and solutions are rggne
in the SE and comment to the designers by diredlifination vague and conceptual rather than accurate, conenete
on the prototype. The consequences of the desspdcific, which is hard to communicate without help
modifications can be visualized and simulated imtga The intuitive models. High impact changes are stillden
major enhancement of such a DP process to the ntiamal consideration thus intensive communication of desig
design process is the closer involvement of the wseats and concepts are critical for decision making amongdifierent
other non-designer stakeholders in the design psoce stakeholders of the product development group.

One example of the virtual DP research reportedNsen When SE is studied on the application background of
[N1] in 1999 was a MR environment for vehicle OF.eraindustrial product design, it includes not only dhies and
interface design. It included an industrial rofotce feedback techniques about virtual or mixed-reality simulatioof
joysticks, levers and other control hardware coneps in objects, but also those about accessibility oftdoanologies
conjunction with graphics to create an environmehich can DYy the human users who interact with them, speificall

be readily reconfigured and tested without lengtlesign the stakeholders participating in the product desapd
changes. development process. Such an SE must be simple in

configuration, non-obstructive to the design prscesd

In Brooks’ review [B2] of VR application systems,e haccessible to all stakeholders without specialtzaiding.
observed the following industrial application regunents: ) ) )
“The most strongly desired tools are geometry malatjon Cruz-Neira et al. (1992) [CS1] stated in bold cheees in
tools, ways of easily specifying interactions witte design. their report of the CAVE VE system, that “One oé tinost

The great des|re is for |nterfaces S|mp|e enofj:g-hthe ImpOl’tant aspects of visualization is communicatioRor
occasional user to participate in model changirftiis means Virtual reality to become an effective and complete
the inclusion of non-designer roles in the DP psscas Visualization tool, it must permit more than onewus the
desirable, which we perceive as requirements ofh bat Same environment.” This means that the commumwicati

supporting framework of process integration, as|wad feasibility is not only a merit provided by a VE or our
intuitive user interfaces for the occasional users. case, an SE, but also an indispensable componehe &E

to make it “effective and complete”.

3- Applicability of SE Likewise, we also regard the SE as a tool fgr compation

of concepts and ideas, for either traditional prgie
Although the development of VR technologies enablggaluation, or collaborative, interactive user-cettdynamic
successful application of SE in many fields, SEstid not prototyping. The simulation of the product is omay
commonly employed in industrial product design pss®es of communication to present the product informationttie
SME. In the following, the applicability of SE fgroduct stakeholders. Intuitive interaction methods withimrusion
design will be discussed regarding potential béseis a into the communication are promising to break thstacles
communication tool with intuitive user interface $mipport in the other direction to ease the expression difivations
user-centred dynamic prototyping, employment ofustdal of complex product features requested by differetgs, in
standard technology to improve cost effectivenessl ddition to traditional verbal and sketch drawippmaches.
flexibility, and most important, whether a simpl& $an be a 5o we need to consider the intuitiveness of ugeraation in
valid replacement of the physical prototype. SE from a communication point of view.

3.1 - SE as a Communication Tool 3.2 - Intuitive User Interface

Because the different roles in the product devekminprocess Most of the researches in VE/SE user interface vbased
have different knoWledge baCkgrOUndS and diffetenels of on one of the fo”owing assumptions:

expertise, which is an intrinsic problem regardthg multi-
diSCipIinary characteristic of industrial designbsmcles in a. The VE itself is a more intuitive user interfdoe most

communication of requirements and design concefetofien ysers, thus most of the researches focused oncappfi of
the causes of delayed, faulty, mismatched, inferioreven vE as an intuitive interface to certain tasks.

failed products.

) ) ) ~ b. 3D user interaction techniques should be imptote@
One of the possible benefits of SE to product depigcess is simulate the real world activities the closer thetdr to be

to provide low-cost prototyping methods to speeddegign intuitive to the user. This led to efforts to piae higher
evaluation feedback loops and to achieve optimorabf the |evel of immersion and presence.

product design by enhancing communication in theighe
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But these are not always true for all applicatioases.
Especially for industrial design engineering taske efforts
needed in deployment of an SE in the design procégist be
an obstacle preventing the designers and enginfers
working effectively within the high immersive VE.
Furthermore, the intuitive interaction techniquesr fthe
purpose of highly immersive 3D VR experience maycklthe
design concept communication when it doesn't fite th
conventional work flow.

Professional CAD user interfaces which can mantputae
product model in an accurate way normally requtegain
level of training before the user can operate themwill

without interrupting the design concept formatiomda
communication. On the other hand, intuitive useeriiaces
normally can't provide handles for highly accuradesign
modification.

To solve this problem, Nassima Ouramdane et al0GR0O
[O01] suggested splitting the VE space into threees in
which a specific interaction model is used: a freipulation
zone, a scaled manipulation zone and a precisepuoiatipn
zone. In the free manipulation zone, rough inteitbperation
is supported; while in the precise manipulationeoa more
complex but more accurate interface assisted liyatiguides
is supported.

a) real world b) synthetic environment
We propose a different approach to solve this mblSince  c) physical prototype d) visual simulation  e) haptic simulation
different roles with different backgrounds havefefiént senses  Figyre 2. Real Environment vs Synthetic Environment
of intuition, it's highly possible that one type dftuitive
interface for one role turns out to be intricate doother role. CORBA / DCOM.
For example, the designers may feel difficult talenstand or
operate with the U'I of an .engineering.software algh the 3.4 - Validation of Applicability
engineers feel it quite intuitive. Thus, differeotes should be ) )
presented with different customized interfaces.tualy, the Before a cost effective simple SE system can bepied as
designers and engineers feel more comfortable thithCAD applicable in the early stages of product desigBME, the
software interfaces of their daily use. So in 8, it should following questions must be answered:
be possible for different roles to manipulate themmon

product model through different intuitive interfacef their 1. Whether a simple SE can be constructed with COTS
choices. products with relative low costs

2. Whether it can replace the physical prototypimethod
3.3 - Cost Effectiveness commonly employed in industry
Up to now, the fact that successful high-level 8Esoften too As the first step, we tried to evaluate the vajidénd
heavy-weight and specific for product design agmpians applicability of such a simple SE to a practicatlustrial
persists to be an obstacle of pervasive applicabbrSE product design case.
techniques in product design processes of SME.

Hopefully with the development of technology, loast 4- Case Study

relatively standardized SE components will becowailable

and, consequently, become accessible for SME. rderdor 4.1 - Experiment Setup
this to be accepted by the industry, a flexiblesBBuld be able
to be configured for a range of application purgos
Components should be able to be plugged in or rech@nd
designs be altered; hence, various SEs can beedreat
demand, rather than one dedicated implementatinis will
decrease deployment costs and increase the apfiticab
product design requirements which is versatileature. For
this to be possible, a universal integration platfef hardware
and software modules for construction of SE shobkl
established based on industrial standard techresoigir data
exchange and interoperability, such as STEP, XMld

Qverview

In the case study, an experimental SE was constidar a
commercial product design problem proposed by dnauo
industrial partners.  Visual and haptic simulatiovas
provided to support design evaluation of the cormpent lid

of an X-ray spectrometer which should be ergonolyica
optimized for end users with different body featnghysical
conditions, safeguard requirements, as well as work
é?{eferences. This case is chosen to be simple for
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implementation yet sufficient for our experimentrgets, (Q
instead of a full fledged SE. The experiment setepe shown

in photos of Figure 2, and the hardware and sofwar 9
configurations of the SE are illustrated in FigiBeand 4
respectively. All of the major hardware, softwammponents f

and technologies employed to construct the systenCOTS
products and current general practice, except trstomized
extension arm for the haptic device.

Visual Simulation

The product operated in RW is shown in Figure 2a the
MR prototype is evaluated in an SE as shown inreidb. A
dynamic 3D model (Figure 2d) as visual simulatidnttee
motion of the lid (Figure 2c) was generated on aege a
Wintel desktop PC (Figure 3h, AMD Athlon 64 35021

H i
F h
GHz, 1 GB RAM, nVidia GeForce 6800GT; 256MB). A

projector (Figure 3g) was connected to the PC spldy the  a:haptic simulation computer ~ f: screen

animation on a wall screen (Figure 3f). b: HapticMaster controller g: projector
computer
¢: HapticMaster h: visual simulation
The 3D model of the lid was imported from the CAditware computer _ . .
(-DEAS) used by the designers in an industriahdtad data d: mechanical extension i 100Mbps Ethernet switch
exchange format (STEP) into a 3D CAD desktop saftwe Figure 3: Hardware Configuration

(SolidWorks) which served as both 3D Modeling Eregand
3D Visual Rendering Engine (Figure 4). After somanual
clean-up and simplification, the motion parametefsthe =
model components were defined to make a dynamiceirfiid
for direct simulation inside the CAD software uifig its
built-in 3D rendering capabilities. The 3D ModgjifEngine
defines and updates the 3D model according thetiraal
simulation situations of the virtual prototype. €r8D Visual
Rendering Engine is responsible for the shading wedal
presentation of the 3D model through the Visual plzig
Device (Figure 4). Through the SolidWorks API &by, the
visualization is controlled by the Visual Simulatibogic code
(Figure 4) written in C++. This approach simplifighe
integration work by avoiding the step to transtee tlynamic
model into a dedicated 3D rendering engine, but abluses
bigger visual latency than a dedicated 3D rendezimgjne.

“Psychological | |Physicai Prototype| —  User Interface | Visual |
Test of Lid Handle Display
Scenario Device

Guide

A

Mechanical - -
Extention I Visual I
I 1 Rendering
Haptic [ Solidworks| A |

3D Modeling
Haptic ine |

|

|

|

|

| A si -
imulation [ P
Logic y

I SolidWorks

|

|

J

— o == =h

Master

Haptic -
Control Haptic-Visual| | _ Visual

API Lib Synch Simulation
Logic

4 [ X

LT

——1

Device
Status Check

A
|

Communication over TCP/IP in Ethernet Local Area

r

Haptic Simulation Figure4: Software Configuration

The force feedback simulation was rendered withagatib

device, FCS-CS HapticMaster (Figure 3c), whichapable of Synchronization and Integration

simulation of forces up to 250N in 3 degrees ofedi@m,

within a workspace of two translations and one tiotaof In order for the visual simulation to be synchreuizin

0.36m, 0.40m and 1 rads respectively. A rotating with a response of the user operation on the haptic efedtef,

variable length and gear ratio was installed agraheffector communication between the visual and haptic sirrarat

to extend the motion range of the HapticMaster (Ffég2e). modules is necessary.

To evaluate the design of the lid handle, a phygicatotype

was mounted on the rotating arm, as shown in Figere The Because of the performance limitation of the corsugrade

Haptic Master was programmed to model and simuilage graphic card used in the visual simulation comp(égure

behavior of the virtual lid on the HapticMaster trofler 3h) and the internal 3D rendering engine of CADtwafe

computer (Figure 3b) and the simulation process wdsich is not optimized for real-time rendering, fh@me rate

controlled through the API library of HapticMastey Haptic of real-time 3D rendering of the dynamic model fuates

Simulation Logic code (Figure 4) running on a lgptBC between 16 — 22 fps and can be sometimes slowarthwa

(Figure 3a, Dell Inspiron 6400). The parametershef haptic rate of data received (down-sampled from the hage-r

model can be adjusted by changing data in a texitifile for physical data) from the Haptic-Visual Sync modufég(re

dynamic prototyping of the force features. 4). This can cause intermittent data loss. Usata@ram
Protocol (UDP) is chosen for communication betwdee
visual and haptic simulation modules, since possibl
intermittent data loss can be well recovered byatgdl data
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of the new position of the lid, thus the visual slation can =
always catch up with the most recent status ohtdpic device
to achieve an as-fast-as-possible real-time sifoulat

Through the Haptic-Visual Synchronization modulg(ife 4),
the Haptic Simulation Logic module sends the curpasition
of the lid to the Visual Simulation Logic modulerfdhe
dynamic 3D model to be updated with the lid's neagifion.

According to Brooks [B2], system latency between tiser ==——"
motion and the visual response is more criticahthésual »
rendering quality to the level of immersion achi@vdased on
his experience with the flight simulator, latenciefs greater
than 50 ms was perceptible, while latencies of th@50 ms . . :

, . . . . . a) sample cups b) tray c) machine lid (the physical one in
won'’t ruin the feeling of immersion depending or ttype of this photo) d) experiment guide
simulation.

Figure5: Psychological Experiment

In the system’s pilot test, without any tuning, thsual-haptic
latency was as big as over 300ms and apparentiyeadte to
the user. After upgrading the video card drived aode
optimization in the simulation logic to avoid unessary
graphic updates, the latency was reduced to ard5r@3ms,
which is marginal to perceptible as observed intest. The
visual haptic latency was caused mainly by the kg
updating of the dynamic 3D model in SolidWorks wseite
(GraphicsRedraw2 API call), while the other timestsolike
network transmission and data processing were giblgi

of presence hence better task performances, emipiric
research demonstrated that the level of immersgomadt
always the most important factor affecting the ifeglof
presence [BM1]. Furthermore, in certain applicataases,
the feeling of presence is not required becaus@itt help
the user performance in the tasks. On the contrary
intentional abstract, unrealistic visual preseptatimight
even help the user to get better understandineottitical
features of the simulated objects [BM1]. Anothearmple is
a recent research result reported by [SV1], in Wwhike

. , . ) . . authors presented certain cases where a non-iedligi-
Besides, in the psychological experiment (describeSection person perspective may induce higher sense of mrese

4.2) to evaluate the validity of the SE, the paptiats were poq se of easier manipulation of the virtual dsjec
required to conduct some predefined tasks guidedaby

interactive Test Scenario Guide module (Authorwsoept in
Figure 4). The Test Scenario Guide module gotagesiatus
input data from the Haptic Simulation Logic modtieough
the Device Status Check module using file semapghthat
were shared in Common Internet File System (CIF8topol
used for Windows Network File Sharing).

Based on these related research results, we prdpasan
SE to aid product design should not try to implemas
higher level of realism or immersion as possiblef to
provide an efficient minimal system for the targetéesign
tasks.

The sense of presence can be assessed in manyhaagan
be roughly divided into two categories: subjectigad
In order to verify whether such a simple SE destfiabove objective measurements [IR1][NE1]. Subjective pest
can be used as a valid replacement of the RW pllysiating scales, or questionnaires, have been maamamly
prototype for the product design evaluation purpose used in research experiments about presence in Wiere
validation experiment was conducted. This kind/alidation are a large number of presence questionnairesasiaithat
is often related to the measurements of immersiod @esearchers can use to evaluate the sense of peeiseNE,

4.2 - Validation Experiment

presence. e.g. [WS1][S2][SF1]. One questionnaire is spealfic
interesting, because it is constructed from othexsgnce
Immersion and Presence guestionnaires: The IGroup Presence QuestionrfH®)

[DB1]. The IPQ consisted of 14 items and 3 subsca(g)
Immersion and Presence are two related importaciora Spatial presence — the sense of being there; (@Mement
concerning design and evaluation of an SE. Acogréd Mel — attention to the real and virtual environmentd a(3)
Slater’'s definition [SW1], “immersion” refers todhobjective Realness — the judgment of realism of the envirartme
level of sensory fidelity a VR system provides, Mhi
“presence” refers to a user’s subjective psychohigiespon;e In the current study, the SE was evaluated by coimpahe
to a VR system. Quite some researches [SS1] fasdmne in | ;sers' sense of presence and subjective worklodidoge in
quantitative study of immersion and presence in M#h as o Rw. An adaptation of the IPQ was posed touters
Meehan et al [MI1] and Pausch et al [PP1], whicbvitled sqer they had performed a task similar to the tirat
expgrimgntal approaches to evaluate the validityd peration with the product, in both the SE and Y.
applicability of an SE. Logically, we expected the users to indicate higleeel of

presence in the RW with significantly higher scooaseach
Although higher level of immersion often bring leetfeeling subscale for the RW than those for the SE.
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Experiment Procedures

m Realistic
5 O Synthetic

Participants were guided to take part in two experit Oﬂ n ﬂ ﬂ

sessions on different locations, one in the SE tasdother at Average PQ  Realism Spatial  Involvement
the work site of the real machine. The order @f sessions Score presence

was counterbalanced; i.e., half of the participatasted in the Subscale

SE and the other half in the RW.

Sixteen participants (9 males and 7 females) joirled
individual experiment. All participants were noxpert users
(regarding knowledge of the prototype product)he tige of
19 to 30 (with an average of 24) and reported ngsichl
limitations.

Average score
w

N

-

On the left (in green) the average scores of IPQ are
depicted. On the right (in blue) average scores of the

Each session started with a short explanation eftésk to separate subscales are shown
perform. The task was designed based on intervigth Figure 6: Therotated scoreson the |Group Presence
expert users of the machine to resemble the typicsar Questionnaire (IPO) for both environments.

operations of the X-Ray machine in practice (Segriféi 5), i.e.
the actions of a) preparation of a number of saropfes (with

colored labels, Figure 5a) for material analysisdesignated 18 -
positions of the tray (Figure 5b), opening the niaehlid 16 -
(Figure 5c), putting the tray into the designatexbifions in 14 -
workspace of the machine, and taking the tray duthe 12 1
machine. After the task explanation, the participawere 10 4
guided by Psychological Test Scenario Guide sofwanning 81
on a laptop computer (Figure 5d) to start with tpractice &1
trials followed by an unrestricted number of expemtal trials ‘21
with a 20 minute time constraint without any human
intervention. The participants were instructedptsform as peparaion  specifican_ concept _embodiment_ detai
many experimental trials as accurately as possilitiein the Design phase
time limit.
W Design Agencies B Manufacturing Companies
After each session, a self rating on the senseesfepce (IPQ) Figure 7: Application phase preferences; scores
was collected. The IPQ assessed the experienceeénue in nor malized to total number of answers.

the environment on a 7-point Likert scale. In tpiestionnaire,

the experience of presence is expressed in threergions: = 1.06, p > 0.05. In Figure 6, the rotated scareshe IPQ

Spatial presence, realism, and involvement with thed on its separate subscales are depicted; esggra of O

environment. equals “not realistic at all” while a score of 6ndees “very
realistic”.

Results

] ] The results indicate that users only partly rembriz
A Multiple ANalyses Of VAriance (MANOVA) was run ongifference between the SE and the RW. Althoughuther's

the resultant data, regarding the' questionnairantestigate gensed a difference for the subscales of spatisepce and
differences between the two environments. MANOVASI@V rogjism), they did not for involvement. In accordithwour

preferred rather than ANalyses Of VAria_mce (ANOVAbxpectation, users scored the sense of presenc@Win

because the subtasks could not be treated indeptiyndem significantly higher than that in the SE. Furthers

each other. average scores of IPQ in the SE were very closhdse of
the RW: The differences in mean scores were sniaking

Participants reported to experience more presemdbe RW these small differences into account, we can fedl safe to

compared to the SE. A significant difference betwéhe two say that such a simple configuration of SE is a ganmable

environments was displayed: The average IPQ scofeseplacement of the RW counterpart in respect toubers’

presence in the RW (M = 4.26) were higher thandhiosthe subjective experience of the environment.

SE (M = 3.95), F(3, 28) = 3.83, p = 0.02. Datalgsia

showed a significant difference in two of its threebscales. 4 3 _ yser Interview

More realism was reported in the RW (M = 3.77) tlvarthe

SE (M = 3.46), F(1, 30) = 5.11, p =0.03. In adui{i higher ) ) ) ) )

level of spatial presence in the RW (M = 4.88) W§§S|de§ the. evaluat|qn with psychological experitsien

experienced than in the SE (M = 4.08), F(1, 30).627p = 9group interview sessions were als_o conducted w_|th a

0.01. However, users did not report a higher inenlent in different group of experienced designers and erge

the RW (M = 4.13) compared with the SE (M = 4.34(, 30) (including experts from the product designer and
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manufacturer companies) to collect further subjecti design concept communication in a dynamic prototypi
evaluation of applicability of SE in a product dgsiprocess.  process.
In these sessions, first the participants got geeance in the b. Study on the effects of different levels of pmese to the
sample SE system by operating it. Then, the hgatiameters  validity of a prototype in SE. This knowledge daglp
were adjusted according to their desire to protigen a basic  people to determine the minimal configuration tisain-
idea of the feasibility of DP in SE. After thaltely were asked expensive yet valid in certain application cases.
to compare this with their current work practiced gsropose ¢. Quick integration framework for lower implemetita
the possible applicability of such an SE in thedpiet design costs of SE applications in SME.
process. A semi-structured approach was adoptdtchw
enabled the participants to produce unlimited feellb
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