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ABSTRACT

The authors explain a developed concept for research-oriented education in optics and photonics. It is prese
goals are to be achieved, which strategies have been developed and how these can be implemented in a bler
scenario. The goal of our education is the best possible qualification of the students on the basis of a strong sc
research-oriented education, which also includes the acquisition of important interdisciplinary competences. /
of a research process are to be mapped in the learning process and offer students an insight into current resee
optics and photonics.
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1. INTRODUCTION

At the Offenburg University, students of the Faculty of Media and Information are offered a wide range of lectt
a broad spectrum of subjects from the fields of media informatics, media technology, media design and media
in several courses of study. The aim is not to teach these areas separately, but to bring them together in inter
lectures, projects and applications. A suitable learning environment is crucial for the success of our teaching aj
well-balanced mixture of theoretical lectures and practical sessions in the laboratories and in projects, combine
advantages of modern digital media, is the base for our concept to convey all necessary topics and competenc

Teaching and study should be characterized by a student-oriented teaching and learning culture. Therefore
important to use modern educational methods and digital media to create an open and creative learning er
From our point of view, this also includes the comprehensive integration of research projects into educati
learning solutions are very complex and always require a high level of investment. It is therefore very nec
develop a clear concept for research-oriented education that pursues a defined strategy. The aim of educ:
Faculty of Media and Information at Offenburg University is the best possible qualification for students on the t
strong scientific and research-oriented education, which also includes the acquisition of important interdisciplini

2. MISSION STATEMENT OF OFFENBURG UNIVERSITY

Offenburg University is one of the leading universities for applied sciences in Germany with the independe!
technology, economy and media. The mission as an efficient educational institution is to enable its st
autonomously apply and further develop scientific knowledge and methods through qualified education. In ac
with the mission statement, all students should be assisted in their personal development. This applies in p.
independent scientific, artistic and creative thinking and working as well as social responsibility. The following
from the mission statement for the mandate in education and research illustrates the significance of resear
education. [1]

"We strengthen the students' professional orientation, enable them to participate in research and developmer
convey well-founded methodological and technical knowledge and encourage their further professional and
development through an appropriate learning environment. Media and electronically supported fo
teaching/learning support the learning process and improve the success of studies.

Efficient research is the basis for qualified and up-to-date education. The university is therefore vigorously coni
strengthen its own research activities. This increasingly includes doctoral programmes in cooperation and/or
with other universities. In supporting lifelong learning, the university attaches great importance to the developr
broad range of advanced scientific training coursés].
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In order to implement this mission statement foucadion, we provide our students with access toeotrresearch
topics and the necessary resources already inrfiesémesters of the Bachelor's programs. Thishieg strategy is
intended to combine research and education thraudhe Bachelor's and Master's programs.

3. THEORETICAL PRINCIPLES

In recent years, the efforts of German universiiiesombine teaching and learning ever more cloasly research have
become more visible. There is a great variety @gragches and formats, as well as names and tittds & "research-
based" or "research-oriented” or "research-basatileg” or "teaching in research format". At thensatime, with the

multiplication of approaches of this type, the terfor them have become increasingly stretched &mdell. The same
term is often used for different approaches, wbitethe other hand different terms are used for asly identical

programs. [2] [7] [8]

The literature offers some theoretical models fog systematic classification of the combinationre$earch and
teaching and learning. Healey and Jenkins develtpeihternationally most popular model for systémirag research-
related teaching. Here, the different forms of iempéntation are subdivided with the help of two fgoaints, the
content focus and the level of activity of the smit$. These two dimensions are now brought togetésulting in four
different types of research reference in highercatlon teaching. In "research-led teaching”, redeaesults are
communicated to students, while in "research-oe@neaching” the research process is explaineldetm.t"Research-
based learning” refers to student research anddrels-tutored learning” to the guided acquisitibnesearch results. [3]

[4] [9]
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Figure 1. Research-Teaching Nexus by Healey undrie(&009). [3] [4]

In 2014, Huber, in his elaboration for an underdtag of concepts and differentiations in the fiefdresearch-related
teaching and learning, chooses a similar, alsmglyoreceptive systematization approach. Firstlipfitaestablishes the
common references of the different approaches asdritbes their distinctive characteristics. It tebdivides research-
related teaching into three types, highlighting similarities with Healey's and Jenkins' Researeh€hing Nexus. In
research-based learning (FBL), learning is basedesaarch, whereby students are introduced to uhert state of
research as well as the basic problems and imjtiaktions of this research. Research-orienteditea(fFrOL) leads to
research and prepares students for autonomouscgls&tudents learn how a research process caadigned. Special
attention is given to the choice and implementatdresearch methods. Research-based learning rfféans that
students conduct active and autonomous researcimalwing so go through the entire research prodeatso proposes
to use the term "research-related teaching andilegr as a neutral generic term for these differtypes. Thus, the
common intention is expressed to combine reseanch study without determining the way, manner anelleof
connection from the start. [2] [7]

Ruel3, Gess and Deicke use a less theoretical appptoasystematizing research-related teaching enbtsis of an
analysis of curricula at various universities. Like two approaches mentioned above, the startng phosen is to
differentiate between the focus of teaching andlével of activity of the students. A classificationatrix is formed
from the combination of these two comparative catieg, each with three subcategories. The firsegmaty
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differentiates according to the content focus ef tisaching, i.e. according to whether researchtsgsasearch methods
or the entire research process are the focus eftaih. The second category asks about the dedraetivity of the
students and distinguishes whether the students leaeptively, whether they apply acquired knowkear whether
they themselves are active in research. Combiriegwo comparison categories creates a classditatiatrix that -
after empirical testing - differentiates betweea Warious groups of research-related teaching. dlhssification matrix
can be used empirically to differentiate betweealte groups of research-related teaching. It ieggrand applicable

to all disciplines. [5] [6] [8]
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Figure 2. Matrix for the classification of researetated teaching according to Ruel3, Gess & DeiRé&gQ [5] [6] 8]

4. CONCEPT FOR RESEARCH-ORIENTED TEACHING

Offenburg University has established the formatesiearch-oriented teaching as a central guidintciple of teaching
in its mission statement. The research-orientedhieg strategy is to be incorporated into all cesref study and
modules and increasingly practiced at the uniwer3ihe term "research-oriented teaching” formsfthenework for a
variety of possibilities to combine the two maieldis of activity of the university, research anactang. [1]

4.1 Objectives

The research-oriented teaching at the Faculty Medid Information supports students in progressirgnf a
comprehensive understanding of research topicsepses, methods and results to autonomous resaarfér as
possible. For this purpose, the acquisition andoeeiag of professional knowledge as well as ofrditeiplinary
competences is made possible and specific reseaethodological skills are developed. Students shdna able to
autonomously identify future problems, derive agpirate questions from them and develop sustainsbligtions for
them with the help of scientific methods. [2] [d] [8] [10]

The primary objective of our education is the hmssible qualification of students on the basia sfrong scientific and
research-oriented teaching, which also includes dbquisition of important interdisciplinary competes. By
combining theoretical specialist knowledge withqigal research work during our studies, we wargrieure that the
students...

» develop a deeper understanding of science.

» develop a positive research attitude.

« develop methodological research skills.

« develop the ability to critically reflect on reselractivities and results.

e gain experience in collaborative scientific workiwieaching researchers.

* be systematically prepared for possible futureviis in research or development.
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The ability to understand scientific processes nadlju also has its benefits in employments outsideresearch.
Especially when assessing, evaluating and workiitly igsearch results is part of the professiontige [2] [3] [4] [8]
[10]

4.2 Teaching formats

The term "research-oriented teaching" describeside wariety of educational programs that combine fields of
research and teaching. The central idea herefadiarize students with current research topied processes in their
subject in early semesters and providing them whth scientific methods with which they can facerabpem and
generate results. In our understanding, this méwatsve integrate typical research activities asetal elements of the
learning process. We have therefore placed thergledemand at the center of our concept that rekestrould be made
visible and tangible for our students. This implileat not only research results are presentedhbtithe entire process
of achieving these results is made visible. Theestts are offered a concrete research contexeigdhrses in order to
gain an insight into the scientific research. [Z][#] [8] [10]

Accompanied by various basic lectures, authentioent and real issues are offered for autonomtudysThis allows
students to immerse themselves practically in sgpecific research. With scientific methods theyk on problems
and generate results. In addition, they collecbrtétical knowledge, recognize the importance ofildedge for practice
and can derive their own new insights through thglieation of this knowledge. They are accompatigdhe teacher.
The teacher provides suitable materials and spettioretical input to support the work on the peob Individual
counselling is intended to encourage the studemt®dk at the problem from different perspectivése common
exchange between teachers and learners as wethaisgastudents should be stimulated. Research-edetgaching
combines the theoretical and practical aspectshefstientific knowledge process and promotes tlopiisition of
specialist knowledge combined with the acquisitaord development of interdisciplinary competenc2s.[3] [4] [8]
[10]

On the base of the Research-Teaching Nexus, ditféeaching formats are offered to all teachersvben lecturer and
student activity as well as between the focal goiesearch results and research processes/prolesrder to realize
different aspects of research-oriented teaching diaracteristics of the combination of teachind eesearch range
from the basic lecture, in which students learn llasics of current research topics, processes esudts, to active
participation in the research discourse and auteousmvork on (one's own) research projects (e.gsetheproject
seminars) [3] [4] [9].
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Figure 3. The planned teaching formats used irctimeept, presented in the Research-Teaching Ne3jUg] [9]
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At the Faculty of Media and Information, the follmg teaching formats are to be used to combineareheand teaching
under the framework of "research-oriented teaching"

e Lectures

« Exercises

e Courses on scientific work
e« Labs

e Seminars

e Study projects

A closer look reveals that in the sense of thegresl theory not only "research-oriented teachiagffered, but that
there are overlaps with all forms of research-eelaeaching. How the various aspects of reseaieied teaching can
be used in different teaching formats is explaibelbw. [3] [4] [8] [9]

Lectures offer the opportunity to convey the neagsdasic knowledge. They are used to prepare stsider
autonomous research-oriented learning. Lectureer affany opportunities for this. Research resultd egsearch
questions can be presented and critically reflecRelsearch methods used can be critically examinigd their
respective advantages and disadvantages and campitineeach other. Lectures can also be used hbyrkss to inform
students on a personal level about their own werkcientists. [2] [8] [11] [12]

The aim of the exercise as a working format in gtigdto gain a deeper understanding of a subjeouth its own
application, which, for example, was addressedlacture. Not all exercises can be designed tebearch-oriented. In
some exercises methods are presented and praatiield are used in research, e.g. statistical method data analysis.
Here it is very important to describe the reseawhtext in which these methods can be used. Theseises have a
preparatory character and precede independentrcbséiais important that students work on solui@s autonomously
as possible. Working in small groups is very usegre. [2] [8] [11] [12]

Students should be introduced to the basics angriiiess of scientific work at an early stage eirtlstudies. For this
purpose, courses are offered in the form of sermiaad workshops that are specifically focused ertdbic of scientific
work. These can be subject-specific or interdigegply. A research-orientation is given in particufathe students can
contribute their own research projects in the fafnproject work, homework, theses or scientific @apto these events
and thus apply the aspects of the activities toreiete project. [2] [8] [11] [12]

Laboratory courses are an important part of teachim engineering and natural sciences. Studentsgaen the
opportunity to apply methods in practice and todwat research. However, the entire research cgaet run through
here. Various processes of the research cycle rempted for organizational reasons. Neverthelsglents can
experience different aspects of research as theygaen the necessary freedom to make their owisides. This
should stimulate them to critically examine thektd2] [8] [11] [12]

Seminars offer students the opportunity to systexalst familiarize themselves with the entire resbaprocess. This
enables students to deepen their knowledge of #ia tapics and the individual steps of the researccess. Students
should not only understand these, but should ats@lidle to construct, apply and reflect on them gedwes. It is
important to clearly define all process steps angive them clearly defined learning goals. [2] [B1] [12]

Study projects can be used through a researchtedietesign to prepare students for research-basedithg. They get a
complex, open-solution problem. In order to solies tproblem, they have to familiarize themselveshwiesearch
methods. It is necessary to test teamwork andosgHnization in the project and to practice thespngation of results.
Depending on the tasks, a stronger developmentrtsw@search-based learning is possible if theestisdare already
involved in the selection of the research field{hie development of research questions and resdasign, and in the
selection of research methods. The realizatiorhefresearch, the evaluation and presentation ofethdts up to the
reflection of the whole research process is corapleéh the hands of the students. [2] [8] [11] [12]
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Figure 4. Categorization of teaching formats int rtatrix for the classification of research-relateaching according to
RueR, Gess & Deike (2016). Grey means that the tehesitivity and the focus of content are possibleur use of the
teaching formats. [2] [5] [6] [8] [11]

4.2 Digital tools

The use of digital tools is essential for reseant teaching today. These offer various functioneesearch-oriented
teaching. The choice depends on the teaching foamthe level of activity of the students. Itrigoiortant here to plan
the use of digital tools in advance in order to theem effectively in the overall research procééany different digital
tools are available in the relevant functional areaf research: collaboration, communication, ingasion,
documentation, visualization and presentation. @Hegve a central role in the research process ermrgany and
support the entire research and teaching proaeseriain contexts it is also possible and usefalombine them. [13]

2 =,

P I o | 2

o ) = © a

S 'S € = >

S|l e8] E|S
Digital tools S| S| 3| S| & | & | Function in the concept
Presentation tools + + + | Visualization, Presentation
Educational videos + + + + Investigation
Discussion tools + | + | + + | + | Collaboration, Communication
Live voting + + + + | Collaboration, Communication
Mindmapping tools + + | + | Investigation, Communication
Planning tools + + + | Collaboration, Communication, Documentation
Management tools + + 4+ | Investigation, Collection
Open Access Portals + 4+ | Investigation, Collection
Data collection tools + + | Investigation, Collection, Visualization
Virtual Meetings + + + | Collaboration, Communication

Figure 5. The table provides an overview of theh@sg formats provided in the concept and the gfpdigital tools used
and their functions. [13]
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5. PLANNED IMPLEMENTATION OF THE CONCEPT

In 2016 we presented in a paper the developmeathdénded learning concept for an engineering eoirshe field of
color representation and display technologies. @&hgineering course "Media Technology: Color Repreg®n and
Display Devices" is an integral part of the secand third semesters of the studies. With a mixtfrtheoretical and
practical lectures, we pursue the goal of providitigdents with a deeper understanding in the avéasgital color
representation and display technologies. [14]

Blended learning describes a teaching and learsgapario that provides a didactically useful catieh between
attendance and online periods. The aim is to mai@vledge transfer and individual learning easieur ®lended
learning scenario is a combination of different elsdthat are used to better structure the broadeginof blended
learning. It is based on a self-determined learwihthe students. There is a fixed schedule fouleedectures, practical
workshops and self-paced online learning. The qointebuilt on the e-learning software moodle, whis used at
Offenburg University. Moodle is an internet-basegeim source software package for the development and
implementation of e-learning courses under the GNiblic License. [14]

5.1 Organization and teaching formats

The engineering course "Media Technology: Colorrsgntation and Digital Devices" is offered in setees 2 and 3
in four integrated sections. The specific theoedtlmasics are conveyed in "Digital Media 2" anddifil Media 3", the
practical workshops are part of the media laboyatér fixed schedule defines the attendance andnenpieriods. In
order to be able to implement the planned conceptrdsearch-oriented teaching, the organizatiotratwire of the
engineering course must be adapted and supplemeitteturther teaching forms. [14]

In preparation for the requirements of the coustiedents will be offered basic lectures on "ScfentWork" in the first
semester. The actual organizational structure énsicond and third semesters will be retainededmg of research-
oriented teaching, however, accompanying seminaidwgorials conducted by postgraduates will besddiL 4]

Blended Learning Course ,,Media Technology: Color Representation and Display Devices”
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

~

@

2

w

o

[}

7]
Segment 1 ,From Light to Color Segment 2 ,,Development of the Color Representation”
Week1 Week2 Week3 Week4 Week5 Week6 Week7 Week8  Week9 Week10 Week11 Week12 Week 13 Week 14
Lecture 7 Lecture 8 Lecture 9 Lecture 10 Lecture 11  Lecture 12

o0

3

o

w

o

]

]

Segment 3 ,,From CIE Lab to Color Management” Segment 4 ,,Color Representation on Display Devices”

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

Figure 7. The extended schedule of the blendedilggacourse ,Media Technology: Color Representatimh Risplay
Devices”. [14]
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Furthermore, three regular lectures are given &mhesegment. Also the online learning period witflered exercises

and online support will be maintained. The onliesttmust still be passed successfully in orderet@dmitted to the

workshops in the media laboratory. As an extensiotihe course, two additional seminars will be tkin Segment 1
in the second semester. "Scientific Writing" offerssystematic review of the process. “Presentaiahnique and

rhetoric” illustrates various aspects, techniques technical tools. Two further seminars complatedourse in segment
2. "Intuition and Creativity" gives insight into dhcurrent state of research and is to become exmaible by

participation in the seminar. "Rational decisiorking” deals with behavior and decision theory. [14]

In the third semester, the offered seminars wilplectice- and research-related. These seminagsplake in the media
laboratory on the basis of concrete tasks. In seg@e¢he metrological calibration and the charaz#tion of the color
rendering of displays are critically consideredtlie context of the seminar. Segment 4 concludels @atorimetric
experiments, which are part of a current researofegt within the framework of a PhD thesis. In #idd, tutorials
conducted by postgraduates on the required softegpéications are offered for the entire duratidrih@ engineering
course in order to provide students with the neamgsskills. These tutorials are deliberately destyto meet the needs
of the students and are therefore not includetiérstheduled organizational structure. [14]

5.1 Application of digital tools

With moodle as an online platform, there is easyeas to online learning materials with many inteéoacpossibilities.
E-learning is an excellent way to add digital mewiagstablished teaching scenarios. The onlindgptatprovides the
entire content of the course. Literature, sciemtgapers and documents are made available. Aningatiadeos and
podcasts for the visualization of content are irdegf as well as preparatory exercises, tasksestsl to check the level
of knowledge. Video tutorials and detailed techhinatructions are available to prepare for the ksbops in the media
lab. Additional tools are used for presentation aisdalization (MS PowerPoint, Adobe lllustratorgB), investigation
(Citavi, EvaSys, LimeSurvey, Wisemapping), collaiimn and communication (Adobe Connect, Trello) and
documentation (Trello). These are provided by thigarsity or can be used as license-free onlindiegons. [14]

6. PERSPECTIVE

We are constantly experiencing rapid developmentth@ field of imaging and display technologies. Tiaest
technological progress is a big challenge. Hardly ather field is changing so quickly. New techrgiés, devices and
applications are changing the media world and #e af media. For this reason, it is very importmmtus that our
teaching concept meets this progress. Continuotefu development and adjustment to the constactignging
requirements in the field of media technology azeassary.

The aim of the blended learning concept is to makewledge transfer and individual learning easidre feedback
from the students is very positive. Above all, thegpreciate the virtual learning parts through plessibility to

individually select the learning location and tlearhing time. Students are required to work inddpetly and to
develop individual solution strategies. Through éxéension towards research-oriented teaching,ope o achieve an
even higher motivation to deepen knowledge andddkvindependently within the framework of the offdrteaching.
This is the best precondition to achieve the bessible qualification of our students on the bagia strong scientific
and research-oriented education.
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