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Abstract: The aim of this research was to investigate whether pupils aged 13, at
the end of their first year of studying chemistry, are capable of perceiving the
macroscopic and the submicroscopic level of the previously learned contents on
chemical reactions, and whether they relate them to the chemical equations (the
symbolic representation). Another aim was to establish how much demonstration
experiments contribute to a better linking of the mentioned levels. The research
featured 69 pupils of the seventh grade from three primary schools. The pre-test
was conducted, following which experiments were demonstrated, and the post-
-testing was carried out in the end. After the intervention, a total of 12 pupils
were interviewed about which aspects of chemical reactions they thought of
based on the chemical equations. A statistically significant difference in two out
of five requirements of the post-test, compared to the pre-test, indicate that the
demonstration experiments may contribute to a better linking of three levels of
representing chemical reactions. However, when one compares the pupils’
answers in the test and in the interview, it can be observed that the correct
answers in the test are not always based on understanding the concepts in
connection with the chemical reaction.

Keywords: chemical reaction; chemical equation; demonstration experiment;
primary school.

INTRODUCTION

Identifying pupils’ problems when it comes to understanding the basic con-
cepts in chemistry is important for planning the teaching process that will serve
to avoid those problems, or to overcome them if they have already appeared.
They may be hidden because pupils’ success at solving problem tasks is not
always the result of deep conceptual understanding but may be due to a repro-
duction of a familiar algorithm used to solve a particular problem." For this
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reason, it is necessary to examine what kind of reasoning pupils use while sol-
ving various tasks from the key areas of chemistry.”

Researches point to the fact that pupils think about a chemical reaction as a
process of adding or mixing molecules, without any clear idea of the mechanism
of the given chemical reaction.>* Also, pupils’ answers indicate that, when they
recognise that it is a matter of a chemical reaction, at the same time they do not
view it at the level of atoms and molecules and do not recognise that the law of
conservation of mass applies, while some recognise only a physical change ins-
tead of a chemical reaction.* For pupils of different age, the request to simul-
taneously review chemical reactions at three levels of representation is rather
challenging: the macroscopic level, where on the basis of observation one may
describe substances and changes in their properties, for example, reactions that
occur between substances in solution in which one of the products is insoluble,
the submicroscopic/particle level, that is, the level of atoms, molecules and ions,
and the symbolic level, where the structure of the given substance and inter-
actions between atoms, molecules and ions are represented by means of chemical
symbols, formulas and chemical equations.” The connections between these dif-
ferent levels of presenting chemical reactions are that which is not obvious to
pupils and what distinguishes their reasoning from that of chemists.*’ Striving to
interpret chemical reactions at the micro level, pupils resort to memorising chem-
ical equations — the symbolic level of presenting chemical reactions.® Even
though they, within the framework of many laboratory exercises and observing
experiments, write equations of chemical reactions and mathematically determine
coefficients (which should provide information to them about quantitative rel-
ations in chemical reactions at the submicroscopic level), they do not necessarily
perceive the interconnectedness of these curricular contents and activities.’
Demonstrations of chemical reactions are a part of usual curricular activities, the
aim being for observations at the macroscopic level to facilitate pupils’
understanding of chemical reactions.'® Researches have shown that the most dif-
ficult thing for pupils is to think about the structure of substances (the submic-
roscopic level) and to interpret at that level the properties and changes of sub-
stances that they perceive at the macroscopic level.”!'

A chemical equation, as one of the key models in chemistry, serves to exp-
lain, quantitatively and qualitatively describe a chemical reaction, linking the
macroscopic and the submicroscopic level of a chemical reaction.'® Researches
suggest that the understanding of secondary school pupils and college students is
predominantly in the realm of the symbolic,"'” " which may be due to the abs-
tract nature of the particulate structure of a substance®, and consequently the
inadequate mental models of students.”' The ability to present a chemical react-
ion at the symbolic level does not guarantee the ability to understand a reaction at
the level of particles. In one research, of the 65 % of secondary school pupils
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who correctly determined the coefficients in a chemical reaction, more than half
of them could not present that chemical reaction at the particle level.** Also,
pupils were not sure how the symbolic level was connected with the perceived
properties and changes of substances at the macroscopic level or chemical bonds
in substances presented by means of chemical formulas.”” When determining
the coefficients in chemical equations, they often follow certain algorithmic pro-
cedures without any deeper consideration of the meaning of coefficients.

On the other hand, a research conducted on a sample of secondary school
pupils aged 15-16 showed that pupils’ ability to use multiple levels of represent-
ation can be improved.”*

According to the curriculum for primary school in Serbia, the pupils start
studying chemistry as a separate teaching subject in the seventh grade of primary
school (aged 13). The chemistry curriculum for the seventh grade encompasses
five topics: Chemistry and its Importance, Basic Chemical Concepts, Structure of
Substance, Homogeneous Mixtures — Solutions, and Chemical Reactions and
Calculations. The themes Structure of Substance and Chemical Reactions and
Calculations comprise three levels of representing chemical concepts. The quest-
ion that arises is what mental representations for chemical reactions are formed
by thirteen-year-old pupils and what connections between various levels of repre-
sentation (the macroscopic, submicroscopic and symbolic level) they can est-
ablish and understand.

Demonstration experiments are considered to be an important support for the
purpose of forming concepts in chemistry teaching. For successful chemistry
teaching, it is important to review their role and contribution to the linking of the
macroscopic, submicroscopic and symbolic levels at which chemical reactions
are reviewed.

EXPERIMENTAL
The aim of the research

The aim of this research was to investigate whether pupils aged 13, at the end of their
first year of studying chemistry, are capable of perceiving the macroscopic and the
submicroscopic level of the previously learned contents on chemical reactions, and whether
they relate them to the chemical equations (the symbolic representation). In addition to this,
we wished to establish to what extent the observation of demonstration experiments stimulates
pupils to review chemical reactions at the level of the structure of reactants and products
(atoms, ions and molecules), and how they link observations at the macroscopic level with
various ways of representing substances and chemical changes by means of models and
chemical symbols, formulas and chemical equations. From the aims thus defined, there arose
the following research questions:

1. Which connections between various levels of representing chemical reactions (the
macroscopic, submicroscopic and symbolic level) do thirteen-year-old pupils establish and
understand?
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2. What is the contribution of demonstration experiments to understanding chemical
reactions by thirteen-year-olds?

3. What information on a chemical reaction on the basis of a chemical equation do
thirteen-year-olds accept?

The sample

The research involved the participation of pupils from three seventh grade classes from
three different schools on the territory of Belgrade (one class from each school). The sample
encompassed a total of 69 pupils (42 boys and 27 girls). All the pupils did a test. Of the
overall number of pupils in the sample, 12 were selected by random choice (four pupils from
each class) and were interviewed.

Before commencing the research, the management of every school and chemistry
teachers were acquainted with the aim of the research and the manner of its realisation. The
school managements and chemistry teachers gave their agreement for conducting the research,
and a contract of cooperation was signed by the Dean of the Faculty of Chemistry and the
principals of the schools involved. The pupils’ participation in the research was voluntary, and
their score in the test did not influence their chemistry marks.

Design and procedure

One classroom period (lasting 45 min) was conducted with each class comprising the
sample. The classroom period, which is designed as review of the previously learned contents
on chemical reactions, consisted of three parts (see Table I). In the first and the third segment
of the work, the pupils were given the same test to solve. During the second segment of the
work, the teacher demonstrated three experiments related to three tasks comprising the test.
After observing the demonstration, the pupils talked with the teachers about the properties and
changes of the substances used in the experiments observed. Also, the pupils wrote the
chemical equations of the reactions. The following experiments were demonstrated:

1. obtaining hydrogen and hydrogen combustion;

2. magnesium combustion;

3. obtaining carbon dioxide and its reaction with a barium hydroxide solution.

These demonstrations involve the macroscopic visible indicators that chemical reactions
occur, which are explained in all currently used chemistry textbooks for the seventh grade.

After the classroom period, four pupils from each class were interviewed.

TABLE I. Research design

Classroom period segment Duration, min Activity

I 12 Pre-testing

1I 21 Experiment demonstration
11 12 Post-testing

After the intervention 4x7t08 Interview
Instruments

For the purpose of conducting the research, we used a test (Supplementary material to
this paper, Addendum 1) and the interview protocol (Supplementary material, Addendum 2).
The same test was used for the pre-testing and for the post-testing. The test comprises three
tasks, containing a total of five requirements. The tasks were associated with three levels of
representing chemical contents, previously elaborated under the curriculum themes: Structure
of Substance and Chemical Reactions and Calculations. This means that different levels of
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representations were known to the students before this research. The three tasks in the test
relate to the three experiments that were demonstrated to the pupils after the first test and sub-
sequently discussed with them.

The purpose of the pre-test was to establish the level of the pupils’ knowledge about
chemical reactions at the end of the seventh grade, after they had dealt with the entire
chemistry curriculum envisaged for that year of primary school. The post-test, using the very
same tasks, was conducted in order to examine whether the pupils have made any progress
when it came to connect the macroscopic, submicroscopic and symbolic levels of presenting
chemical reactions, after observing the demonstration experiments and discussing them,
compared to the pre-testing. These demonstrations are directly related to the requirements in
the test. In this way, it was possible to monitor the students’ reasoning associated with the
demonstrations and the influence of them on linking macroscopic, submicroscopic and sym-
bolic levels of representing chemical reactions. Everything was done during one classroom
period, in order to establish the effects that can be expected from this period of chemistry
instruction.

Using the interviews, data were gathered on what aspects of chemical reactions the
pupils thought about and what information they accepted from the equations of chemical
reactions.

The validity of the test in terms of the aim of the research was checked by the chemistry
teachers working in the schools encircled by the sample. The teachers’ estimate was that the
test corresponded to the chemistry curriculum for the seventh grade of primary school.

RESULTS AND DISCUSSION
The parameters of the results distribution in the pre-test and the post-test are
presented in Table II.

TABLE 1II. The parameters of the results distribution in the pre-test and the post-test (the
maximum number of points was 5)

Test N Min Max Mean  SD )4 Skewness Kurtosis
Pre-test 69 0 4 1.93 1.18 38.6 —-0.022 —-1.086
Post-test 69 0 5 2.87 1.27 574 —0.235 —0.482

The value of the t-test indicates that the difference between the arithmetical
means in the two tests is statistically significant (Table III).

TABLE III. The paired samples t-test (pair 1, pre-post)

Paired samples test; 95 % confidence Interval of the t df Sig.
Paired differences difference (2-tailed)
Mean SD SE mean Lower Upper
—0.94 1.862 0.224 —1.39 —0.50 —4.202 68  0.000

Table IV presents the percentage of the pupils’ correct answers to each task
in the pre-test and the post-test, as well as the values of the #-test, which was used
to evaluate the statistical significance of the difference in the percentage of cor-
rect answers in the two tests.
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TABLE IV. The percentage of correct answers to the tasks in the pre-test and the post-test

Task Number Contribution, % Number Contribution, %  #-test
of correct answers in the pre-test of correct answers in the post-test

1A 44 63.8 55 79.7 2.00*

1B 26 37.7 25 36.2 -0.18

2a 17 24.6 20 29.0 0.56

2b 37 53.6 41 59.4 0.66

3 9 13.0 39 56.5 5.20°

Confidence interval 95 %s; bconﬁdence interval 99 %

A statistically significant difference in the pupils’ results in the two tests
related to item 1A (Table IV) points to the fact that, after observing a demon-
stration of the reaction of hydrogen combustion and a discussion about the obs-
erved change in terms of the particles involved, the pupils are more capable of
relating the chemical change described in the task to the corresponding chemical
equation. The pupils who did not provide the correct answer in the pre-test but
did so in the post-test did not know that the reactants were in the form of two-
-atom molecules, or did not pay attention to the coefficients in the equation of
that chemical reaction (in other words, they neglected the law of conservation of
mass). However, the number of answers to item 1B in the pre-test and the post-
-test points to the fact that, even after being presented a demonstration and dis-
cussing the experiment, a little less than two-thirds of the pupils still failed to link
the change with the corresponding reactant molecules and the product in this
reaction. They still do not show that they are capable of reviewing a chemical
reaction at the submicroscopic level, and the number of correct answers to this
task was even somewhat lower in the post-test. When one compares the pupils’
achievements in the post-test pertaining to items 1A and 1B, it is evident that a
little more than half of those pupils who provided a correct answer to item 1A
failed to do so in the case of item 1B. The lower number of correct answers is
partly the consequence of the pupils’ failure to understand the meaning of the
index in chemical formulas and the coefficients in chemical equations, and also
of their failure to join the description of an experiment and the symbolic notation
with the submicroscopic level. The respondents’ better score in the tasks that are
related to the symbolic level of presenting chemical reactions, than in those rel-
ated to the interpretation of chemical reactions at the submicroscopic level has

also been established in other researches featuring pupils from an older age
2225

group.

In item 2a, a chemical change was described — the combustion of magne-
sium. To provide help, the atomic numbers of magnesium and oxygen were
given. The pupils were expected to write a chemical equation on the basis of the
information provided, and in doing so, to apply the knowledge from the lessons
on the ionic bond, valence and the synthesis reaction they have dealt with during
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the school year. The requirement to write a chemical equation was fulfilled by a
smaller number of pupils related to item 1A, which required of them to recognise
the correct chemical equation among those given. An error frequently made by
the pupils involved the wrong index in the formula of magnesium oxide (those
are the answers Mg0O,, Mg,0). The replies of 10 pupils in the pre-test showed
that they thought the atomic numbers of magnesium and oxygen were actually their
indexes (they did not pay attention to the way in which the numbers were written
next to the symbol of the corresponding element), and some of them thought that
the product of the coefficient and the index of the reactant had to be equal to the
atomic number. Those pupils did not repeat this mistake in the post-test.

However, while dealing with this reaction at the submicroscopic level, in
item 2b, on the basis of the model of the structure of atoms and ions, the pupils
were more successful than in item 1B. The number of correct answers related to
this task in the post-test increased in relation to the pre-test, but the difference in
the percentage of the correct answers in the two tests is not statistically sig-
nificant.

The percentage of the correct answers related to the item 3 was statistically
significantly higher in the post-test in relation to the pre-test. Solving the task
was based on a picture showing the apparatus for the unfolding of two chemical
reactions (the macroscopic level of representation). Observing the demonstration
of the experiment and the resulting discussion contributed to a statistically
significant increase in the number of the correct answers to the item three in the
post-test in relation to the pre-test. This result has important implications for the
practice sessions, where there are not enough demonstration experiments and the
students are observing the given experiment in textbooks. The test results indi-
cate that the observation of experiments has a considerably greater influence on
the pupils’ knowledge than illustrations of experiments in textbooks.

Interview analysis

The actual level of knowledge supporting the increase in test scores was to be
shown by the interviews conducted after the second test with 12 randomly selected
pupils (four pupils from each class). Table V details their answers in both tests and
their chemistry marks, expressed on a scale of 1 (the lowest and failing grade) to 5
(the best grade). The pupils were marked by letters from A to L.

Table VI presents the pupils’ answers as to what a chemical reaction equation
represents and what information it provides.

The pupils’ answers show that the majority of them notice the qualitative
meanings of chemical reaction equations, and that fewer of them also notice the
quantitative meanings. From the answers of some of the pupils, one can see their
efforts to link the symbolic and the submicroscopic levels, which refers to the
structure of reactants and the products of chemical reactions.
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TABLE V. The answers of the pupils interviewed in the pre-test and the post-test, and their
chemistry marks; the correct answers are marked by capital letters in bold print. The incorrect
answers were marked by small letters, not in bold print. In task 2a, the letter n marks an
incorrect answer, the letter T a correct answer, whereas the sign / indicates that the pupil in
question skipped this item

Pupil  Answers in the pre-test No. of  Answers in the post-test ~ No. of  Chemistry

1A 1B 2a 2b 3 correct A |B 2a 2b 3 correct mark

answers answers
A B ¢ n b b 1 B d T A A 3 4
B B d n C ¢ 2 B d T C A 4 4
C B d n b b 1 B d T B A 3 4
D a a n b b 0 B a T B A 3 3
E B d T b d 2 B d n C A 3 4
F a d T C b 2 B d T C b 3 3
G d B / b ¢ 1 B B n B b 2 2
H a B / C ¢ 2 B B T C d 4 5
1 B ¢ T C b 3 B ¢ T C A 4 5
J B a T C b 3 B B T C A 5 5
K B ¢ T C A 4 B ¢ T C A 4 5
L B ¢ T C A 4 B ¢ T C A 4 5

TABLE VI. The pupils’ answers to the questions: What does a chemical reaction equation
represent? What information does a chemical reaction equation provide?; the numbers in
brackets indicate the number of points scored in the pre-test and the post-test, and the pupil’s
mark in chemistry

Pupil Answer

A (1;3;4) Provides information on what reacts and what is obtained.

B (2;4;4) 1can see molecules.

C(1;3;4) How many atoms, that is, reactants, were used to achieve equality.

D (0;3;3) How a substance is created. For example, how water is created from hydrogen
and an oxide.

E(2;3;4) Ican see the reactants and the products. Substances that react and create some
new substance.

F(2;3;3)  Isee valences, how many moles there are, the relations in which reactants react.

G (1;2;2) Ican see the elements.

H(2;4;5) 1Ican see the change that occurs when two elements react with each other and
produce a new compound.

1(3;4;5) One can see the reactants and the products.

J(3;5;5) I can see how two elements form a bond. I can see how many atoms a
compound contains, and of what atoms that compound consists.

K (4;4;5) Icansee how two elements react and a compound is obtained, how many atoms
an element contains, I can see the formulas.

L (4;4;5  How to obtain some compound.

From the pupils’ answers to the question what the coefficients in a chemical
reaction equation represent (Table VII), it is evident that they do not understand
the coefficients as the stoichiometric ratios of reactants and products (with the
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exception of pupils D and F). To most of the pupils interviewed, the coefficients
are numbers used to balance the chemical equations. Also, pupils tend to confuse
the meanings of the terms coefficient and index, as evidenced by the answers of
pupils G, H, I and K.

TABLE VIIL. The pupils’ answers to the question: What do the coefficients in a chemical
reaction equation represent?; the numbers in brackets indicate the number of points scored in
the pre-test and the post-test, and the pupil’s mark in chemistry

Pupil Answer

A (1;3;4) How much there is of that substance... How to determine what the equation
should be like at the end, how everything is to be correctly determined.

B (2;4;4) Those are the numbers written in front so that everything should be equalised.

C(1;3;4) Weuse them to determine the equation.

D (0; 3;3) How much we need of which substance in order to produce water, for example,
how much hydrogen we need and how much oxygen.

E (2;3;4) The coefficient represents multiplied molecules.

F(2;3;3) They represent the number of moles.

G (1;2;2) That is the number showing how many elements there are.

H (2;4;5) That is the number in front of a compound or element. Through those numbers I

can see how many atoms an element has.

;4;5)  They represent the number of atoms in a molecule.

J(3;5;5)  They represent how many elements there are in a compound and how many
compounds are produced when two reactants react.

K (4;4;5) They indicate how many atoms there are. If it says H,, then there are two
hydrogen atoms.

L (4;4;5) We see how many molecules there are. For example, if it says 3H,0, it means
there are three molecules of water.

To the third question, why it is important to determine the coefficients in a
chemical equation, most pupils answered it is in order to balance the equation (A,
B, C, F, H). The answers of pupils D, I, J and K implicitly indicate that there is a
connection between coefficients and stoichiometric ratios, but they were not well
formulated terminologically. Pupil G has no idea why coefficients are important,
whereas pupil L confuses the meanings of the terms coefficient and index. The
only complete answer was provided by pupil E: “For example, regarding the reac-
tion of the production of water, from the equation where the coefficients have been
determined we see that it takes twice as much hydrogen to produce water, which
you can’t see from an equation where the coefficients have not been determined.
That is why we determine them, so that we know the quantity of a substance that
is needed.”

From the pupils’ answers to the question what is the difference between a
coefficient and an index (Table VIII), it is evident that pupils A, D and F confuse
the meanings of these terms. Pupil H states that the difference lies in the place of
writing the coefficient and the index in relation to the formula of the substance,
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whereas pupil K mentions the place of writing them and provides an explanation
from which one cannot see the difference in the meaning of coefficient and index.

TABLE VIII. The pupils’ answers to the question: What is the difference between a
coefficient and an index? the numbers in brackets indicate the number of points scored in the
pre-test and the post-test, and the pupil’s mark in chemistry

Pupil Answer

A (1;3;4) The index... that is, the coefficient, shows how many atoms there are in that
substance, and as for the index... I don’t know what index is.

B (2;4;4) When we have an index, that can be because of the valence, and then... We can
know the index because of the valence, and then you add the coefficient to
equalise that.

C(1;3;4) The coefficient applies for that whole part (points at the formula), and the index
only applies to one atom.

D (0;3;3) The coefficient is natural, and we add the index for the formula to be right.

E (2;3;4) The index is how many atoms we have in a molecule. The coefficient marks how
much of that substance we have. Specifically, in the example of the equation for
a chemical reaction producing water, the coefficient 2 in front of hydrogen
means that we have two molecules.

F (2;3;3) (Points to the equation for a chemical reaction producing water) The coefficient
is this little number 2 that stands to the right of oxygen and hydrogen, and the
indexes are the big 2’s in front of hydrogen and water.

G (1;2;2) The coefficient is the number of how much hydrogen there is and stands on the
left (points to the equation for a chemical reaction producing water). And I’ve
forgotten what the index is.

H (2;4;5) The coefficient is placed in front, and the index is the small number afterwards.

1(3;4;5) The index determines the number of atoms in a molecule, for example O,, and
the coefficient also determines the number of atoms, only it is placed in front and
applies to all the atoms in that molecule, and the index is just for one atom.

J(3;5;5) The coefficient is always written in front, and it can mark how many particles,
that is molecules, atoms, there are, and the index is determined by those
particles, how many there are.

K (4;4;5) The coefficient stands in front and the index after a symbol. The coefficient tells
me how many atoms there are, and the index tells me the same, I suppose.

L (4;4;5) The index stands after the atom and determines... I mean, it also determines, but
some molecules have two atoms, and that is why the index is written, and the
coefficient is written in front and applies to the whole compound, how many
atoms it has, and the index is just for that atom that is in front of it.

The majority of the pupils did not mention the quantitative relation between
reactants and products when they answered about the meaning of chemical equat-
ion (Table VI). However, they considered the ratios of substances that mutually
react when they were explicitly asked about that (Table IX). The answers pre-
sented in Table IX point to the fact that determining the coefficients is an activity
that pupils conduct by following the algorithm.

Three out of twelve pupils (I, G and D) answered that from a chemical react-
ion equation they cannot see the regrouping of the atoms of the reactants (Table X).
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TABLE IX. The pupils’ answers to the question: Can you see, from the equation of a chemical
reaction, the ratios of substances that mutually react?; the numbers in brackets indicate the
number of points scored in the pre-test and the post-test, and the pupil’s mark in chemistry

Pupil Answer

A (1;3;4) Icansee how much there is of what.

B (2;4;4) I1don’t know.

C(1;3;4) Itcan’t be determined precisely.

D (0;3;3) Ican see, for example, how much hydrogen and oxygen there is in an equation
so that water can be produced.

E (2;3;4)  Until the coefficients are determined, we can see how much of what there is in a
compound, and we see what the reactants are and how many of them there are,
which create that one compound.

F(2;3;3) Presumably I can, on the basis of a compound. For example, how many atoms
an element in the compound has.

G (1;2;2)  You can see how much there is of what, for example, how many atoms there are.

H (2;4;5) Inan equation we can see how many atoms of one reactant there are, and how
many of the other.

1(3;4;5) You can see the ratio of the substances reacting. I see that four atoms of
hydrogen react with two atoms of oxygen.

J(3;5;5)  Ican, by means of coefficients and indexes.

K (4;4;5) The quantitative aspect can be seen by means of the coefficients, but the ratio
cannot be seen from the equation of a chemical reaction.

L (4;4;5) We can, on the basis of indexes and coefficients.

TABLE X. The pupils’ answers to the question: Can you see the regrouping of the atoms from
a chemical reaction equation?; the numbers in brackets indicate the number of points scored in
the pre-test and the post-test, and the pupil’s mark in chemistry

Pupil Answer

A (1;3;4) Ican see it from the reactants and the product.

B (2;4;4) Isee that hydrogen was separated from oxygen, and then the coefficient was
added in order to equalise it.

C (1;3;4) If we see that there is H, and also O,, then we have to regroup so that it is
equalised.

D (0; 3;3) Ireally don’t know.

E (2;3;4) Isee molecules before and after the reaction.

F(2;3;3) (Points at the equation of the chemical reaction producing BaCOj; from Ba(OH),
and CO,) I see that barium was in a compound with oxygen and hydrogen, and
after the reaction with carbon and oxygen.

G (1;2;2) Idon’t know how to see that regrouping.

H (2;4;5) Ican see how they change places.

1(3;4;5) Ican’tsee that.

J(3;5;5) Ican see with what an element formed a compound before the reaction, and with
what after the reaction.

K (4;4;5) Isee what is produced.

L (4;4;5) Isee from the formula.
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On the basis of a chemical reaction equation, the pupils’ answers to the
question if they imagined particles colliding shows that they only perceive the
regrouping of atoms through the initial and the final state of the reaction in quest-
ion, without reviewing the movement of particles and their collisions (Table XI).
Pupils C and I were reminded of the process of dissolving, probably under the
influence of the animation of this process presented during one of the previous
lessons. According to their answers, they did not distinguish the physical and
chemical changes. Moreover, their explanations of the process of dissolving were
incorrect.

TABLE XI. The pupils’ answers to the question: On the basis of a chemical reaction equation,
do you imagine particles colliding?; the numbers in brackets indicate the number of points
scored in the pre-test and the post-test, and the pupil’s mark in chemistry

Pupil Answer

A (1;3;4) It did interest me, but no one explained that to us and I have no idea about it.

B (2;4;4) Ihave no idea about it.

C(1;3;4) Itried to imagine. For example, if we place bluestone in water and it dissolves
and colours the water blue, that is, it switches from the solid aggregate state to
liquid.

D (0; 3;3) I have never imagined that.

E (2;3;4) Notreally. I only know that it is necessary for them to collide for a reaction to
happen, that’s what it says in the book.

F(2;3;3) Idon’tknow.

G (1;2;2) Ihave never imagined it.

H(2;4;5) TI’veno idea.

1(3;4;5) Well, I can describe it, our teacher showed us various photos, what that looks
like. When a substance dissolves in water, then the molecules of water
disintegrate, and as for the substance dissolved in water, all its particles dissolve
in water, for the molecules of water took those particles, those bits, and that was
how it dissolved.

J(3;5;5) Ihaven’t imagined it.

K (4;4;5) Ihave never imagined it.

L (4;4;5) Well, for example, we have one oxygen and two hydrogens colliding in order to
get water.

Of the 12 pupils interviewed, item 1A was solved correctly by 8 of them in
the pre-test, while all the pupils gave the correct answer in the post-test. Progress
was made by pupils D, F, G and H. However, the answers given by pupils D and
F during the interview indicate that they still confuse the meaning of coefficients
and indexes (Table VIII). Pupils G and H think that in chemical equations “coef-
ficients mark the number of atoms”, which is probably the result of an applic-
ation of algorithm in the process of determining coefficients.

In dealing with item 1B, only pupil J] made progress. The answers that this
pupil gave during the interview indicate that he understands the terms coefficient
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and index, but he has a problem when it comes to expressing this in words. Pupil
G, who has a mark 2 in chemistry and whose answers in the interview indicate
that his knowledge of chemistry is poor, solved task 1B correctly on both
occasions.

Task 2a, wherein the pupils were required to write the equation of the chem-
ical reaction of magnesium combustion, was correctly solved by six of the pupils
interviewed in the pre—test, and in the post-test 10 of them provided the correct
solution. The incorrect answers in the pre-test were as follows:

pupils A and B: 6Mg, + Og — 6Mg,0;

pupil D: Mg + O, — MgOy;

pupil C: 2Mg + 20, — 2MgO,.

In the answers given during the interview, these pupils stated that “the
equation must be balanced”, but they made mistakes when it came to applying
the knowledge of valence during the process of compiling a formula of the
compound formed by those elements. Pupil C does not understand that coef-
ficients in a chemical equation represent the stoichiometric ratios. In the post-
-test, these four pupils wrote the correct chemical equations of magnesium com-
bustion. Two of the pupils interviewed did not provide the answer to item 2a in
the pre-test. One of those two pupils wrote the correct chemical equation in the
post-test, and the other correctly presented the reactants and the product of the
chemical reaction in terms of symbols and formulas, but did not determine the
coefficients.

Dealing with item 2b, of the 12 pupils interviewed, seven provided the cor-
rect answer in the pre-test, and eight in the post-est. Progress was made by pupil E.

Of the 12 pupils interviewed, two of them (K and L) gave the correct answer
to the third task in the pre-test, and nine of them did so in the post-test. Progress
was made by pupils A, B, C, D, E, I and J.

CONCLUSION

Researches that have been conducted so far have mostly related to the prob-
lems faced by secondary-school pupils and older students when it comes to link-
ing the macroscopic, submicroscopic and symbolic levels of presenting chemical
reactions. According to the chemistry curriculum for primary schools in Serbia,
pupils are first taught the concept of a chemical reaction at the age of thirteen
and, which is important for the purpose of the further planning of the teaching
process, to identify their first notions of a chemical reaction, especially in the
view of the fact that they are expected to interpret that concept at various levels.

On the other hand, it was important to ascertain to what extent the observing
experiments helped pupils at that age to understand the concept of a chemical
reaction, and also whether, through the application of this method, they improved
their ability to interpret a chemical reaction at various levels. The results obtained
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by administering the same test before and after watching demonstration experi-
ments showed a statistically significant difference in the pupils’ achievements,
when they were asked to identify the correctly written chemical equation and to
identify a chemical reaction/chemical reactions at the macroscopic level. How-
ever, watching demonstration experiments neither did influence the pupils’ abil-
ity to write chemical reaction equations, nor did it help them interpret chemical
reactions at the submicroscopic level. This is in line with the comments of some
researchers.’

The results of this research correspond to the results achieved by older
pupils, when it came to linking the various levels of presenting chemical react-
ions. Comparing the pupils’ answers given in the test with those given in the
course of the interview indicates that they can be successful at writing indexes in
chemical formulas and at determining coefficients in chemical equations, while
remaining unsure of the actual meaning of the terms coefficient and index. This
indicates that pupils can solve tasks successfully by using algorithms, and that
their success is not always connected with in-depth conceptual understanding.

The ideas of thirteen-year-old pupils of how particles behave during a chem-
ical reaction are unclear. Most often, they review a chemical reaction only
through the equation, from the point of view of the initial and the final state,
without any idea of how the reaction actually proceeds.

The answer given by the thirteen-year olds during the interview reveal that
after the demonstrations and a discussion, and after they had successfully solved
the tasks in the post-test, the problems related to the meaning of indexes in
chemical formulas and coefficients in chemical equations still remained. In other
words, the fact that they had better results in the post-test does not mean that they
have a better understanding of chemical reactions and that they are capable of
linking the macroscopic, submicroscopic and symbolic levels of presenting
chemical reactions. That should be taken into consideration in the teaching prac-
tice in the future, especially the fact that the pupils’ success at recognising the
chemical equations and writing them does not necessarily mean that they per-
ceive a chemical reaction at the level of the structure of the given substance, at
the level of the particles that make it up and at the level of the chemical bonds. In
other words, focusing on explaining chemical reactions on the basis of chemical
equations does not necessarily mean that the pupils will have an idea of what
goes on during the reaction at the submicroscopic level.

Most researches have dealt with the problems faced by students, especially
freshmen, but if we manage to eliminate the problems that beginners encounter in
the study of chemistry and lead them to form a functional system of chemical
concepts, we could expect them to be more successful in their education later on.
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The limitations of the research

One limitation of this research is the insufficient sample, which prevents
generalisations. Also, when pupils were randomly selected to be interviewed, it
turned out that in that segment of the sample three-quarters of the respondents
had a mark of 5 (the best grade) or 4 in chemistry. That is why the problems per-
taining to the reasoning of those pupils whose marks in chemistry are lower were
not sufficiently manifested. Also, in the further research the students whose score
decreases in the post-test should be chosen for the interview and the reasons for
that should be examined.
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U3BOJ
MAKPOCKOIICKH, CYBMUKPOCKOIICKH U CHUMBOJIMYKHU HUBO ¥ OBJAIIILEIbMA
XEMUJCKE PEAKIJUJE TPUHAECTOI'OOUIITHLAKA

JIPATULIA . TPMBHUR 1 BECHA [I. MUJTAHOBUR
Yuuseepsutueini y Beoipagy — Xemujcku paxynitein, Ciiygenwucku wipi 12—16, Beoipag

LIn/e 0BOT UCTpaKMBamWa je fa Ce UCIHTA [ja JIM YYEHHUUH yspacTa 13 rogvHa Ha Kpajy
cenMor paspefia carjaefaBajy MakpOCKOICKM U CyOMUKDOCKOICKY HHUBO IpefCTaB/bama MpeT-
XOJIHO Hay4eHOr Cafip’kaja 0 XEMHUjCKUM peaKlidjama, U ia JIU Ta JBa HUBOA MOBE3Yjy C XEMHUj-
CKMM jeJHaYMHaMa (CMMDOIMYKUM NpeACTaBbabeM XEMHUjCKUX peakuuja). Jpyru nus je 6uo
WCTUTHBaKE NONPHUHOCA JeMOHCTPaLMOHUX orjesa y 6o/beM MoBe3UBamy HaBeJeHUX HUBoA. Y
UCTpa’KUBamy j€ y4eCTBOBaIO 69 y4eHMKa CeIMOT pa3pesia U3 TpH OCHOBHE LiKose. M3BeneHo
je MouYeTHO TecTUpame, 3aTUM Cy IeMOHCTPHPAHH OIJIefld U Ha Kpajy je U3BeINeHO 3aBPIIHO
Tectupame. HakoH cBakor yaca, MHTEPBjyHUCaHO je 12 yyeHuKa O TOME O KOjUM acleKTHMa
XEMUjCKUX peaKklyja pasMUILBajy Ha OCHOBY jeNHAUYMHA XEMHjCKUX peakuuja. CTaTUCTUYKU
3HayajHa pa3/jMKa Ha /IBa Of] €T 3aXTeBa 3aBPLUIHOT TECTHPama, Y OAHOCY Ha NOYETHO TECTH-
pame, ykasyje a JEMOHCTPALIMOHHU OIVIEAX MOTY JONPHUHETH DO/bEM MOBE3HMBABY MAaKPOCKOM-
CKOT, CYOMUKPOCKOIICKOT U CUMOOIIMYKOT HUBOA MpeACTaB/baka XeMHjCKUX peakuuja. Mehy-
THM, Kajia ce yIopefe YUeHUYKH OATOBOPH Ha TECTy W MHTEPBjyy youaBa ce Aa U3a TauHHUX
0JroBOpa Ha TECTY HE CTOjH YBEK Pa3yMeBambe 0jMOBA Y BE3U C XEMHUjCKOM PEAKIIHjOM.

(ITpumspeno 20. penemdpa 2017, pesunupaHo 4. jyna 2018, mpuxsaheno 5. jyma 2018)

REFERENCES

. S. C. Nurrenbern, M. Pickering, J. Chem. Educ. 64 (1987) 508

M. Weinrich, V. Talanquer, Chem. Educ. Res. Pract. 16 (2015) 561

. B. Anderson, Stud. Sci. Educ. 18 (1990) 53

. J.J. Hesse, C. W. Anderson, J. Res. Sci. Teach. 29 (1992) 277

A. H. Johnstone, Chem. Educ. Res. Pract. 1 (2000) 9

R. Kozma, in Innovations in science and mathematics education: Advanced designs for
technologies of learning, M. Jacobson, R. Kozma, Eds., Erlbaum, Mahwah, NJ, 2000, pp.
11-46

7. D. F. Treagust, G. Chittleborough, T. L. Mamiala, /nt. J. Sci. Educ. 25 (2003) 1353

R

Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.



1 1 92 TRIVIC and MILANOVIC

D.
M.
H.
P.
G.
. R
D. Kri
D.S
Z.
B.
M.

L. Gabel, J. Chem. Educ. 76 (1999) 548
E. Hinton, M. B. Nakhleh, Chem. Educ. 4 (1999) 158
K. Wu, Sci. Educ. 87 (2003) 868
G. Nelson, Chem. Educ. Res. Pract. 3 (2002) 215
D. Chittleborough, D. F. Treagust, Chem. Educ. Res. Pract. 8 (2007) 274
Driver, H. Asoko, J. Leach, E. Mortimer, P. Scott, Educ. Res. 23 (1994) 5
Krnel, R. Watson, S. A. Glazar, Int. J. Sci. Educ. 20 (1998) 257
tamovlasis, N. Kypraios, G. Papageorgiou, Sci. Educ. Int. 26 (2015) 284
Wang, S. Chi, M. Luo, Y. Yang, M. Huang, Chem. Educ. Res. Pract. 18 (2017) 875
A. Sawrey, J. Chem. Educ. 67 (1990) 253
B. Nakhleh, J. Chem. Educ. 70 (1993) 52
D. L. Gabel, D. M. Bunce, in Handbook of research on science teaching and learning, D.

L. Gabel, Ed., Macmillan, New York, 1994

R. Ben-Zvi, B Eylon, J. Silberstein, Stud. Educ. Eval. 12 (1986) 213

V. M. Williamson, M. R. Abraham, J. Res. Sci. Educ. 32 (1995) 521

A. L. Kern, N. B. Wood, G. H. Roehrig, J. Nyachwaya. Chem. Educ. Res. Pract. 11
(2010) 165

W. L. Yarroch, Res. Sci. Teach. 22 (1985) 449

A. L. Chandrasegaran, D. F. Treagust, M. Mocerino, Res. Sci. Educ. 38 (2008) 237

V. Talanquer, J. Chem. Educ. 90 (2013) 832.

Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.




<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /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 -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice




