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ABSTRACT

The Paperpresentghe designand developmenbf a blendedlearningconceptfor an engineeringcoursein the field of
color representation and display technologies. A suitable learning environment is crucial for the success of th
scenario. A mixture of theoretical lectures and hands-on activities with practical applications and experiments,
with the advantages of modern digital media is the main topic of the paper.

Blendedlearningdescribeghe didacticalchangeof attendanceeriodsandonline periods.The e-learningenvironmen
for the online periodis designedtoward an easyaccessand interaction.Presentdigital mediaextendsthe establishet
teachingscenariosand enablesthe presentatiorof videos,animationsand augmentedeality (AR). Visualizationsare
effective tools to impart learningcontentswith lasting effect. The preparatiorand evaluationof the theoreticallectures
and the hands-onactivities are stimulatedand affects positively the attendanceperiods. The tasksand experiment:
require the students to work independently and to develop individual solution strategies. This engages and mc
students, deepens the knowledge.

The authors will present their experience with the implemented blended learning scenario in this field of o
photonics. All aspects of the learning environment will be introduced.
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1. INTRODUCTION

This Papermarking the end of a seriesof publicationswe presentedover the last four years.The focusis on the
development of an engineering course in the field of color representation and display technologies. We built up
of theoretical and practical lectures, hands-on workshops and practical projects. The goal is a deeper understa
field of digital color representation and display technologies. The students need a broad theoretical scientific k
to understand the underlying ideas. Practical tests and exercises are essential. kalishamps are the idealay to
combine theory and practice. With four hands-on workshops we are close to our aim to expand the practical ec
scientific and production-relatedorm even more. The last stepis the developmentand the realizationof a blendec
learning concept for the engineering course “Media technology: color rendering and display technologies”. [1] [

2. E-LEARNING

Educationis alwaysa long-termaim. In return, the successs also long-lasting.Today it is importantto use modern
teachingmethodsand digital media.Personalizednethodswhich are adaptedo the learner’sindividual needscanbe
used. But good learning solutions are very complex and stand always for a high investment level. The quality
directedto the learnerand his expectationsin this contextquality is relative, no absolutesize and only individually
measurable. For the implementation of an e-learning solution the reference to the user takes a major role [4] [5

2.1 Theoretical background

The actual versions of e-learning solutions with interactive media are all characterized by the growing unders
teaching and learning processes and the advancement of learning theories. This is not only connected with tt
advancement of the devices, but also with the change in the self-image of educational institutions. Still there
classical forms of teaching and learning and new informal learning forms in parallel to each other. But by the a
of Web 2.0 (Blogs, Podcasts; YouTube etc.) there are a lot of possibilities to collect information what will lee
increasing importance of the informal learning. [6]
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Today in the area of e-learning a big term varistgiven. “Technology-based learning”, “online leig”, “computer-
aided learning” and “multimedia learning” are ordgme terms which are often used synonymously tt escer.
Reason for this is that there still no unequivasa universally valid names were fixed. These tdien&e common, that
e-learning is understood as a process of learmdgeaching with electronic media. One explanatiich is very often
used defines e-learning as an upper concept fovaaiations of the use of digital media for teachiand learning
purposes. Digital data mediums or the internetus®ed to provide knowledge for the interpersonaharge or the
common work on digital artefacts. In this conteng tmeaning of the terms interactivity and multinadity is relevant.
Multimediality is defined as the simultaneous apgtion of different forms of communication. Intetigity denotes the
dimension of interaction which takes place betweidierent subjects. One of the subjects could bechanical system.

61 [7] 8]

Digital Media enables a wide variety of technigaplementations, what is the reason for the veryeg@rdefinition of
e-learning. These can be divided into the followdtifferent technology forms. Distributive technoieg are used for the
transfer of information and following a more teacbeiented approach. Information and materialsraagle available
online or are sent to the learner in digital fotmthe use of interactive technologies the acqarsiof knowledge and
competences is in the center. The learner usesasbility of interacting with a computer. Collabtive technologies
allow the virtual learning. The aim is a team-cestelearning with the help of digital media, whiallows the
communication between the teacher and the leg8ier.

For the conception of our blended learning soluiitteractive technologies are relevant. The difiereharacteristics
can be traced back on two basic methods. ComputsedTraining (CBT) can be characterized as aiclémsn of e-
learning. Learning contents are processed diddigtitaindependent computer applications. That wicautonomous
learning. Different media like texts, graphics,adéd, animations and simulations are united in tarastive multimedia
learning application. Normally different offline i@ like CD, DVD ROM or USB-Stick are used as datedium. To
use them offline offers advantages in the multimaepliocessing of the learning contents. No consieraon the
bandwidth and the transfer rate must be taken. A €C8n be applied with a computer at any time amdoat every
place. A big disadvantage is the actuality, becalisdearning applications can’t be updated autamaldy. Web Based
Training (WBT) extends the functionality and theraknts of the CBT by the use of online service® fFansfer and
storage of data over a network is allowed. New ardifor the interactive learning are given, espigcim the
communication between teacher and learner. But thisgossibility to update learning contents at aime and link
them with information from the internet is importafio be online is a basic requirement for WBT$[18] [11]

2.2 Blended learning

Blended learning describes a teaching and leasgegario which intends a didactically useful catieh of attendance
periods and online periods. The goal is to makewkedge transfer and individual learning easier. Ttweus of the
attendance periods should be the contact and egetlaatween teacher and learner. And in the onkmegs the learner
has the possibility to call up and repeat knowledge information fitted to the personal needs. Yodaere is still no
clear opinion how the shares of the e-learninghm lblend should be. There is no defined standanis mix varies
widely between universities and teachers. It itugriced by different factors which are characterizg the teacher, the
students and the learning environment. [12] [13]

From the point of view of the students the advaegagf a blended learning scenario can be dividekddeniwo categories
flexibility and learning experience. Students apfae the virtual learning parts because of theyat@ose the learning
place and the learning time individually. The mpioblem is the expectation that less attendandeqsealso require a
lower amount of work. But there are also deficitthwime management and self-management. For tehézs blended
learning offers the opportunity to discover neweiaction forms with the students. This is experehas productive
when results appear in the learning process ardests thereby argue better in the attendance pardddiscuss as
well. [14]

Because blended learning can be broadly definge #re six typically used models to structure drentbetter. In these
models the role of the teacher, the role of theaclidal methods and the role of the time arrangésnean vary.
Nevertheless, it appears that new solutions areldpgd more and more often through combinationhede models.
These illustrated basic forms can be adapted &ctmcrete teaching scenario and can be combihédaaity with each
other. So the applications can be adapted in teefmssible way to the respective teaching condephe attendance
periods value should be given to good communicatimssibilities. The possibility to clear open qimst on a personal
level is very important. In this manner misunderdiags can be recognized and be fixed much fagtéh the help of
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the e-learning application an efficient handling of tasks adapted to the individual knowledge level is to realize.
be repeated arbitrarily what is helpful particularly in the specific exam preparation. All participants of an e-
course can access the identical information and knowledge platform. This clearly improves the chances for a
who visit the course without any pre-knowledge or can't visit all lectures. [15] [16]

Face-to-Face-Driver

E-learning is decided on a case-by-case basis by the teacher
as a supplement to the curriculum. The e-learning contents
are mostly fixed components of the lectures.

Rotation

Students move on a fixed schedule between regular lectures
and self-paced online learning. The regular lectures are used
for theoretical contents and afterwards the online platform is
used for exercises to deepening the knowledge.

Flex

The e-learning provides the major portion of the curriculum.
Online instruction is primary. It is supplemented by on-site
personal support through tutoring or small group sessions.

Online Lab

The online platform delivers the entire contents of the course.
Courses are taught entirely online, but in a brick-and-mortar
location and supervised by an teacher

Self-Blend

The learner has the option to take online courses to enhance
the traditional classroom learning. Support is also only online
available.

Online Driver

The entire course is delivered through an online platform.
Attendance periods are only complementary. The learner works
very self-paced. Communication takes place almost exclusively

online.

Figure 1. The six models of blended learning [15] [16]

3. MEDIA TECHNOLOGY AT OFFENBURG UNIVERSITY

At Offenburg University the theoretical basics and principles of media technology are an integral part of the
Lectures for the module “Media Technology” are given over the first three semesters of the studies. “Media Te
17 in the first semester has the focus on important engineering basic knowledge. Four different courses with
and engineering basics are given and should be applied to easy examples. The second semester has
consolidate the engineering basic knowledge. In “Media Technology 2” three courses are given. The students
to do hands-on workshops in the media lab. The measuring of physical and electro-technical dimension
understanding of the accompanying principles are in the center. In the third semester the focus in “Media Tect
is on theories, technologies and applications. Three courses are given to specify the media-technical knowl
again. And again the students have to go through the media lab.

Media Technology 1 Media Technology 2 Media Technology 3
Science and Engineering Basics Consolidation of the Basics Theories, Technologies, Applications
| Mathematics ‘ ‘ Physics 2 | | Physics 3 ‘

| Physics ‘ ‘ Electronic Engineering 2 | | Electronic Engineering 3 ‘

| Electronic Engineering | | Digital Media 2 | | Digital Media 3 |

| Digital Media \ Media Lab Media Lab

Workload Workload Workload

Lectures 90 h Lectures 75h Lectures 75h

Self-study 120 h Self-study 105 h Self-study 105 h

210 h 180 h 180 h

Figure 2. Curriculum and workload of the module Media Technology
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3.1 The course “Media Technology: color representatiorand display devices

The engineering course “Media Technology: color@epntation and display devices” is an integrat pathe second
and third semester of the studies. A mixture obthéical and practical lectures has the goal oéepdr understanding in
the field of digital color representation and digptechnologies. To understand the underlying idiesstudents need a
broad theoretical scientific know-how. Practicadtseand exercises are essential to convey and nigepemportant
theoretical basics. The Students need a practicalt@ develop a better comprehension. [1] [2] [3]

For the broad field of digital color representatard display technologies the students need a hhesdetical scientific
knowledge. We work with four segments to convey tileeessary knowledge. “From light to the color’linles the

scientific theories and knowledge of Newton, Maxwiertz, Young, Brewster, Helmholtz and Hering.€\&lopment
of the color representation” starts with the ClEnauin observer and the color-matching functions émdhes with the
CIE Lab color space and other color models. “Frolfa-Cab color space to color management” contaiesl@C color

management, ICC profiles, gamut mapping and rengdritents. In the last segment “Color represemtatin display
devices” an intensive discussion of different digplechnologies and its applications takes plabe. 8stablished LCD
technology and the promising OLED technology arthencenter of the discussion. [1] [2] [3]

Currently we offer four workshops regarding thei¢spcolor representation and display technologiesur media lab.
The students can be confronted with practical gnmisl By solving practical problems the students deepen their
theoretical scientific background. In the first Haron workshop “light and color” the spectrometAZ Jrom Ocean
Optics is used which offers a lot of interestingsgibilities. Differently colored LEDs are in the nter of the
measurements. For the second workshop “Colors @ithlddisplay devices” we use the Konica Minolt& T Color
Analyzer CA-100 with the software LabVIEW 5.0. Witfifferent tasks we introduce the students to tbeorc
representation on monitors and displays. In thel tivorkshop “Color representation on digital digptievices” mobile
devices with different display technologies for &l measurements and evaluations are used. ndteshop “LCD in
the do-it-yourself’ the students have to build diepCDs themselves. [1] [2] [3]

4. CONCEPT FOR THE BLENDED-LEARNING SCENARIO

There was no decision for only one of the typicsgdisix models (presented in figure 1). Our blerldathing scenario
is a combination of these models. They are adafutedhis course and are combined to our teachingcept. The
blended learning scenario is oriented on a selrd@hed learning of the students. There is a fiseltedule for regular
lectures, the hands-on workshops and self-pacedeol@larning. The visit of the regular lecturesjdional. The online
platform delivers the entire contents of the cougethe learner has the option to take theserkstnline. The teacher
has a supporting role, for example he can answestmuns in the news forum or directly in the leetufhe hands-on
workshops are a must-attend event. [15] [16]

The concept builds up on the e-learning softwaredte Version 2.9.2, used at Offenburg Universithiere are no
hardware requirements given to the users. Moodgofesponsive designs for the most digital devlide PCs, tablets
and mobiles. For the usage of moodle only an actiedd browser is required. Helpfully is a PDF readé&h which
documents can be shown and commented and if negdssarinted. Other additional software is notuieed.

4.1 Moodle

Moodle is an internet-based open source softwackgoge for the development and realization of ediegr courses
under the GNU public license. Moodle is copyright®dt there are given a great number of differgioms to the user.
The source code can be used, copied and extendeadl byers. The central condition is that licens¢adneither are
changed nor are deleted. The software code has prdvided to the moodle-community. This meansryeeaterprise
and every educational institution is able to usedt® as e-learning solution. Moodle can be instiatie any computer
that can run PHP and support an SQL type datafasexample MySQL) and is universally availablez]1

In figure 3 the workflow with moodle is shown. Téacs and learners access to moodle about the frebritdne teachers
can provide the learning materials and tools ferldarners. In the background operates the wehsefitrethe database.
The internet allows the access to external toadgudhents and information. The learners access racalbut the
individual web browser. No other software is neaegsThere they get the exercises, tasks, tutoriflsuments and
information. It is possible to communicate with @tltourse participants and discuss the tasks ifotiien. This allows

the learners to reorganize and structure all in&diom individually. They can build up learning pagkes alone or
together in groups and make them available to atberse participants. [18]
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Teacher

Course content

Documents

Learning tools

Animations ....

Moodle
System tools

Learner <“—» Schedule <—>» Webserver
Communication ForL.Jr?s with database
Organisation Wiki
Exchange Glossary

External Information
External tools Communication partners

World Wide Web

Figure 3. The workflow with moodle [18]

4.2 Didactical style and elements

Six e-learning components shown in figure 4 wer@lémented. Online communication in moodle is pdesikith
different tools like private news or forums. Theyiding of content is possible by the common prapan of a wiki or
glossary. Databases are used to collecting andaegaig files and information. Examinations of tlarhing level
which are adapted to the lectures and workshopmadhe center of this concept. In addition tests@developed to offer
best possibilities for the self-examination to #hedents. Because we build a combination of lestuserkshops and e-
learning events, feedbacks takes place on persevellin the lectures or workshops or via the comitation tools of
moodle. [19] [20]

Teaching and learning potentials

Synchronous or asynchronous
online communication

«\&,39‘ 3
8 FS o
5 & NG ind
2 C %@ a
& & E-learning <
o g
3 o components 3
3 S B
] 7% o
5 Q. % @
@ -, @(} o
a O’*) % S a
4. % < v

N

v % ¥

Feedback
(Process, person, content)

Concrete effort in the learning scenario

Figure 4. The integrated e-learning components [20]

Moodle provides extensive possibilities for teashamd learners. It enables the teachers to caaealtly, which files at
which time are made available to the learners. Alsdtimedia files can be embedded, edited and ftiedavia an
editor. Efficiency controlling and motivation is ggible about varied honors and feedbacks to tiradess Moreover,
moodle offers automatic evaluation options for gnéded tests. There are a lot of communicationoogtifor course
participants and teachers like forums, wikis, ghoEs, commentary function and private news. [29] [
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4.3 Organisation

The engineering course “Media Technology: colorespntation and digital devices” is given in foategral sections
over the semesters 2 and 3. The specific theordiasics are given in “Digital Media 2" and “Digitdedia 3", the
hands-on workshops are part of the media lab {gaeef2). A fixed schedule defines the attendamzkamline periods.

Fixed Schedule over 2 Semesters

Week1 Week2 Week3 Week4 Week5 Week6 Week7 Week8 @ Week9 Week10 Week11l Week12 Week 13 Week 14

Lecture 1 Lecture 2 Lecture 3 Lecture 4 Lecture 5 Lecture 6

~

-

[]

-

7]

Q

[T}

]
Week1 Week2 = Week3  Week4 Week5 Week6 Week7  Week8 @ Week9 Week10 Week11l Week12 Week13 Week 14
Lecture 7 Lecture 8 Lecture 9 Lecture 10 Lecture11  Lecture 12

(]

-

[]

-

7]

(]

[V}

wv

Face-To-Face (optional) - Online - Face-To-Face

Figure 5. The schedule of the blended learningsmtviedia Technology: color representation andldisgevices”

In semester 2 the course starts with the segmaoniHight to color” and the hands-on workshop “Ligind color”.
Segment 2 is called “Development of the color rspngation” with the hands-on Workshop “Colors anspldy
devices”. In semester 3 the title of the third segmis “From CIE Lab to color management” with thends-on
workshop “Color representation on display deviceRfie course finishes with segment 4 “Display tedhgies and
display devices” and the hands-on workshop “LiqDigstal Display in the do-it-yourself”.

Workload for 1 Segment

| Regular lectures | 4,5h

| Workshop | 4,0h
Workload for 1 semester: 60 h

| Posterpresentation | 0,5h
Workload for the course: 120 h

| E-learning | 20,0 h

| Online test | 1h

30h

Figure 6. The planed workload of the blended leaymiourse

The theoretical knowledge of each segment is gimetiree regular lectures. The attendance is ogtiobhe online
platform delivers the entire contents of the regldatures. So it is possible for the student tokweery self-paced. The
teacher is in a supporting role. Support is alwagkne available. The regular lectures can be dsec face-to-face
communication. On-site personal support is alsosiptes through in-person tutoring or small group ss@ss. To
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complete a segment successfully the student hds the integrated hands-on workshop, which is at+atiend event.
To be admitted to the workshop, the student hgm$s an online test to examine his knowledge Iaved. results of the
workshop must be published in a lab report and presented to all participants with a poster.

With moodle as platform there is an easy accefisetonline learning materials with a lot of pogidileis for interaction.
E-learning is perfect to extend the established¢hieg scenarios with digital media. The presentatid videos,
animations and augmented reality (AR) is enabledualizations are effective tools to impart leaghitontents with
lasting effect. Actually the online platform deligethe entire contents of the regular lectureimfof a lecture script.
Further literature which is available in the unsigr library is linked. Scientific papers and docmts are provided.
Animations, videos and podcasts to visualize cdseteme integrated. Content related web links foremexternal
information be in place. But just as important toe prepared exercises, tasks and tests to exdah@rienowledge level
of the students. In preparation for the workshopseliproduced video tutorial and a detailed tecahinstruction
manual are available.

To deliver the learning content, we use the follogvso-called “learning activities” which are madeigable by moodle.
The “learning activities” are different modules lispecific duties. The operational areas and fanstiare shortly
described in the following figure 7. [18] [19]

Chat Database
With the chat function it is possible to discuss online specific Databases are used to collect and exchange files and

topics with other course members. The chat can be read up information. They offer a clear listening and make the file
[ I

also after the end of the discussion. management easier.

Forum

Forums are used for the common exchange of ideas, opinions
and point of views. The course members can work structured
on different questions and prepare detailed answers.

Exercice

The students have to solve exercises and deliver the results
_via moodle. The lecturer can score and comment them

immediately. The communication is directly and promptly.

Glossary Sections

ali Glossaries are collections of terms with definitions for those Sections are used to give the students a defined learning pathway.

" terms.ltis atask for the students to summarize acquired E They deliver specific content, tasks and exercises.
knowledge in short explanations with own words.
Test 1z Wiki

% Tests allow the students to check their own knowledge level =4 E==| Wikis enable the course members to write documents collaboratively.

and are a good preparation for the examinations. The lecturer =i | 5] Every member can read and write contributions, but it is also allowed
can give feedback directly. to change existing contributions.

Figure 7. “Learning activities” provided by moodi3] [19]

5. PERSPECTIVE

Augmented Reality (AR) is a special case of mediaad mixed reality concepts which has the potewnfishuge

implications in the field of education. Today tableand smartphones make it easy to use mobile axtgtheeality

applications. Actually we are developing an AR téag application. It is designed as an additioealrhing tool and
should be used in addition to existing learningkso&pecific illustrations in a book could be ussdnarkers, linking to
corresponding contents in our AR app. If a Studes®s the AR app he has to point his mobile devareeca towards
the illustration and get additional interactive tont and information regarding his learning tofdibe AR app content
should not replace or duplicate the book but helplaborate the contents. The app could also peosdall interactive
exercises. We think such an AR application is igesiited to prepare the actual laboratory sess@mdor recap the
teaching content. [21]

For the future we want to utilize augmented orudttreality techniques for stationary laboratorgreises. Stationary
setups can be extended more easily with additiowetfaces. This allows more complex interactiond aimulations in
virtual Reality (VR) and augmented Reality (AR). the moment we evaluate possible applicationsetiBAP Motion
controller for simulated experiments in VR and AR.
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6. RESULTS

The goal of this blended learning concept is to enkkRowledge transfer and individual learning easfefirst small
evaluation after semester 2 showed good results.fédédback of the students was really positive yTdmpreciate the
virtual learning parts because of the possibilitglhoose the learning place and learning time iddadly. The exercises
and tasks require the students to work independemiti to develop individual solution strategiesisTéngages and
motivates the students, deepens the knowledgeom&drand career skills like communication, pressoratechnique
and team working are developed using group tasttrands-on workshops throughout the course. Cordparthe last
two years the average of the examination result®idetter significantly. The well-organized aridciplined students
achieved a new level and the results are impresBivethe average students don’t reach the resiilise last years. A
problem is the expectation that less attendanceqserlso require a lower amount of work. Otherbgms are also
deficits with time management and self-managemBm. next evaluation after semester 3 when the catenglourse is
given for the first time to our students, will dedi more important information. Then it is possitdeecognize existing
problems and develop solutions to bring our bleridaching course to the next level.
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