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ABSTRACT

In this paper, we present an approach to createirgedrate
interactive 3D learning objects of high quality fhvigher
education into a learning management system. Teeflithese
resources allows to visualize topics, such as reldethnical
and physical processes in the interior of complexiaks. This
paper addresses the challenge of combining riokrdotivity
and adequate realism with 3D exercise materiabifstance e-
learning.
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1. INTRODUCTION

Traditional e-learning resources in common learning
management systems (LMS) for semiconductor and
microsystems technology illustrate the visual materon the
one hand by using interactive, schematic and pdadapes or on
the other hand with high-quality movies and predemed
animations. Usually, these animations do not pmvid
interactivity with the camera view, the scene oe thbjects
within the scene. There is an imbalance betweelisneaand
sufficient interactivity concerning both types ofhete
representations. In the area of semiconductor d@nbaystems
technology, this leads to a growing challenge coring how to
communicate linked subjects like electro-technaad physical
processes in devices used in laboratories. For geam
photographs or videos of a fully mounted X-ray mied¢ctron
spectroscopy device (XPS-device) provide only fetaids and
underlying fundamentals. The student may not seedvice
because of extensive cabling and additional techrlements
(see Figure 1).

2. THREE-DIMENSIONAL LEARNING OBJECTS

The demand of material for e-learning courses tuabines
interactivity and realism with didactic abstractitgads to the
creation of 3D learning objects (3DLO). A 3DLO, uefd as a
special case of a learning object [13], represantinteractive
three-dimensional digital resource that can beagtis mediate
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learning and be integrated into learning managermsygstems or
virtual learning environments [13]. It contains, g others,
3D instructional material, simulation informatiometadata as
well as rights and permissions [15]. The 3DLO cantain an
interface for the interactivity, which may be inéegdent from
the LMS.

Figure 1. An XPS device in a laboratory setting.

The use of 3DLO within a LMS leads to several adages.
The first advantage can be divided into two patts.the one
hand, complex devices can be visually simplifiedsbftware in
order to minimize the cognitive load. On the othand, using
virtual reality allows to visualize hidden and isiMile areas,
such as the inside of the devices. The second tabans
providing unlimited access to a system throughuwiization.
Systems that are locked for students because ofigeeasons
or on-going research can be made virtually acckssithis
generates a win-win situation not only for the studbut also
for the research staff. Getting the opportunityrtieract with a
virtual system can be more motivating and fasaiatihan
studying this system with common static or textlesrning
material. For the research staff, the laboratory tma used for
extensive long-term research without interruptiondn

additional benefit of using 3DLO may be reachedrégyucing
the risk of malfunctions. Critical and necessarytpa&an be
demonstrated or additionally accentuated.
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3. RELATED WORK

The use of 3DLO has been widely proposed for médica
education as an approach to enhance the learnimgroplex
aspects as well as the individual's motivation fearning.
Three types of 3D learning objects can be idemtifihe first
type is integrated in offline learning settingsciswas installed
applications, or distributed media. Examples cafobed in the
simulation of medical devices [11], [12] or in tleea of
semiconductor and microsystem technology [1], [1@]8].
Second, 3D learning objects are integrated intduair 3D
environments (or virtual worlds), such as Seconde Lor
Wonderland [2], [15]. In order to use these virtualrlds, the
user has to install special applications for acceswl
visualization. The navigation, cooperation and camitation
with other users and interaction with elements L@ of this
type are performed by a virtual representatiorhefuser within
the 3D environment. Courses using 3DLO or actiorith w
3DLO generated by other users can be performedouttthe
participation of a single user [6]. This means thaingle user
can miss some results. The third type of 3D learrobjects
covers single resources that are embedded intosesuof
common 2D learning management systems or regukaraing
sources. To visualize this type of 3DLO, specialgpins or
players are required [9]. The representation ofmibal and
physical fundamentals [7], [14] and the simulatioihsimple
electric motors [4] are examples for embedded 3DLO.

E-learning in the area of semiconductor and mictesys
technology challenges the student’'s power of atstra and
imagination. The student needs to understand tleetret
technical and physical processes in the interioa afevice as
well as the setting of dependent systems of ameelatboratory.
Visualization of invisible processes in the interisas been
shown necessary for a deeper understanding ofubect by
the student in the work of [12]. A broad discussiand
examples of the use and the effects of 3D exeroe@rial can
be found in the field of medical education and riraj for
special medical devices [10], [11]. Examples ofngsvirtual
interactive representations for physical procedsage been
given by [7], [14].

These discussions result in the proposal of foguwirements for
3D in e-learning and special for 3D learning olgect

* Respect the knowledge base and the spatial pesoeptithe
student [3]

* Reduce the cognitive load in comprehension to coalpea
non-interactive learning material [10]

e Find the subject-specific balance between a reaalist
visualization and the activation of intellectualliies [5]

» Create an additional value for the student and esddthe
individual curiosity for exploration [19].

4. METHOD

For our approach, we use the 3D content developethé
enterprise 3D:it in cooperation with the group ofidnn Bartha
from the Institute of Semiconductor and Microsystems
Technology (IHM) atTU Dresden. The IHM provides images,
videos and consultations and defines areas in ti@emwhich

are of special interest for the lecture. After modg the 3D
content is compressed and encrypted to prevensadoethe
sources. The Apache ANT step compiles and builds
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automatically an application for the use in lectuoe seminars
and applets for courses in LMS or websites. Therégoelow
illustrates this process chain.

Consulation Modeling Cinema Text, Images,
Definition Areas 4D Movies

Compression
Encryption

Application Applet

Lectures
Seminars
Installations

Moodle
OLAT / Opal
Website

Figure 2. Process chain for creating 3DLO.

The exercise material is embedded in common legmnmiaterial
within the web based curriculum of micro electraniwhich is
delivered by the LMS OPAL. OPAL is provided by tt®PS
Bildungsportal Sachsen GmbH” for all higher edumati
institutions in the German federal state of Saxang is based
on the open source LMS OLAT of the University ofrich.
The OPAL LMS provides different tools for corpomatj
coordination and communication.

5. PROTOTYPE

For the implementation of the prototype we decitedise a
solution based on the Java programming languaga.idapen
source, platform independent and supports an edegration
as applet into the OPAL LMS [8]. Java provides mme

interface and further libraries for using OpenGLJava applets.
The support of OpenGL is recommended for this aggroto

achieve platform independent graphic hardware acagbn for

high performance visualization of 3D material. Tprtotype
loads and handles the 3D models, which are conétbhy the
IHM group. The applet provides free navigation ¥ and Z-

direction to explore the visualization of the 3[aneing object
at run time. The model can be rotated, moved andned. We
use the “controlP5 GUI and controller library” irrder to

provide a graphical user interface in addition tee tfree
navigation [17].

Figure 3. The current prototype images an XPS a@ewith one
highlighted area of interest.

The use of the “controlP5 GUI” instead of Java $am AWT
is necessary to avoid problems with simultaneousnQih
rendering. Via pre-defined views, special partthef model can
be focused and highlighted by the user (see Fi@)reThe
prototype allows to visualize single parts of thhole device
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(see Figure 4). To create an additional valueHerstudent and
to raise the individual curiosity, the view of tpeototype can
be switched to a transparent mode and a stereaseig via
anaglyph technique to improve depth perceptiorhefdomplex
system. The standard view shows the model withoytsring,
cabling or additional parts.

Figure 4. The prototype imaging a hemisphericalyaea of an
XPS device with one highlighted area of interest.

This aims at reducing the cognitive load by sejiagatecessary
from less important parts of the system as propasethe
requirements.

6. CONCLUSIONS AND FUTURE WORK

This paper presented an approach to embed inteza8D
learning objects into a web based curriculum in fie&d of
semiconductor and microsystems technology. Futesearch
will extend the prototype by the integration of aiation
components for the use of exercises. This intenfaliesimulate
the virtual system and transfer the results of rttagifications
for further discussion into real lectures. Furtherep we will
perform a user study to evaluate the effects afiairinteractive
3D learning objects specially for independent leagrand auto-
motivation. This will allow a cost-benefit analysigth regard
to the initial costs for developing such exercisaterial. The
goal of our research is to effectively integratgtfar interactive
3D content into distance learning and teaching.
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