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Abstract. Biology students need exposure to modern research techniques rela-
tively early in their educational careers. Computer multimedia simulation tools
have been developed to address the challenge of providing all students with
hands-on laboratory research experience. This paper presents a learner-centered
approach to the design and development of a multimedia simulation for biology
education. We present our methodology and a multimedia simulation tool de-
signed and developed using the methodology. Out tool has been widely adopted
by biological science educators for teaching molecular biology subjects in a
wide range of undergraduate biology courses. We believe that our methodology
can be adopted or adapted by learner communities in other disciplines.
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1 Introduction

Early exposure to research is a national priority in science education: “All students
should be encouraged to pursue independent research as early as is practical in their
education” [1]. Therefore, biology students need exposure to modern research tech-
niques relatively early in their educational careers. However, it can be logistically
challenging to provide all students with hands-on laboratory research experience.
Therefore, it is important to supplement wet laboratories with computer simulations to
effectively engage students in the research process.

Numerous computer multimedia simulation tools have been developed with the at-
tempt to address this challenge [2, 3]. Nonetheless, most of them have focused on the
functional aspects and contents, with less attention being given to the mechanism to
engage their users. For example, a tool may simply play animations or video clips for
students to watch passively, providing little if any interactivity for the user [4, 5]. They
contribute in explaining biological concepts such as the DNA transcription and se-
quencing technologies in molecular biology with a vivid visual aid, but they do not
engage students actively. Recently, besides its role in multimedia simulation, computer
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software has become indispensable for scientific inquiries done by biologists on a daily
basis [6]. The complexity and user-friendliness issues of the software tools have be-
come an obstacle to effective research [6].

We believe that the design and development of an effective educational multimedia
tool for studying biology should take a learner-centered approach. To do so, we need
to answer the following three questions: 1) Does the tool effectively engage students
using the tool? 2) Does the tool provide a user-friendly interface? 3) Does the tool
effectively deliver contents essential to biology education?

The methodology we devised to answer these three questions is as follows: In the
past we have used role-playing and simulations to enhance student interest in science,
through cases emphasizing diagnosis and ethical issues surrounding health counseling
[7]. Our latest innovation is to use this case-based pedagogy to actively engage
students by placing them in virtual research settings, fostering their ability to solve
problems confronted by research scientists [8, 9]. We analyzed the case workflow
common in biological science investigations and designed a uniform graphical user
interface suitable for biology education. The user interface also includes options for
using the multimedia simulation in various ways to serve students at multiple learning
levels as well as biology courses with different learning objectives.

We argue that the contents delivered by an effective biology education tool should
stay current with the advances in the field of biological science. For instance, bioin-
formatics techniques have become fundamental to modern biological investigation
[10, 11]. Students at multiple learning levels need to be aware of these techniques and
competent in their use [12, 13]. However, because of their complexity, existing bioin-
formatics tools are learned most successfully when expert guidance is available
[14, 15]. Moreover, laboratory techniques are commonly used to generate data for
bioinformatics analyses. Many schools do not have the resources to provide hands-on
experience in these techniques, especially for introductory biology students. Our ap-
proach is to integrate our laboratory simulations with bioinformatics tools commonly
used to study fundamental concepts of bioinformatics. We analyzed the workflow of
these bioinformatics tools to reduce their complexity, with the goal of making bioin-
formatics easier for its learners to understand.

The paper is organized as follows. Section 2 presents the overview of Case It! v6,
the tool we designed and developed using our learner-centered methodology. Section
3 describes the user interface design. A scenario demonstrating how the student inter-
acts with our tool to perform biology science investigation is given in Section 4.
Section 5 concludes the paper and discusses future work.

2 Overview of Case It! v6

Case It! v6 is a tool that we designed and developed using our learner-centered meth-
odology. The tool uses computer simulations to provide a context for student under-
standing by seamlessly integrating laboratory procedures with bioinformatics tools,
using a case-based approach emphasizing important problems in biomedical research.
It uses case-based pedagogy with an interactive virtual laboratory to engage students.
Fig. 1 illustrates the opening screen of Case It v6. The devices and equipment shown
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Fig. 1. Opening screen of Case It! v6

in the opening screen can all be operated to perform standard laboratory procedures
virtually through multimedia interactions.

Case It! v6 consists of three major components. The schematic view of Case It! v6
architecture is depicted in Figure 2. The first component is the Student Resource
Manual. The resource manual is a Web-based component that functions as an elec-
tronic resource manual. It helps students acquire background information about
their cases by providing case descriptions and instructions for analyzing biological
sequences associated with these cases. The second component is the Case It Launch
Pad. This component is a collaboration environment that consists of a web page edi-
tor and bulletin board system. Virtual poster sessions can then be held and facilitated
using bulletin boards associated with the posters.

The third component of Case It! v6 is the multimedia simulation, Case It Simula-
tor. The simulator consists of two main functional units, namely the graphical user
interface (GUI) and the functional core. The simulator provides a uniform graphical
user interface to the students and allows them to play an active role in running biology
wet labs on computers to investigate cases. The process can be visualized via interac-
tive open-ended computer simulations that work with any DNA or protein sequence,
and the results can be represented either in either textual or graphical format for
analysis.

The functional core of the simulator consists of three modules, namely Case Man-
agement, Simulation Control, and Extension/Integration. The Case Management
module organizes cases into self-contained folders with one case in each folder.
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A case folder typically contains DNA or protein sequences for investigation. The
Simulation Control module is the kernel of the entire tool, and is responsible for com-
putation, programming logic, and multimedia simulation control. It interacts with the
GUI unit and also bridges between the GUI unit and the Extension/Integration mod-
ule. The Extension/Integration module is in place to address the needs of developing
new biological tools to keep current with the advances in biological science. When a
new concept such as bioinformatics has become essential for introductory biology
students, we will either integrate it with existing cases or create new cases for it.
Tools useful for delivering and reinforcing the new concept will then be explored and
evaluated. As plenty of excellent tools developed by the field experts are freely acces-
sible in the public domain, our strategy is to integrate suitable tools as “extensions” of
the Case It! software instead of attempting to reinvent the wheels. Similar approaches
have been adopted by the development of several integrated biological databases and
analysis systems such as Biology Workbench [16] and SWAMI [17]. With this ap-
proach, the Extension/Integration module can focus on the integration mechanism to
make the external tools intuitive and easy to use.
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Resource | |Launch Graphical Userinterface
Manual Pad Y Y
s ;  Functional Core
Case Simulation Extenslon/
Management| | Control Integration
A
A 4 LY
& i LY
External Tools
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Fig. 2. Schematic view of Case It! v6 architecture

3 User Interface Design

We designed our user interface with the objectives to support our learner-centered,
case-based methodology. The first objective aims at providing the learners with a
consistent user experience in using the simulator. The second objective is aimed to
ensure that the use of external tools is intuitive and effective. These objectives
have been identified among key themes in the “new biologist-centric paradigm” for
bioinformatics software design and development [6]. We analyzed the workflow of
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case-based biology science investigation and the workflow of the external tool to
achieve these objectives.

2.1 Case Workflow Analysis

We believe that by providing a consistent user experience to the students, they can use
the tool to study a wide variety of biology subjects more effectively. To achieve this
objective, we began by analyzing the case workflow common in biological science
investigations. The steps in the workflow is described as follows: 1) open a case in
the context of the subject to be studied; 2) study the case description and its back-
ground information; 3) identify the problems to solve; 4) collect DNA or protein
sequences as well as the enzyme that may be used to digest the sequences; 5) process
the sequences using standard laboratory procedures, and 6) analyze the sequences
using biotechnology or bioinformatics tools. The case workflow is summarized in
Figure 3.

| Open case | ¥
{ Process DNAJ/protein
sequences for analysis
Background study with the interactive
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| Preblemidentification | K
v Use biotechnology
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sequenceand enzyme keinformatics tools on
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Fig. 3. Case workflow analysis for biology science investigation

Based on the case workflow, we designed a uniform graphical user interface for
students to carry out the steps in the workflow. For example, students can open the
DNA sequences, load them to the workspace of the simulator, and process them using
virtual wet lab equipment. Moreover, we take students learning levels and biology
courses learning objectives into consideration to make the simulator suitable for en-
gaging a broader audience in biology education. As a result, the user interface of Case
It! includes options for using the multimedia simulation in various ways. For exam-
ple, students have the option to conduct wet labs virtually using interactive anima-
tions. On the other hand, students with more experiences in these procedures may
choose to skip the multimedia interactions to proceed to the analysis of DNA data.

2.2 Extension Tool Workflow Analysis

As bioinformatics techniques have become fundamental to modern biological investi-
gation, students at multiple learning levels need to be aware of these techniques and
learn how to use them. The goal of the integration of our laboratory simulations with
bioinformatics tools is to make bioinformatics easier for its learners to understand.
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We began by identifying bioinformatics tools commonly used to study fundamental
concepts of bioinformatics such as phylogenetic analysis and biological database
search. We then analyzed the workflow of these bioinformatics tools to reduce their
complexity.
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Fig. 4. Contrast between invoking MEGA4 (depicted in the left) and using Case It Simulator
(depicted in the right) to perform multiple sequence alignment and construct phylogenetic tree
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Fig. 5. Contrast between connecting to NCBI BLAST server (depicted in the left) and using
Case It Simulator (depicted in the right) to carry out BLAST databases search

We adopted MEGA4 [18] for performing phylogenetic analysis and NCBI BLAST
[19] for biological database search. The workflow of running MEGA4 directly re-
quires the following steps: 1) open sequences; 2) set up parameters such as DNA or
protein; 3) perform multiple sequence alignment; and 4) use the alignment to con-
struct the phylogenetic tree. Our experiments show that it may take up to fourteen
computer mouse clicks to display the alignment and the tree. Besides, students need
to learn and understand how to set up parameters to use the tool correctly and effec-
tively. Using the result of the workflow analysis, we designed and developed code
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to integrate MEGA4 with Case It! that only takes one mouse click to display the
alignment and tree. The simplicity of our approach is illustrated in Figure 4, showing
how the integration of Case It and MEGA4 greatly simplifies phylogenetic analysis.

Based on our study, the steps for searching the BLAST databases include: 1) con-
nect to the BLAST Web server; 2) select the search program; 3) enter the query
sequence; 4) set up parameters; and 5) search. Using the analysis, we designed and
developed code to automate the workflow. The contrast between using a Web browser
and using Case It! for BLAST database search is illustrated in Figure 5.

We believe that our approach allows students to focus more on biology science
investigations than on learning bioinformatics tools, sometimes an overwhelming
experience for beginning biology students. To enrich students at more advanced lev-
els, Case It! also provides options for students to invoke bioinformatics tools directly.
With these options, students can gain exposure to how those tools are employed by
biological researchers in the real world.

4 Scenario

In this section we present a scenario to demonstrate how the student interacts with the
Case It Simulator to carry out case-based biology science investigations. The case used
in this example is regarding the subject of human immunodeficiency virus (HIV).

The student begins by studying the background information of the case and HIV,
followed by identifying the problems to be investigated. After launching the Case It
Simulator, the student opens the case folder and selects the DNA sequences to be
analyzed and the enzyme to digest the sequences. The next step is to prepare the se-
quences for further analysis. At this stage, the students can choose to either load the
digested sequences to the simulator’s workspace automatically or carry out the wet

Fig. 6. Interactive multimedia simulation enables students to carry out wet labs virtually
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Fig. 7. Screenshot of phylogenetic for the HIV case using Case It!

labs virtually using the interactive multimedia simulation. As shown in Figure 6, the
student can use a pipette to obtain DNA sequences from the tubes and use them to
perform standard wet lab procedures such as gel electrophoresis.

The student then starts the research and investigation after the sequence data are
ready for analysis. If the student decides to investigate the evolutionary relationships
among the HIV virus strands of people in this case, the student will perform phyloge-
netic analyses on the DNA sequences. The student can obtain the multiple sequence
alignment and the phylogenetic tree with one simple mouse click from a pull-down
menu in the Case It Simulator as shown in Figures 7. Instead of learning how to use
MEGAA4 first, the student can focus on the investigations using the alignment and the
tree. The student then searches biological databases for similar sequences by using the
integrated BLAST function in Case It!. This allows the student to concentrate on
analyzing the results returned by the BLAST database server.

5 Conclusions and Future Work

In this paper we present Case It!, an open-ended, case-based multimedia simulation
tool for biology education. We used a learner-centered methodology to design and
develop the tool so that it would effectively engage students, provide a user-friendly
interface, and effectively deliver current contents essential to biology education. Case
It! has been widely adopted by biological science educators for teaching molecular
biology subjects in a wide range of undergraduate biology courses [20]. Student sur-
veys have been conducted to assess the effectiveness of the tool, and the result shows
that the tool has improved student performance in learning molecular biology subjects
[20, 21].

We are currently exploring the utilization of the Extensible Markup Language
(XML) to convey biological data in various representations to serve users at multiple
learning levels more effectively. We are also developing cases for other important
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molecular biology research tools such as proteomics and microarrays, and plan to
integrate them with Case It! using our methodology.

Although our learner-centered methodology is applied to the design and develop-

ment of a multimedia simulation for biology education, we believe that the same
approach can also be adopted or adapted by learner communities in other disciplines.

Acknowledgments. The work presented in this paper is supported in part by NSF
TUES (formerly CCLI) Program Grants DUE 0229156 and DUE 071577. We would
also like to thank collaborators Mary Lundeberg, Arlin Toro, Rafael Tosado-Acevedo,
C. Dinitra White, and Bjorn Wolter.

References

10.
11.
12.
13.
14.

15.

16.

17.

National Research Council, Committee on Undergraduate Biology Education to Prepare
Research Scientists for the 21st Century: BIO2010: Transforming undergraduate education
for future research biologists. National Academies Press (2003)

Bio-Soft Net, Education Section, http://en.bio-soft.net/biocai.html
Cybertory.org, http: //www.cybertory.org/

Biology Animation Library, Cold Spring Harbor Laboratory’s Dolan DNA Learning
Center, http://www.dnalc.org/resources/animations/

Wellcome Trust Education Resources’ Animations,
http://www.wellcome.ac.uk/Education-resources/Teaching-and-
education/Animations/index.htm

Kumar, S., Dudley, J.: Bioinformatics software for biologists in the genomics era. Bioin-
formatics 23(14), 1713-1717 (2007)

Bergland, M., Lundeberg, M.A., Klyczek, K., Sweet, J., Emmons, J., Martin, C., Marsh,
K., Werner, J., Jarvis-Uetz, M.: Exploring Biotechnology Using Case-based Multimedia.
American Biology Teacher 2006 68(2), 77-82 (2006)

Bergland, M., Klyczek, K., Lin, C.: Case It v6 (Programming by Bergland and Lin, case
development by Klyczek) (2010), available for download,
http://caseit.uwrf.edu

Klyczek, K.: Student Resource Manual for Case It! Version 6 (2010),
http://caseit.uwrf.edu/RM2010.html

Butler, D.: Are you ready for the revolution? Nature 409, 758-760 (2001)

Gross, L.: Education for a biocomplex future. Science 288(5467), 807 (2000)

Gabric, K.: Bioinformatics in the biology classroom. Actionbioscience.org (2003)

Porter, S., Smith, T.: Bioinformatics in the community college. Journal of Industrial Mi-
crobiology 24, 314-318 (2000)

Flannery, M.: The Two Ts: Teaching and Technology. The American Biology
Teacher 66(7), 506-510 (2004)

Lin, C., Zhang, M., Beck, B., Olsen, G.: Embedding computer science concepts in K-12
science curricula. In: Proceedings of the 40th ACM technical symposium on Computer
science education (SIGCSE 2009), pp. 539-543. ACM Press, New York (2009)
Subramaniam, S.: The Biology Workbench — A Seamless Database and Analysis
Environment for the Biologist. Proteins-Structure Function and Genetics 32(1), 1-2 (1998)
Rifaieh, R., Unwin, R., Carver, J., Miller, M.A.: SWAMI: integrating biological databases
and analysis tools within user friendly environment. In: Cohen-Boulakia, S., Tannen, V.
(eds.) DILS 2007. LNCS (LNBI), vol. 4544, pp. 48-58. Springer, Heidelberg (2007)



Learner-Centered Methodology for Designing and Developing Multimedia Simulation 29

18. Tamura, K., Dudley, J., Nei, M., Kumar, S.: MEGA4: Molecular Evolutionary Genetics
Analysis (MEGA) software version 4.0. Molecular Biology and Evolution 24, 1596-1599
(2007)

19. Altschul, S.F., Gish, W., Miller, W., Myers, E.-W., Lipman, D.J.: Basic local alignhment
search tool. J. Mol. Biol. 215, 403-410 (1990)

20. Kang, H., Lundeberg, M.A.: Participation in science practices while working in a multi-
media case-based environment. Journal of Research in Science Teaching 47(9), 1116-1136
(2010)

21. Wolter, B., Lundeberg, M., Bergland, M., Klyczek, K., White, C., Tosado, R., Toro, A.:
The influence of alternative instructional methods on student retention in postsecondary
biology programs. Paper Presented at the American Educational Research Association,
Denver, CO (2010)



	Learner-Centered Methodology for Designing and Developing Multimedia Simulation for Biology Education
	Introduction
	Overview of Case It! v6
	User Interface Design
	Case Workflow Analysis
	Extension Tool Workflow Analysis

	Scenario
	Conclusions and Future Work
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




