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What kind of Haptic devices and applications are needed in education? Requirements,
Specifications and hands-on experience derived from an IST project
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Abstract

In this paper the question whether Haptics technology (virtually touching objects and feeling
forces), could be effectively implemented in the teaching procedure is studied, as well as if
this technology can be used in improving the understanding of certain scientific concepts.
Under the framework of an IST European program called MUVII, a new haptic device was
designed especially for educational purposes and a prototype was implemented. This device
was designed after thorough consideration of the educational needs. During this process, the
most important parameters of the end user requirements were drawn up, and the functionality
of the end product was discussed with a team of educational experts (the team also included
teachers). These requirements were converted into specifications for a large scale system,
called the Interactive Kiosk Demonstrator (IKD). IKD’s objective was to demonstrate new
interactive paradigms forming a novel integration of the following modalities: 3D-vision, 3D-
audio and haptic (force, torque, and tactile) feedback. For the application software design
(focusing especially on the context of science education) the educational needs of the end
users were thoroughly analyzed and evaluated and, subsequently, some applications were
designed and developed. These applications have been used and tested by students of different
ages, and their teachers, for a period of over three months in order to divulge the benefits and
the drawbacks of the haptic device as well as the applications. Some remarkable results were
derived from the users’ feedback, which support the view that haptic interfaces can be
significantly beneficial to the students’ education.

Keywords: Haptic Devices, Science Educational Applications, Specifications, User
requirements, Virtual Reality.

Mepianyn

H mopovoa epyocio peketd 1o epdUo €Gv 1 TeXvoroyia TV Haptics (cvokevég amTikng
avVAdPACTC OV EMTPEMOVY GTOV XPNOTN EKOVIKA Vo ayyilel avrikeipeva Kot vo oicBaveton
duvapuelc) Ba uropovce va evoopotodel amoteleouatikd ot Sadikacio S10acKOAMAG oT
oyoAeia, kaBmg emiong kot €v avt 1 teXVoroyia Ba pumopovoe vo ypnotpomombei yio va
BeATidoEL TV KOTOVONGOT OPIGUEVOV EMIGTNUOVIKOV EVVOlLDV. Xt TAaicto evog IST
EVPOTAIKOD TPOYpAupaTog pe o akpovopo MUVIL o véa Haptic cuckeun oyedidotnke
E0IKA Y10 EKTOLOEVTIKOVG OKOTOVE Kol KataokevdoOnke €va mpwtdtumd ts. H ocvokevm
AT oXeOAOTNKE PETA OO TN AETTOUEPT HEAETY KOl EKTIUNON TOV EKTOOEVTIKAOV OVOYKMDV.
Koatd ™ ddpketa avtig TG S1001KaG10G, 01 CNUAVIIKOTEPES TAPAUETPOL TOV OTUITHCEDY TOV
YPNOTOV KOTAYPAPNKOV, KOl 1 AEITOLPYIKOTNTA TOV TEAMKOD TPoidvioc culntinke pe o
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OLAdO EKTOOEVTIKAOV EUTEPOYVOUOVDV, N omoio mepteldpuPave kot daokdAovs. Avtég ot
OTOLTNOES UETACYNUOTIOTNKOY ©E TPOOAYPOUPES Yo €vo. GUOTNUO UEYOANG KAIUOKOG,
arokaAiovpevo Interactive Kiosk Demonstrator (IKD), onAadr to «kidoky emideitng. O
o16y0¢ Tov IKD frav va emderyovv Koavotdpol Tpomot aAANAETIOPAoN S AVOPDOTOL-UNYOVIG,
oe €va OAOKANPOUEVO TEPPAALOV  EIKOVIKNG TPAYHOTIKOTNTOS Tov O mepiddpfoave,
TPLOOIAOTATY EKOVA, KOWVOTOUO TPIGOIAGTOTO YNOLoKO NYO Kol ATk avddpaor (aicOnon
duvapewv, portmv kot agng). ['a to mepiPdirov tov IKD oyedibdotnkav Kot vAomomonkay
véeg eEe10IKEVIEVEG EKTIOOEVTIKEG EQPUPUOYES, TTOV EGTIALOVV EOIKE OTNV EKTOLOELON OETIKDOV
EMOTNUOV. [0 TOV 0YES1UGHO VTAOV TOV EPOPUOYDV Ol EKTALOEVTIKESG OVAYKES TMV YPNOTMV
avoAvOnkov Aemtouepms Ko a&toloynOnkav. Ot epapUoYEG QVTEG YPNOCILOTOMONKOY Kot
JOKIHAGTNKAY OO LoBNTEG SLUPOPETIKAOV NAKIDV KOl TOVS dAGKAAOVG TOVG, YL0. Lol TEPI0D0
LEYOADTEPN TOV TPLOV UNVOV, TPOKEYEVOL VO SLOTIGTOOOVV TaL 0OPEAN KO TO, LELOVEKTHLATOL
¢ Haptic ovokevg KaBDG emiong Kot TOV  EKTAOELTIKOV €QapUOY®V. Mepikd
a&loonpeiota aroteAéopato tpoAbay amd tovg id10Vg Tovg ¥PNOTES (LE TNV CLUTAPOOT)
EWVIKOV ePpMTNUATOAOYI®V), To. omoia vmootnpifovv v dmoyn 0Tt ot Haptic cvokegvég
UTOPOVV Vo, Elval ONUAVTIKG ETOPEAEIG TNV EKTOidEVON TOV LadNTOV 68 OAEG TIG Paduidec.

Introduction to Haptics, 3D Graphics and 3D Sound

Initially, it is useful to define some terms of Haptics, 3D Graphics and 3D Sound, since most
haptic devices use this kind of technology.

The term haptics was popularized in the United States by the philosopher Gilles Deleuze and
comes from the Greek verb "haptesthai", which means to touch and to handle. The technology
refers to the ability of touching and handling virtual objects. In a more general sense, it is an
interface that enables users to understand the weight, the shape, the volume of an object and
the forces acting on it. By using special input/output devices (joysticks, data gloves, or other
devices), users can receive feedback from computer applications in the form of sensations felt
on the fingers, the hand, or other parts of the body. The term “tactile feedback” refers only to
the sensory input on the fingertips of the user.

With 3D (three-dimensional) graphics we refer to a space where objects (polygons) are made
up by a series of dots which are referred to as corners. The coordinates of these corners are
specified by three values: x, y and z. The representation of the 3D space on each of user’s
eyes is always a 2D image obtained through the rendering process. The impression of 3D is
created in the human mind after some (quite elaborate) computation, albeit without conscious
effort from the part of the user. Many parameters are used as input to this computation, like
the different 2D image in each eye, different colouring (hue) of objects as distance increases,
common assumptions as to the size and speed of various objects etc.

As far as 3D sound is concerned, true 3D sound has genuine depth and width to it. Just like
3D graphics, 3D sound can also be recreated by just two speakers and some very advanced
mathematics! The use of 3D graphics and 3D sound combined with haptic feedback create a
multi-sensory immersion for the users.
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MUVII project description

MUVII stands for the Multi User Virtual Interactive Interface and is the acronym of the IST
Project IST-2000-28463. The key objective of MUVII project (WWW) was to develop on the
one hand two new Man-Machine-Interface Devices featuring haptic feedback, called Haptic-
3D-Interface (H3DI), and on the other hand a prototype of an innovative integrated platform
using the device: the Interactive Kiosk Demonstrator (IKD). University of Patras (HPCLab -
High Performance Information Systems Laboratory) was responsible for the design and
integration of the IKD platform as well as the development of the 3D haptic applications. In
cooperation with The Science Laboratory of the School of Education of University of Patras,
provided the specifications of the device and carried out the testing of the whole platform with
pupils and teachers. The other partners of the project were: Laval Mayenne Technopole
(France), CEA - Commissariat a ’Energie Atomique (France), SINTEF - The Foundation for
Scientific and Industrial Research at the Norwegian Institute of Technology (Norway), De
Pinxi (Belgium), Institut fiir Kommunikationsakustik — Ruhr University of Bochum
(Germany), ONDIM (France), CompuTouch (Norway), Centre PIC (Russia).

Nowadays, educational content and applications are developed everywhere. The use of web-
based applications to institutions and universities of higher education has been extensively
used, especially on distance education universities, like Hellenic Open University (Papadakis
et. al., 2005). However, when talking about teaching in primary and secondary schools the
opportunity of having a natural “look and feel” environment for teaching purposes is very
promising indeed.

The purpose of MUVII IKD was to demonstrate new interactive paradigms in a novel
integration of the following modalities as these interfaced interactively with the user: 3D-
vision, 3D-audio and haptic (force and tactile) feedback. The process followed in order to
design, implement and test the IKD was:

1. User requirements and constraints for the IKD device and applications were gathered
and analyzed.

2. Technically feasible specifications of the IKD device, applications and platform were

defined in detail.

Design and development of the IKD device

Design of the modular architecture of IKD supporting platform.

Design and development of IKD Applications.

Integration of the hardware and software modules.

Educational Testing of the IKD, for more than three months, with an adequate sample

of more than 300 pupils, and some teachers.

Nk W

In the present paper the first two steps of this process are described, and some conclusions
regarding the issues raised in them are drawn, which can be used as a useful guide for those
interested in developing haptic interfaces and applications for educational purposes.
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User Requirements Gathering

In order to collect the most important user requirements, several discussions with potential
users (mostly with teachers and to a lesser extent with students) were held. It is interesting to
note that although students normally have a better knowledge of computers than their
teachers, they are also “dreamers” and ask for features that are not feasible yet.

During these discussions the concepts behind the current haptic technologies (force and tactile
feedback) as well as our ideas were explained. In order to judge the pupils’ reaction towards
virtual reality environments involving haptic feedback interfaces, some trials were performed
using both children (of various ages) as well as adults, and a setup involving commercial
haptic interface devices (like Phantom by SensAble Technologies and I-Feel-Mouse by
Logitech) was utilised. The results of those trials were most encouraging, especially
considering that these devices have a “feel” a lot less natural than the one expected from the
H3DI of the MUVII IKD.

Moreover, regarding the tactile feedback, it was demonstrated that the tactile motors of
CompuTouch (one of the partners in MUVII project) gave the sensory input expected when
they were integrated in a common mouse. The users got feedback on their index while
interacting with a windows application and the capabilities and limitations of such tactile
motors were studied in detail.

The teachers were fascinated with the idea of using haptics in their classes since this
technology gives the opportunity to observe, test and simulate phenomena that could not be
performed in a class or in a school laboratory (Ioannidis and Garyfallidou, 2001). This is due
to several reasons such as safety problems (e.g. it is too risky to use explosives or certain
chemicals in an ordinary lab) or too difficult and perhaps impossible experiments (“switch
off” friction for instance, driving any type of vehicle and feel the forces of a collision,
construct a certain machine etc.).

One of the primary interests during this phase was to specify the best shape and functionalities
of the IKD device. The main requirements for the IKD device was the movement
independence, the feeling of force feedback independently on each finger, the precision of the
movement so that the haptic device could function “transparently” as an extension of the
user’s hand. Apart from that, users expressed their interest in the use of two devices, one for
each hand. Moreover, users wanted a large workspace (i.e. actual space where the device
would be active).

As far as the potential applications were concerned, the users described the most educationally
preferable software as one that used a scenario that could not be easily performed in a class,
but with a high educational value nevertheless, while being exciting enough to attract the
student’s attention. Many different ideas for educational scenarios were put forward and were
exhaustively discussed. Finally two applications were selected and implemented for the IKD,
as described in a following section.
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User Requirements Analysis

In the ensuing analysis, it was revealed that as far as the device was concerned, users wanted
to use advanced wearable (not ground-based) haptic interfaces instead of joysticks. The
characteristics most users required involved grasping, manipulating and throwing objects in
the virtual space, while feeling forces and tactile feedback on as many fingers as possible (but
at least on the two essential ones: thumb and index). The users required to be able to
investigate and explore various 3D objects and feel their material, surface, size, shape, etc.
Another very important characteristic, for the educational use of the IKD was deemed to be its
realism, (something that is normally ignored by game developers). Special emphasis was
given in support of accurate hand and finger movement.

Considering the projected educational use of the device, users wanted an “easy-to-use” device
that did not require in-depth knowledge of computers, robotics, or physics. Another important
factor was the weight of the device — the need to be as light as possible so that young children
can handle it — and the freedom of movements. The users wanted the device to be a “natural”
continuation of their hand, which they can freely move and operate in the application’s
environment.

Regarding 3D sound features, users found very interesting the idea of hearing the various
sound cues of the application and being able to easily perceive their direction, distance and
volume, while at the same time they can communicate with the other users by using open air
headphones. Furthermore, Haptic related sounds (i.e. sounds produced directly from the
interaction of the user’s virtual hand with the objects) should also be supported by the sound
subsystem of the IKD.

One of the most challenging requirements was to support two users interacting simultaneously
in the context of the same application. The users should be able to jointly manage the common
viewpoint, but each user should be able to independently move inside the 3D world of the
application. The two users should be able to act simultaneously either on the same or on
different objects.

The analysis of the user requirements led to the specifications of the IKD haptic device, the
IKD platform and the IKD applications, as described in the next sections.
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IKD Haptic Device Specifications

The MUVII IKD Haptic 3D Interface (H3DI) is the human-interface part of the IKD platform
and plays an extremely important role in the functionality of the whole system. The IKD
H3DI should respect some specific constraints, regarding the various ages of the final users
(children as well as adults), and some requirements that are determined by the IKD
applications. The analysis of these requirements and constraints led to the following
specifications:

Size of H3DI: How small should the body of the H3DI be? The main concern is the use of the
device by young children (primary school). As the size of their hand is smaller, we cannot
expect young children to be able to handle with ease (or at all) a device created with a fully-
grown male in mind. Therefore, the best possible solution is to create a device that is
adjustable in size, so it can be used by adults and children as well. This could be achieved by
having detachable pads attached to the main body.

Weight: It should be as light as possible, approximately 100 - 150 grams. The balance of this
weight is of considerable importance, as it should not be very top — heavy, or in anyway out
of balance. A top-heavy H3DI would feel unnatural to use and, therefore, the user would find
it hard to “immerse” in the use of it.

Priorities to be kept in the design: The balance and fit are probably more important
parameters than size and weight. Any inevitable compromises made should keep this in mind.

Type of movements: The users should have the capacity to move their hand (with the device
worn) freely in space without strict movement restrictions. Moreover, the users should be able
to use at least two of their fingers (thumb and index) independently. This way, it was observed
that they could easily manipulate virtual objects (albeit in a rather unnatural fashion). Taking
into consideration that in this trial a new haptic interface was evolved, this is acceptable. It
also turned out that the user could easily ajust him/herself to this situation, e.g. the use of only
two fingers to manipulate objects). Furthermore, the precision of the movement is an
important factor, because it allows the user to perceive the haptic device as an extension of his
hand.

Force feedback: Users should be able to manipulate objects using their two fingers and feel
forces acting on them, independently on each finger.

Tactile feedback: Users should be able to get tactile feedback (feel the surface contours and
textures) on their two fingertips. For the MUVII IKD H3DI this tactile feedback is provided
by two tactile motors integrated on the H3DI. These motors (see Figure 1) were developed by
CompuTouch, a MUVII partner. The integration on the H3DI allows good force feedback on
finger, while keeping fingertips free for tactile feedback.
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il %
Figure 1: Tactile Motors (Courtesy of CompuTouch(WWW))

Type of actions: By exploiting the force-feedback of the H3DI, users should be able to select,
pick-up, hold, move, orient, release/place, pull/push and throw objects, while they feel forces
acting on their fingers (weight, torque, collisions, etc.). By exploiting the tactile feedback
users should be able to investigate and explore various 3D objects and feel their surface
material, shape, etc.

Workspace: This is the actual physical space where the device would be operational (its
position can be tracked). Minimum requirements are 600 mm (width), 600 mm (length), and
400 mm (height). Obviously, the greater the final workspace is, the better for the users.

Robustness: A certain amount of robustness is required especially as we envisage children
using it. Ideally, it should be able to withstand a drop from 80 — 100 cm height onto a hard
floor without breaking or needing adjustment or realignment.

IKD Platform Specifications

Three modalities were involved in MUVII interactive environment: visual, haptic, and aural
(i.e. sound). To achieve the best virtual reality immersion the best solutions for each one of
these three modalities involved were selected and (most importantly) integrated together.
Indeed, MUVII IKD demonstrated new interaction paradigms and a novel integration of these
three modalities: 3D-vision, 3D-audio, and haptic (force, torque, and tactile) feedback.

Innovations of IKD included:

e The multimodality of haptics, 3D-audio and 3D-graphics, to provide an integrated, natural
“look and feel” immersion environment for edutainment purposes.

e Design and implementation of a special haptic feedback device (see Figure 2) that support
tactile & 3DOF force feedback, especially designed for educational virtual environments.

e An extensible and modular architecture of the platform that can support the integration of
two such haptic feedback devices, thus providing multi-user ability (either teacher-pupil or
pupil-pupil) to enhance the teaching procedure and the collaboration among pupils.

e Support for motion capture / tracking for hand and head of two users.

e Sophisticated 3D-sound: use of open headphones, head-tracking and real-time
reproduction of individual 3D sound for each user.
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e Innovative haptic interaction metaphors, like the combination of visual with haptic or
audio with haptic stimuli, aiming at the creation of a multi-sense educational environment.
These metaphors give emphasis on events that cause haptic and tactile feedback to the
users, mainly through “real-world” and “non-real-world” audio cues, sound effects and
visual effects.

e Rapid application development support through the integration and customization of a
commercial tool (Virtools), the MUVII IKD library of predefined generic objects &
behaviours and the MUVII IKD audio authoring toolkit.

e Innovative Educational Demo Applications: These applications introduce several
innovative features and their primary purpose is to demonstrate the capabilities of the
H3DI and to build on its functionality, aiming at the rapid adaptation of users in the
characteristics (and in the way of use) of the device.

il
Figure 2: IKD H3DI concept and realization respectively (Courtesy of CEA (WWW))

Figure 3 shows the hardware architecture of the IKD, showing PC hosts in charge of each
module and network communication connecting these hosts.
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Figure 3: IKD hardware architecture

The really hard and technically challenging issue for IKD was to keep the latency time
between visual, haptic, tactile and audio feedback as small as possible in order to achieve a
great degree of realism. Very short time latency was also required for the hand tracker that
was used for the accurate positioning of the real human hand and the real-time rendering of
the virtual hand inside the 3D world of the application. The problem is getting harder, if you
consider that these subsystems of the IKD platform are implemented by different pieces of
software which are being executed in different computers and in some cases under different
operating systems all connected to form a single system.

Haptics and Education

In a conventional class environment, when instructing a pupil on the way to achieve a manual
task, the teacher will occasionally resort to demonstration through a direct mechanical contact
(especially so for younger pupils). Unlike visual demonstration or verbal instruction,
mechanical or haptic demonstration is designed to communicate directly to the pupil's hand.
Common examples of this kind of teaching occur in sports and music instruction.

Traditionally most of our daily activities were accomplished by the use of the human hand.
Computers may have brought significant changes to our daily life but the interface is still
carried out through a keyboard and a mouse which are data input devices, that do not offer to
the user any information related to the “object” he/she manipulates, and this is equally so even
if we speak about virtual reality. Computer never sends data to the keyboard or the mouse
because these could not create haptic reaction to the user’s hand. Haptic devices come to
eliminate this limitation.
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“Unlike traditional interfaces that provide visual and auditory information, haptic interfaces
generate mechanical signals that stimulate human kinesthetic and touch channels. Haptic
interfaces also provide humans with the means to act on their environment.” (Hayward et al,
2004).

But could haptics extend the teaching possibilities, esp. for science concepts?

Some research groups like NanoScale Science Education Research Group (WWW),
investigate the impact of haptics on students’ learning of science concepts, and their results so
far are very encouraging. According to their research, when a student uses haptic devices
receives two kinds of stimulants distinguished in kinesthetic and tactile perception. Both
stimulants are dynamic, which means that they change as the user is operating the objects, no
matter if they are physical or virtual. This active touch involves intentional actions that an
individual chooses to do, whereas passive touch can occur without any initiating action. For
educators, involving students in consciously choosing to investigate the properties of an object
is a powerful motivator and increases attention to learning.

Moreover, it is experimentally proved by Sathian et al (1997) and Itan (2005) that where
vision is the dominating sense in form perception (macro-geometry) of bodies, touch excels in
defining their texture (micro-geometry).

Other researchers (Okamura et al, 2002) showed that a purely audio-visual environment, even
if it is highly interactive, can present difficulties for "haptic learners". By addressing the sense
of touch, haptic interfaces are promising tools for helping students with haptic cognitive styles
obtain an understanding of mathematical and physical phenomena.

IKD Educational Applications

Haptic technologies offer an enormous variety of applications starting from “virtual” school
laboratories and going as far as learning auto driving, surgery, or even space ship manoeuvres.
In such a virtual reality environment that supports haptics, the applications could provide the
users with the capability to:
e investigate and explore various 3D objects. (Tactile feedback, which involves
Material, Surface of objects, Size, Shape, Weight etc.)
e feel force and torque feedback (caused by weight, torque etc)
e select, pick-up, hold, move, orient and release/place objects
e hear sounds that emulate sounds produced by surfaces rubbing against each other or by
surface-collision events etc.

The educational applications that were developed in the framework of MUVII project were
built to exploit the advanced features of MUVII IKD platform and device and to investigate
their educational potential. Indeed, the didactical opportunities offered by the system (as it
gradually developed) were painstakingly analyzed and evaluated. Subsequently, two
educational applications were selected for implementation in the IKD: (A) Newtonian
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Physics, Trajectories and the Solar System, and (B) Virtual Model Assembly — Gears (each
one with learning mode, recapitulation mode and edutainment mode).

From the educational point of view, both educational applications were based on the
constructivist theory (for an overview of the theory see loannidis et al, 2005, section 3.5). The
basis of the constructivist theory of learning and instruction is formed by the writings of Piaget
(Piaget, 1972 and Piaget et al 1995) and Vygotsky (1978), along with the work of Ausubel
(1968) and Bruner (1990). According to this theory students are responsible for their own
learning, and meaningful learning demands that pupils construct their own knowledge.

Computer aided learning and virtual reality environments allow students to learn by following
his/her own pace, or even according to their interest. Using the MUVII IKD educational
applications in their “active manipulation” mode, students can manipulate objects after
consciously deciding to do so. Thus, users interact with the objects they choose in the way
they choose, and feel the feedback from their actions. This stimulates their interest and
increases their attention. Our study showed that the knowledge remaining in the student’s
mind after such a learning activity is higher than what is left after teaching the same subject
using traditional methods of teaching, where the student passively listens to the teacher teach
or watch a science video.

Within the application of Newtonian Physics and the solar system, the user interactively (and
virtually) navigates through the solar system, while collecting information about anything that
interests him/her. The user experiences the effect of the forces when accelerating objects (e.g.
by trying to throw them off their course) as well as the strength of the gravitational forces
applied to objects at different distances from the sun or from a certain planet. Obviously, for
the purpose of such an interaction the user is endowed with “super-powers”. With the use of
haptics the pupils are able to experience, feel and gradually learn the way the laws of simple
mechanics in the way these are applied at the scale of our solar system. Figure 4 shows a
screenshot of the application.

Regarding the Virtual Model Assembly - Gears, the user is offered a lesson of the history of
cogs, gears and their applications through the ages. They can also try to assemble some
selected applications by combining gears. The users experience the effect of forces like those
caused by weight, friction, motion, rotation etc. This application can also be used to enhance
students’ understanding of phenomena like the transmission of motion from one part of a
machine to another. Figures 5 and 6 show two screenshots of this application, the second one
using the watermill paradigm.

Cren | Lducation



Open Education - The Journal for Open and Distance Education and Educational Technology
Volume 5, Number 1, 2009 © Open Education ISSN: 1791-9312

Figure 4: Feeling the gravity
Planet: Hermes Diameter: 4.878 km

Figure 5: Feeling moving gears Figure 6: Assembling a windmill
IKD Experimental Validation

The first public experimental validation of IKD H3DI, software infrastructure and
applications, took place in May 2004 in Laval Virtual (see Figure 7 and 8) exhibition event,
one of the biggest annual exhibitions in Europe for Virtual Reality.

Despite the fact that the device was aimed at children of ages above 10 years old, it occurred
that even younger children (e.g. 7-10 years old) could use it effectively. During the tests in
Laval the users were very enthusiastic and attracted by the device and the applications.
Almost no-one gave up trying to finish the application, despite the difficulties everyone faces
when coming in contact with a new technology and a virtual space he/she has to interact with.
The testers were invited to write their opinion and impression about the IKD, some of which
are presented here:
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Kevin, 12:
| find it very good fun, and I think that this system could be used to control/test objects
in space or on planets.

Christian, 36 :
Very good sensation of the movements in space and of the grapping. Very realistic force
feedback. Thank you

Nicolas, 24:
Feelings almost real, impressive sensation of resistance. | think that many useful
applications can be developed.

Figure 7: Laval Virtual demdnétration,
a young user

Figure 8: Laval Virtual demonstration, an
adult user

After this initial demonstration of IKD, the educational trial of the IKD system took place, for
more than three months, with an adequate sample of more than 300 pupils, and some teachers.
IKD H3DI, software infrastructure and applications have been tested, against functional and
performance issues, with schoolchildren that have been randomly selected from various
schools of Patras and Achaia prefecture. It should be mentioned here that mostly due to the
equipment size, and the lack of suitable space in schools, the students that participated in the
testing procedure had to visit the device which was set at laboratory at the University of Patras
(HPCLab). Members of the Science Laboratory (School of Education) were responsible for
the educational trial.

In this educational trial 163 students participated:
64 of which were primary school pupils,
74 were lower secondary school students, and
25 were upper secondary (i.e. lyceum) school students.
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For the educational trail all the international accepted practices concerning research in
education were followed. The “exercises” for each group of students were chosen in
accordance to their age. The educational results of this teaching approach, as well as the
feedback derived from the users were presented in (Christodoulou et. al., 2005). We
summarise the most important ones below.

e A large proportion of children found teaching with the use of a haptic device
interesting. Students responded quite well to the use of this haptic prototype, although
this could be made to look “friendlier”.

e Students were also pleased and seemed to be even amused by their experience. They
would like to repeat the experience they have had and they would also like to see the
haptic device extend its abilities; in addition they wanted to see haptics and the whole
IKD device in particular being used in other (more varied) applications.

e No student found the experiment boring or too difficult (which is a big compliment!).

e Assessing the learning achieved using the application on the Newton’s law on gravity,
we observe most students choosing the correct answer most of the time. By comparing
these answers with these of the pre-test (a questionnaire filled by students before the
trial), an overall increase in understanding is obvious. This really is ““understanding by
feeling™!

e The great majority of students were interested in the haptic application (as well as the
device) one way or another. Younger children by being naturally “enthusiastic” found
the curriculum interesting in higher percentages than the older ones.

e The majority of the students were willing to participate in future lessons using devices
with haptic interfaces, while a sizable proportion of them would also wished to have
had such a device available for their personal use at home.

e It was also observed that generally the girls seemed to consider (e.g. to think about)
their hand-movements before they made them, and as a result, their handling of the
haptic device was steadier. The boys seemed to be more impulsive (- anxious even)
and made quick movements (almost jerky, sometimes). The above are general
observations made by the researchers for the bulk of the students, while it should be
stressed that individual handling skill differed amongst students.

Overall, the encouraging result from this investigation is that we can easily use IT and haptics
to teach science (and perhaps other subjects) even with primary school pupils.

Conclusions

The multi-sensory environment of a haptic device can greatly improve the existing teaching
methods, by offering tools of enhanced quality suitable for deeper understanding of the
entities taught. Students seem to have adjusted well to the new system and have enjoyed using
it. Currently there are no other applications with capabilities similar to the ones specified in
MUVII project, incorporating characteristics like multi-user collaboration among students and
teachers, efficient 3D-sound sub-system, targeting children of various ages, efficient haptic
interaction metaphors etc.
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Some significant requirements and specifications for haptic devices are outlined in this paper,
mainly for applications that will be used in education. Those who seek to develop haptic
interfaces, as well as application software for education, will find the specifications presented
extremely useful. In addition to that, this paper will help potential users (teachers, students)
become more acquainted with the use of haptic interfaces in education, understand the power
(and limitations) of haptically-enhanced virtual reality educational systems, and provide some
useful feedback on the prospective implementation in their everyday school practice.
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