Asia-Pacific Forum on Science Learning and Teaching, Volume 6, Issue 1, Article 3, p.1 (Jun., 2005)
Suat UNAL & Bayram COSTU
Problematic issue for students: Does it sink or float?

Problematic issue for students: Does it sink or float?
Suat UNAL

Karadeniz Technical University, Fatih Faculty of Education, Department of
Secondary Science and Mathematics Education, Trabzon, TURKEY

Bayram COSTU

Karadeniz Technical University, Giresun Faculty of Education, Department of
Primary Science Education, Giresun, TURKEY

Email: unal suat@hotmail.com, costubayram@hotmail.com

Received 9 May, 2005
Revised 15 June, 2005

Contents
® Abstract
® Introduction

® Methodology
B [nstruments

B Sample
B  Process

Results and discussion

Conclusion and implications

References

Appendix 1

Abstract

The aim of this study is to investigate grade-eight students' conceptions of sinking and
floating. Firstly, semi-structured interviews were conducted with 12 students to
determine students’ difficulties and to develop a multiple-choice diagnostic test. In
designing the content of the interview questions, grade-eight science curriculum,
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research on students' understanding of the subject, and primary school science
teachers' views were taken into account. A diagnostic MCQ test was developed and
administered to 108 students to determine the extent of the misconceptions revealed
from the students' responses in the interviews. From the data, it was found that
primary school students' misconceptions on sinking and floating, determined by
earlier studies, were also held by grade-eight students in this study. In this paper, we
have discussed the reasons that may lead to misconceptions and what should be done
as science educators or teachers. Moreover, a sample activity, designed to remediate
the misconception that mass or weight determines whether an object sinks or floats,
was presented for researchers and teachers' use at the end of the paper.

Key Words: Science Education, Misconceptions, Sinking and Floating, Science
Activities

Introduction

Much research has indicated that students enter their classrooms with ideas about
science that have been influenced by their prior experiences, textbooks, teachers’
explanations, or everyday language (Osborne, 1982; Nakleh, 1992; Fleer, 1999;
Palmer, 2001; Costu & Ayas, 2005; Calik & Ayas, 2005). According to the
constructivist view, students often construct their own knowledge and theories about
how the natural world works. Therefore, their construction of knowledge or theories
may sometimes be contrary to those of scientists (Osborne and Wittrock, 1983;
Bodner, 1986; Geelan, 1995). Such views or conceptions have been called
misconceptions, preconceptions, alternative frameworks, naive conceptions or
common sense conceptions (Driver & Erickson, 1983; Treagust, 1988; Nakleh, 1992).

Over the last two decades, educators have shown great interest in identifying students’
misconceptions about various science phenomena, either prior to or following an
instruction. One of the areas that science education and cognitive development
research have studied is floatation. Students’ views on floatation were first reported by
Inhelder and Piaget (1958). They revealed that because the formulation of floatation
rules requires advanced reasoning skills, it may not be understood by students and it is
possible for students to have misunderstandings. Rowell and Dawson (1977a, 1977b,
1981) carried out studies related to the results of Piaget’s work to elicit students’
understanding and help them improve their understanding of the phenomenon of
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floatation. In addition, there are numerous studies reporting students’ misconceptions
and investigating the effectiveness of alternative teaching models for floatation and
related concepts (Simington, 1983; Biddulph and Osborne, 1984; Smith, Carey, &
Wiser, 1985; Halford, Brown, & Thompson, 1986; Smith, Snir & Grosslight, 1992;
Hewson & Hewson, 1993; Kariotogloy, Koumaras, & Psillos, 1993).

Although there have been many studies on students’ conceptions of sinking and
floating in the international science literature, few studies are available in Turkey.
Giirdal and Macaroglu (1997) investigated fifth grade students’ conceptions of sinking,
floating and the Archimedes principle. They also discussed how to teach these
phenomena by taking into account primary school students’ cognitive skills. Their
study revealed that as students did not give correct response to any test item, they
couldn't construct scientific understanding about these concepts. Macaroglu and
Sentiirk (2001) also carried out a study to elicit fourth grade students’ understanding
of the floatation. They found that students could not identify whether a material sank
or floated, because of their non-scientific rules for sinking and floating.

Although there are some studies investigating primary school students’ conceptions of
sinking and floating, similar studies on grade-eight students’ conceptions have not
been studied so far in Turkey. As the Archimedes principle and other related concepts
are first introduced to students at the seventh grade, one important question should be
asked whether students still hold their earlier misconceptions or alternative ideas even
after formal instruction in class. Therefore, this study aimed to investigate Turkish
grade-eight students’ conceptions, understandings and misunderstandings of sinking
and floating concepts.

Methodology
Instruments

In this study, semi-structured interviews and a Sinking and Floating Conceptual Test
(SFCT) comprising 20 multiple-choice questions were developed and used to collect
data.

The content of the semi-structured interview protocol was designed by taking into
consideration the propositional statements given in the curriculum, the results of
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earlier studies and teachers’ comments. The aim of the semi structured interviews was
to reveal misconceptions held by the students. Therefore, in the semi structured
interview, students were first given nine focus cards and asked to respond the
questions on them. When explaining their ideas, their understanding was investigated
more deeply by means of follow-up questions. One of the focus cards and its focus
question used in the study is presented below:

z Object K is floating in a liquid as shown in the first
FFFFFFFEEH y figure. If object K is divided into two pieces (M and
i L) whose sizes are different from each other and
n S - then, they are put into the same liquid, what do you
predict will be their positions? Will they sink or

Focus Card 3

float? Please explain your reasons.

To determine how widespread the misconceptions revealed from the students’
responses in the interviews was, a multiple-choice diagnostic test (SFCT) was
developed and administered. Each question had four choices which included the
correct answer and three misconceptions revealed from the interviews, a literature
review or teachers’ views. One of the test items is presented below. Content validity
for the test instrument was ensured by basing the test's construction on a previously
validated list of propositions that represented primary science curriculum and reviews
by three science educators and three experienced primary school science teachers.

Cronbach alpha-reliability coefficient was measured 0.74 for the test by means of

SPSS 10 ™,
Ttem 20.

X
P Ohject 2 is floating in the water as shown in the figure. If object X iz

iassmaasma] ﬁ Y cut into two pieces (Y and Z) whose sizes are different and then, they are
put innto the water one by one, which one will be the best figure showing
waiEn @ Z  their positions in the water?

A) v B) 7 vy ) Yy D) g v

i
PR FFFR e FHE B
i

This study was conducted during the spring term of 2004. Semi structured interviews
were conducted with 12 grade-eight students who participated in these sessions

Sample
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voluntarily and then, SFCT was administered to a total of 108 grade-eight students
from four different classes of science lessons instructed by two different teachers from
a public primary school in Trabzon.

Process

The methodology of the research is summarized in Figure 1.

LITERATURE DEFINITION OF BASIC CONCEPTS TEACHERS'
EEVIEW ABOUT FLOATATION IN CURRICTLTRM YIEWS

:D PREPARATION OF SEMI-STRUCTURED Q:
INTERVIEW QUESTION 3

INTETRVIEWS
WITH STUDENTS
AND OTHER [ <= '
RESOURCES DEVELOPING TEST ITEMS VIEWS

<5

IMPLEMENTATION OF
THE TEST (MCT)

<L

DATS ANALYSES AND
EEPORTING
PROBLEMATIC AREAS
FOR STUDENTS

Figure 1. The research methodology: stages of the study

To define concept boundaries related to sinking and floating, the primary science
curriculum was examined. Before attempting to identify students’ misconceptions on
sinking and floating, problematic areas reported in related literature were defined.
Furthermore, primary school science teachers were interviewed for identifying their
students’ difficulties about these concepts. By considering the propositional
statements in the curriculum, the results from earlier studies and the teachers’
comments, focus cards and the content of semi-structured interview protocol were
organized. All interviews were audio-taped. After the interviews, they were fully
transcribed and analyzed to list students’ misconceptions on the phenomena under
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investigation.

In the second stage, a multiple-choice diagnostic test (SFCT) was developed. During
this process, suggestions from three science educators and three primary science
teachers were taken into account. In addition to this, science textbooks and other
useful resources were also used. After the administration of SFCT, the students’
responses were analyzed. In the analyses process, items of the instrument were
evaluated for both correct and incorrect responses. The frequencies and percentages of
choices that were given by the students as correct answers for the questions were
calculated for each of the test items. The results of this process were given in Table 1.
And then, students’ misconceptions and the percentages of students who had these
misconceptions for each of the test items were defined and presented in Table 2.
Analyses of incorrect responses selected by the students provided data on students’
misconceptions related to items.

The choices of some test items include more than one misconception. Simultaneously,
a misconception was used in more than one choice of the same question. When
calculating the percentages of students who had this misconception, we considered the
total of the students whose choices included that misconception. Therefore, in
grouping misconceptions, the choices of the test items were used more than once in
the same questions.

Results and discussion

The frequencies and percentages of the students’ responses to SFCT items are
represented in Table 1.

Table 1. The frequencies and the percentages of the students’ responses to SFCT

(n=108)
Correct A B C D No
Item ) response
choice
f % | f % | f %|f|%| f %
D - - - - |10 9 |98 |91 | - -
2 C 16157 |66 16|15 4 | 4 - -
A 59 |55 /10| 9 (18|17 21119 - -
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s

4 A 44 141 (49|45, 6 | 6 | 9 | 8 - -
5 B - | - 157|537 |6 |44 41| - -
6 B 20119 |48 |44 | 12|11 |28 1 26| - -
7 D 43140 | 14 | 13| 8 | 7 |43 |40 | - -
8 C - | - 1121116459 |32 30| - -
9 A 38 (35/32 (30|21 |19 |17 |16 - -
10 A 44 |41 |27 |25 | 8 | 7 |25123| 4 4
11 D 17116 |38 35|34 |31 |19 | 18| - -
12 B 515167622523 |11 10| - -
13 C 3313125233633 12|11 2 2
14 D 39136 |27 25|12 |11 30|28 | - -
15 B 17116 |15 |14 |42 |39 |34 |31 | - -
16 C 16 |15 |17 |16 |54 |50 | 14 |13 | 7 6
17 A 34 1311918454210 9 - -
18 A 67 62|14 |13 - | - 24|22 3 3
19 D 201912 |11 |13 |12 |63 |58 | - -
20 B 2019 |51 |47 (35|32 |2 |2 - -

* The frequencies and the percentages of student choosing the correct answer are shown in bold.

From the analyses of the students’ responses to the test items 2, 7, 15 and 20, it is
clear that most of the students had the misconception that weight or mass determines
whether an object sinks or floats. The percentages of the students who had this
misconception were in the range of 40-66% for different items (see Table 2). It is
possible to conclude that students probably construct some non-scientific rules guided
by their limited daily life experiences. This misconception may stem from both
students’ lack of knowledge and their inaccurate generalization.

Another misconception revealed in the study was that the volume of an object
determines whether it will sink or float (see items 1, 2, 15 and 20 in Table 2). The
percentages of the students whose choice includes this misconception were in the
range of 19-55% for different items. This misconception may also result from
students’ lack of the concept of density and their over generalization of experiences in
daily life.
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The majority of the students think that the volume of a liquid in a container
determines whether an object sinks or floats. This misconception was revealed from
the students’ responses to items 9, 16 and 17. The percentage of the students whose
choice on those items includes this misconception, were 35%, 50% and 69%
respectively. According to the students who had this misconception, when the level of

the liquid in a container is increased, a sinking object will float and the volume of its

sinking part will decrease. This misconception may also stem from students’ previous
experiences. Although a child could not float a toy boat in a bowl because of its height,
he could float it in a pool. Therefore, students erroneously conclude that the volume of

a liquid in a container determines whether an object sinks or floats.

Table 2. The percentage of students who gave the correct response and those who had
misconceptions for each item

Students
Giving .
ltem Correct Sirepos el s Students' Misconceptions and Difficulties
No (Content of Test Items)
Responses
(%0)
Deciding whether an object | *Objects which are hanging on in a liquid are named
1 91 sinks or floats by regarding | as sinking objects because they are covered by the
its position in a liquid liquid (9%)
*Volume determines if an object will sink or float
Identification of the factors | (19%)
) 15 influencing whether an *Weight determines if an object will sink or float
object sinks or floats in a (66%)
liquid *The volume of the liquid determines if an object will
sink or float (70%)
oy *Density is the weight of an object (9%)
3 55 ?fzgggtlon SHID OISR | eyt e e el @ el o Mgt (796
Y *Density is the force that pushes an object up (19%)
*The density of an object hanging in a liquid is equal
. . o
Comparison of different Eko iet o a floaine ob!ect © A’). . .
. .. The density of an object hanging in a liquid is equal
objects’ densities by . o ) o
4 41 resardine their positions in to the density of a sinking object (6%)
4 1% uid & p *The density of a floating object is more than that of
d a sinking object and an object hanging in a liquid
(45%)
5 53 Making a connection *The density of an object hanging in a liquid is less
between the buoyancy than the density of the liquid (6%)
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which affects an object and | *The buoyancy of an object which is hanging in a
the weight of the liquid liquid is more than the weight of the liquid
overflowing overflowing (41%)
Comparison of the densities | *The density of an object hanging in a liquid is equal
of different objects, whose | to that of a floating object (19%)
6 44 masses are the same but *When two objects at the same mass are put into a
volumes and buoyancies are | liquid, the buoyancy on the object hanging in the
different from each other liquid is more than that on floating object (26%)
Understanding the reasons
why objects may have *The mass of an object determines whether it will
different positions in a sink or float (40%)
7 40 liquid, although they are *When two objects of the same mass are put into a
made of the same matter liquid, a geometrical shaped one will float, but the
and their masses and other having no geometrical shape will sink (13%)
densities are equal
Determination of the *Whgn the container is shaken, the floating object
8 59 processes to make a floating wlll il < QLI50)
. . *If you make a hole through the object, it will sink
object sink
(41%)
*Because the volume of the liquid affects buoyancy,
the volume of the sinking part of the objects in a
Comprehension of the container filled with a little liquid is more than
9 35 reason why an object may another with more liquid (46%)
have different positions in | *Because the volume of the liquid in the container is
two different liquids little and insufficient, the volume of the sinking part
of an object is more than that in another container
(35%)
*The greater the floating part (out of water) of an
Calculation and comparison ibj e (s greater 1 buoyar.lcy @ 0%.) .
R E i S v When comparing buoyancies affecting three objects
10 41 B ETE e one qf W-hlch sinks, another ﬂoat§ ar}d the .othe.r hangs
Y e e in a liquid, the buoyancy of the sinking object is more
same than the others (25%)
*Not making the connection between the volume of
sinking part of an object and its buoyancy (59%)
Putting the solutions
(liquids) in order, according | *Making wrong connections between the solvent and
11 18 to their densities by solute quantities of solutions and their densities
regarding of solvent and (82%)
solute quantities
Identification and
comparison of the densities | * Making wrong connections between the densities of
12 62 of different liquids, which different liquids and their positions in a container
don't mix with each other, (38%)
by regarding their positions
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in a container
Interpretation of how the
Xginlﬁa?jcih:nﬁ?i(slng part *When the densities of the liquid changes, the
buovan. CJ chanees when a buoyancy of an object changes too (54%)
13 33 i u}i,d w}}llich is%ess dense is *The volume of the sinking part of an object becomes
(()lure dinto the container less when a liquid which is less dense is poured into
If:')llle d with a more dense the container filled with a more dense liquid (34%)
liquid
g;fgﬁg?;ﬁﬁ Zigz:;igl; *When two objects, one of which is put on the top of
and the positions of the the other, is put into the liquid one by one, the
biect P h hon ¢ position of the object which is beneath does not
14 |28 ODJECIS CAANEE WAEN TWO - 1 nge (47%)
objects, one of which is put | . S
" e When two objects, one of which is put on the top of
ut into the liquid Z)ne b the other, are then put into the liquid one by one, the
gne d y water level in the container does not change (36%)
Understanding the reasons | *Weight determines if an object will sink or float
15 14 why objects may have (47%)
different positions in a *Volume determines if an object will sink or float
liquid (55%)
*When the volume of a liquid in a container is
Ut (e dhe increased, the volume of the sinking part of an object
volume of a liquid in a ol clesienss (1970
16 50 container does not affect the *When the volume of a liquid in a container is
Toiion o Te aliEst i fie increased, the volume of the sinking part of an object
liquid and its floatation e )
* When the volume of a liquid in a container is
decreased, a floating object will sink (13%)
Understanding the reasons | *The volume of a liquid in a container determines
17 31 why objects at the same whether an object sinks or floats (69%)
volume may have different | *Objects which have a hole will sink in the course of
positions in a liquid time because the liquid fills the hole (51%)
Interpretation of the last
Eoilféoviigi ?&? Ogeegs dm 2| *No interpretation of the position of objects, which
18 62 toq ether by Te ;]r dine their | &€ tied to each other, in a liquid by considering their
. posyitioﬁs e carlier positions in the liquid (38%)
liquid
Interpretation of the
densities of new objects
19 53 which are formed by *Objects which are covered by the liquid have always
sticking an object on the same density (23%)
another object with regard
to their positions in a liquid
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*When a floating object is cut into two parts, the

Ilac(l)esrilttilfncsagg?hzfptigies of volume of the smaller sinking part will become less
0
20 47 the object in the liquid when (%)

*When a floating object is cut into two parts, the
bigger piece will sink or the volume of the sinking
part will increase (51%)

a floating object is cut into
parts of different sizes

*In some of the test items (e.g. items 2, 8, 9, 10), total percentages may not be %100 because two or more choices
include the same misconception. Therefore, in grouping misconceptions and calculating their percentages, the

choices of the test items were used more than once.

It was found that students had difficulties in understanding the concept of density. It
was very clear from the students’ responses to test items 3, 11, 12 and 14 (see Table 2)
that the students could not understand it and thus, had some misconceptions. For
example, more than 38% of students had difficulties in describing density and also
definitions of densities of different objects. In addition to this, some students did not
consider the density of the liquid when determining whether an object would sink or
float (see items 8, 9 and 13 in Table 2). The percentages of the students whose choices
were wrong for these items were 41%, 65% and 65% respectively.

Students’ responses to items 4, 6 and 19 showed that they could not compare the
density of different objects by regarding their positions in a liquid (see Table 2). The
percentages of the students whose choices include misconceptions in this area were
59%, 56% and 42% respectively. The most common misconception held by the
students in this area was that the density of an object hanging in a liquid is equal to
that of a floating object or a sinking object. Moreover, some students made an
incorrect connection between densities of the objects and their position in the liquid.

Another misconception revealed from the students’ responses to the test items 3, 5, 6,
9 and 10 was that the students did not have a sound understanding of buoyancy. For
example some students reported that the buoyancy of an object hanging in a liquid is
more than the weight of the liquid overflowing. In addition, some students had the
misconception that when two objects are put into a liquid, the buoyancy of the object
hanging in the liquid is more than that of the floating object. In other words, students
cannot make the connection between the volume of the sinking part of an object and
its buoyancy.

It was revealed from the students’ responses to test items 8 and 17 that found that
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some students believe that objects with holes will sink in the course of time, because
the liquid fills the hole. This misconception was revealed from the students’ responses
to items 8 and 17 (41% and 51% respectively).

Students’ responses to item 20 showed that some students could not identify the
positions of the pieces in a liquid when a floating object is cut into parts of different
size. Some students (53%) indicated that when a floating object is cut into two parts,
the volume of the sinking part of the smaller piece will become less. Furthermore,
51% of them also reported that when a floating object is cut into two parts, the bigger
piece will sink or the volume of the sinking part will increase.

Conclusion and implications

Students are first introduced to the Archimedes principle, buoyancy and other related
concepts in the seventh grade. These results show that despite the formal instruction,
Turkish eighth grade students still have difficulties in understanding sinking and
floating, and have misconceptions about the phenomena as reported in the earlier
studies involving primary school students.

Students cannot identify the factors influencing whether an object sinks or floats in a
liquid. When deciding whether an object sinks or floats, they consider their mass, or
volume instead of density. They also consider irrelevant factors such as whether it has
a hole, its size or the volume of the liquid. When these misconceptions about sinking
and floating are examined, it can be concluded that the reasons behind students’
misconceptions are their construction of rules or theories by regarding their
experiences in daily life, lack of knowledge and overgeneralization.

Results of the study showed that there are eight problematic areas where students
commonly have difficulties and misconceptions. These are:

* Effect of the mass of an object on floatation

*  Determination of the density of an object

* Effect of the density of an object on floatation

*  Effect of the density of the liquid on floatation

* Effect of the volume of the liquid on floatation

* Calculation of the buoyancy applied by the liquid on an object

* Effect of a hole which is on the object on its floatation
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*  Effect of the size of an object on its floatation

The related literature has a range of reports that indicate students’ misconceptions
(Inhelder and Piaget, 1958; Smith, Carey, & Wiser, 1985; Smith, Snir & Grosslight,
1992; Kariotogloy, Koumaras, & Psillos, 1993; Macaroglu and Sentiirk, 2001). It is
well known that misconceptions are pervasive, stable and often resistant to change
through traditionally organized classroom instruction, and often held by students even
after the formal science instruction (Driver and Erickson, 1983). Therefore, studies on
misconceptions are important in revealing students’ difficulties in conceptualizing
new scientific knowledge and suggesting remediation ways. Teachers need to be
alerted to students’ difficulties in conceptualizing scientific knowledge and
suggestions need to be made to them regarding more effective strategies for
improving classroom instruction. Therefore, the results of this study are particularly
significant especially for future studies that would suggest teaching strategies,
including activities, to enable students to construct scientific understanding about the
eight problematic areas reported above.

Considering the results, such suggestions also can be made:

* Before teaching the phenomena; concepts of mass, weight, volume and the
concept of density and their differences should be clarified.

*  When teaching sinking and floating, both factors that determine whether an
object will sink or float and those that do not should be emphasized in the
class.

* By considering that some students’ cognitive skills may not develop in the
expected time and they may not understand abstract concept and theories,
this phenomenon should be taught in classes or labs through concrete
activities.

* This study is the first step of an extensive effort whose aims are to identify
students’ misconceptions on floatation, to develop laboratory activities for
remediation and to investigate effectiveness of this teaching strategy. In this
effort, we developed eight activities to enhance students' understanding of
sinking and floating and to remedy students' misconceptions about eight
problematic areas reported in the study. One of the activities related to the
misconception that mass or weight determines whether an object will sink or
float is presented for science teachers, curriculum developers, researchers
and the other science educators (Appendix 1).
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* It is known that there are alternative strategies or tools for conceptual change
such as concept mapping, computer aided instruction and conceptual change
texts. Besides concrete laboratory activities, other effective teaching models
including other strategies or tools should be developed and presented to
teachers for their practice.
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Appendix 1

The lab activity to remedy the misconception that mass or weight determines whether
an object will sink or float.
SINKING AND FLOATING
Activity 1. Effect of the mass of an object on floatation

Materials for Each Group: Electronic scale

A large container

A candle

A marble

A rubber ball
First Step: Weigh the masses of the candle, the marble and the rubber ball by using
an electronic scale. Write down the masses of the objects in the table.

Objects Weights

The candle

The marble

The rubber ball

@ Predict which of the objects will sink or float. Please write down your
prediction. Why do you think this? Please explain your reasons.

Second Step: Fill almost half of the container with water. Afterwards, put the candle,

the marble and the rubber ball into the container gently. What did you observe? Which

sank or floated? Please write down your observations.

@ Were your earlier predictions correct? Compare the differences between
the predictions about which objects will sink or float and the result of the

experiments. If there is a difference between your predictions and the

results of experiment, what do you think your earlier predictions were

incorrect?

Summarization Question (Discuss with members of your group):

After the experiments, do you think that mass or weight determines

whether an object will sink or float? Do heavier objects always sink, but
“lighter objects float?

Copyright (C) 2005 HKIEd APFSLT. Volume 6, Issue 1, Article 3 (Jun., 2005). All Rights Reserved.




	Contents
	Abstract
	Introduction
	Methodology
	Instruments
	Sample
	Process

	Results and discussion
	Conclusion and implications
	References
	Appendix 1


<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


