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ABSTRACT

We describe a module, or sequence of lessons, that has been
successfully used to teach basic elements of computer science to
fourth grade students. = The module was designed to reflect a
firm grounding in computer science, to be age-appropriate, to be
easily installed in schools, and to support a range of teachers.
Over 300 students in grades three through six have taken this
module or a related module. The programming language used is a
modern variant of Logo called VVLogo, which students access
through a Java applet on a web page.

Categories and Subject Descriptors
K.3.2 [Computer and Information Science Education]:
computer science education, curriculum.

General Terms
Design, Languages.

Keywords

K-6 Curriculum, Fourth grade computer science, Logo, VVLogo.

1. INTRODUCTION

Why isn't computer science taught in fourth grade? Science is
part of most fourth grade curricula, taught either by the regular
classroom teacher or by a visiting science specialist. In
California, for example, the fourth grade content standards
include topics from Physical Sciences (circuits, magnets), Life
Sciences (the food chain, ecosystems), and Earth Sciences (rocks
and minerals, erosion) [2]. Why not computer science?

The question has many answers. ACM's 4 Model Curriculum for
K-12 Computer Science [9] identifies insufficient teacher
preparation, a lack of state-level content standards, and the need
for the development of curriculum materials. Another important
factor is the common perception that computer science is too hard
or too advanced for younger students. When computer science is
viewed as akin to advanced math or electrical engineering, this
reservation makes sense. However, in this paper we argue that
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basic concepts of computer science are appropriate for K-6
students in general, and fourth graders in specific, just as are the
foundations of other sciences. In fact, the fascination today's
children have with computers can make them more receptive to
computer science than to, say, geology.

This paper describes a computer science module, lasting 45
minutes a week for about 10 weeks, which has been taught over
the last four years at a public elementary school. (“Module”
means a sequence of lessons on a specific topic.) More than 300
students, mostly in fourth grade but also in the third, fifth, and
sixth grades, have taken different versions of module. The
module teaches computer programming (using variants of Logo
and Basic) and computer science topics such as abstraction,
ethics, computer graphics, hardware, and history. We specifically
describe the module as taught to two fourth grade classes in
Spring, 2006.

2. DESIGN PRINCIPLES

In designing and delivering the module, the overriding goal was
to make every student’s experience a positive, educational, and
memorable encounter with computer science. The ACM Model
Curriculum [9] provides an extensive list of skills and outcomes
related to computer science and appropriate for K-8 students. To
complement and instantiate the ACM Model Curriculum, the
module was designed with four criteria in mind: firm grounding in
computer science; age-appropriate materials, concepts, and
delivery; use of accessible hardware and software technology; and
support for teachers delivering the module.

Firm grounding in computer science. Computer science is a
broad field which includes the study of computer programming,
computer hardware, data structures and algorithms, software
infrastructure such as operating systems, networks, and compilers,
the design and engineering of software applications, human-
computer interaction, and artificial intelligence. In any course
only a subset of topics can be covered. For the fourth grade
module, we wanted to emphasize the visible, hands-on aspects of
computer science, as well as those that relate directly to students’
everyday interactions with computers. We therefore designed the
module to cover the first elements of computer programming,
program design, hardware, computer graphics, and ethics.

It's important to note that the module is not an introduction to
computer literacy, and would not be appropriate for a class unless
the students had already learned to use the keyboard and had
experience with a variety of software applications. (More
advanced literacy issues, such as copy and paste, did often come
up in the labs and were discussed one-on-one.)

Age-appropriate. Many core concepts of computer science are
interesting to, and usable by, fourth graders. Some examples:



e  Computers follow programs that are written by people.

e  Computer programs are written in languages with syntax
and key words.

e  Computers have no understanding beyond what is explicitly
coded into a computer program.

e  For a problem to be solved by a computer, it has to be stated
in a completely defined way.

e  For information to be used by the computer, it has to be
represented as digital data.

e  Writing a computer program involves selecting or creating
algorithms and data structures.

e Algorithms implemented as computer programs use control
structures, such as FALL-THROUGH, IF, REPEAT, and
PERFORM-SUBROUTINE.

e A computer programmer has to be able to step through a
program, following each instruction, just as the computer
does.

e  Programs often don't work correctly the first time; much
revision and testing is usually needed.

e Different parts of the computer have different functions,
dealing with input, output, storage, communication, and
computation.

e  Computer displays (including printed output) consist of
pixels, each of which has a color.

e  Communicating via a computer (e.g. with e-mail) means that
many copies of a message may exist.

In addition to issues of content, the module emphasizes creativity,
experimentation, and understanding in age-appropriate ways. In
the computer lab, the students were given guidance and specific
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£ Enter your Y¥lLogo program here

HOWTO Draw
Souare BT 45
Jquare BT 45
Jquare BT 45
3quarx BT 45

END

HOWTO Soquare
FIr 100 ET 30
FD 100 ET 30
FD 100 RT 20
FD 100 RT 320

END

Line 5: Squarkwas found when expecting a command.

Draw | | Clear |

Java dpplet Window

Figure 1: The VVLogo programming window, with a
program and an error message.

tasks, but also allowed to explore and share with each other
interesting discoveries. Fourth grade students are learning to
generalize concrete experiences with abstract concepts, and to
divide large tasks into sub-tasks which are easier to accomplish,
both activities were emphasized in the module.

Use of accessible hardware and software. The good news is
that many American primary and middle schools have an ample
supply of PCs connected to the Internet. However, these PCs
often have a limited set of software. Because of district policies,
fear of viruses, insufficient time, and the frequent release of new
versions, it may not be easy for a teacher to install additional
software. We decided to deliver a programming environment
through a Java applet available on a public web site
(www.csed.org). As long as the school's PCs have Java-enabled
Web browsers, accessing the programming environment is a
matter of navigating to the web page. An added advantage is that
the language and environment are available to children at home,
and to teachers and students at any school.

Teacher-friendly. The module can be taught by classroom
teachers, science specialists, parent volunteers (perhaps following
the Junior Achievement model [5]), or by faculty and students
from a university. The curriculum is flexible and well-supported:
all curriculum materials, programming language documentation,
handouts, and teacher guides are freely available on the web.
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Figure 2: Output from the corrected Figure 1 program.

3. LANGUAGE AND ENVIRONMENT

We developed VVLogo, a version of Logo [8], and VVBasic, a
version of BASIC [3]. An important property of a programming
language for children is that it allows short—even fewer than ten



keystrokes—interesting programs to be written. We focus here on
VVLogo, the language taught in the Spring, 2006, module. As in
traditional Logo, VVLogo has a turtle, drawn as a green triangle,
that can be given the commands Forward (abbreviated FD), Back
(BK), Left (LT), and Right (RT), each followed by a number
indicating length or degrees. When the turtle moves, its "pen"
draws a line. The language is not case sensitive, and uses no
punctuation except for parentheses and white space. Classic Logo
defines a subroutine between To and End; in VVLogo the clearer
(we thought) HowTo is used. A subroutine is invoked by using
its name, followed by any parameters. See Figure 1, which
produces (after fixing the error introduced on line 5) the output
shown in Figure 2. A correct VVLogo program has a main
routine named Draw, which is invoked when the student clicks on
the button labeled Draw.

After PenUp (PU) the turtle moves without drawing; PenDown
(PD) restores the pen. The commands PenColor (PC), TurtleColor
(TC), and BGColor (BC) change the pen, turtle, and background
colors. Colors are defined using five “primary” colors, Red (R),
Green (QG), Blue (B), White (W), and Black (K); primaries can be
combined with + (addition). For instance, pink is Red + White,
and light gray is Black + White + White (or K+W+W). The only
control structure we introduced in fourth grade was Repeat, which
is followed by a count and then the actions to be repeated in
parentheses. For example, to draw a triangle: Repeat 3 (FD 100
RT 120). The Slow command changes the speed at which the
turtle moves, turns, and draws; it is very useful for understanding
and debugging programs.

The VVLogo environment is accessed on a Web page where a
Java applet pops up two windows. The programming window,
titled “Enter your VVLogo program here,” has three parts, an
editing area on top, an error message area in the middle, and a
button area. Pressing the Draw button starts the program; the
Stop button (enabled only when a program is running) can cancel
a long running program; and the Clear button clears the
programming area. Unlike many Logos, there is no command
line. The second window, titled "VVLogo output,”" displays the
turtle and the lines it has drawn.

£ Enter your ¥¥Logo program here E][E|E|

HOWTO Draw
Dinnertime
BT 58 FDr 170
LT 120 FD 130
LT 40 FD 100

END

Diraw | | Clear |

Java Applet Window
Figure 3: Playing Dinnertime.

4. CURRICULUM

The module has evolved and improved each time it has been
taught. We describe here the version taught to two fourth grade
classes in April, May, and June, 2006. Because of interruptions
for statewide testing and field trips, this module was only eight
weeks long. Each weekly meeting consisted of about 20 minutes
of classroom discussion (with no computers), followed by about
25 minutes in a computer lab. In the lab each student had his or
her own computer, and followed, at least to some extent, a one-
page set of instructions handed out each week. The module was
taught by the author, a parent volunteer, and an undergraduate
from the author’s university; in lab three teachers for thirty
students is satisfactory.

Week 1. In the classroom we introduced ourselves and
administered a pre-test (discussed in section 5). It is almost
impossible to explain what programming is, so we talked a little
bit about the turtle, gave the students instructions on how to bring
up the web page (they each had an account already and knew how
to log on), and sent them to the computer lab. By typing in and
running some simple VVLogo programs, they became familiar
with the editor, the error message area, the turtle window, and the
turtle. About a third of the students started experimenting with
different parameters and hypothesized commands (if Forward and
Back, why not Sideways?). Two or three students in each class
thought of a shape or a picture (such as a happy face) and tried to
make the turtle draw it.
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Figure 4: Two jellyfish down, two to go.

Week 2. At the start of each meeting, we always reviewed all
previous material, as interactively as possible. Students eagerly
volunteered to be the turtle and act out FD, RT, and other
commands. We tried as a class to make a student turtle walk in a



triangle—this was pretty tricky; it wasn't clear to all that LT and
RT are from the turtle's point of view. Also, the students were
just learning about angles and degrees in math. In lab, students
entered programs using PenUp and PenDown. They also
experimented with different sizes of the output window, and
observed what happens when the turtle moves too far in one
direction (it wraps around).

Week 3. To start, the undergraduate assistant answered questions
about life as a college student. (The charm of the undergraduate
assistant and his or her rapport with the students is always a factor
in the module's success.) The undergraduate assistant invited up a
student to be the turtle, and the class tried to guide her back to her
seat. She eventually got there. We introduced several topics that
we returned to again in following weeks. We talked about the
special role of the HowTo Draw, and that new "HowTo"s can be
defined and used. In every subsequent lesson we talked about
how and when to define HowTos; fourth graders seem to be just
on the cusp of being able to understand and use this kind of
abstraction. Another topic was error messages; many students
had noticed them, but most hadn't understood the connection
between the messages and what they had coded. Many students
had heard from their friends in higher grades that the colors could
be changed, so we introduced PenColor and the five VVLogo
primary colors, perhaps a bit earlier than would be pedagogically
ideal. In lab, students found that with a HowTo Square they
could create interesting patterns. A group of boys was most
interested in seeing if they could turn the window black by
making the turtle pass over every pixel.

Week 4. We discussed e-mail, with which many students were
familiar. After talking about how long an e-mail lasts and how
many copies of it are made as it is transmitted, we turned the
discussion to safety and ethics. We suggested two rules for
students to follow: Never write anything in an e-mail you don't
want the entire world to read, and check with your parents before
you forward an e-mail. Back to VVLogo, we asked, can we teach
the turtle how to (HowTo) draw big letters? The class
collaborated on routines for L and T, which they continued
working on in lab. The class was told that primary colors can be
combined with "+". This was easy for students to grasp, but most
were dumbfounded that red plus green equals yellow. In lab they
saw it was true, and noticed that the monitor's red and green are
actually yellowish versions of those hues.

Week 5. The focus this week was on angles. In the classroom we
gave each student a sheet of paper with a large circle on it, and
had the students draw in several angles. 45 degrees and 90
degrees were pretty solid. Other angles proved tricky, but the
regular teachers were happy because angles were just coming up
in the math curriculum. We had a discussion with the class about
program readability and good style habits such as not putting too
much on one line. In lab students played a built-in VVLogo game
called Dinnertime, in which they have to guide the turtle to the
tasty jellyfish, while avoiding the turtle-eating sharks (see Figures
3 and 4). Playing this game reinforced students' abilities to
estimate angles and distances.

Week 6. In class we examined and discussed the parts of a
physical computer. We brought in examples of internal parts such
as memory, circuit boards, and disk drives. The categories of
input devices, output devices, volatile and static memory, the
central processing unit, and the notion of price and speed trade-

offs were mostly new to the students and easily grasped. In lab,
the students honed their color matching skills by playing a
VVLogo game called Secret Agent. The goal is to change the pen
color as the turtle traverses four blocks of random colors, so that
the pen color matches the blocks and the turtle's movements can
go undetected.

Week 7. If a HowTo is defined with the name Square, and then
elsewhere you try to use the routine but call it Skware, will the
program work? Does the turtle know that Square and Skware
sound the same? What if the HowTo is named Square but it
actually draws a triangle? The students were evenly divided on
these questions, and the ensuing discussion clarified to many
students the limits of the computer's intelligence. We also
introduced the Repeat command, and in lab the students had a
chance to rewrite some previous programs using Repeat, which
many found quite interesting.

Week 8. We kept the final class period short, just administering
the post test and saying goodbye. In lab, students wrote HowTos
named Squiggle containing almost random commands, and then
used Repeat to perform multiple Squiggles. For example:

HowTo Draw
Repeat 50 (Squiggle)
End
HowTo Squiggle
FD 87 RT 113
BK 23 LT 21
End
Interestingly, the results are always attractive no matter how
Squiggle is precisely coded; when the module is longer we
discuss this phenomenon.

5. EVALUATION

We evaluated whether the module met our goals of being a
positive, educational, and memorable encounter with computer
science. Our primary tools in the evaluation were pre- and post-
tests we administered. In the pre-test we found that every student
had access to a computer at home. We asked, "Have you ever
sent an e-mail?" Out of 58 students, 34 answered yes (four
volunteered that they had only sent one) and 24 answered no. We
asked, "What are three words you would use to describe
computers?" The top responses are shown in Table 1.

Table 1: Words used to describe computers in pre-test

Words listed by students Frequency
fun 30
smart 15
cool 14
helpful 7
useful 7
interesting 7
other positive words, such as 26
magnificent, exciting, great

other negative words, such as hard, 11
boring, virus

other neutral words, such as mouse, | 43
electricity, research




With 106 positive words, 43 neutral, and 11 negative, clearly the
fourth graders entered the module with mostly positive attitudes
about computers. Another pre-test question was, "Suppose you
are on a beach. You are making patterns in the sand by dragging
a long stick as you walk. First you walk forward 6 feet. Then
you turn left 90 degrees. Then you walk forward 2 feet. Then
you walk backwards 4 feet. What shape have you drawn in the
sand? What letter of the alphabet does it look like?" 10 students
correctly identified the shape as "T"; 9 did not answer the
question, and 39 students gave wrong answers, most frequently
"J".

In the post-test we again asked students to write three words
describing computers. The results were very similar to the pre-
test, overwhelmingly positive, with four "boring" or "annoying"
responses, and a few responses reflecting the module, such as
"input and output." We also gave the students another "drawing
in the sand" question, a slightly harder one with the correct
answer being "H". 34 students answered correctly, 2 students did
not answer, and 22 answered incorrectly, usually "+". The post-
test results indicate that about half the students acquired an
improved ability to work step by step through detailed
instructions.

The pre- and post-tests support our observations that the module
was positive and educational for the students. To evaluate the
goal of memorable, we have only anecdotal evidence. Fifth
graders who took the fourth grade module a year earlier generally
have required only one meeting to recall what they had learned.
Also, from server logs we can see that the web page continues to
be accessed for many months after the last module was taught.

6. RELATED WORK

Logo has long been a popular language for teaching programming
to children. It's popularity reached a peak in the 1980's, and
diminished afterwards with the wide availability of excellent
software for drawing and making music. [4] and [7] are fine
collections of articles on Logo philosophy and practice. A list of
commercial and public domain implementations of Logo is
maintained by the Logo Foundation [6].

An interesting collection of activities which illustrate a wide
variety of computer science topics and which are designed for
five to twelve year olds is provided by [1]. These activities do not
require a computer, which underlines the often elusive
observation that computer science is not about computers. The
approach presented in this paper is based on the contrasting, but
not contradictory, assumptions that computers are accessible and
fun to use.

7. CONCLUSIONS

Today, students learn about physics in fourth grade by building a
simple compass, learning how to use it, and observing how a
nearby magnet affects it. Fourth graders learn beginning earth
sciences by recognizing different types of rocks and minerals. In
the near future, perhaps all fourth grade students will learn about
computer science by writing simple, graphical programs, by
learning to recognize the parts of a computer, and by learning
how to use computers and software safely and ethically.

Two factors impeding K-6 computer science education are the
lack of curriculum materials and the mistaken—we believe—
notion that the nature of computer science makes it too hard for
younger students. By adopting pedagogical goals and styles used
successfully to teach other sciences to K-6 students, computer
science can be more widely taught in primary schools. Anyone
interested in exploring VVLogo further is encouraged to go to the
www.csed.org web page and click on VVLogo.

8. REFERENCES

[1] Bell, T., Witten, I, and Fellows, M. Computer Science
Unplugged. 2002. Available at
http://www.unplugged.canterbury.ac.nz/

[2] California Dept. of Education. Grade Four Science Content
Standards. URL http://www.cde.ca.gov/be/st/ss/
scgrade4.asp, accessed Sept. 6, 2006.

[3] Dartmouth College Computation Center. Basic. 1964.
Available at
http://www .bitsavers.org/pdf/dartmouth/BASIC_Oct64.pdf.

[4] Harper, D. Logo: Theory and Practice. Brooks/Cole, Pacific
Grove, CA. 1989.

[5] Junior Achievement. Get Involved Volunteers. URL
http://www ja.org/involved/involved vol.shtml, accessed
Sept. 6, 2006.

[6] Logo Foundation. Logo Products. http://el. media.mit.edu/
Logo-foundation/products/software.html, accessed Nov. 15,
2006.

[71 Maddux, D., and LaMont Johnson, D. Logo: a retrospective.
Haworth Press, New York, 1997.

[8] Papert, S. Mindstorms: children, computers, and powerful
ideas, second ed. Basic Books, New York, 1993.

[9] Tucker, A., Deek, F., Jones, J., McCowan, D., Stephenson,
C., and Verno, A. A Model Curriculum for K-12 Computer
Science: Final Report of the ACM K-12 Task Force
Curriculum Committee. The Association for Computing
Machinery, New York, 2003.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


