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Experimentalna podpora vo vyucovani fyziky
na zakladnych skolach

Lubos Kristak, Jan Stebila, Zuzana Danihelovd

Abstrakt

V prispevku poukazujeme na moznosti pouzitia modernych interaktivnych metéd pomocou
doplnkovej uc¢ebnej pomdcky vo forme multimedidlneho DVD vo vyucovani tematického
celku venovaného jadrovej fyzike na zakladnych skolach na Slovensku. Taziskom prispevku
je pedagogicky vyskum, ktorého cielom bolo prakticky overit efektivnost pouzitia multi-
medidlneho DVD z jadrovej fyziky v redlnych podmienkach zékladnej skoly. Predpok-
laddme, na zéklade pilotného prieskumu, ze multimedidlne DVD zvysi efektivnost vyuco-
vania tematického celku venovaného jadrovej fyzike v predmete Fyzika v 9. ro¢niku ZS.

Klicova slova: vyucovanie fyziky, jadrova fyzika, zakladné skola, multimedidlne DVD,

PC.

Experimental Support in Teaching Physics at
Lower Secondary Schools

Abstract

The paper mentions the possibilities of using modern interactive methods with supplemen-
tary teaching aid in a form of multimedia DVD in teaching the topic — nuclear physics at
lower secondary schools in Slovakia. The main part of the paper is a pedagogical research
aimed at practical verification of the use effectiveness of multimedia DVD from nuclear
physics in real lower secondary school conditions. It is supposed, following a basic pi-
lot research, that the multimedia DVD increases the effectiveness of the teaching process
concerning the topic of nuclear physics in the subject Physics in the 9™ grade of lower
secondary school.

Key words: teaching Physics, nuclear physics, lower secondary school, multimedia, PC.



1 INTRODUCTION

Key competences of pupils and their development have become more current recently
in Slovakia. This fact is a consequence of the Slovak pupils results in international
researches; e.g. the studies of the Organisation for Economic Co-operation and De-
velopment (OECD) and PISA (Programme for International Student Assessment)
carried out in 2006 aimed at the scientific literacy showed that the Slovak pupils, in
comparison to other OECD countries, achieved significantly lower statistical results
than the average of OECD countries. The research showed that Slovak pupils can
describe scientific issues; they are able to select the knowledge and facts appropri-
ately in order to explain the issues and are able to use simple models; but they have
problems with hypotheses stating, with experimenting as a tool for data acquisition
and their subsequent analysis, interpretation and conclusion formulation (Krupova,
2009; Hockicko, 2010; Dvorfak et al., 2008).

In the 1980’s David Hestenes and Ibrahim Halloun (Halloun, Hestenes, 1985)
from the USA published papers on didactic research, whose object were students
of secondary schools and universities, dealing with misconceptions in Newtonian
dynamics. One of the research results was a test Force Concept Inventory (FCI)
(Hestenes et al., 1992) containing questions from Newtonian mechanics connected
to everyday life. The authors decided to research whether the students understand
the basic concepts from mechanics sufficiently; how they are able to work with them
and apply them into various everyday situations (Slovak version Han¢ and Téth,
2006). The test results from the whole world showed that the traditional teaching
of the Newtonian mechanics at secondary schools eliminates wrong students’ per-
ception, acquired during their lower secondary school studies, only to a small extent.
Following, conceptual tests from further areas of Physics (dynamics, wave, heat and
temperature, electricity and magnetism, quantum mechanics, nuclear physics, etc.)
confirming this theory were created. It was also shown that traditional classes hav-
ing a form of presentation or traditional quantitative physical tasks, even with the
best and most talented teachers, help also excellent students to acquire only basic
knowledge without deeper understanding and to algorithm solving of problems; the
students do not show conceptual understanding of the subject which should result
from a sufficient number of solved quantitative tasks and from logically clear lec-
tures (Hake, 1998; Han¢ et al., 2007; Redish, 2003). Next important conclusion
of using these tests was that the misconceptions (in all areas of Physics) and their
accumulation in further study cause that students do not understand the subject
dealt with and they are learning the subject by heart what consequently leads to
frustration (Martin-Blas et al., 2010).

Research results of D. Hestenes, I Halloun and others (Arons, 1985, 1997; Mc-
Dermott, 2001; Nachtigall, 1990) have led to a significant change in the view of the
teaching Physics. Many teachers of Physics at lower secondary schools, secondary
schools and universities think that teaching Physics does not have the nature of sci-
ence and is mainly about so called pedagogical talent of the teacher. However, the
research results of these (and also other) groups have shown that teaching Physics
can be scientific based and methodology of Physics can be understood as a system-
atic scientific discipline whose procedures and results can be reapplied. A pupil can
understand scientific concepts and theories truly only through steady deductive and
inductive mental activities and reasoned interpretation of their own understanding
of reality. Pupils who are only listening passively during the teaching process show
only seldom such activities (Demkanin et al., 2011). Therefore, one of the most
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important assumptions for changing the teaching Physics is the change of the posi-
tion of pupil to an independently and actively learning element of the teaching and
learning process (Redish, Steinberg, 1999).

This knowledge has recently become a base for the rise of new approaches and
methods used in the teaching Physics; their use brings about significantly bet-
ter results than the use of traditional methods. Some of these methods are PI
(Peer Instruction), ILD (Interactive Lecture Demonstration), JITT method (Just in
Time Teaching), Interactive Examples, Mastering Physics, Interactive Computer-
Based Tutorials etc. (Crouch, Mazur, 2001; Mazur, 1997; Sokoloff, Thorton, 1997;
Zacharia, Anderson, 2003). These methods emerge mainly from the interaction
between the lecturer and students, whereas students are actively involved into indi-
vidual stages of the teaching and learning process and actively participate in solving
of the dealt problems what gives an immediate feedback to the lecturer and he/she
can immediately respond to incorrectly understood concepts, or misconceptions.

Another approach used in the teaching Physics that has become popular in
the recent years is multimedia technologies. Multimedia technologies showed their
potential in teaching such subjects. New techniques increase pupil’s attention — it
enables easier and faster learning. Pupils like to work with computers and modern
information technologies. If we connect working with computer with the study of
Physics such form will be very interesting for pupils and it can be supposed that they
will achieve better study results (Sturm, 2009). It can be supposed that multimedia
support can increase the effectiveness of technical education at lower secondary
schools (Shelly et al., 2001; Z4cok, 2010).

2 NUCLEAR PHYSICS AT LOWER SECONDARY
SCHOOLS

The paper is focused on the area of nuclear physics presented in the 9*' grade of
lower secondary schools in the Slovak Republic (within the topic “Energy in Nature,
Technology and Society” within 20 lessons). Consultations with lower secondary
school teachers (in Slovakia) revealed that they deal with the topic of nuclear physics
within 4-5 lessons on average; within these lessons they deal with following topics:

e Nuclear energy and its utilisation

Nuclides, natural and artificial radionuclides

Fission of uranium nuclei, nuclear chain reaction, nuclear power plant

Radionuclides in practice

e Principles of protection against nuclear radiation

In spite of the difficulty and excessive abstractness of this area of Physics Slovak
course books do not contain any experiments enabling better understanding of such
a difficult issue (Kristak, 2007). Experiments from the nuclear physics are not
mentioned either in the curriculum for the lower secondary schools. This results
in a situation when the schools in the Slovak Republic do not have any equipment
for carrying out experiments, any methodical materials and as a consequence such
experiments are not carried out at all. In contrast schools in the Czech Republic are
equipped with the set Gamabeta (provided by the Ceské energetické zavody) which
contains a radioactive emitter, Geiger — Miiller counter, adsorbents from various
materials and in various thicknesses and a sample of a fire alarm. This set provides a
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possibility of demonstrating radiation indication, influence of the distance, shielding,
etc.

One of the possibilities of reducing the excessive abstractness and difficulty of the
given chapter is the integration of experiments into the chapter and their combina-
tion with interactive teaching methods. Nuclear physics experiments are a suitable
tool for the development of scientific literacy of the 9*" grade pupils; according to
mentioned study of PISA, scientific literacy belongs to the key competences. The
use of interactive methods and experiments can increase demonstration of physical
phenomena being dealt with in a class. Moreover, experiment can increase pupils’
interest in Physics, motivate them to an increased activity and contribute to the
development of creative skills. The use of experiments prepares the pupils for solv-
ing tasks which they can later encounter in everyday life (Zelenicky, 1991). Creative
experiments integrated into the teaching process increase the level of understanding
and attention of pupils and at the same time the theory of Physics is becoming inter-
connected with everyday life (Nachtigall, 1990; Bussei and Merlino, 2003; Dykstra
et al., 1992).

Following a comparison in the teaching of nuclear physics in Slovakia and other
countries, we realised that while in the Slovak Republic this area of Physics is being
dealt with purely theoretically in other countries many demonstration and pupil
experiments are being carried out. We compared the ways of teaching of nuclear
physics at lower secondary schools in Slovakia and some countries of the European
Union and the United States of America; we obtained an analysis (Kristak, 2008)
which was a base for the creation of multimedia materials from nuclear physics for
lower secondary schools in Slovakia.

Within the analysis the focus was on:

1. classification of nuclear physics in the system of Physics at lower secondary
school

2. contents of the curriculum of nuclear physics

3. carrying out demonstration and pupil measurements during classes

4. carrying out practical laboratory measurements

This analysis was elaborated following the curricular documents valid in indi-
vidual countries, used course books, various supplementary materials in individual
countries and questionnaires and interviews with the teachers.

While Slovak lower secondary schools have not experienced such experiments by
now, in other countries they are a common part of the teaching process (Tab. 1).

Table 1: Comparison of using experiments in teaching of nuclear physics at primary
schools in Slovakia and other countries

Slovakia| England Austria Germany Poland USA

Number of
experiments 0 4 5 5 2 6
carried out*

. il il
Way of pupil ex glilrrr)llents ex Srlilrrr)llents
carrying out experiments, P L P .’ | simulations | simulations
. . . demonstration | demonstration
experiments simulations

experiments | experiments

*average number resulting from the questionnaire answers sent to the teachers in individual coun-
tries (considered were only countries, from which a minimum of 100 questionnaires returned). The
table illustrates numbers of experiments carried out really by the teachers.
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3 MvurLTiMEDIA DVD FROM NUCLEAR PHYSICS

We created a multimedia DVD from nuclear physics. The aim, during its creation,
was the implementation of interactive methods with elements of a real laboratory
into the teaching of scientific and technical subjects. During the creation of the
DVD we tried to use the positive sides of experiments, problem task solving and in-
teractive methods in teaching Physics (mainly Peer Instruction, Interactive Lecture
Demonstrations, Just in Time Teaching and Interactive Computer-Based Tutorials).

The attention was paid to the area of nuclear physics at lower secondary schools
as this topic in Slovakia does not contain any experiments and it is dealt only in
theory.

The contents of the multimedia DVD is divided into three main parts:

1. The first part is theoretical, i.e. elaborated curriculum from nuclear physics.
Created text goes out from the original text from the course book “Fyzika
pre 9. ro¢nik ZS” (Physics for the 9 Grade of the Lower Secondary School);
the text has been changed only minimally for the needs of experiments inte-
gration into the teaching of this topic. As today’s curriculum in course books
of scientific subjects is being said to be excessive, we tried not to introduce
new concepts. Introduction of new concepts was only due to experiments in-
tegration; we suppose that the level of difficulty of experiments is appropriate
for the 9 grade of lower secondary school. Mentioned changes were carried
out only in chapters that enabled integration of practical experiments. Other
chapters remained unchanged.

2. The second part deals with experiments. The analysis of foreign course books
was the base for creating the experiments form nuclear physics. It was neces-
sary to create an accompanying text to the experiments for teachers and pupils
to enable them as effective carrying out of experiments as possible. Therefore,
this part is divided into three parts: guidelines for teachers, worksheets for
pupils and videos. Individual stages of experiments were selected in order to
develop, beside practical skills, also creativity. This part includes 9 experi-
ments altogether: measuring of atmospheric radioactivity, absorption of beta
radiation, range of alpha particles in the air, statistics of radioactive decay,
half life of radioactive emitter, measuring by means of a ionisation chamber,
absorption of radioactivity by means of different materials and gamma ray
absorption measurements.

3. The third part of the multimedia DVD consists of problem tasks from nuclear
physics elaborated in the style of PISA tasks; their aim is to verify pupils’
understanding of the topic, or the teacher can use them as an input problem.

Mentioned structure of the DVD was testes and verified in the teaching process
at secondary schools and universities using the interactive method based on an
increased focus on problem tasks and experiments P&E (Kristak, Némec, 2011).
This method has four phases and can be used in nuclear physics teaching at lower
secondary schools:

1. Preparatory phase: In the case of lesson aimed at explanation the teacher
sets the basic concepts which he/she wants to explain and deal with in the
lesson. He/she prepares a block of 5-10 minutes for each concept. Within
this block the concept is being dealt with and the teacher also prepares few
physical problems connected to the given concept.
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2. Dealing with the concept: The teacher teaches the 5-10 minute block
during which he/she deals with the important physical concept (or more con-
cepts).

3. Assignment of a problem: Presentation of a problem task connected to
the dealt concept follows. Problem task can be, in the case of P&E method,
assigned in for ways:

e task assigned in the form of a text,

e via experiment — teacher performs a simple experiment. To explain this
experiment it is necessary to understand the concept dealt with during
the previous block (it can be a traditional or computer aided experiment),

e via video-experiment — teacher plays experiment recorded by a video
camera (Brown, Cox, 2009; Hockicko, 2011),

e via applet (simulation) (Campbell et al., 2002; Finkelstein et al., 2005)

For each way of setting of problem pupils’ worksheets and teachers’ guidelines
were created. Pupils get a worksheet for each problem dealt with in a lesson
(assigned in any way).

4. Problem solving: After the teacher assigned the problem (in one of the four
ways) a class discussion follows. Within the discussion the pupils, under the
teacher’s supervision, discuss possible solutions of the given problem. Teacher
gradually writes the solutions on the board. Discussion about individual solu-
tions follows; incorrect solutions are excluded following a physical reasoning.
This process continues until there is only one correct solution. Pupils write
into their worksheets incorrect solutions including the physical reasoning and
also the correct solution including the physical reasoning. In the next part
the teacher explains the connection of the given problem to everyday life and
practice and where the pupils can encounter this, or similar problems. At the
end of this part the teachers goes with the pupils through the questions and
tasks assigned in the pupils’ worksheets.

Examples of pupils’ worksheets for problems assigned in a form of a real computer
aided experiment:

Pupils’ worksheet for a real computer aided experiment

Pupils’ worksheets contain all information necessary for carrying out experiment
(Raganova et al., 2007).

Structure of pupils’ worksheets:

Name of the experiment

A little bit of theory — the introduction can contain an example from everyday
life that motivates pupils to solve the problem raised at the end of this part.
What do we need — list of aids used during the experiment.

Scheme of the experiment — detailed scheme of the experiment development.
How will we proceed — detailed procedure of the experiment.

Processing of measured data — procedure how to analyse measured data.
Think — questions connected to measured values and processed results. Following
the questions pupils analyse achieved results deeper.
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Connection to life and practice — in this part pupils learn what practical im-
pact of the given experiment is and where, in everyday life, they can come across it
or similar experiments.

Proposals for further activities — this part is comprised of ideas for further
activities closely connected to the carried out experiment.

Questions and tasks — additional questions and tasks corresponding to the ex-
periment and phenomena closely connected to it.

Teachers’ guidelines for real computer aided experiments

Guidelines are aimed for teachers and contain all information necessary for car-
rying out experiments. They include also information when to carry out the given
experiment or other information needed for pupils’ safety (Holec et al., 2004).

Structure of teachers’ quidelines:

Name of the experiment

Integration of the experiment into topic — topics which the given experiment
corresponds to and into which it can be included.

Objective of the experiment — what we want to achieve with the experiment,
its brief description.

Notes to carrying out of experiment — additional information to the experi-
ment.

Processing of measured data — the way how to process measured data and
draw a conclusion.

Experiment conclusion — what was achieved by the experiment; what conclu-
sions result from the experiment; solving of additional questions.

Pupil activities — proposals for further activities for pupils connected to the ex-
periment.

Providing that schools do not have sufficient material and technological equip-
ment it is possible to make a video-experiment including complete video-analysis.
When doing video-experiment teacher’s activity is very important; teacher can com-
ment on the experiment during its process or stop some passages eventually repeat
them several times. From this reason teacher’s guidelines contain also time schedule
of the video.

4 PEDAGOGICAL EXPERIMENT

RESEARCH OBJECTIVES

The main objective was to verify the effectiveness of using the multimedia DVD
from nuclear physics in real conditions of selected lower secondary schools in the
subject Physics.

To reach the aim partial tasks were determined:

e to verify stated hypotheses using research tools and methods;

RESEARCH HYPOTHESES

Based on the aforementioned objective the main hypothesis was formulated:
H: The use of multimedia DVD from nuclear physics in the teaching Physics in the
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9% grade of lower secondary school influences the level of pupils’ knowledge from
nuclear physics from the point of view of statistical significance.

To verify the main hypothesis operational hypotheses were stated:
H;: At the end of the experimental teaching process pupils taught by the multimedia
DVD achieve higher performance in didactic test in the area of specific and non-
specific transfer than pupils taught traditionally.
Hj: At the end of the experimental teaching process pupils taught by the multimedia
DVD achieve higher performance in didactic test in the area of remembering than
pupils taught traditionally.
Hs: At the end of the experimental teaching process pupils taught by the multimedia
DVD achieve higher performance in didactic test in the area of understanding than
pupils taught traditionally.

SELECTION OF RESPONDENTS

4 experimental and 4 control groups were selected from four lower secondary schools
(Tab. 2). Within individual schools the groups were selected according to the level
of knowledge from Physics characterised by the mark from Physics at the end of the
8™ grade and the terminal mark in the 9*" grade.

Table 2: Structure of individual control and experimental groups

School Name | Experimental group | Control group
I 43 43
IT 28 26
I1I 22 22
1AY 21 20
TOGETHER 104 101

The research was carried out on 205 pupils; 104 were in 4 experimental groups
and 101 were in 4 control groups.

RESEARCH METHODS AND TECHNIQUES

To achieve the stated objectives and to verify hypotheses following research methods
and techniques of empirical research were proposed:

e pedagogical experiment
e didactic test (DT) for verifying operational hypotheses H;—H3
e statistical methods for research results processing.

After the selection of suitable groups the pedagogical experiment followed simul-
taneously during one year in all groups. The same teacher taught in experimental
and control groups at each school. In control groups the teaching process was carried
out in a traditional way, i.e. without the use of experiments; neither any interactive
methods nor problem tasks were used (multimedia DVD was not used).

In experimental groups almost the same curriculum as in control groups (ex-
tended minimally for the needs of experiments) was dealt with and experiments
were carried out. Each experiment was used to introduce a problem task whereas the
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pupils were provided with pupils’ worksheets and teachers with teachers’ guidelines
for each problem task (P&E method). 5 experiments were carried out altogether;
some were demonstration some pupil experiments. While doing demonstration ex-
periments one measuring set was used; experiment was demonstrated by the teacher
with the help of pupils. During pupil experiments three measuring sets were used
whereby pupils were divided into three groups.

When dealing with the topic of nuclear physics pupils did not know that they
were a part of a pedagogical experiment. After the experiment pupils in all groups
took a didactic test. In the didactic test pupils’ knowledge on the three levels
of educational objectives (remembering, understanding, specific and non-specific
transfer — the use of information in typical and problem situations — Tab. 3) was
studied.

Table 3: Educational objectives

Educational objective Pupil is able

Remembering the information To recall, recognise and reproduce
concepts, facts, relationships, etc.

Understanding the information To transform remembered information

(knowledge) and put them forward in
a summarised way, in a correct order,
explain them in own words, explain
the meaning, etc.

The use of information in typical and | To apply the knowledge, solve
problem situations (specific and analogical tasks, formulate problems,
non-specific transfer) perform analysis, synthesis, solve
problem tasks, etc.

All pupils had the same didactic test containing 17 questions (Appendix). Ques-
tions were selected after an agreement with teachers. The majority of questions were
open, some were multiple choice. Pupils had 35 minutes to do the test and could
reach a maximum of 30 points. The correct answer was evaluated with 1-3 points,
according to the level of difficulty (Tab. 4). After the pedagogical experiment the
obtained data was collected and statistically and qualitatively analysed.

Table 4: Four levels of learning in the used test

Specific and

Remembering Understanding | nonspecific
transfer
Points 1 2 3

Question in test | 2, 7, 8,9, 11, 12, 15, 16, 17| 3a, 3b, 5, 6, 14, 10 1, 4,13

RESEARCH RESULTS

To verify hypotheses H;—Hj a non-standardised didactic test — posttest, taken
by pupils after dealing with the topic devoted to nuclear physics, was used (see
appendix). Within the evaluation of the hypothesis H; only tasks aimed at specific
and non-specific transfer were evaluated; within hypothesis Hy only tasks aimed at
remembering and within hypothesis Hj tasks aimed at understanding (Tab. 4).
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Table 5: F-Test: Two-Sample for Variances, t-Test: Two-Sample with Equal Vari-
ances (Hypothesis Hy)

Experimental | Control
Mean 68.40 53.50
Variance 150.96 211.65
Observations 104 101
df 103 100
F 0.71
F' Critical one-tail 0.72
Pooled Variance 180.86
df 203
t Stat 7.94
P (T <=t) one-tail 6.95- 107
t Critical one-tail (t >1_, (203)) 1.65
P (T <=t) two-tail 1.39-10713
t Critical two-tail (|t| > t1_,(203)) 1.97
18
16
14
Y 12
E 10
S s
g H experimental
° l l m control
4
2
0T|III 1110 RITTY
@922&%£8Q8£8£2ﬂ8£838
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Figure 1: Test successfulness histogram in the control and experimental group.
(control group: N = 101, Mean= 53.5 %, Stand. Dev.= 14.54 %, Max= 92 %,
Min = 20 %, experimental group: N = 104, Mean= 68.4 %, Stand. Dev. 12.28 %,
Max = 96 %, Min = 42 %)

Let’s have a closer look at the verification of H; hypothesis (hypotheses Hj
and Hj were verified analogically). The score of the posttest in both groups met the
condition of normal distribution (normal distribution was verified via Kolmogorov-
Smirnov Test). Results in the charts (Fig. 1) and (Tab. 5) show that there is a
difference between knowledge of pupils in experimental and control group shown in
the test (in tasks aimed at specific and non-specific transfer). Statistical analysis of
characteristics in both groups confirmed that it is possible to test the null hypothesis
Hy: The percentage of successfulness in experimental and control group is equal: Hy:
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p1 = po (vs. Hy: pg # po). Statistical verification of the hypothesis was carried out
on a significance level 0.05 using two-sample T-test and F-test.
At first the F-test was used to assess the equality of variances. The null hypoth-

esis was stated: Hoi: 07 = o2 versus Hyy: 0? # 02. The null hypothesis is rejected

if the value F' = g—g is too high or too low (S%, S2 are variances for experimental
and control group). Critical value of Fisher-Snedecor distribution with degrees of
freedom n; — 1 and ny — 1 is illustrated in Tab. 5. As F' < F_;tical; hypothesis Hoq:
0? = o2 for equal variances cannot be rejected.

Following, the hypothesis of equally acquired score in the control and experimen-
tal groups (Ho: p1 = po) was tested. Independent two-sample Student T-test for
unequally large populations and equal variances was used. As? > fcitical (two—tail) the
hypothesis Hy was rejected and hypothesis Hy: p; > py was confirmed. While
solving the tasks of didactic test the pupils in experimental group achieve better
results, from the point of view of statistical significance, in the area of specific and
non-specific transfer than pupils taught traditionally.

SUMMARY OF RESEARCH RESULTS

Analogically to hypothesis Hy, also further hypotheses were statistically evaluated.
Validity of operational hypotheses is summarised in following table (Tab. 6).

Table 6: Summary of individual hypotheses verification

Hypothesis Methoq Of data Hypothesis validity | Researched value
acquisition
Specific and
H, DT - posttest valid non-specific
transfer
H, DT - posttest valid Remembering
Hj DT - posttest valid Understanding

From statistical analyses and results of partial hypotheses testing it is possible to
say that on the selected significance level 0.05 and under given conditions the initial
hypothesis is confirmed and true. Research into the use of presented multimedia
DVD from nuclear physics shows that:

e Pupils taught by the multimedia DVD from nuclear physics achieved higher
performance in the didactic test in the area of specific and non-specific transfer,
understanding and remembering at the end of the experimental education than
the pupils taught traditionally.

e Pupils taught by the multimedia DVD from nuclear physics learned more
actively during lessons than the pupils taught traditionally.

Via a detailed analysis of the results obtained during the pedagogical experi-
ment, evaluation of didactic tests and questionnaires and after the consultations
with teachers and pupils it can be concluded that:

1. The use of experiments and problem tasks from nuclear physics in the teaching
process contributes to achieving of higher performance of pupils in experimen-
tal groups when compared to pupils from control groups. This fact was shown
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in partial evaluation of the didactic test (individually evaluated tasks aimed
at remembering, understanding, specific and non-specific transfer), as well as
in overall evaluation of the didactic test. This trend was shown also in the
case of good as well as weaker pupils (following a mark from Physics at the
end of the school year).

2. The pupils achieved the worst results during the traditional teaching (in control
groups) in the most difficult tasks (aimed at specific and non-specific transfer)
what confirmed the research of I. Halloun and D. Hestenes (and others) that
traditional form of teaching leads to declarative knowledge only. This kind
of knowledge does not represent conceptual understanding of the topic being
dealt with. This trend was shown also in the case of good as well as weaker
pupils. The use of interactive methods and problem tasks (e.g. P&E method)
can lead to significantly better results.

3. From the interviews with the teachers and pupils resulted that the use of pupils
and demonstration experiments from nuclear physics in the teaching process
contributes to the increase in he principle of the curriculum demonstration,
includes pupils into all stages of the teaching and learning process and thus
encourages active working.

4. Pupils liked nuclear physics experiments very much; after the topic of nuclear
physics they evaluated the subject as a more interesting, more understandable,
more popular and attractive subject.

5 CONCLUSION

Nuclear physics belongs to the most difficult areas of Physics dealt with at lower sec-
ondary schools. The use of experiments from nuclear physics, when dealing with this
topic, should be obvious at all lower secondary schools. The use of such experiments
enables the pupils an easier understanding of this difficult topic.
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APPENDIX

TEST FROM NUCLEAR PHYSICS FOR THE 9TH GRADE OF PRIMARY
SCHOOL

1.

10.

11.

12.

: - . B4A 6373 5601 567) 64f 55
Consider 6 isotopes: 36A, 558, 5;C, 52D, 55 F, 52 F

a) which two isotopes are isotopes of the same element?

o

which two have the same number of particles in nucleus?

o

(oW

which one has the highest proton number?

)
)
) which two have the same number of neutrons in nucleus?
)
e)

which one has the highest nucleon (mass) number?

. What are natural radionuclides?

Radionuclide of polonium 2{3Po emits alpha particle. Write this radioactive
decay.

a) 18P, 2Pl 4 o,

b) 28Po — 28P} 4 2a,

c) 28Po — 2UBi + {a,

d) 218Po — 216Hg 24

Bismuth nucleus 29Bi emits beta particle. Write this radioactive decay

a) 219Bi — 210Bj 4 e,

b) 219Bi — 210P + e~
) %9Bi — 2Pb + e,
)

210Bi — 21Po + e~

¢
d

Radionuclide of nitrogen '2N has half life 24 minutes. Determine the time of
radioactive decay during which the original sample of nitrogen radionuclide of
2 g reduces its weight to 250 mg.

. What are artificial radionuclides and where are they used?

. Explain the meaning of the word nuclide. What nuclides does hydrogen have?

What forces are there between the protons of an element nucleus?

In which elements does spontaneous nucleus decay occur? How is this phe-
nomenon called?

. What is in an active zone of a nuclear reactor?

Describe nuclear synthesis.
What are the conditions of radioactive waste storage?

What are three basic ways of protection against radiation?
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13. Classify materials with the same thickness according to the extent of gamma
radiation transition. Start with the one that transmits gamma radiation the
most:
air — lead — aluminium — paper

a) air — paper — aluminium — lead,
b
¢

d

)
) paper — air — aluminium — lead,

) air — aluminium — paper — lead,

) air — paper — lead — aluminium

14. Describe uranium 2**U fission.

15. What do you know about first artificial radionuclide?

16. Enrico Fermi.

17. Explain the term isotope.
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Zkoumani problému, které maji ucitelé pri

konstrukci pojmovych map tykajicich se energie
Abraham Motlhabane

Abstrakt

Jednim z problémt ve vyuce piirodnich véd je konstrukce platnych védeckych vztaht
mezi pojmy. Prizkum, ktery probéhl mezi 15 uditeli ptirodnich véd, zjistoval, jak zvla-
daji konstrukci pojmovych map. Umét konstruovat pojmové mapy je kli¢ové, protoze
to uditelim pomaha planovat priubéh vyuky. Pro ucitele bylo naro¢né usporadat po-
jmy hierarchicky, uzivat propozi¢ni spoje a vzajemné propojeni pojmii. Clanek navrhuje,
aby pomoc ucitelim zamérena na zvladani téchto problémt zahrnovala vyukové a ucebni
strategie pracujici se vztahy mezi pojmy, napiiklad pojmové mapovéani.

Kli¢ova slova: pojmové mapy, pojmové mapovani, véda, ucitelé.

An Exploration of Teacher’s Challenges in the
Construction of Concept Maps on Energy

Abstract

One of the challenges in the teaching of science is the construction of valid scientific
relationships between concepts. An investigation was done with 15 General Education
and training (GET) science teachers to determine the challenges they have to deal with in
constructing concept maps. Knowledge of how to construct concept maps is crucial since
it can help teachers to plan the execution of instruction. The challenge to teachers was to
arrange concepts in a hierarchy, the use of propositional linkages as well as cross-linking
of concepts. The article suggests that interventions geared at addressing the challenges
faced by teachers may include the teaching and learning strategies dealing with concept
relations like concept mapping.

Key words: concept maps, concept mapping, science, teachers.
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1 INTRODUCTION

Science teachers are generally faced with a variety of challenges. One of the chal-
lenges in the teaching of science is the construction of valid scientific relationships
between concepts. Most cognitive theories share the assumption that concept in-
terrelatedness is an essential property of knowledge (Ruiz-Primo, Shavelson, 1996).
A more complete picture of learner’s and teacher’s understanding emerges from in-
corporating aspects such as the shortcomings in the content and structure of the
concept map (Van Zele, Lenaerts, Wieme, 2004). Moreover, it appears that teach-
ers may possess understandings about science content which are not yet connected
in a way that makes sense for them (Dawkins, Dickerson, McKinney, Butler, 2008).
This is because many teachers hold ideas about scientific concepts that are not in
accordance with the science view and often are similar to students’ pre-instructional
conceptions (Treagust, Duit, 2008).

The conceptual relationships in science and mathematics (Duit, Treagust, Mans-
field, 1996) can be investigated by pencil-and-paper measures such as concept map-
ping, relational diagrams, tree construction tasks, graph construction, networks and
semantic differentials. In general, learners do not understand scientific relationships
and the teachers are expected to provide learners with effective pedagogical strate-
gies to address scientific relationships (Dawkins et al., 2008). Concept maps, if used
properly, can potentially increase a teacher’s repertoire of instructional and assess-
ment techniques (Ruiz-Primo, Shavelson, 1996). One of the benefits of using concept
mapping is that it can be used to provide a visual representation of an individual’s
ideas about a concept or set of related concepts (Byrne, Grace, 2010). These ideas
can represent some important aspects of the individual’s existing knowledge in a
content domain (Ruiz-Primo, Shavelson, 1996).

Ideas represented have the meaning or ideational frameworks specific to a given
context (Novak, 1990). Representation of meaning draws upon and incorporates
ideas from Ausubel (1968). Both Hodson (1998) and Watts (1994) emphasise that
the basic premise of constructivism is that learners should construct knowledge. For
learning theorists such as Lewin (Schein, 1995) and Piaget (1985), human inquiry is
rooted within the individual, who constructs knowledge through his or her actions
on the environment. Of relevance to the current study is the teacher’s development
of conceptual relations with no prior training on concept mapping. The meaning
(Clark, 2006) attached to this conceptual relations and the process of constructing
meaning (Oded, Stavans, 1994) were equally important in providing meaning to
these concept maps.

Literature on concept mapping emphasises the use and importance of concept
maps (Austin, Shore, 1995) and the benefits of using concept maps (Novak, 1990;
Byrne, Grace, 2010). However, constructed concept maps may include different
kinds of challenges. These include straightforward mistakes, faulty or vague descrip-
tions, misconceptions, and completely or partially deficient relationships. Knowl-
edge of these challenges may serve as important feedback for the teachers (Van
Zele et al., 2004). For example, the teachers can pinpoint learners’ difficulties and
track down recurrent patterns or areas of vague or clouded learner understanding.
The purpose of the study on which this article is based was to determine the chal-
lenges faced by science teachers in the construction of concept maps. Knowledge of
these challenges (Van Zele et al., 2004) as well as how to construct concept maps
is crucial since it can help teachers to plan the execution of instruction (Novak,
1990).
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2 LITERATURE REVIEW

Concept mapping originated within the education community as a tool to assess the
understanding of school science learners (Novak, Canas, 2011). Researchers (Austin,
Shore, 1995; Byrne, Grace, 2010; Novak, Gowin, 1984; Novak, 1990; Novak, Canas,
2006; Ruiz-Primo, Shavelson, 1996) generally concur in phrasing the description of
concept mapping. For the purpose of this study, concept mapping (Novak, Gowin,
1984; Novak, 1990; Novak, Canas, 2006) is described as a technique involved in the
organization of thoughts or ideas and relationships between them.

A number of different types of concept maps are reported in the literature. Ex-
amples of the concept maps include the spider concept maps, flow charts and hierar-
chical concept maps. These concept maps differ in terms of organization of concepts
in a map. For instance, in the spider concept maps ideas are organized with the
central theme in the centre of the map with sub-themes surrounding the central
theme. With the flow chart, concepts are presented in a linear format, whereas
in the hierarchical concept map ideas are arranged in descending order with the
most important placed at the top. Hierarchy of concepts is a characteristic of many
concept maps (Ruiz-Primo, Shavelson, 1996). This hierarchy of concepts and other
related ideas on concept mapping are illustrated in the concept map showing key
features of concept maps (Figure 1).
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Figure 1: Concept map showing the key features of concept maps (Novak, Canas,
2008)

The concept map in Figure 1 provides a visual representation of how a concept
map is constructed. The concept map drawn in Figure 1 provides answers to ques-
tions such as: What are concept maps? (Representation of organized knowledge);
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Why are concept maps necessary? (May help in effective teaching and learning);
What are the features of concept maps? (Concepts, propositions, cross-links, hier-
archy, creativity, and labels). The construction of concept maps is dependent on
the cross-links that show how concepts are related. The basic steps for creating
a concept map have been widely described (Novak, Novak, Canas, 2008, Novak,
Canas 2011). This steps starts with the definition of a focus question. Hereafter,
key concepts are identified. The concepts are then are arranged spatially followed
by the creation of links. The spatial arrangement of concepts is subsequently revised
and cross links created.

The use of concept maps then requires that an individual should know the type
of relationships that exist between concepts before deciding on the structure of the
concept map. Hence, knowledge of the content is crucial. Figure 1 is an example
of a concept map that combines types of concept maps, but it may be necessary to
simplify the map so that the ideas are represented in a simplified and understandable
structure. This may help in the visualization of the concepts.

Consequently, when a reader reads a concept map, the question normally asked
is: What is this concept map all about? This means that a concept map should
consist of the central theme. The central theme is generally called the main idea.
When constructing the concepts related to the central theme, there should be what
is termed ‘linking words’ (Novak, 1990). These linking words are written on the line
connecting the concepts in order to form propositional statements. A proposition is
the basic unit that should provide meaning in a concept map. It is generally used to
judge the validity of the relation (line with an arrow) drawn between concepts (Ruiz-
Primo, Shavelson, 1996). The meaning of a concept should be represented by all of
the propositional linkages constructed, including that concept (Novak, 1990). The
absence of these propositional linkages in the concept maps may affect the under-
standing of the meaning of these concepts. In the construction of concept maps the
emphasis should incorporate the actual linking of new knowledge correctly to pre-
viously held knowledge (Novak, Gowin, 1984) in order to yield meaningful learning,.
However, if these links are incorrectly made, these might result in misconceptions
or alternative conceptions. Moon, Hoffman, Eskridge and Coffey (2011) argue that
not every feature of a concept map will apply to every map. Deviation from the
standard steps and features is allowed for creativity.

The linking of concepts generally depends on the knowledge of subject content
the individual possesses. The relationship between concepts is crucial in constructing
valid links between concepts. Failure to make valid links may result in the distorted
meaning of concepts. Each linkage should demonstrate coherent understanding of
the content.

Different studies on concept mapping (Austin, Shore, 1995; Byrne, Grace, 2010;
Novak, Gowin, 1984; Novak, 1990; Novak, Canas, 2006; Ruiz-Primo, Shavelson;
1996) concur on the benefits of using concept maps. The benefits of concept maps
constructed by learners and by teachers can be summarised as follows:

e Learners can gain knowledge and insight about the topic.

Alternative conceptions and misconceptions can be identified.

Relationships between concepts can be assessed.

Ideas can be organized in preparation for a lesson.
e Learners can use concept mapping to summarize lessons after teaching.

e Learners can use concept mapping to reflect on a lesson presented.
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e Learners can share and work together to map out a topic.

Visualization of concepts may be improved.

e Learners can learn to structure concepts.

Teachers can use concepts to explain how concepts are related to each other.

Teachers can organize concepts in a way that can be easily understood by
learners.

e Concept maps can be used to assess learner’s understanding of content.

Concept mapping generally has a positive effect on both learner achievement
(Ingec, 2009) and learner attitude (Duit et al., 1996). When learners are asked to
construct concept maps as routine part of their instruction, they can move away
from patterns of rote learning (Novak, 1996). Effective concept mapping requires
learners to be familiar with the concept mapping method. This will help them to
focus on meaningful and insightful propositions, therefore they should be taught by
trained teachers (Van Zele et al., 2004).

Against this background, the study was conducted to investigate the challenges
faced by teachers in constructing the concept maps. This is because knowledge
of how to construct concept maps is crucial since it can help teachers to plan the
execution of instruction (Novak, 1990).

3 RESEARCH QUESTION
The research question for this study is:

What are the challenges faced by General Education and Training (GET)
science teachers in the construction of concept maps?

4 RESEARCH METHODOLOGY

The study reported in this article was conducted in a South African education
district. A sample of fifteen General Education and Training (GET) science teachers
participated in this study. GET science teachers are teachers teaching grades 4, 5,
6, 7 and 9. Their experience in the teaching of physics ranged from 4 years to
17 years. The teachers did not have prior experience in the construction of concept
maps. Furthermore, from the engagement with the teachers, it emerged that the
majority of them do not have basic facilities to teach physics. They rely on textbooks
supplied by the department of education to teach physics and other subjects. These
science teachers were purposefully selected from a group of mathematics and science
teachers who were invited to participate in a workshop on content enrichment.

This study was a qualitative case study. According to Babbie and Mouton (2001),
a sample of five to twenty respondents is sufficient. In qualitative case studies,
researchers study small or distinct groups. These are typically single-site studies.
The data analysis focused on one phenomenon (in this case how do science teachers
construct concept maps and the challenges they face in the construction of these
concept maps) which the researcher selected to understand in depth regardless of
the number of sites or participants (McMillan, Schumacher, 1997).

Data was collected through concept maps constructed by the science teachers.
In addition, observations were made during the construction of concept maps and
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field notes were used to record observations. Questions on energy concepts were
asked by the author during the workshop and recorded in the field notes. The
author was a participant observer and played an active role during the construction
of concepts maps. This helped the author to listen and observe the phenomena so
as to understand it from the perspective of participants. This is because participant
observation is based on the assumption that understanding of the inner perspectives
of subjects can be achieved by actively participating in the subject’s world and
gaining insight by means of observation (Silverman, 2004).

Teachers were requested to construct concept maps on energy. This was used
as an introduction as well as to prepare teachers for the workshop, and as a way
to introduce them to concept mapping as a technique. The process of introducing
teachers to concept mapping was as follows: First, concept mapping as a tech-
nique (Figure 1) was discussed with teachers. Secondly, teachers were requested to
write down concepts related to energy. Lastly, they were requested to construct
concepts maps referring to the technique (Figure 1) as discussed with them. With
the view that the concept mapping task better demonstrates and consequently pro-
motes the development of a coherent knowledge structure (Van Zele et al., 2004).
Concept maps were qualitatively used in the design and development of data collec-
tion (Wheeldon, Faubert, 2009). Furthermore, the maps helped in the identification
of concepts and connections based on how the participants frame their experience.
Concept maps were selected as a research tool because they have been previously
used to investigate conceptual relationships (Duit et al., 1996). For instance, Van
Zele et al. (2004) used concept mapping qualitatively to investigate university-level
engineering students’ conceptual relationships on the concept ‘atom’. Stoddart,
Abrams, Gasper and Canaday (2000) concur that concept maps measure aspects of
learning which conventional tests do not measure particularly well.

Five groups of three members were formed from the fifteen science teachers
who participated in the study. It was necessary to construct the concept maps in
groups because it was an opportunity for the teachers to share ideas. Furthermore,
concept mapping provides an attractive basis for collaborative brainstorming and
discussion, enabling groups to build a shared understanding (Van Zele et al., 2004).
The researcher engaged with teachers for two days and five concept maps were
constructed and transcribed. These concept maps were discussed with teachers
during the workshop. Teachers were asked to critically discuss these concept maps.
The discussion included the content of the concept maps and how the content is
related. It was evident in the discussion that some of teachers lacked science content
knowledge. The concept maps are included in this article and are labelled Figures
2,3, 4,5, and 6. The constructed maps were analysed in terms of the requirements
of concept mapping as shown in Figure 1. The aim with the teachers’ concept maps
was to investigate the challenges the teachers face in relating concepts to concepts,
in arranging the concepts hierarchically, in the cross-linking of concepts, and the use
of propositional linkages.

The researcher acknowledges that there are a number of strategies (Ruiz-Primo,
Shavelson, 1996; Wheeldon, Faubert, 2009) which can be used to analyse concept
maps. Still other approaches might involve considering how the maps were created
based on the physical construction of the maps, the degree of formality involved, and
any similarities or variances in the kind of concepts included (Wheeldon, Faubert,
2009). In this study, the author focused on the propositions. This means that the
concept maps were judged from the propositions in a map, their accuracy, the cross-
links, hierarchy levels, and labels provided. In addition, the teachers’ abilities in
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clearly articulating the focus question (draw a concept map on energy), concepts
related to energy, using linking words as well as propositions were evaluated. The
teachers’ concept maps were then evaluated to see whether they conformed to the
requirements as indicated in Figure 1.

5 RESULTS AND DISCUSSION

The science teachers’ workshop was based on the concept of energy. In preparation
for the workshop, teachers were asked to discuss the definition of energy before they
constructed the concept maps. The purpose with this, was to get teachers thinking
about concepts related to energy. It was eminent from the discussion that teachers
differed on the correct definition of energy. Teachers argued that most textbooks
refer to energy as the ability to do work. These arguments led to some of them
elaborating on the meaning of “the ability to do work”. Some of the responses given
by teachers are as follows:

o “The power or ability to facilitate or do work”

e “The power that someone uses to bring change on an object”
o “The power that enable something to perform”

o “The energy is there”

o “Transformation of energy”

The descriptions indicated that teachers confuse energy and power. Following a
discussion on energy and definitions given by teachers a short lecture on energy was
presented by the author. Teachers were then given an opportunity to construct the
concept maps on energy. Teachers used lecturer notes and textbooks as references
materials. Examples of prepared concept maps were shown to teachers. Teachers
continued to argue during the construction of concept maps. Their continued de-
bates were a learning curve for teachers hence they learnt from each other during
the workshop.

The article reports on the concept maps constructed by teachers. These con-
cept maps show how concepts are related. In addition, attention was given to how
concepts are arranged hierarchically, cross-linking concepts, and using propositional
linkages. A more detailed picture of the concept maps was extracted from a quali-
tative analysis of the concept maps (Figures 2, 3, 4, 5 and 6). Figures 2, 3, 4, 5 and
6 shows the concept maps of groups 1, 2, 3, 4, and 5. In these figures the original
copy as well as the transcribed concept map is illustrated. The results of this study
indicate that teachers do not possess the skill in constructing concept maps.

6 DiscussioN OF GROUP 1 CONCEPT MAP

The teachers indicated the main idea in the concept map, but the concept map
lacked clarity because the structure of the map does not make it clear how concepts
are related. An attempt was made to organise concepts hierarchically at the top,
with sources of energy followed by an example (sun). Although sources of energy
are specified, only one source of energy is pointed out.
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Figure 2: Group 1 concept map

The map (Figure 2) shows that the sun is related to light and heat but it is
not clear how they are related. The assumption is that the sun produces light and
heat. The map illustrates kinds of energy, and examples thereof include kinetic,
heat, light, potential, sound, mechanical and electrical energy.

Furthermore, the teachers included the phrase ‘uses/importance of energy’ and
mentioned that ‘plants use light during photosynthesis’. In the centre of the map,
the teachers wrote the word ‘definition” with no concepts linked. The latter is
consistent with what transpired in the beginning of the workshop where teachers
could not agree on the correct definition energy.

7 DIiScUSSION OF GROUP 2 CONCEPT MAP

The teachers who constructed the concept map that is presented as Figure 3 at-
tempted to organise concepts hierarchically. The main idea in the concept map is
the concept ‘sun’ (the main source of energy). The supposition made by the author
is that the teachers’ concept map sketches the methodology they adopted when in-
troducing the concept of energy. The map shows that the teachers introduced the
concept of energy by first talking about the main source of energy (the sun). The
map explains how energy from the sun is converted to heat, light and kinetic energy.
However, the concepts ‘heat energy’ and ‘light energy’ are repeated four times in
different parts of the map, while ‘kinetic energy’ is repeated three times. The map
demonstrates insufficient coherence and limited hierarchy of concepts.

Transcribed

= \
Light ener; \ \ Chemical energy
convel Light energy eg plants
Heat cony electrical
energy engrey \
Heat Light energy Kinetic energy

energy Plants are eaten
by animals

Cheniical energy
is stored in dead

plants and animals Heat Kinetic

energy energy
Fossil fuels are
used by humans

Heat Light Kinetic
energy energy energy

Figure 3: Group 2 concept map
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The concept map in Figure 3 illustrates that teachers could not understand that
the main idea in this case should be energy. This may have implications in the
teaching and learning of the concept energy. Teachers should think carefully before
choosing the concepts that can be used to introduce a related concept. Figure 3 was
supposed to be a concept map on the concept of energy, but teachers constructed a
concept map on the sun. Constructing a concept map requires active involvement
in identifying the central idea and relating concepts to each other in a meaningful
way (Slotte, Lonka, 1999).

8 DISCcUSSION OF GROUP 3 CONCEPT MAP

Observations made during the discussion and construction of this map is that teach-
ers could not agree on the content to include and the structure of the map. At
the end of their discussion they included only the examples of energy. In spite
being given the example of a concept map, teachers did not take into consider-
ation that the lines they draw should have meaning when drawn between con-
cepts. Their (group 3) discussion of energy concepts yielded a map illustrated in
Figure 4.
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% PN ‘;.;vq:n\ Erac =5 =) Gn\a‘.g
PN A :
< 5 Elastic Energy Gravitational  Chemical Elastic Energy Heat Energy Movement
Potential Energy Potential Energy Energy

Figure 4: Group 3 concept map

Although there is no propositional linkage between the concept ‘energy’ and
the two concepts ‘kinetic energy’ and ‘potential energy’ (Figure 4), the teachers
who constructed this map attempted to show the hierarchy between the concepts
of energy and kinetic and potential energy. However, ‘kinetic energy’ and ‘poten-
tial energy’ should have been connected by a linking word to ‘energy’. The two
concepts (kinetic energy and potential energy) are types of energy, but it is not
clear from the map. If the linking word was included it would be clear to the
reader.

In the next part of the map, six concepts are mentioned. These are elastic
potential energy, gravitational potential energy, chemical potential energy, elastic
energy, heat energy and movement energy. These concepts are joined to both kinetic
and potential energy. Again the map is silent about the relation of these concepts
to kinetic and potential energy.

The arrangement of concepts in this concept map (Figure 4) illustrates limited
content knowledge of teachers. It is possible that the teachers were not using concept
mapping as a teaching strategy in their respective schools. For this reason they could
not arrange concepts in a way that is understandable to the reader.
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9 DiscussioN OF GROUP 4 CONCEPT MAP

There is a possibility that teachers who constructed this map (Figure 5) did not
remember the effects of energy or they did not know them. This is because some
parts of the map were incomplete. Omitting the relevant concepts and examples
from the maps is related to the inability to apply them (Slotte, Lonka, 1999). Teach-
ers constructed these maps in groups and the expectation was that they would help
each other and construct complete concept maps.

Transcribed

wind Sun

\ / Electrical
N effects\ fOSSiI’LCoéﬂ

Sources
heat /

Types ____ ——

o/ N
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Energy
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Figure 5: Group 4 concept map

The concept map in Figure 5 was fairly attempted. Nevertheless, it was difficult
to locate the main idea in the concept map since the main idea does not stand
out clearly. The teachers managed to hierarchically link energy to types, effects,
and forms of energy, but failed to complete few parts of the map. The concepts in
this map are linked using lines with no linking words. The teachers have drawn a
line between concepts like ‘effects’ and ‘energy’ and three lines outwardly from the
concept “effects” with no concepts written in the lines.

10 DiscusSION OF GROUP 5 CONCEPT MAP

Despite similar challenges with other groups of teachers, the concept map in Figure 6
shows that the teachers managed to mention concepts related to energy together
with examples, including types of energy, sources of energy, forms of energy as well
as uses of energy.
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Figure 6: Group 5 concept map
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However, they mentioned effects of energy without providing examples. Al-
though, the concept map has been drawn with no cross links and labels, an attempt
was made to organise the map hierarchically. The results of this study were par-
ticularly influenced by the grouping of teachers. This is because every teacher had
their own mental structures. Teachers could not agree on a specific structure. How-
ever, repeated practice in the group construction of concept maps may yield better
results.

11 CONCLUSION

Although few studies have investigated the impact of group concept mapping, most
of the studies investigating concept mapping within a group learning environments
(Okebukola, 1992) suggest that collaborative concept mapping can lead to effective
discussions concerning concepts, and thus enhance meaningful learning.

The results of this study show that the teachers’ concept maps varied substan-
tially in their scope and complexity meaning that there was a varied level of con-
ceptual understanding among the teachers in this study. This is the result of the
different cognitive structures teachers have. Consequently, if one asks two experts
to develop maps on the same topic, it is likely that these maps will look different
because they reflect the cognitive structures of different people (Daley, Torre, 2010).
Consistent with Okebukola’s 1992 stand point, group concept mapping was found
to be a good “spice” for the concept mapping experience. In addition, the group
effort was expected to yield improved concept maps. But with more time dedicated
to concept mapping, the skill can be improved. Even though the results show that
the teachers did not have experience in the construction of concept maps. Effective
discussions about concepts related to energy took place. Furthermore, these concept
maps can be used in classrooms to spark debates on content and concept relations.
For an introduction of a lesson on a topic of energy, the prepared concept maps
can be used to facilitate learning and teaching in science classrooms. Learners and
teachers can use such concept maps to construct knowledge and prepare new concept
maps. Having said that, it was necessary to let teachers have a practical experience
on the construction of concept maps. Teachers should also engage learners in the
construction of concept maps. Even though there are challenges in the construction
of maps, the skill to construct concept maps is important for both teachers and
learners.

Some of the concept maps displayed lack of content knowledge. Apart from
knowing the skill to construct the concept map, content knowledge is a major concern
because it dictates what should be in the map and how it should be arranged. The
lack of content knowledge has implications on the teaching and learning of science
in schools.

Although the concept mapping technique was discussed with teachers, their con-
cept maps could not match the criterion map indicated in Figure 1, thus it is evident
that these teachers are not competent in the construction of concept maps. The con-
cept maps did not conform to the established requirements of concept maps. This is
because it may take time (McNeese, Ayoub, 2011) for teachers to acquire the skill.

The results of this study show that teachers face challenges in the construction
of concept maps. The concept maps constructed by teachers who participated in
this study show that teachers struggled to illustrate how concepts are related to
one another. This finding is consistent with Ingec’s (2009) conclusion that teachers
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have difficulty establishing relationships among concepts. Arranging concepts in a
hierarchy, using propositional linkages and cross-linking concepts was a challenge to
teachers. The concept maps displayed very few hierarchies and incomplete cross-
linking between concepts. None of the concept maps showed linking words between
concepts. For this reason, the accuracy of the maps was affected. The accuracy of
maps is related to understanding scientific content (Slotte, Lonka, 1999). The results
of this study show that the teachers’ concept maps are not entirely wrong and that
the challenges identified can be used as a starting point to channel appropriate pro-
fessional training of science teachers to include a focus on understanding of scientific
relationships among concepts. Training should include revising and revisiting our
teaching methodologies to incorporate the training of teachers in concept mapping.

The purpose of the study on which this article is based was to determine the
challenges of science teachers in the construction of concept maps. The author is
aware of the many challenges teachers face in the teaching of science. However, this
article serves to inform the readers that some of the challenges are embedded in the
understanding of relationships between concepts as depicted in the concept maps
constructed by teachers.

It is suggested in the article that interventions geared at addressing the challenges
teachers face should include the teaching and learning strategies dealing with concept
relations. However, more time is needed to incorporate the use of concept mapping
as a learning and teaching strategy since it requires adjustment on the part of both
learners and teachers. The teachers who participated in this study experienced
difficulties in constructing concept maps. This could suggest that teachers regularly
need to practise the construction of concept maps.
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Vliv vyuky na postoje zakti SOS k chemii

Martin Rusek

Abstrakt

Vizkumné Setfeni je zaméFeno na postoje zéki stiednich odbornych gkol (SOS) nechemic-
kého zaméreni k chemii. Cilem je zjistit a porovnat postoje zak na zacatku a na konci
gkolniho roku, tedy po prichodu na stfedni skolu a po skonceni vyuky chemie. Zadany do-
taznik obsahoval tfi otazky s otevienou odpovédi a jednu otdzku se skalou 1-5. Z vysledki
je mozné vyvozovat zpiesnéni predstav zaku o chemii posun v jejich vniméni uzite¢nosti
chemie pro zivot. Pfesto zaci hodnoti chemii znadmkou 3. V zavéru prispévku jsou uvedeny
moznosti dalsich krokd nutnych pro optimalizaci vyuky chemie ve specifickém prostiedi
SOS nechemického zaméieni.

Klicova slova: postoj zaku k chemii, vyuka chemie, stfedni odborné skoly nechemického
zameéreni, dotaznikové Setieni, motivace, motivacni prvky.

The Influence of Teaching on Vocational School
Students’ Attitudes to Chemistry

Abstract

This inquiry is focused on non-chemical vocational schools students’ attitudes towards
chemistry. The aim is to find out and compare students’ attitudes at the beginning and
at the end of the school year, i.e. right after their arrival at secondary school and after
completing their chemistry education. The questionnaire used included three open ques-
tions and one question with a 1-5 scale. The results indicate an improvement in students’
conception of chemistry and also a positive shift in their perception of usefulness of che-
mistry for life. Nevertheless, the students assess chemistry with the school mark 3 (from
1 to 5 with 1 the best). At the end of the paper, possible steps to be taken in the future
are mentioned in order to optimise chemistry education in the specific environment of
non-chemical vocational schools.

Key words: students’ attitudes towards chemistry, chemistry education, non-chemical
vocational schools, questionnaire survey, motivation, motivational elements.
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1 Uvobp

K 1.9. 2012 zacaly na zékladé novych vzdélavacich standardi — ramcovych vzdélava-
cich programii (RVP) — byt vyucovany obory stfedniho odborného vzdélavani (SOV)
zatazené do Ctvrté etapy zavadéni RVP SOV (Harmonogram, 2006). Zahéjeni vSech
275 RVP SOV (RVP, 2008) probihalo postupné podle ¢etnosti danych obort. Ve
¢tvrté etapé tak byly zarazeny nejméné Casto se vyskytujici obory, napt. 33-56-E /01
Truhlafskd a ¢alounickd vyroba, 23-69-H/01 Puskar nebo 78-42-M /03 Pedagogické
lyceum. Prvni fazi kurikularni reformy v Ceské republice vsak stale nelze z pohledu
zavadéni novych standardt povazovat za ukoncenou. Nové byly pridany dalsi dveé
vlny zahrnujici celkem 5 RVP SOV. Tyto posledni obory zacnou sledovat RVP SOV
od 1.9.2014 a 1. 9. 2015.

Zmény systému stiednich odborngch gkol (SOS) i zména vzdélavacich standardt
vsak nejsou pouze administrativniho charakteru. Soucasnym trendem je zvySovani
podilu vieobecné vzdélavacich prfedmétd v RVP. Na SOS je mezi tyto predméty
fazena i oblast Prirodovédné vzdélavini (PIV), tedy fyzikalni, chemické a biolo-
gické vzdélavani, a to i pro obory, ve kterych diive tyto predméty nebyly vyucovany
(Rusek, Pumpr, 2009). Z pohledu didaktiky chemie tak RVP SOV vytvafeji novou
cilovou skupinu zaki. Tato zména s sebou piinasi jista specifika, na néz je upozorno-
vano i v odborné literatute (Skoda, 2005; Rusek, Pumpr, 2009; Rusek, et al., 2010;
Zékostelna, Sulcova, 2010; Dytrtova, Sandanusova, 2011; Rusek, 2011).

Predkladany prizkum navazuje na publikovany v prispévek Postoj Zaki k pred-
métu chemie na strednich odbornych skoldch (Rusek, 2011). V dotaznikovém Setfeni
je vétsi pozornost vénovana teoretickému ukotveni pojmi motivace, postoj a zdjem.
V kapitole Vysledky a diskuse jsou uvedeny postoje zaku k chemii na konci skolniho
roku (v dalsich ro¢nicich uz se chemie nevyucuje). Tyto jsou porovnany s odpovédmi
zakt ze zacatku skolniho roku. Zjisténa zména postoji zaki pak mize poslouzit jako
zpétna vazba o zajmech zakil, pro né zajimavych tématech a v neposledni fadé i je-
jich vniméani stylu vyuky.

2 TEORETICKA VYCHODISKA

Dtilezitou roli ve vjuce hraje motivace zakt (Hrabal, et al., 1984; Cép, Mares, 2001).
Jeji problematika je velice rozsahlé a ne zcela uzaviena (Hrabal, et al., 1984). Na
podkladé motivacniho zaméreni osobnosti se utvateji a stabilizuji zdjmy a hodnoty
¢lovéka (Hrabal, et al., 1984). Vzhledem ke slozitosti motivace se pro jeji oznaceni
vyuziva nejen pojmi zajem a hodnota, ale i emoce, postoje, hodnotové orientace,
cile a smysl (Cap, Mares, 2001).

Motiv vyjadiujici vztah uciciho se jedince k danym predméttim a v nich prova-
dénym ¢innostem je oznacovan jako postoj (Cap, Mares, 2001). Teoretickému vy-
mezeni postojt a jednotlivym pohlediim na né se aktualné vénovali napt. Svandova
a Kubiatko (2012). Odvolavaji se na nejpouzivanéjsi definici postoje coby mental-
niho a nervového stavu pripravenosti k reagovani utvareného na zakladé zkusenosti
majictho usmérnujici vliv na chovani (Allport, 1967). Autofi dale pouzivaji definici
Nakoneéného (1998), ktery postoj definuje jako ,hodnotici vztah®, tj. zaujeti hod-
noticiho stanoviska. Dale uvadéji souvislost kladného hodnoticiho vztahu, tj. klad-
ného postoje (viz Nakone¢ny, 1998), se ziskanym motivem projevujicim se vztahem
jedince k urcité skutecnosti nebo druhu ¢innosti, tj. zdjmem (Cap, Mares, 2001).
Také podle definice Capa a MareSe (2001) lze tyto pojmy povazovat za souznacné.
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Naopak Veselsky a Hrubiskova (2009) odkazuji mj. na Salta a Tzougraki (2004),
které ve své praci ,vyvozuji zajmy ze zjisténych postoji“. Zdjem tak povazuji za
nadrazeny terminu postoj. V tomto textu vSak jsou oba terminy pouzivany v souladu
s vySe uvedenymi zdroji jako souznacné.

V poslednich letech publikované prace zamérené na zajmy ceskych a slovenskych
74kt o prirodovédné piedméty nebo konkrétné chemii (Skoda, 2001; Skoda, 2005;
Hoffer, Svoboda, 2005; Bilek, Radkova, 2006; Cizkovéa, Ctrnacova, 2007; Held, 2007;
Bilek, 2008) shodné potvrzuji pokles zajmu zaka. Jedné se vSak o prace zaméfené
na postoje zakl na zakladnich skolach nebo na gymnaziich. Doposud provedené vy-
zkumy opomijely prostfedi SOS — velmi po¢etnou skupinu vytvoienou reformovanim
stfedniho Skolstvi (srov. Rusek, Pumpr, 2009). Az ptispévek Postoj Zdki k predmétu
chemie na strednich odbornych skoldch (Rusek, 2011) je zaméfen na dané prostiedi.
Autor proto aktualné navazuje na toto Setfeni.

S priklonénim k souzna¢nému vnimani termind postoj a zajem byly sestaveny
Etyti otazky zaméiené na zjisfovani postojti zakt SOS nechemického zaméteni k che-
mii, jejich predstavy o chemii i jejich celkové hodnoceni predmétu.

Jak bylo uvedeno vyse, text vychéazi z teoretickych vychodisek prvniho Setfeni.
Pro detailnéjsi predstavu o edukacni realité je uveden pouze strucny prehled zaklad-
nich rysit vyuky chemie jako okrajového predmétu:

e Do prvniho ro¢niku SOS nastupuje trvale vice nez 80 % zakii SS (v letech 2010
a 2011 pocet zakt v prvnich ro¢nicich gymnéazia ptresahl 20% hranici).

e Prirodovédné vzdélavani (PTV) je jako vSeobecné vzdélavaci oblast (tj. okra-
jové oblast) zafazeno v 75 % RVP SOV.

e Ve vétsiné obort je PTV okrajovou oblasti s dotaci 4 vyucovacich hodin tydné
(chemie je tak vyucovéana celkové v 1-2 hodinéch tydné, coz celkové ¢ini 34,
popf. 68 vyucovacich hodin).

e Chemie je vyucovana nejcastéji jen v prvnim ro¢niku SOS.

e Vyjuka chemie je ztizena absenci pomticek ¢i specializovanych uceben a nedo-
statkem odpovidajicich ucebnic.

e Skolni isp&snost zakt na SOS je nizsi nez zakd gymnézii.

e Chemie je na SOS ¢asto vyucovana neodborné (u obortt s vjuénim listem —
obory H — neaprobované az v 70 %).

Je tedy zfejmé, Ze zaci SOS nechemického zaméfeni nemaji vnéjsi motivaci v po-
dobé narokt oboru ¢i potieby tuspésného zakonceni studia. Vice cenénd, vnitini
motivace zdkt (Hrabal, et al., 1984) tak hraje ve vyucovani dileZitou roli. Jakym
zpusobem se ucitelim daii zaky vnitiné motivovat, je mozné zjistit pravé mérenim
zmény postoji zakt po skonceni vyuky.

3 VYZKUMNY PROBLEM

Vyzkumné Setfeni bylo vedeno vyzkumnou otazkou:
Jak se méni postoje Zdiki SOS nechemického zaméreni k chemii po ukonceni
stredoskolské vyuky chemie?

Scientia in educatione 35 4(1), 2013, p. 33-47



Pojmem SOS nechemického zaméreni je oznacovan takovy obor vzdélani SOV,
ve kterém je na vzdélavaci oblast Prirodovédné vzdélavani (tj. predméty fyzikalni,
chemické a biologické povahy) vénovano méné nez 6 vyucovacich hodin tydné (Rusek,
Pumpr, 2009).

Na zakladé vyzkumné otazky je mozné definovat nasledujici hypotézy:

Hy: Zdci SOS maji o chemii jako oboru jasnéjsi predstavu na konci Skolniho
roku, nez meli na jeho zacatku.

Hy: Zdci SOS hodnoti chemii jako obor i skolni predmét lépe na konci skolniho
roku neZ na jeho zacdtku.

4 STYL VEDENI VYUKY

Vyuku v danych tfidach provadéli dva plné kvalifikovani ucitelé s praxi delsi nez
5 let. Oba byli znali specifik vjuky chemie na stiedni odborné skole nechemického
zaméfeni. Vyucovani bylo vedeno v souladu se zjisténimi a doporucenimi v prislusné
odborné literatuie (Bilek, 2008; Rusek, Pumpr, 2009; Janouskova, et al., 2010; Dy-
trtovd, Sandanusova, 2011; Rusek, Kohlerova, 2012). Duraz byl kladen pfedevsim
na zvySovani motivace zakt prostfednictvim motiva¢nich prvki, komplexnich (mul-
tikomponentnich) tloh, skupinové prace, zduraziiovani souvislosti u¢iva s praxi zna-
mou zakim i aktivizace prostfednictvim akcentu na tvorivost a v neposledni radé
i na zafazeni projektové metody.

Pro tcely vyuky byla vyuzivana ucebnice Zdklady prirodovédného vzdéldvdani:
chemie (Pumpr, et al., 2008). Svym rozsahem 48 stran nejvice odpovida casovym
i obsahovym pozadavkiim SOS. V multimedidlni ¢asti u¢ebnice jsou navic k dispozici
doplnujici obrazky, videa i zakladni a rozsitujici ulohy.

Hodinové dotace pro jednotlivd témata jsou uvedeny v tabulce 1. Udaje jsou
prevzaty z tematického planu, ktery se na obchodni akademii, kde Setfeni probi-
halo, osvédcil. S minimalnimi zménami je pouzivan jiz od roku 2010, kdy se zacalo
vyucovat podle novych RVP SOV.

Tab. 1: Hodinové dotace pro jednotliva témata uciva chemie na SOS

Téma pocet hodin
Uvod do studia chemie —
rozliSovani latek 6
a smeési a bezpecnost

prace s nimi

Voda a vzduch

Stavba atomu a chemickd vazba
Chemické prvky

Chemické reakce

Nézvoslovné principy

Oxidy

Hydroxidy

Kyseliny

Soli

Uhlovodiky

Derivaty uhlovodiki

Ptirodni latky

Chemie v zZivoté ¢lovéka
Kratkodoby skolni projekt

O W|[ OO | W =D W| | W
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Postoje zaki na konci skolniho roku lze povazovat za utvorené skolou. V jistych
mezich je mozné je do budoucna ztotoziiovat s postoji spole¢nosti k chemii. Zaci
SOS nechemického zaméieni totiz predstavuji mezi svymi vrstevniky vétSinu.

Potvrzeni proni hypotézy je dokladem efektivity vyse naznaceného piistupu k vy-
uce a naplnénim cilti uvedenych v RVP SOV. Jak vyplyva z prvniho Setfeni, vétsina
zaktt SOS na st¥edni skolu pfisla jen s rAmcovou predstavou o tom, co je to chemie.
ZlepSeni v této oblasti potvrzuje prinos zafazeni uciva chemické povahy do RVP
SOV.

Potvrzeni ¢i vyvraceni druhé hypotezy je podstatné pro optimalizaci pristupu
k vyuce. Vyvraceni predpokladu o zlepseni postoji by bylo podnétem k hledani
disledku negativniho zakovského hodnoceni a revizi zptisobu vyuky. Pretrvavajici
negativni postoje mohou také znamenat impulz k revizi kurikula na tomto typu skol.

5 METODOLOGIE

5.1 VYZKUMNY VZOREK

Vyzkumné Setfeni bylo provedeno na vzorku zakt 1. roéniku oboru Obchodni akade-
mie (63-41-M/02) a 1. a 2. ro¢niku oboru Ekonomické lyceum (78-42-M/02) na dvou
prazskych SOS. V prvni fazi — na zac¢atku $kolniho roku — byl dotaznik zadan 195
respondenttim v celkem osmi t¥idach. Ve druhé fazi na konci skolniho roku tentyz
dotaznik s drobnymi Gpravami vypliiovalo 140 stejnych zakt v celkem Sesti t¥idach.

SniZzeny pocet respondenti ve druhé fazi byl dan potifebou zjistovat zménu po-
stojui u konkrétnich zakd. Nebylo tak mozné rozsifovat pocet respondenti, z organi-
zacnich divodu ani dosdhnout stejného poctu zakt. Pro potiebu kontroly pristupu
k vyuce byl totiz zvolen vzorek dostupny (viz Gavora, 2000). Zahrnuti byli pouze
zaci, kteri byli v daném roc¢niku vyucovani chemii zptisobem respektujicim doposud
opomijené, vyse uvedené charakteristiky vyuky chemie coby okrajového predmétu.

Vzhledem ke zplisobu administrace dotaznik se jednd o vyzkum kombinovany.
Kvalitativni charakter vyhodnocovani otevienych odpovédi zakti umoznuje hlubsi
ponor do problematiky, coz je oproti extenzivnimu kvalitativnimu dotaznikovému
Setfeni vyhodou (Gavora, 2000).

5.2 VYZKUMNY NASTROJ A JEHO ADMINISTRACE

Jako vyzkumny nastroj byl pouzit dotaznik. Zmény pro jednotlivé faze Setieni spo-
¢ivaly ve formulaci otdzek zaméfenych na vyuku chemie na ZS. Ve druhé fazi se jiz
otazky tykaly v§uky chemie na SS. Dotaznik se skladal ze &tyf otazek, t¥i oteviengch
a posledni s odpovédi prostfednictvim zndmky pro chemii jako predmét.

Vyzkumy orientované na meéreni postoji byly jiz popsany v prvnim dile pii-
spévku (Rusek, 2011). Z davodu udrzeni pfehlednosti proto budou uvedeny jen
zékladni prizkumy se vztahem k provedenému Setfeni. Skladba otézek s odpoveédi
prostfednictvim Likertovy skaly se v dotaznicich na meéreni postoji opakuje. Za-
fazeni témat, tim i otdzek, typu Jd jako védec nebo Moje budouci povolani (viz
Schreiner, Sjgberg, 2005; Hassan, 2008) neméa v podminkach, kdy Zaci jiz zvolili
své zaméieni, smysl. Pro podminky SOS jsou vhodné pouze otézky zjistujici postoj
k vyuce, pfedmétu obecné nebo k uciteli. Dalsi vyzkumy postoji zaka zahrnuji na-
sledujici témata: dtivody, proc¢ se zaci predmétu uci, témata, kterym by se zaci chtéli
vénovat, pro né zajimavé aktivity (Kekule, Zak, 2010), otdzky zajmu o pfedmét, po-
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stoje k naro¢nosti nebo vyznamu pfedmétu (Prokop, et al., 2007). Tyto oblasti je
mozné pouzit pro dotazniky piizptisobené podminkidm SOS.

7 casovych divodt i charakteru dotazniku byl zvolen postup zaloZeny na ote-
vienych otazkach a na jejich nasledné kvalitativni analyze.

Formulovany byly tyto dotaznikové polozky:

1. Co je podle Vds chemie a ¢im se zabyvd?

2. Co Vis na chemii tady na SS nejvice zaujalo?
3. K céemu je chemie béinému cloveku uZitecnd?
4. Ozndamkugjte chemii zndmkou 1-5.

Otazky tak byly zaméfeny na pfedstavy zakt o pfedmétu a oboru chemie, jejich
motivaci uc¢it se chemii i jejich postoj k uzitecnosti chemie. Dotazniky byly vyplio-
vany anonymné, respondenti pouze pro kontrolu uvadéli svou tfidu. Vyplnéni trvalo
zékim pftiblizné 15 minut.

5.3 ANALVYZA ZISKANYCH DAT

Ziskana data byla analyzovana v programu Microsoft Excel. Otazky 1, 2 a 3 byly
oteviené. K jejich analyze byl zvolen kvalitativni pfistup vyhodnoceni (viz Rusek,
2011; Cidlova, et al., 2012). Setieni bylo provedeno nejprve na zac¢atku skolniho roku
(Rusek, 2011). Byly tak zjistény postoje zdkit SOS k chemii, se kterymi piichazeji
na stfedni skolu. Na konci skolniho roku (kvéten—cerven) byl zadan stejny dotaznik
zaméfeny na postoje zakt k chemii utvofené na zakladé stiedoskolské vyuky. V obou
pripadech se jednalo o zaky studujici ekonomicky zamérené obory vzdélani ukoncené
maturitni zkouskou. Na téchto oborech je chemie vyucovana v minimalni hodinové
dotaci, a to zpravidla pouze v prvnim ro¢niku. Tito zaci pfedstavuji zamérny vybeér,
konkrétné vzorek dostupny.

7Z hlediska nizsiho poc¢tu respondentt jde pouze o vyzkumné setfeni. Volbou do-
stupného vzorku (viz Gavora, 2000) také dochazi k ur¢itému zkresleni vysledki. Do-
stupny vzorek ovsem umoznuje kontrolu piistupu k vyjuce, coz by v pripadé vétsiho
vzorku z divodu poctu zakl na skolach nutné znamenalo spolupréaci s vice skolami,
tim i uciteli. Pro analyzu vysledkii byly v obou fazich Setfeni pouzity stejné tabulky.
Zéaci vSak ve druhé fazi vyzkumu odpovidali $ifeji nez na zacatku roku. Nésledné
byly porovnany vysledky v jednotlivych otézkach. Pro zaznam odpovédi zakt byly
pouzity kategorie z prvniho Setifeni. Kazda nova varianta odpovédi vyskytujici se
vice nez dvakrat byla jako nova kategorie odpovédi zafazena do tabulky. Kategorie
v otazce 1 pro jeji charakter prili§ rozsitovat nelze. Otazky 2 a 3 ovsem reflektovaly
ucivo probirané v aktualnim skolnim roce. Odpovédi zaka byly tedy Sirsi a konkrét-
néjsi.

6 VYSLEDKY A DISKUSE

Vysledky dotaznikového Setfeni jsou pouze orientacéni (viz vyse). Béhem vyhodnoco-
vani dotaznikt mohlo také dojit k opominuti ojedinéljch odpovédi a tim ke zkresleni
vysledki. Odpovédi se do vysledkti promitly, az pokud se opakovaly.
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7 vysledki prizkumu je mozné vyvozovat nasledujici zavery:

Resenim vyzkumného problému: Jaky je postoj Zdki SOS nechemického zamévend
vici chemii? byl potvrzen predpoklad a zjisténi z predchoziho Setfeni, ze postoje
74kt SOS nechemického zaméfeni k chemii jsou spiSe negativni. V souladu
s priizkumy zajmu zakt o chemii (Skoda, 2001; Bilek, Radkové, 2006; Held, 2007;
Bilek, 2008) patii chemie k méné oblibenym predmétéim i na SOS nechemického
zameéteni. Zajimavym materidlem jsou zjisténé oblasti zajmu zaki.

Hypotéza Hy: Zdci SOS maji o chemii jako oboru jasnéjsi predstavu na konci
skolniho roku, nez méli na jeho zacdtku, byla ovérovana prostiednictvim otazek 1-3.

Otazka 1. Co je podle Vas chemie a ¢im se zabyva?

Odpovédi zakt na tuto otazku byly nekonzistentni. Na zakladé zkuSenosti z pred-
choziho Setfeni byly vyuzity kategorie sledujici definici chemie podle Vacika et al.
(1999) a Blazka a Fabiniho (1984). Chemie je p7irodni véda o sloZeni a strukture
latek ve vztahu k jejich chovdni (Vacik, 1999) a chemie je prirodni, experimentdlni
véda o latkdch, jejich vnitrni strukture a vlastnostech, o jejich reakcich a jevech,
které prabéh téchto reakci doprovdzeji (Blazek, Fabini, 1999).

Priklady odpovédi zaki v jednotlivych kategoriich:

e Zivot, priroda, nase okoli

e vzorce, sloZeni latek

e véda

e prvky, latky, atomy, slouc¢eniny
e pokusy

e pochody a reakce, déje, procesy
e nesmysl, k nicemu apod.

V 59 % odpovédi je uvedeno, Ze chemie je véda. Souvislost s naSim okolim,
prirodou ¢i slozenim latek uvadi priblizné 30 % zak.

Za zaka, ktery ,mad predstavu® o tom, co je to chemie, autor povazuje toho, kdo
v odpovédi zahrne ¢tyii a vice z uvedenych ¢asti definice. Téchto zakit je 9 %. Zak,
ktery ,ma alespor ramcovou predstavu®, v odpovédi uvedl 2—-3 ¢asti, napt. ,,Chemie
je véda o piirodnich latkach“. Do této kategorie spada 66 % odpovédi. Zaci, ktefi
ynemagi predstavu”, uvedli jeden nebo neuvedli zadny z klicovych pojmi definice
chemie. V né&kolika dotaznicich se odpovéd viibec nevyskytovala. Jako zvlastni ka-
tegorie byla ponechana kategorie ,nesmysl“, ,chemie je k ni¢emu®“ apod. V tomto
duchu se vyjadrila 3 % respondentti. Jejich odpovédi v dalSich otazkach naznacduji,
Ze zaci predmét ani smysl pfedmétu chemie jakoz i jeji uzite¢nost nepochopili.

Zména prehledu o oboru chemie je uvedena v obr. 1.

7 vysledki je mozné vycist jisté zlepSeni. V kategorii maji predstavu, nastal jen
nepatrny posun. Podstatnd zména nastava v prelivu zakt nemajicich predstavu do
kategorie mad alespon ramcovou predstavu. Jelikoz bylo Setfeni provedeno na konci
skolniho roku, dané zlepseni predstav zaki o chemii neni zptisobeno aktualnosti
uciva. Jedna se o vysledek naznacujici efektivitu zvoleného pristupu k vyuce chemie
jako okrajového predmétu. K potvrzeni by vSak samoziejmé bylo nutno zvolit vétsi
vzorek repondentii.
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Co je podle Vas chemie a ¢im se zabyva?
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Obr. 1: Co je podle Vas chemie a ¢im se zabyva?

Nejcastéjsi odpovédi vypadaly napt. takto: ,Nauka o ldtkdch, vlastnostech ld-
tek a pouZiti v prumyslu.“, ,,Chemie je véda zabyvajici se sloZenim vsech ldatek, téles
atd.”, ,Je to véda, kterou potrebuji prevazné lékari. Zabyva se riuznymsi latkami v pri-
rode. “

Otazka 2. Co Vas na chemii nejvice zaujalo?

U¢ivo vnimané zaky jako zajimavé napomahd utvareni pozitivnich motivac¢nich pre-
svédceni, tedy usnadiiuje proces uceni (Hrabal, et al., 1984). Napiiklad v projektu
ROSE (Sjgberg, 2002) je pozornost vénovana zjistovani témat, o néz maji zaci zajem.
Takto zamérena vyuka odpovida motivacnimu presvédceni zaku a je tak efektivnéjsi
(Boakertsova, 2005).

Odpovédi zaki byly ptvodné zaznamenavany do nasledujicich kategorii:

e nepamatuji si, nebavi mé, nezajima,

e stiZznost na ucitele,

e vypocty,

e pokusy, laboratorni prace,

e PSP — periodicka soustava prvki, prvky,

e NE-vydislovani chemickych rovnic a poéitani,

e Cisténi stiibra,

e nazvoslovi,

e bavilo mé vsechno.

7 divodu c¢etnéjsiho vyskytu dalsich odpovédi byly doplnény nasledujici katego-
rie: procesy v lidském téle; praktické poznatky do Zivota; skupinové prace,
alternativni metody vyuky.

Castéjsi viskyt prvnich dvou pfidanych témat je mozné vysvétlit dobou sbéru
dat. V kvétnu byla ve vSech tfidach vyucovana biochemie. Zminka o pozitivnim

vniméani alternativnich vyukovych metod je v souladu s dopliujicimi komentari,
které zaci uvadéli u otazky 4.
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Obr. 2: Co Véas na chemii nejvice zaujalo?

Z obr. 2 je patrny zajem zakl o ucivo. Pouze 9 % uvedlo, Ze je nebavi nic nebo Ze
si nic nepamatuji. Pocet zakl se tak nezménil. Za zminku stoji jeden z komentaii:
,Chemii si neumim realné predstavit.“ Jde o doklad nedostatecného snizeni abs-
trakce chemie — stavu, ktery je pravdépodobné platny pro vétsinu zaki. Z vysledkt
je dale patrny drobny narist v kategorii nic si nepamatuji. Objevuji se zde stéle
stiznosti na ucitele na zékladni skole. To bylo potvrzeno i dopliujicimi komentati
u ¢tvrté otazky. Tento fakt je dokladem toho, ze postoje zakt ze zakladni skoly jsou
trvalejsiho charakteru a jejich zména vyzaduje velké 1sili ucitele.

7 odpovédi zaka vyplyva atraktivita chemickych experimentid, napi.: , Zaujaly
meé nejvice chemické pokusy. .. poté také, co vsechno muze vzniknout sloucenim jed-
notlivych latek“. V porovnani s ostatnimi je také vyzdvihnuta zdiraznovana prak-
ticka stranka vyucovanych poznatki, napt.: ,rizné minerdaly, vitaminy, které je po-
treba pro zdravi clovéka“.

Pokles cetnosti zminky o periodické soustaveé prvki, prvcich, vypoctech, vycis-
lovani atd. je mozné vysvétlit snizenym dirazem na abstraktni, v bézném zivoté
méné Casto uziteCnou oblast vyuky chemie, ktera byla v hodinach chemie ucena
pouze v predepsané hodinové dotaci a stanoveném rozsahu bez priliSného dtrazu
na tesotvani zaki. Toto vysvétleni potvrzuje i absence zminky o negativnim postoji
k vycislovani rovnic nebo vypoctim.

Otazka 3. K ¢emu je chemie béZnému ¢lovéku uziteéna?

Pokud zaci jednotlivé prvky kurikula vnimaji jako soubor uziteénych a zajimavych
dovednosti, 1ze dosdhnout zvyseni jejich motivace ucit se (Boakertsova, 2005).
Prvni ¢ast Setfeni byla v této otazce zaméfena na schopnost zakl propojit s praxi
ucitelem predkladané ucivo.
Pivodni kategorie byly: k niCemu; vyroba a prumysl; znalost reakci che-
mickych latek; praktické vyuziti v kazdodennim Zivoté; lepsi poznani
okoli; bezpec¢nost a ochrana zdravi; nevim; vSeobecny prehled.
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K ¢emu je chemie béznému c¢loveéku uzitec¢na?
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Obr. 3: K ¢emu je chemie béznému clovéku uziteéna?

Z obr. 3 vyplyva, ze zaci po skonceni vyuky chemie chapou praktické vyuziti
nékterych nabytych poznatkt. Prestoze Zaci mimo tuto pfedem urcenou kategorii
odpovidali ¢asto napt. ,jidlo a vareni“ ldatky v téle“ ,z ceho se co skldda“ apod.,
tyto odpovédi byly pro prehlednost zahrnuty do kategorie praktické vyuZiti chemie.
Z odpovédi zakt: , Napriklad pri nakupovdni potravin a kosmetiky — praktické vy-
uZiti“ nebo ,Bez ni bychom neméli vétsinu véci (pohonné hmoty, plasty, ...)“ Ve
znalostech zakl je v této kategorii na konci roku vyrazny posun z cca 40 % na cca
60 %. S touto zménou souvisi i sniZeni negativniho postoje zaku k uzitecnosti che-
mie. Ze je chemie ,k nicemu® uvedlo 10 % zaki oproti 15 % na zac¢atku $kolniho
roku. V nékterych odpovédich zaki se ovSem vyskytuji protiklady, jako napt. tentyz
zék odpovida: ,Vétsina lidi se bez ni obejde a nepotrebuje ji k bézné praxi“ a naproti
tomu ,,K mnoha vécem jako vareni atd.“. Podobné odpovédi se opakovaly.

Ve vyuce zdlraziiovany vztah chemie a bezpecnosti a ochrany zdravi pii praci
(BOZP) se projevil v odpovédich zaka na tuto otdzku. Chemie je béznému ¢loveku
uziteéna: , Vime, jak se zachovat pri chemickych nehoddch®, ,...nakonec zjistime,
Ze chemii pouZivame denné a vime, jestli nam muZe v nejakych vécech ublizit nebo

14

ne-.

Pruni hypotéza byla potvrzena. Na zaklade vysledkti lze predstavy zaki o chemii
povazovat za presnéjsi. Také v zaujeti zakt jednotlivymi oblastmi reflektujicimi
v jistém smyslu vystupy z pfedmétu i zhodnoceni uziteCnosti chemie, zvlasté ve
smyslu ,,posoudit chemické latky z hlediska nebezpecnosti a vlivu na zivé organismy*
(RVP SOV — Obchodni akademie, 2007), byl zjistén pozitivni posun.

Hypotéza Hy: Zdci SOS hodnoti chemii jako obor i skolni predmét lépe na konci
skolniho roku neZ na jeho zacdtku, byla ovérovana prostfednictvim ¢tvrté otazky.

Otazka 4. Ozndmkujte chemii zndmkou 1-5 (1 — nejlepsi, 5 — nejméné oblibend).

Primérna znamka, kterou zaci hodnotili chemii, je 3. Oproti Setfeni na zacatku
skolniho roku doslo ke zlepseni primeéru z 3,16 na 3,03, coz nepredstavuje statisticky
vyznamny rozdil. Vysledky tak odpovidaji zjisténim Svandové a Kubiatka (2012),
ktefi zaznamenali neutralni postoj zaki k chemii. Cetnost jednotlivich znamek je
znézornéna obr. 4. Je ziejmé, Ze néktefi zaci po absolvovani chemie na SOS maji
nariist poc¢tu jednicek a snizeni pétek.

Snad nejvice zarazejici je zjisténi, Zze pfestoze si zak uvédomuje vyuzitelnost
chemie pro néj samotného, hodnoti chemii Spatnou znamkou. Je mozné se domnivat,
ze zaci neklasifikuji predmét podle jeho uziteénosti, ale podle jinych faktort (napf.
obtiznost, ucitel).
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Obr. 4: Oznamkujte chemii znamkou 1-5

Velmi castym jevem bylo dvoji hodnoceni vztazené jednak na zakladni skolu
a stfedni skolu (vétsinou byly zndmky za chemii na st¥edni $kole lepsi), jednak na
predmét a ucitele, napt. ,8 — pro chemii jako védu, 1 — pro ucitele” nebo ,Myslim, Ze
vzorecky nam do Zivota moc nebudou, ale to, co jste nam vysvetloval vy, tohle nam
vsem pomuze“. V dotaznicich se vyskytly napf. tyto komentare: ,Ja osobné jsem
chemii nikdy neméla rdda, tedy spis na ZS, ale v poddni naseho ucitele' se mi velice
libila. . . “ nebo ,Chemii jako samostatny predmét prilis nemusim — 3. Pan profesor —
1.“ Nékteré z odpovédi potvrzuji predpoklad shrnuty Ruskem a Pumprem (2009):
,Chemie je dileZitd, ale ne na obchodce.”

Druha hypotéza tak nebyla dostatecné prokazana. Jedna se pouze o nepatrné
zlepseni. Vysledky hodnoceni predmétu mohly byt ovlivnény dobou sbéru dat. V ob-
dobi uzavirani zndmek neni mozné dotaznik zadat. Byl proto zadan az po uza-
vieni znamek. Jelikoz zaci k chemii pristupuji jako k okrajovému predmétu a dobré
znamky jsou dilezité jen pro ty svédomité, primeérné vysledky zaki tomu odpovi-
daji. Je tedy mozné, Ze se v hodnoceni pfedmétu promitla i frustrace zak z vlastniho
vysledku. V prostiedi, kdy jiz chemie v dalsim ro¢niku vyucovana nebude, je jinou
moznosti posunuti Setfeni na zac¢atek dalsiho skolniho roku. Vzhledem k tomu, ze uz
by nemuselo dojit k zadavani dotazniku tém tyz zaktim (tfidam) a k letnim prazdni-
nam, které aktualni nabyté postoje zkresluji, se zadani dotazniku na konci skolniho
roku jevi jako vhodnéjsi varianta.

7 ZAVER

Postoje zaktt SOS nechemického zaméieni k chemii zméfené na konci skolniho roku
predstavuji postoje, které se pravdépodobné nebudou s ¢asem ptili§ ménit. (V dal-
Sich ro¢nicich uz na SOS nechemického zaméfeni Z4ci absolvuji pievazné odborné
a maturitni pfedméty.) Jsou to tak postoje, s jakymi absolventi nastupuji do ob¢an-
ského i pracovniho zivota. Maji tak vliv na vniméani i chovani spole¢nosti. Protoze
7aci SOS predstavuji vétsinu stiedoskolédkti (Vojtéch, Chamoutova, 2011), je mozné
jejich postoje k chemii po ukonceni vyuky povazovat za postoje zaujimané vétsinou
spolecnosti.

Lupraveno
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Pridani nejcastéji ¢tyt vyucovacich hodin tydné, tj. celkové cca 130 vyucovacich
hodin, na ucivo oblasti Prirodovédného vzdéldvani do RVP SOV je prilezitosti vyba-
vit zaky dalsimi kompetencemi potfebnymi pro osobni i pracovni zivot. Na chemii
tak zpravidla ptipada 68 nebo 34 vyucovacich hodin. Skutec¢nost, Ze postoje zaku
k chemii (a podle jinych prizkumi i dalsim pfedmétim pFirodovédné povahy) jsou
negativni, znamend nutnost transformovat zavedeny systém vyuky. Zdidraznovana
je potfeba aktivizace zédku, zména role pfijimateld (abstraktnich) informaci, které
pro né nemaji smysl (Veselsky, Hrubigkové, 2009) a to nejen na zakladni skole, ale
i na gymnéziich a SOS, piestoze se zde jedna pouze o okrajovy piedmét.

Vysledky provedeného Setfeni naznacuji, Ze prostfednictvim vyuky vedené ve
vysSe popsaném stylu s ohledem na specifika daného edukac¢niho prosttedi je mozné
postoje zaki zlepsit. Zjistén vsak byl pouze drobny posun.

Zaci si uvédomuji ditilezitost nékterych chemickych poznatki, piesto hodnoti
predmét primeérné znamkou 3. Z tohoto poznatku vychazi potieba zjistit postoje
zak1 k jednotlivym témattiim uciva chemie. Negativni postoje zakti mohou spocivat
v nezajimavosti uciva, ptilisné obtiznosti uciva, absenci praktického vyuziti (smyslu)
uciva, stylu vyuky, pouziti nevhodnych pomticek apod. Roli miize hrat i postaveni
okrajového pfedmeétu, jemuz se zaci musi vénovat, prestoze v tentyz den piSou test
z (dilezitéjsiho) odborného predmétu apod.

Zdtraznéni témat, ktera zaci sami povazuji za zajimava, dilezita nebo dokonce
potfebna pro sviij zivot, situaci muize zlepsit. Na téchto tématech je pak mozné
uplatnovat i dalsi principy chemie, avsak jiz s vétsim zadjmem zakt. Podobny pii-
stup byl volen v projektu ROSE (viz Schreiner, Sjgberg, 2004). Na tuto pilotaz
navazujici pfipravovany dotaznik uréeny k zjistovani postoji zakd k chemii proto
bude obsahovat i ¢ast vybéru konkrétnich témat vyuky. Mimo pficin postoju jakjmi
jsou vliv ucitele, vyuzivané pomticky ¢i predstavy ze ZS piibydou faktory dilezitosti,
obtiznosti a uzite¢nosti konkrétnich témat v ucivu chemie.

Odhaleni zdroje negativnich postoji mtize poskytnout informace umoznujici op-
timalizaci vzdélavaciho procesu, vyucovacich forem a metod. Pti dalsich prizkumech
je pfitom nadale zapotifebi brat v potaz specifiénost prostiedi SOS.

V jinych piispévcich zaméfenych na problematiku SOS je také zdiiraziiovana
potfeba uplatiiovani mezipredmétovych vztahti jednak v ramci PTV, jednak mezi
odbornymi predméty (viz napi. Skoda, 2005; Rusek, Kohlerova, 2012). Zv14sté u ne-
chemicky zamérenych obort H se pak s ohledem na studijni predpoklady zaku i za-
meéteni oboru nabizi moznost revize a redukce uciva Chemického vzdéldvani. V nizké
hodinové dotaci vyuka vede spise k instruktivnimu, frontalnimu pristupu. To ovSem
koliduje s cili PV definovanymi v RVP SOV — implicitné s rozvojem ptirodovédné
gramotnosti orientované na praktickou i postojovou slozku vzdélavani.

Vyse zmitiované kroky se tykaly pifstupu k vyuce v zjisténych podminkach SOS
nechemického zaméreni. Efektivnost takové vyuky je vsak diskutabilni, a to zvlasteé
v ucebnich oborech. Jak bylo uvedeno vyse, vyukou je mozné ovlivnit s prirodnimi
védami spojené zivotni postoje dalsi pocetné skupiny populace. Otazkou zistava,
zda lze k rozvoji prirodovédné gramotnosti u téchto zak dospét zarazenim chemie,
biologie a fyziky jako samostatnych skolnich predmétii, jejichz cilem je predani na
dané podminky pomérné rozsahlého uciva.

Snahy pfiblizit u¢ivo zaktm prostiednictvi jim znamych latek vedou k extrému
prakticistniho zboziznalstvi a primitivni ,vlastivédy“ (Skoda, Doulik, 2009), tim
i de facto k navratu ke stavu pred reformou. Autor prispévku se domnivé, ze i zde
plati, Ze via media aurea est. Smysl zarfazeni ptirodovédnych predmétd do RVP
SOV spociva nejen k vyssi informovanosti zaki o potravinach, ¢isticich prostiedcich
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a dalsich terminech z médii, k ¢emuz by takto pojaté zboziznalstvi vedlo. Zakéim
jsou predkladany svébytné prirodovédné discipliny, jejichz smyslem na této trovni
je mj. i rozvijet prehled zakt, rozvijet jejich logické i kritické mysleni. Jedné se tak
o krok v duchu rozvoje informacni spolecnosti, ktery je zapotiebi podporovat.
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Vycet vSech moznych pripadu:

Analyza zakovskych praci
Annie Savard, Lucie DeBlois

Abstrakt

Pokud zaktm pfi vyuce pravdépodobnosti nabidneme pestry vybér kontextti, umoznime
jim, aby se ucili usuzovat v oblasti ,neurcitost‘, coz muize prispivat k rozvoji jejich kritic-
kého mysleni. Clanek piedklada studii o tom, jak zaci étvrtého ro¢niku rozvijeji v kom-
binatorice strategie vyjmenovavani pomoci kritického mysleni. Ziky vyucoval student
uCitelstvi. Analyza prace zakid ukézala, jaké postupy pouzivali. To znamenad, Ze prezen-
tované vysledky pochézeji ze sekundarni analyzy. Ukazuji, Ze maji-li se u zaku rozvijet
diamyslnéjsi strategie pravdépodobnostniho usuzovéani, musi jim k tomu byt poskytnuto
dostatek prilezitosti. Studie zaroven ukazala, ze kritické mysleni je pro rozvoj takového
usuzovani na jedné strané nezbytné a na strané druhé se jim téz rozviji.

Kli¢ova slova: kritické mySleni, strategie vyjmenovavani, pravdépodobnostni usuzovani.

Enumerating All Possible Outcomes:
An Analysis of Students’ Work

Abstract

A variety of contexts in the learning of probability could provide opportunities for students
to reason under uncertainty. This kind of reasoning could support students to develop
critical thinking practices. This paper presents a study on how children in a grade four
classroom developed strategies about enumeration of combinatorics using critical thinking.
A preservice teacher taught those students and the analysis of their work showed the
procedures they used. Then, these results emerge from a secondary analysis. The results
suggest that students need opportunities to develop increasingly sophisticated methods of
reasoning probabilistically. This study also suggests that critical thinking is both necessary
to develop these modes of reasoning and is developed through this work.

Key words: critical thinking, enumeration strategies, probabilistic reasoning.
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1 INTRODUCTION

Teaching probability in primary school is now a growing part of the curriculum in
the United States and in Canada. The importance of this concept is reflected in
everyday life, in which many situations require reasoning under uncertainty. Thus,
since 2001, theoretical and frequentist probabilities are now taught in grade 1 until
grade 6 in the province of Quebec (Ministeére de I'Education du Québec, 2001), in
qualitative and quantitative ways. Furthermore, subjective probability is part of
the secondary school level curriculum. Teachers must provide a variety of learning
contexts in order for students to develop conceptual understanding of probabilistic
concepts. These contexts must also provide opportunities for students to reason
under uncertainty and develop critical thinking practices, such as using criteria
when assess an information (Lipman, 2003).

2 LEARNING ABOUT PROBABILITY

Learning about theoretical probability involves identifying all the possible cases of
an event (sample spaces) and might conduct to develop enumeration processes. Be-
cause probabilistic reasoning involves taking into consideration the variability of a
compound outcome, combinatorics strategies are part of the complexity to reason
under uncertainty. Combinatorics refers here at this idea of grouping items or ob-
jects using combinations, permutations or arrangements. A combination is a group
of items or events, where the order doesn’t matter and will not change the group. In
fact order matter with arrangement and permutation, where arrangement involves
also repetition of the items or events. As English (2005) points out, although com-
binatorics plays an important role in probabilistic reasoning, there is little research
on children’s combinatorial reasoning. That being said, the literature presents very
important works on it.

2.1 A FRAMEWORK ABOUT ENUMERATION

To this point, research by Piaget and Inhelder (1974) on the idea of chance shows
that students aged 7 to 14 can distinguish between a certain event and a possible
event. Nonetheless, among young learners, a difficulty persists in terms of the proce-
dure used to list all possible cases. In order to find out the combination of different
coloured objects, at the first level, they do a successive construction of pairs, with-
out links between them. At the second level, they try to use a systematic method in
order to list all of them. They start with a colour and list all pairs systematically,
by adding one colour to another one, which is juxtaposition. At the third level, the
procedure is based on a multiplicative structure. Thus, they have to repeat the same
operation a number of times. The system is linked to each pairs and thus creates
an intersection: For example, AB, AC and BC are the intersection of A, B and C.
This challenge to list all possible cases makes it more difficult for them to begin
quantifying probabilities. With this limitation in mind, Jones & al. (1999) devel-
oped a four-level frame of reference for probabilistic reasoning that is not related to
children’s developmental stages. Jones & al. (1999) described the reasoning of indi-
viduals at the first level as one where they adopt a limited perspective with respect
to assessing probabilistic situations as subjective. They cannot identify all the pos-
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sible results of an event (sample space).! The reasoning of individuals at Level 2 is
described as transitional (transitional between subjective and naive quantitative rea-
soning). Individuals at this level can identify all the possible cases of a single-stage
event and sometimes those of a second stage of experimentation. The reasoning of
individuals at Level 3 is referred to as informal quantitative (informal quantitative
reasoning); they use strategies in a more systematic manner to identify the possi-
ble results of a first and second stage of experimentation. Finally, the reasoning of
individuals at Level 4 is referred to as numerical (numerical reasoning); they use
strategies systematically to generate the results of an event of an experimentation
using numbers to express probabilities.

2.2 (COMBINATORICS TASKS AND STUDENTS’ THINKING

In a longitudinal study on mathematics investigation toward combinatorics, from
first grade to high school and beyond, Maher, Powell and Uptegrove (2011) pre-
sented the process of how students learn to justify their solutions to combinatorial
problems considered challenging for their age. They identified some strategies em-
ployed and justified by grade 3 and 4 students that they reused over a period of
time to solve some combinatorial problems. Students used different strategies, such
as trial and error, pattern recognition and controlling variables. They refined their
representations by reflecting upon the task, discussing in pairs about their ideas
and sharing their written and mental strategies (Maher, Sran, Yankelewitz, 2011).
Although those students should use critical thinking when making arguments about
their strategies, the authors did not discuss critical thinking.

Some questions thus arise. What knowledge might contribute to the development
of students’ enumeration strategies? What classroom activities could be devised to
support students so they can develop increasingly sophisticated reasoning? Likewise,
in what ways do this knowledge and these reasoning strategies support students’
development of critical thinking? In this paper, we address those questions.

In our point of view, in order to develop sophisticated reasoning, the situation
proposed to the students must challenge them. Indeed, Vergnaud (1990) suggests
that there is one kind of situation that is challenging for students: “the one that
places the student in a context where the learner doesn’t have all the competencies
needed, so that he is forced to take time to reflect on it, to explore, to hesitate,
to try and drives him to success or failure” (Vergnaud, 1990, p. 136). Specifically
to the context of learning combinatorics, this kind of situation should also allow
students time to find patterns, be systematic, explain and justify their solutions,
modify their ideas and generalize findings (Maher, Yankelewitz, 2011).

It should be emphasized that the conceptual field of probabilistic structures
(Savard, 2010) can be delineated by situations that give meaning to probabilities,
which can be examined according to three different approaches:? the theoretical ap-
proach, the frequential approach and the subjective approach (Briand, 2005; Caron,
2004; Hawkins, Kapadia, 1984; Konold, 1991). Combinatorics is strongly related to

'We would like to state our opinion about this assertion. The fact that an individual is unable
to identify all the possible cases does not mean that s/he has used a qualitative method. It means
instead that this individual has not mastered the quantitative method of understanding the task,
such as using the order or not.

2These approaches do not represent components of a linear sequence of levels of learning; in-
stead they constitute different approaches toward probabilities, to which we ascribe a character
of reference that is, as comprising the set of situations that endow the concept with meaning
(Vergnaud, 1990).
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this conceptual field. Reasoning about random phenomena needs to be expressed

within the framework of specific terminology, such as possible, certain and impossi-
ble.

2.3 A CONCEPTUAL FRAMEWORK

Jones et al. (1999) describe schemes involved in the probabilistic structures. These
authors framed the students’ schemes in terms of the core concepts underlying a
probabilistic reasoning process, as viewed in relation to the task situations provided
to students. Furthermore, they consider these core concepts as the building blocks
of probabilities, which themselves are viewed as constituting multi-faceted concepts
(Scholz, 1991). The core concepts fit into the conceptual field of probabilities in the
form of schemes, including, for example: sample space (determines all the possible
results of an event), experimental probability of an event (determines the prob-
abilities of an event through experimentation, simulation and the use of relative
frequency), and theoretical probability of an event (analyses all the possible results
through the use of symmetry, numbers and geometrical measures in order to deter-
mine the probabilities of an event). Thus, it is possible to support the comprehension
of theoretical probabilities through the enumeration of combinations.

To this end, an interpretive model of cognitive activities by DeBlois (2001b, 2003)
is used to construe the meaning constructed by a given student. It promotes analysis
of the evolution of the students’ reasoning at school. It is a model that takes into
consideration the student’s representation of the situation (Brun, Conne, 1990),
the procedures that she employs, and the expectations generated by the didactic
contract, an implicit contract between the teacher and the students (Brousseau,
1997). The various modes of linkage between the components of the models can be
brought out to trigger insights into ways of developing generalizable structuration
of meaning. Such insights can be said to occur whenever students understand why
they are able to solve a given problem, thus prompting them to adapt and mobilize
their knowledge within a new context. At the same time, partial structuration of
knowledge can also be developed. When they develop, students are able to solve
some problems, yet remain captive of the problem’s surface appearance, or of other
components that prevent their knowledge from being adapted. We drew from this
model in our exploratory research in order to analyse students’ reasoning.

We also drew from works on critical thinking in our research because it seems
to us an important point implicitly exposed in a validation situation as defined by
Brousseau (1997). A student who has developed critical thinking explicitly uses
the knowledge developed in one learning context in a new one. In addition, this
student could identify some criteria to explain his choice. Lipman (2003) believes
that critical thinking facilitates judgment® based on criterion and through being
self-correcting and sensitive to the context. This theory could help us to analyse the
criteria used in the class. The students, according to the context, could determine
the preferred criteria. For example, is the usual requirement of taking order into
consideration relevant to the proposed situation? Furthermore, in the process of
adopting criterion, opportunities for argumentation are created. Contrary to mere
explanations, argumentation justifies a point of view by taking into account the epis-
temic value of arguments — that is, their degree of certainty (Duval, 1991). Critical
thinking can become or remain self-corrective depending on the self-assessment of

3Judgment is understood here as the development of opinions, inferences and conclusions, in-
clusive of problem-solving, decision-making and the examination of new concepts (Lipman, 2003).
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one’s mental acts and states as it occurs during the construction of enumeration
procedures. It has three components (Guilbert, 1990): a set of thinking skills such
as comparing or analyzing facts (Paul, Elder, 2001), affective dispositions such as
being open-minded and respectful, and knowledge of the content, based on personal
experiences and knowledge of the context (Bailin, Case, Coombs, Daniels, 1999).
Reasoning is necessary when using critical thinking; however, it is possible to reason
without using a critical thinking such as applying an addition to solve a problem
without critically think about the problem.

3 RESEARCH METHODOLOGY

This study took place in a larger study, where the focus was on the gap between
planning a lesson and enact the same lesson by a pre-service teacher in her field
experience (DeBlois, Maleux, 2005). Thus, an exploratory research was performed
in collaboration with a preservice teacher in primary education and her supervising
teacher in a Grade 4 class (with 10-year-old students). The preservice teacher, the
supervising teacher, the school’s remedial teacher and the researcher met during
the fall semester. These meetings took place before and after the lesson proposed
by the preservice teacher. Discussion during the meetings focused on planning and
carrying out a lesson with the aim of deepening reflection on teaching practices and
student learning. For example, the preservice teacher planned to have a bowl with
the names of pupils, had identify a problem to solve and planned to have students
working in teams to realise exploration phase, and planned some counter-examples.
After the lesson, the preservice teacher reflected on the lesson using the students’
works and talks. Discussions were recorded and transcribed. The analysis of the
type of adaptation (what was taught is different of what was originally planned by
the preservice teacher) from the preservice teacher’s perspective was analysed first.
We found 4 types of adaptation: projective adaptations, withdrawal adaptations,
normative adaptations and avoidance adaptations (L. DeBlois, Maheux, 2005). Af-
ter this work on the preservice teacher’s learning, we wanted to know more about
what did her students learn in the lesson on probability, mainly because this lesson
seemed challenging for her. Therefore, we analysed the Grade 4 students’ activity
focusing on probability taught by the preservice teacher and reported by her in the
meeting following the lesson. We analysed the transcripts of the discussions, espe-
cially the one done after the lesson where the preservice teacher described, based
on her memory, the entire process of what happened in the lesson. We analysed
transcriptions and students’ work using the DeBlois (2003) model.

The proposed lesson centred on probabilistic structures as viewed from a theo-
retical approach framed in terms of the relationship between the numbers of positive
cases out of the number of possible cases of some event. The lesson also used more
or less implicitly the concept of equiprobability. The day before the proposed lesson,
the preservice teacher used a drawing in order to represent choosing students to be
assigned to sport teams. She asked some questions about the probability of drawing
a boy or a girl, which allowed students to so some enumeration of possible cases.
The task proposed was culled from a textbook and was read aloud by the preser-
vice teacher. It involved enumerating the results of a draw and applying a method
serving to rapidly determine all the possible combinations: “Put 5 blue tokens and
five 5 red tokens in a bag. Draw 3 tokens. Which colour could be the tokens you
drawn? How many outcomes are possible? Find a way which allows you to deter-
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mine quickly all possible combinations.” In response to those questions, the teacher
guide stated that: “Here are the 4 possible outcomes: BBB, BBR, BRR, RRR.”
So, students were looking about the combinations of coloured tokens, given the fact
that even if the task involved 10 tokens, there are only just 2 colours. The task was
about finding combinations, and the teacher’s guide was clear that students should
show those combinations, but the preservice teacher asked them to find a way to
enumerate all possible outcomes without forgetting any of them. She wanted them
to use a systematic method. So, she was looking for arrangements, but through
the textbook, she asked them to find combinations without discussing the order at
first*.

To prepare for the draw of 3 tokens, the students were to place 5 red tokens and 5
blue tokens in a container. According to the supervising teacher and the preservice
teacher, this task was a challenge for these students, who were not accustomed to
representing probabilistic or combinatorics results. In the first phase, this activity
was performed in teams of two, using tokens and a sheet. The students began by
handling the tokens to perform draws or simulate them. Then, the teams of two
were paired up to form teams of four in order to discuss the enumeration procedures
used. Finally, the teams of four chose one enumeration procedure and made a
poster presenting their results. No extra guidelines were provided to them. After
the presentation of posters, the preservice teacher started a discussion by asking
some questions about the probability of getting some combinations.

We offer an analysis of the procedures students represented on posters in relation
to the work performed during the first phase, since the students’ work in phase one
contributed to the results of the second phase. We first identified the procedures used
by the students on the posters and posed hypotheses regarding their representation
of the situation. What was the task and what they were supposed to do? We
analysed the mathematical ideas represented by the students. We analysed them
according to their conceptual understanding based on Piaget and Inhelder’s (1974)
and Jones et al. (1999) theoretical frameworks about combinatorics or probability.
We categorized first the student’s works according to three categories of enumeration
procedures defined by Piaget and Inhelder (1974). Our analysis focused on students’
understanding of the concept. Then, we compared the posters with the work done
by the students on the first part of the lesson. We used this analysis to discuss
the enumeration procedures accordingly to the work of Jones et al. (1999). The
discourse reported in the transcription helped us to discuss on critical thinking
developed when students presented their poster.

4 THE CHALLENGE OF COUNTING

The presented learning situation proposed the enumeration of the possible combina-
tions of a draw. The learning intentions set by the preservice teacher’s lesson were
for students, “to process and categorize information, familiarize themselves with the
terminology, and determine the probabilities.” She asked that they would not forget
some outcomes. This type of task was likely to shape the students’ varying concep-
tions, identified by Fischbein and Schnarch (1997) as compound and simple events.

4Not discussing the order might lead to not consider the equiprobability to get those combina-
tions. Because there is one way to get 3 tokens of the same colours and three ways to get 3 tokens
of 2 different colours, it might mislead students that they have the same probability to get any
of the 4 combinations. Due to the fact that the preservice teacher did not address this particular
point, we decided to interpret essentially the combinatory activity.
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We are speaking here of conceptions emerging out of a situation in which the stu-
dents in the study confused the enumeration of combinations with the arrangement
of repetitions. Numerous mathematical notions/concepts were drawn on: the ter-
minology (probable, possible and certain); the notions of combination, arrangement
and permutation; and enumeration processes.

As the students’ posters suggested, the enumeration procedures used varied
greatly. Owing to the theoretical approach that was experimented with, the stu-
dents used three categories of enumeration procedures defined by Piaget and Inhelder
(1974), that is: the successive constructions of trios; the juxtaposition of tokens; and
the creation of an intersection of sets of tokens.

4.1 SUCCESSIVE CONSTRUCTION OF TRIOS

PoOSTER A

To represent the situation, the students responsible for poster A
created a vertical diagram made up of lines and in which the
combinations are identified by coloured lines: black (BRR),
green (BBR), brown (BBB) and purple (RRR). They drew 5
blue tokens on the left and 5 red tokens on the right. This
procedure is a successive construction of trios (Piaget, Inhelder,
1974). Although this answer is correct, it could lead to confu-
sion or omissions in cases involving a larger number of tokens.
When consulting the work performed by these students during
A the first portion of the exercise, we noted that one team of two
students had used this procedure, while the other team had instead written four
combinations horizontally and numbered them. We hypothesize that these students
had sought to conform to the diagrams already presented in class, thereby com-
plying with the “didactic contract”. This search for conformity could hinder the
development of an original enumeration procedure.

PosTER B

P o The representation of the situation found in poster B
;‘ ﬁ resembles poster A, because these students also drew
on the successive construction of trios (Piaget, In-
” helder, 1974). The diagram presented is horizontal:

5 red tokens above and 5 blue tokens below. The
lines identifying the combinations are also of different
colours: black (RRR), orange (RRB), purple (BBB)
and green (BBR). These lines have arrows that indi-
cate a direction. A legend indicating the colours and
possible combinations is located in the lower left-hand corner of the poster. When
we consulted the work performed by these students during the first portion of the
exercise, we noted that one team had enumerated all the possible cases using the
arrangement procedure. However, when these students got together with the other
team, they decided to present combinations instead. We hypothesize that the proce-
dure used by these four students drew on procedures already seen in other contexts
and that the direction provided by the arrows indicated a search for order. The
answer is correct but, as in poster A, the procedure used could lead to confusion or
omissions in a case where a larger number of tokens were used.

@ = rouges fovge rowge
@ - 4lous blevblav

@-=rovge rouge* bley
@rbeu+ Boy +r,

el En
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In summary, posters A and B involve similar procedures. They represent dia-
grams in which coloured lines lead to the formation of combinations. While poster B
presents a certain order through the direction of its arrows and by the inclusion of
a legend indicating the combinations, the order of poster A is suggested by the
arrangement of the tokens. In both cases, an interaction between the trios is sug-
gested: each line leads to the following token, except when tokens are used a second
time in each of the examples of poster.

4.2 JUXTAPOSITION OF TOKENS

PoOSTER C
& @ ‘ . ‘ . The students responsible for poster C represented the
_ o — situation in a systematic manner, noting a e ar-
=y ituation i ystemati ting all th

=L
. rangements with possible repetitions. At first glance,

. . . the presentation displays no order. The first column
' presents a display of BBR, BBB, RRR, RRB, RBB,
’w BRB. The second presents RBR and BRR. Perhaps
m they proceeded exclusively by draw. Upon analyzing

ot the arrangements, we noted that the first four are in
3;%.Q fact the expected combinations, while the four others
are arrangements with possible repetitions. A coloured token juxtaposition pro-
cedure has been used along with an interaction of combinations (Piaget, Inhelder,
1974), but the result desired by the preservice teacher regarding a systematic method
was not obtained. The presentation of the combinations presented leads to think of
the use of symmetry. The work performed by these students during the first portion
of their work involves a similar enumeration. In this instance, the combinations are
presented in two columns of four, which suggest that after creating a combination,
they determined the various possible arrangements of it. A distinction between

combination and arrangement with repetitions could prompt the students to use a
procedure that is more relevant to the context proposed.

s —

POSTER D

The representation of the situation by the students
responsible for poster D reveals a systematic read-
ing of the task. They presented the tokens on four
numbered rows, each of which contained a different
combination. This procedure of symmetrical juxta-
position of the coloured tokens enabled them to find
all the expected results (Piaget, Inhelder, 1974). We
hypothesize that this procedure was used without us-
ing a procedure presented in the textbook, e.g., a drawing. The work performed by
these students in the first portion of their work showed an identical form of enumer-
ation. This poster displays a procedure in which the risks of confusion or omissions
are reduced, even when a larger number of tokens is used.
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PoOSTER E

Poster E displays a peculiar way of representing the
situation. There is a suggestion of some sort of order
because the students started by dividing the sheet into
two columns and titling them blue and red. However,
these titles do not jibe with the contents of their re-
spective columns. In the first column, they drew 1
blue token on the first line, 2 blue tokens on the sec-
ond line, 3 red tokens on the third line and 3 blue tokens on the fourth line. In the
second column, they drew 2 red tokens on the first line, 1 red token on the second
line, 3 red tokens on the third line and 3 blue tokens on the fourth line. Each of the
first two lines of the columns corresponds to a token juxtaposition procedure giving a
single result: (BRR) and (BBR). The last two lines present a repetition of the results
of each of the columns: (RRR) and (BBB). This does not correspond to the desired
result because (BBB) and (RRR) are repeated. The students seemed to hesitate
between juxtaposition and symmetry (Piaget, Inhelder, 1974). Our examination of
the work performed by these students during the first portion of the exercise found
that one team had created a similar table without repeating the 3 red tokens and
3 blue tokens in the columns, while the second team had created a two-way table.

In summary, the procedures used by the students responsible for posters C, D
and E all drew on procedures based on the juxtaposition of tokens to construct a
system that could be used to enumerate the possible cases. The token-juxtaposition
enumeration procedure is based on an additive rather than multiplicative structure
(Piaget, Inhelder, 1974). These procedures, which are necessary to the development
of notions of probability, are based on a draw or a simulation of a draw in which to-
kens are moved around on the table. In addition, they highlight how an appreciation
of the usefulness of enumeration procedures is dependent on the understanding that
the students have of the task context. Thus, the students responsible for poster C
wrote down arrangements with repetitions rather than combinations.

4.3 AN INTERSECTION OF SETS OF TOKENS

PoOSTER F

The representation of the situation by the students re-
sponsible for poster F reveals a different interpretation
of the task, because the students drew a diagram con-
taining an intersection (Piaget, Inhelder, 1974). The
right-most set contains 3 red tokens; the left-most,
3 blue tokens. The intersection of these sets contains
two possible combinations: 1 red token with 2 blue
tokens and 2 red tokens with 1 blue token. The combinations are numbered from
1 to 4: (1) the 3 blue tokens, (2) the 3 red tokens, (3 and 4) the combinations
of tokens in the intersection. The students used a procedure that was inspired by
other diagrams previously seen but in other contexts. Our examination of the work
by these students in the first portion of the exercise indicated that both teams had
drawn two-way tables: red and blue. However, one team had also drawn a diagram.
This enumeration procedure displays the formation of a system constructed using
a multiplicative method, with the intersection suggesting multiplicative structure
(Piaget, Inhelder, 1974).
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5 A CHALLENGE FOR TEACHING

5.1 WHAT KNOWLEDGE MIGHT CONTRIBUTE TO THE
DEVELOPMENT OF THE STUDENTS’ ENUMERATION
STRATEGIES?

The students’ posters bring into sharp relief the importance of analyzing enumera-
tion procedures. They make it possible to hypothesize about the type of reasoning
involved. We believe that the students who used procedures involving successive con-
struction of combinations (posters A and B) and juxtaposition of tokens (posters C,
D and E) should be ranked at the level of transition between subjective and naive
quantitative reasoning (Level 2) of Jones et al. (1999). These students are able to
enumerate the possible results but when they do so, they rely on additive structure
notions such as: addition relationships, union of elements, groupings and comple-
ments of a set. According to Piaget and Inhelder (1974), these procedures are static
invariants rather than successive interferences or transformations, which are dy-
namic. The group of students who used a procedure involving an intersection of sets
of tokens (poster F) can be identified with informal quantitative reasoning (Level 3)
of Jones et al. (1999). These children used a multiplicative structure, a kind needed
to construct a fully operative system, thus creating the possibility of constructing
the notion of relationship. Thus, associativity, like multiplicative structures, might
be a useful knowledge when developing enumeration procedures, which themselves
could help foster the development of probabilistic structures.

5.2 HOW CAN THE PROCEDURES BE DEVELOPED IN THE
CLASSROOM?

The challenge is to use an enumeration procedure relevant to the task-solving con-
text. The distinction between combination and arrangement has an influence on
the procedures used, since these notions are closely related and thus often become
a source of confusion. The memorization of certain models could be a useful aid
for students, just as it might well prove to be an impediment. When a memorized
procedure is relied on, students are deprived of the conditions that would enable
them to construct an original procedure of their own. The students must evaluate
the procedures critically in order to use those that are not a source of confusion or
oversight. Communicate their mathematical ideas is also a way to expose different
procedures and think about them.

In the case of enumerating combinations, the students gained knowledge of the
terminology on combination and the notions underlying this procedure and were
thus able to go on and develop important aspects of probabilistic reasoning. This
type of reasoning is the cornerstone of the representation of the situation, because,
as Scholz (1991) emphasizes, it is possible to represent one and the same situation
according to different approaches of probabilities. However, owing to the stages and
characteristics inherent to cognitive development, a range of different processes or
modes of thinking necessarily come into play. During those moments of institution-
alization that occur in the classroom (Brousseau, 1997), an awareness was generated
among students of the mathematical learning that they have achieved (Bruner, 1960,
1987; Piaget, 1974; Lucie DeBlois, 2001a).
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5.3 AN ENVIRONMENT TO DEVELOP CRITICAL THINKING
PRACTICES

The pooling of deliberations between small groups and the presentation of student
solutions may foster the development of critical thinking regarding enumeration
procedures. One likely manifestation of this process can be seen when a learner goes
back over the instructions and the previously defined criteria and raises questions.

An example of such a manifestation occurred during a discussion with the pre-
service teacher following the presentation of her students’ posters before the entire
class. The preservice teacher described what happened: “The girls [a team of 2 girls]
said ‘we found more than 4 [combinations| and when we were paired with the other
team, they told us that we had made a mistake’ ... We [the preservice teacher, speak-
ing for the whole class] went back over what would have been important to specify
from the start. Do we take order into consideration or not? We thought about
what changes were entailed by our response. Then we did the exercises over again
but did not specify whether or not we were taking order into consideration. But
several hands were raised by students asking ‘do we take order into consideration or
not’?”. Some students were pushed to think about the importance of order during
and after this learning activity. For them, order opened the way to permutations
and to enumeration of arrangements with repetition. When instruction provides the
opportunity for students to think critically with respect to the task-solving context,
the result is to trigger a review of the circumstances and limits of an event with a
view to working out a broader view of the proposed problem situation such that or-
der can be used meaningfully. From this perspective, exposing students to a variety
of contexts is very likely to be worthwhile in terms of stimulating the emergence of
comparisons between procedures.

Furthermore it is important to emphasize the influence of affective dispositions,
which, alongside knowledge, are constitutive of critical thinking (Guilbert, 1990).
Such affective dispositions appear during the second phase of the activity. Following
a two-fold analysis of the pooling of the posters of the 2+ 2 teams, on the one hand,
and of the selection of a procedure for presentation to the class, on the other, could
prove a basis for explaining why many students preferred to repeat a previously
produced poster than to discuss a new procedure. In that regard, consider posters A,
B and E. Our analysis has shown that the procedure used in poster A and B is rather
rudimentary and that the procedure used in poster D is more sophisticated. Two
students in team A previously used a token juxtaposition procedure rather than
a successive construction of trios. However, they decided to present a successive
construction of tokens. A search for conformity with known models may have acted
as a criterion in the selection of a form of presentation. It is also possible that poster
A gives the impression of being sophisticated because there is a diagram.

6 CONCLUSION

In this study, students represented the situation in order to use a relevant strategy
according to the context. They had to find a way to represent all possible com-
binations of a drawing using 3 tokens of two different colors. Five teams of four
students were able to do it using additives structures: addition relationships, union
of elements, groupings and complements of a set. One team of four students used
multiplicative structures: intersection of sets of tokens. These results suggest that
the reasoning involved in enumeration procedures is in fact more complex than it

Scientia in educatione 59 4(1), 2013, p. 49-62



appears at first glance and might involves associativity, as well as multiplicative
structures. More complex reasoning was employed in selecting these procedures,
which were in fact enumeration strategies. Teaching these procedures themselves
may not lead students to use them as a strategy to solve problems according to
the context of the situation. Providing situations in which it could be relevant to
use them as well as a structure to discuss the choice of strategies could be a way
to support students to develop increasingly sophisticated reasoning, a new way of
thinking teaching probability.

This type of situation involves the use of critical thinking. In fact, discussions
between students when they worked in teams of 2 and later in teams of 4 and plenary
discussions allowed them to share their reasoning about strategies employed, and
thus, develop their critical thinking by the use of a variety of arguments and by the
creation of the criteria to accept or refuse these arguments. It is when students gave
themselves a criterion about the order that awareness about probabilistic reasoning
occurred. Then, they might determine the probability of an event depending on
the order. Critical thinking contributes to probabilistic reasoning and it must be
emphasized in classrooms. It seems that critical thinking must be integrated in
habitual activities. But how should critical thinking be taught? And how can
critical thinking contribute to develop more abstract reasoning about probability?
These points need to be highlighted in further work on critical thinking and the
didactic of probability.
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Strategie reseni uloh ve vyuce fyziky
na strednich skolach

Marie Snétinova, Zdenka Koupilova

Abstrakt

Reseni kvantitativnich fyzikalnich tloh ma v ¢eském vzdélavacim systému dlouholetou
tradici. Proto jsme se rozhodli zabyvat otazkou, jakym zptisobem by mohli stredoskolsti
zaci zlepsit své dovednosti v feseni tloh. Hlavnim cilem prezentované studie bylo zjistit,
jaké metody ¢i kroky pfi feseni tloh zaci védomé pouzivaji a jaké faktory ovliviiuji vybér
téchto metod. Vytvorili jsme proto dva dotazniky, které jsme zadali zaktm stfednich
skol (ve véku 15-19 let). Jeden dotaznik se sklddal pouze z otevienych otézek, druhy
obsahoval jak oteviené otazky, tak uzaviené otézky se Skalou. Oba dotazniky se zaby-
vaji strategiemi feseni uloh. Z vysledkd prizkumu vyplynulo, ze mnoho zakt, pouziva
strategie, které mohou vést k vyreseni jednoduchych tloh, ale nejsou optimalni k rozvoji
dovednosti potifebnych k feseni fyzikalnich tloh. Popsany prizkum je jednou ¢asti rozsah-
lejsiho vyzkumu, ktery se zabyva fesenim tloh ve vyuce fyziky.

Kliéova slova: feseni uloh, strategie, fyzika, stfedni gkola.

Problem Solving Strategies in High School
Physics Lectures

Abstract

Solving quantitative physics tasks has a long tradition in Czech education system. There-
fore, we study how high school students can improve their problem solving skills in physics
lectures. The goal of the first part of the study described in this paper was to find out what
methods or steps students claim they use during solving physics tasks and if there are any
factors that affect choosing the these methods. Two questionnaires for students concern-
ing use of chosen problem solving strategies were composed — one containing open format
questions only and the second with open format questions and rating scale questions. The
respondents of the questionnaire survey were high school students (students at the age
of 15 to 19), who are attending physics courses during their study. We found that many
students use strategies that can be efficient for getting answers of simple problems, but
they are not appropriate for developing problem solving skills. The questionnaire survey
is a part of more extensive research concerned with problem solving in physics education.

Key words: problem solving, strategy, physics, high school.
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1 INTRODUCTION

Solving quantitative physics tasks has a long tradition in Czech education system.
It can be demonstrated, for example, by a large number of problems in physics
textbooks and problem collections (e.g. Lepil et al., 1995; Nahodil, 2011; Zék,
2011). On the other hand, it is necessary to admit that many students — not only
in the Czech Republic — struggle with many difficulties when solving physics tasks
(Byun, Ha, Lee, 2008).

Therefore, we decided to realize a questionnaire survey concerned with problem
solving strategies at Czech high schools. The main goal of this survey was to discover
students’ view of solving physics tasks. The questionnaire survey analyzed what
methods and strategies students claim that they use during solving physics tasks
and if there are any aspects that influence choice of these methods.

The described survey follows the literature search presented in Snetinova (2011)
and it is a part of more extensive ongoing research concerned with the problem
solving in physics education. One of final aims is to develop detailed methodical
materials for teachers and worksheets for students. These materials will help stu-
dents to increase their abilities to solve physics tasks.

Results of this survey were partly presented at the World Conference on Physics
Education in Istanbul in July 2012 and will be published in the proceedings of the
conference. In this paper, we present a more detailed description of the study and
more extensive discussion of its results.

2 THEORETICAL BACKGROUND

One of the possibilities how to divide physics tasks is classification on quantitative
and qualitative tasks. The difference is that in solving quantitative tasks mathe-
matical methods are used. However, solving qualitative as well as quantitative tasks
assume qualitative insight into the problem (Svoboda, Kolarova, 2006). According
Van Heuvelen (1991), students are often unable to reason qualitatively about phys-
ical process and they use primitive formula-centered problem solving methods. In
addition, there is a big contrast between expert and novice problem solvers in using
different problem solving strategies. Harper (2006) states three important examples
of these differences:

e Experts view problem solving as a process, while novices think it is a recall

task;

e Experts classify problems based on deep structure, while novices classify based
on surface features;

e Experts use nonmathematical representations, like graphs, charts, and dia-

grams extensively, while novices tend not to.

Ogilvie (2009) divides problem solving strategies into two groups — limiting
strategies that “may work well for well-structured, end-of-chapter exercises, but
they begin to fail as the problems become more complex” and expansive strategies
that “can be readily applied to more ill-structured challenges”. He also adds that
“these (expansive) strategies have also been identified as characteristic for expert
problem solving approaches”. As problem solving strategies, Ogilvie (2009) means
steps that lead to the achievement of a specific goal (e.g. solution of a physics task).

Several studies (e.g. Van Heuvelen, 1993; Bagno, Eylon, 1997; Lederman, 2009)
claim that it is possible to mitigate the limiting strategies by using special approaches
and students can be taught more appropriate techniques how to solve physics tasks.

Scientia in educatione 64 4(1), 2013, p. 63-72



3 METHODS

The presented survey was inspired by a research described in Ogilvie (2009). He
defined strategies that were used as a foundation for creation of one part of the ques-
tionnaire research. The survey proceeds from a literature research (Snetinova, 2011).
The survey is only a part of a larger research concerned with solving quantitative
physics tasks. The whole research has a qualitative character.

3.1 PARTICIPANTS

Several Czech high school teachers were asked to participate in a questionnaire
survey. Teachers who agreed with the participation were instructed how to process
the questionnaires with students. The participated schools were from Prague, other
bigger as well as smaller cities. Besides five standard state high schools, two private
high schools and one technical school were included into the selection.

Respondents of the survey were from Czech high schools (students at the age
of 15 to 19), who are attending physics lessons during their study. The number of
respondents in particular classes is stated in Table 1.

Table 1: Number of respondents in particular classes and particular questionnaires

Class (students’ age) Number of respondents In total
S1 S2

1. class (15-16) 142 114 256

2. class (16-17) 88 97 185

3. class (17-18) 96 87 183

4. class (18-19) 82 67 149

In total 408 365 773

3.2 TOOLS AND PROCEDURE

We decided to use questionnaire as a data collection method, because it provided us
to gain sufficient amount of data in a relatively short time. The survey contains two
different students’ questionnaires (marked S1 and S2). Both questionnaires were
designed similarly on purpose.

The questionnaire S1 (answered by 408 respondents) consisted of nine rating scale
questions (see Table 2) that concerned with using problem solving strategies. These
strategies, including their description, were created according to Ogilvie (2009) and
in cooperation with experts in physics education and with an experienced high school
teacher (13 years of practice). They are divided into two categories — limiting
strategies (marked L1-L4) and expansive strategies (marked E1-E5). These terms
were taken from Ogilvie (2009). Besides the rating scale questions questionnaire S1
contained five open format question (see Table 3).

The second questionnaire S2 (365 respondents) consisted of five open format
questions only (see Table 3). Three questions are the same as in S1. Instead of
rating scale question the strategies that students use during solving physics tasks
were covered by open questions.
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Table 2: Description of problem solving strategies in rating scale question of ques-
tionnaire S1

Description of strategy used in the questionnaire
“After reading the assignment I make a list of
known and unknown quantities.”

“I try to select an equation largely because the
equation has the same variables that are listed
in the assignment.”

“I try to find similar task (in textbook, notes or

Short name of strategy
L1: Listing known and
unknown quantities
L2: Rolodex equation
matching

L3: Prior tasks in text or

lecture elsewhere).”

L4: Prior experiments in “I try to remember if we did some experiment
lecture similar to the task during lecture.”

E1: Sub-problems “I try to solve the task step by step and divide

it into smaller sub-problems.”

“I try to imagine the problem in a real
situation.”

“First I think about the ideas and physics
concepts involved in the problem.”

E2: Real situation

E3: Concept first

E4: Rational thought “First I solve the task in my mind and then I do
arithmetic.”
E5: Diagram “I try to draw some diagram (sketch, chart, ...)

to every task.”

Table 3: List of open format questions from both questionnaires

Questionnaire S1 Questionnaire S2

1. What is your biggest problem
during problem solving in physics?

2. Is there anything that helps you
with solving physics tasks?

3. What is — according to you — the
purpose of solving physics tasks?

4. Do you think that you can use these
approaches also in other situations? In
which ones?

5. Which steps were recommended or
shown to you to help you to solve

1. Do you have any proven steps you
use during problem solving in physics?
What methods do you use if you don’t
know how to solve the problem at first
sight?

2. To what do you pay attention
during solving physics tasks?

3. What is — according to you — the
purpose of solving physics tasks?

4. Do you think that you can use these
approaches even in other situations?

In which ones?

5. Which steps were recommended or
shown to you to help you solve physics
problems?

physics problems?

We chose this design to gain the good image about the students’ strategies.
Open format questions enabled to more easily investigate, what was the attitude of
high school students to the solving of physics tasks and what obstacles, according
their opinion, they contended with. The open format question in S2 offered to
students an opportunity to describe strategies in their own words. On the basis
of our previous experiences with questionnaire surveys, we know that in written
questionnaire teenage respondents can have problems with formulation of their own
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answers. They tend to answer very shortly and write the first idea only. Moreover,
some steps done during problem solving students don’t perceive as “a strategy” and
that’s why they would not mention them in the open format question. Because
of these assumptions we put the list of the particular strategies in the rating scale
questions in questionnaire S1. Students rated how often they used these strategies
regardless if they used them knowingly and saw them as problem solving strategies.

4 FINDINGS

4.1 STUDENTS PROBLEM SOLVING STRATEGIES

One of the main goals of the students’ questionnaire survey was to determine which
strategies and methods students indicate they use in solving physics problems. Nine
strategies were described in the questionnaire S1 (see Table 2) and students marked
how often they used these strategies. Results of this part of survey are stated in
Figure 1. The labels L1-L.4 and E1-E5 indicate whether the strategy is considered
to be limiting (L) or expansive (E) (according to Ogilvie, 2009).
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Figure 1: Students’ answers to the question: “How often do you use strategies
mentioned below?” from the questionnaire S1

The strategies in Figure 1 are arranged according to the sum of answers “often”
and “sometimes”, limiting strategies are placed first and expansive strategies follow.
A closer examination of Figure 1 shows that students very often stated that they used
the limiting strategies. It can be also seen that the most often mentioned strategy is
L1: Listing known and unknown quantities. This is a relatively unsurprising result,
because Czech students are taught since primary school to write this list just below
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the assignment. The second most often stated strategy is L2: Rolodex equation
matching. Although this approach can be efficient for getting answers, it is far
from optimal for improving problem solving skills and understanding the physics
concepts. According to Buffler & Allie (1993), using of this strategy can be caused
by “the instructor may mention what principles or concepts are being applied, but
generally only writes down the associated equations” approach when illustrating
physics concepts by solving particular problems.

One of the least used strategies, in students’ view, is E5: Diagrams. According for
example to Leonard, Durfense & Mestre (1996) or Van Heuvelen (1991), using of this
strategy differs between beginners (students) and experts (teachers or physicists).
Scarl (2003) even claims that “most people think in pictures and find a diagram
a help even in problems that have no obvious geometrical part”.

If we focus on using problem-solving strategies in particular classes, no significant
difference is evident (see Figure 2). The survey shows that students’ problem-solving
methods and strategies are invariable during high school attendance.
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Figure 2: Using problem-solving strategies in particular classes (questionnaire S1)

Students’ answers to the question in questionnaire S2 concerning the problem
solving strategies were classified into several categories. These categories were cre-
ated by researcher on the basis of respondents’ answers. The most frequently men-
tioned strategies and the number of respondents are stated in Table 4. The strategies
are arranged according to the frequency of responses.

It is necessary to remark that our assumption was confirmed and students really
often stated only one strategy as an answer. Probably the students wrote the first
thing that crossed their mind and they did not have any reason to think about the
question more deeply.

It can be seen that the most often stated strategy in the questionnaire S2 is
Rolodex equation matching (93 of respondents). On the other hand, many expansive
strategies (e.g. E1, E3, E4, Commentating on the task, Classifying important facts)
were stated only by a small number of respondents.

The most frequently mentioned strategy — except the strategies not covered by
rating scale questions in questionnaire S1 — is Thinking about the problem (29 of
respondents). However, this method can partly overlap with other strategies, for
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Table 4: Mentioned methods and strategies from the questionnaire S2

Mentioned strategies Number of responses
Rolodex equation matching (L2) 93
Listing known and unknown quantities (L1) 36
Diagram (E5) 32
Thinking about the problem 29
Cooperation 28
Rereading the assignment several times 25
Trying to combine “everything with everything” 23
Postponement of the task for later 21
Real situation (E2) 19
Prior tasks in text or lecture (L3) 19
Thinking back to formerly learned theory 7
Simplification of the task 5
Concept first (E3) 5
I do at least what I can 3
Sub-problems (E1) 4
Classifying important facts 4
Finding a solution in text or lecture 4
Rational thought (E4) 2
Prior experiments in lecture (L4) 1
Commentating on the task 1
Rule of three 1

example Concept first or Real situation. This category of students’ response was
established for such answers in which students did not state exactly or in more detail
how they think about the problem.

4.2 DISCUSSION OF REMAINING OPEN FORMAT QUESTIONS

Conclusions gained from the questionnaire survey are stated below. Each gener-
alized result mentioned below is accompanied by original students’ answers from
questionnaire. We believe that all results can be interesting and useful in practice.

1. Students should know why some strategies or methods are required or recom-
mended from them. Many students understand the solving of physics tasks
only as one of several way of marking. Therefore, it is important even for
teachers themselves to think about the purpose of solving tasks in physics and
what skills it develops.
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Student: “It was often recommended to me to draw pictures. But what is the
purpose of this if I don’t know any idea about the situation and I can’t draw?”

Student: “When I'm solving a task, it helps me to know what the point of
doing it is.”

2. Students should have a feeling that they can gain correct solution by their own
when solving physics task. Our result correspond with Harper (2006): “Many
students believe that when you read a problem, either you know how to solve
it, or you don’t. The instructor may appear to know exactly how to solve
a problem the moment she lays eyes on it. One way to address this mistaken
belief might be to make the process more transparent to the class.”

Student: “In my opinion, the most common approach that is used in explaining
some task is: to take a look at the task and immediately know what’s going
on. But I can’t use this approach.”

Student: “Our teacher solves the task by herself and she thinks that we un-
derstand the steps. But it is not true.”

3. It is important to keep a cool head during solving physics tasks and do not get
stressed out. In accordance with the students’ responses, Scarl (2003) claims
that it is good to think optimistically. Below are stated several answer to the
question “Do you have any proven steps you use during problem solving in
physics?”

Student: “Don’t panic!”
Student: “I calm myself down and I think hard about the problem.”
Student: “I try to calm myself down and I reread the assignment.”
4. Other interesting observation is that students do not realize that solving
physics tasks is not only about getting or guessing the correct answer.

According to authors’ experiences, it is important for students to be able to
formulate their thoughts — either on paper or verbally. Teachers have then
an opportunity to consider, if the students’ thoughts are correct and they can
draw students’ attention to their shortcomings.

Student: “I try to solve the task by my guess, but teachers mostly want some
formulas.”

5 FUTURE PLANS

The presented questionnaire survey is only one part of a more extensive research
inquiring into solving quantitative physics tasks. We will continue by creating of me-
thodical materials for high school teachers and worksheets for students that should
contribute to development of students’ problem solving skills. In the next year,
these materials will be integrated into physics lessons at several Czech high schools.
Usability and applicability of the materials will be explored by using case studies.

6 (CONCLUSION

The main aim of the presented questionnaire survey was to find out what strategies
and methods students claim to use and what their view on problem solving is gen-
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erally. The survey showed that the most often mentioned strategies are so-called
limiting strategies, that can be efficient for getting answers, but they are not appro-
priate for developing of problem solving skills. Conclusions gained from the open
format questions of the questionnaires were presented in the contribution. These
results were completed by several examples of students’ answers. We found both,
the conclusions as well as the examples of answers, as inspiring for many teachers.
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Citatelskd gramotnost Ziakov ZS vo svetle
uspesnosti riesenia komplexnych tuloh

Zuzana Vastlova, Miroslav Proksa

Abstrakt

Clanok sa venuje ¢itatelskej gramotnosti a jej rozvijaniu prostrednictvom komplexnych
ucéebnych tloh vo vyucovani chémie. Nami vytvorenymi komplexnymi tilohami s chemickou
tematikou zameranymi na rozvoj CGitatelskej gramotnosti, sme sa v predvyskume pokusili
vyhladat cesty k pochopeniu, ako sa prejavuje troven jednotlivych kompetencii ¢itatelske]
gramotnosti pri rieSeni tohto typu tloh. V rdmci vyskumu boli sledované a javovou analy-
zou popisané nedostatky pri prejavovani zvladnutia troch zakladnjch skupin kompetencii
Citatelskej gramotnosti: ziskavanie informécii, spracovanie informécii a zhodnotenie textu.

Klicova slova: PISA, ¢itatelskd gramotnost v prirodnych vedéach, chemické komplexné
tlohy, kompetencie ¢itatelskej gramotnosti.

Reading Literacy of Primary School Students
in the Light of the Success
of Solving Complex Tasks

Abstract

This article deals with reading literacy and its development in complex learning tasks
with science theme. We have created complex chemical tasks and we used these tasks in
the chemistry lessons. Tasks were solved by students of a primary school and we tried to
describe possible reasons of wrong answers regarding the competencies of reading literacy.
Three groups of competencies were studied: information gathering, information processing
and evaluation of the text.

Key words: PISA, reading literacy in science, complex chemical tasks, competencies of
reading literacy.
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1 Uvobp

Vysledky poslednej studie PISA poukazuji na fakt, Ze slovenski ziaci nedosahujt
v Citatelskej a prirodovednej gramotnosti ani priemer krajin OECD (Heldovéa, 2011).
Uz z vysledkov z roku 2003, kedy sa Slovensko prvykrat ziacastnilo testovania PISA
vidiet, Ze troven Citatelskej gramotnosti nasich Ziakov je nizka, ¢o znizuje Sance na
trhu prace a pravdepodobnost dalsieho vzdelavania (Heldova, 2006).

PISA sa svojimi vysledkami nesnaZzi poukdzat na mmnoZstvo vedomosti, ktoré
sa ziaci naudili ale prave na to, ako ich vedia vyuzif v redlnom Zivote. Citatelska
gramotnost podla OECD zahftia ovlddanie Gitatelskych zrucénosti a schopnost vyuzit
ich pri rieSeni uloh v rozlicnych situaciach, s ktorymi sa stretavaju pocas celého
svojho Zivota (Heldova, 2006; OECD, 2007).

Je teda jasné, Ze citatelskd gramotnost stuvisi so vSetkymi vednymi odbormi,
kedZe hladanie, spracovanie a nésledne vyuzitie informacii je podstatou kazdej ¢in-
nosti. Kazdy z nas sa neustale stretava s novymi a novymi informéaciami a bez toho,
aby ich vedel vyuzif, neméa Sancu v tejto spolo¢nosti fungovat. Zmysluplné c¢itanie
vetkych druhov textov je nevyhnutnou stucastou ¢itatelskej gramotnosti (Zmach,
et al., 2007). Cielom prirodovedného vzdelavania by malo byt aj to, aby Studenti
boli schopni pochopit kazdodenné novinky tykajuce sa vedeckych tém s rovnakou
Tahkostou, ako chépu politické, ekonomické ¢ pravne otézky. Kazdy, kto je toho
schopny, je prirodovedne gramotny (Trefil, O’Brien-Trefil, 2009).

2 TEORETICKE VYCHODISKA VYSKUMU

2.1 KOMPLEXNE ULOHY

Vzhladom na vysSie uvedené fakty, sme sa vo svojej vyskumnej orientécii rozhodli
svoju pozornost zamerat na metddy a prostriedky, ktoré by pomohli rozvijat cita-
telskt gramotnost v prirodnych vedach, s akcentom na chémiu. Ako vhodny a vo
vyucovani vyuzitelny prostriedok sme zvolili $pecificky typ uc¢ebnych tloh, tzv. kom-
plexné tlohy. V ¢eskej didaktike sa pouziva oznacenie multikomponentné tilohy (Cer-
nocky, et al., 2011). Charakteristickou ¢értou komplexnych tloh je dlhsi avodny text,
ktory moze mat rozny charakter, ¢i uz je to ¢lanok z novin, etiketa, informacny letak,
v podstate by to mal byt text, s akym sa Ziaci stretavaju v beznom Zivote s formou,
¢i uz suvislého alebo menej kompaktného textu, ktory moze obsahovat rozne tabul-
ky, grafy, obrazky, ... Pri rieSeni otazok resp. ¢iastkovych tloh, ktoré nasleduji po
uvodnom texte a byvaju rozlicného typu, je tlohou Ziakov precitat a pochopit tento
text a pomocou neho najst odpovede na ¢iastkové tlohy. Pri rieSeni tychto tloh Ziaci
uplatiiuji zrucnosti citatelskej gramotnosti. V sucasnosti je ¢itatelskd gramotnost
povazovana za klucovi kompetenciu, ktord ovplyviiuje nielen troven ¢itania, ale aj
uroven a moznosti vzdeladvania ziakov i dospelych vo vSetkych vyucovacich predme-
toch a rozliénych oblastiach dalsieho vzdelavania (Korstnidkova, Kovacova, Heldova,
2010). Domnievame sa, Ze Citatelskd gramotnost je nutny predpoklad k rozvijaniu
prirodovednej gramotnosti, teda vyuzivania prirodovednych poznatkov.

Preco sme si za prostriedok na rozvoj Citatelskej gramotnosti vo vyucovani pri-
rodnych vied zvolili prave komplexné tlohy?

Pri préci s tymito tlohami pocas nasho vyskumu, ktoréd pozostévala z vyhladania
komplexnych tloh z dostupnych zdrojov, oboznamenia sa s nimi, tvorby vlastnych
komplexnych tloh, ich aplikacii a optimalizacii, sme spoznali mnohé vyhody ale aj
niektoré nevyhody tychto tloh. Najprv sa pokisime zhrntf vyhody:

Scientia in educatione 74 4(1), 2013, p. 73-90



e si Tahko vyuzitelné vo vyucovani vzhladom na ich jednoduchu aplikiciu, uci-
tel nemusi ovladat Ziadne $pecidlne zrucnosti ani absolvovat Skolenie, aby ich
mohol na hodinach pouzit;

e pri spravnom zaradeni do vhodného roc¢nika a témy nie st Casovo narocné,
kedZe ich rieSenie trva v priemere 5 az 10 mintt;

e nie je nevyhnutné, aby bol uditel pritomny pri ich aplikicii, mozu sa teda dat
aj ako doméaca tloha;

e podporuju u ziakov zaujem o prirodovedné témy, kedZe ich zdkladom si po-
vacsine texty z bezného zivota opisujiice konkrétnu problematiku savisiacu so
zivotom;

e maju medzipredmetovy charakter, pri ich rieseni ziaci uplatnuji poznatky
z viacerych predmetov, pricom si mozu lahko uvedomit rozne prepojenia.

Hlavna nevyhoda pouzitia tychto tloh sa tyka ich hodnotenia, ktoré vyzaduje
Specificky pristup uditela, ¢o sa odrazi hlavne v ¢ase vynaloZenom na ich opravu.
KedZe mnoho z ¢iastkovych tloh komplexnych tloh vyzaduje od Ziakov otvorent
odpoved, ktoru ziak sformuluje vlastnymi slovami, uc¢itel musi pri ich hodnoteni
Castokrat zvazit aj individudlny pristup kazdého Ziaka, ktory sa moze odrazif na
forme jeho odpovede.

2.2  CITATELSKA GRAMOTNOST

V naSej praci sa venujeme rozvijaniu CGitatelskej gramotnosti v rdmci prirodnych
vied, konkrétne na hodinach chémie. Pri definicii ¢itatelskej gramotnosti sme vy-
chadzali z OECD, ktora ju chape ako porozumenie a pouzivanie pisanych textov,
uvaZovanie o nich a zaangazovanost ¢itatela do ¢itania za ucelom dosahovania osob-
nych cielov, rozvijania vlastnych vedomosti a schopnosti a podielania sa na Zivote
spolo¢nosti (Heldova, 2011). Podla OECD je hodnotenie ¢itatelskej gramotnosti za-
lozené na troch zakladnych aspektoch: texty predstavuja rozlicné druhy pisanych
materidlov, ktoré ziaci ¢itaju, ¢innosti, to st kognitivne postupy Citatela pri praci
s textom a situdcie, ktoré predstavuji zamyslané vyuzitie textu z pohladu jeho au-
tora (Korsnakova, Kovacova, Heldova, 2010). Vychadzajuc z tejto definicie sme sa
v nasom vyskume sustredili na hlbsiu analyzu ¢innosti — kompetencii, ktoré definuje
OECD ako:

e cinnosti spojené s porozumenim na dosiahnutie Gplného porozumenia pisanym
textom (Heldova, 2006);

e kognitivne postupy ¢itatela pri praci s textom (Korsnékova, Kovacova, Hel-
dové, 2010);

e mentdalne stratégie, ktoré pouziva ziak pri praci z textom (Heldova, 2011).

V tabulke 1 uvddzame ¢innosti ¢itatelskej gramotnosti, ktoré si rozdelené na 3
zakladné skupiny zahftiajice v sebe niekolko konkrétnych ¢innosti.
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Tab. 1: Charakteristika ¢innosti ¢itatelskej gramotnosti

Citatelskd gramotnost
kompetencia prehlad niektorych cinnosti
— najdenie informécie v texte, tabulke, grafe, ...
— zoradenie informaécii
— posudenie vyznamnosti informacie
ziskavanie informacii — sustredenie sa na hodnoverné informaécie
— zistenie vztahu medzi ¢astami informacie
— zameranie na napadné a protichodné informacie
— porozumenie textu
— interpretacia a integracia
— porozumie vztahom
spracovanie informacii | — vysvetlenie vyznamu slova, frazy
— porovnavanie, danie do protikladu, triedenie
— zistenie hlavnej témy, zameru autora
— integrovanie niekolkych casti
— uvazovanie o obsahu a forme tvrdenia
posudenie tvrdenia
zhodnotenie a vyslovenie hypotéz
— urobenie spojenia alebo porovnania
— podanie vysvetlenia, vyhodnotenie ¢rty textu
— sustredenie sa na menej obvyklé vedomosti

zhodnotenie textu

3 CIELE PRACE A VYSKUMNA OTAZKA

Vzhladom na Siroky zaber kazdého z aspektov a v suvislosti s faktom, Ze v poslednych
rokoch sa vo vzdelavani kladie ¢oraz vicsi doraz na rozvijanie kompetencii, sme sa
v nasom vyskume rozhodli zamerat svoju pozornost na ¢innosti, ktoré vyuziva ziak
pri praci s textom. Rozvoj ¢itatelskej gramotnosti je tiez predpoklad pre dosiahnutie
istej irovne prirodovednej a matematickej gramotnosti, ktoré v sebe zahfnaju aj
vyuzitie ziskanych informécii (Korsnakova, Kovacova, 2007).

KedzZe citatelska gramotnost je v naSich gkolach skor ststredené na Citanie tex-
tov z humanitnych vied, napriklad literattry ¢i historie, s ¢im stvisi aj ziskavanie
a spracovavanie informacii z tychto odborov, povazujeme za potrebné obratit pozor-
nost skér na oblast prirodnych vied. Nasim cielom sa stalo vytvorenie komplexnych
uloh s chemickou tematikou, pouzitie ktorych by ziakom dopomohlo k rozvijaniu
Citatelskej 1 prirodovednej gramotnosti aj na hodindch chémie. Vzhladom na ski-
senosti z aplikidcie komplexnych tloh na hodinach chémie sme spozorovali, Ze tieto
ulohy st pre ziakov nevzité a s takymto typom tloh sa stretli len okrajovo, ¢asto
majui problémy s ich rieSenim. Preto sme povazovali za zaujimavé venovat nasu po-
zornost sice prvotnému ale hlbsiemu preniknutiu do pohladu Ziakov na jednotlivé
polozky takychto tloh vzhladom na kompetencie citatelskej gramotnosti. V ramci
nasho predvyskumu sme sa sustredili na popisanie problémov, ktoré sa u ziakov
prejavia pri rieSeni takychto tloh. Vzhladom na nas ciel, ktorym je vytvorenie urci-
tého diagnostického prostriedku vo forme komplexnych tloh zameranych na rozvoj
Citatelskej i prirodovednej gramotnosti v rdmci chémie na naSich $kolach, sme po-
vazovali za nevyhnutné, ¢o najlepsie spoznaf vnimanie Ziakov z pohladu riesenia
komplexnych tloh zameranych na rozvoj ¢itatelskej gramotnosti v rdmci prirodnych
vied. Domnievame sa, Ze detailnejSie spoznanie, toho ako Ziaci vnimant citatelskt
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gramotnost v rdmci prirodnych vied ndm nésledne pomoze vhodnejSie, presnejsie
a cielenejsie vytvorit komplexné tlohy zamerané na rozvoj prirodovednej gramot-
nosti. Vychéadzajic z tychto zaverov sme si v ramci nasho predvyskumu sformulovali
vyskumnt otazku nasledovne:

Aké problémy v ramci Gitatelskej gramotnosti sa u ziakov druhého stupna zaklad-
nej skoly prejavuju pri rieseni komplexnych tloh s chemickou tematikou zameranych
na rozvoj Citatelskej gramotnosti?

4 METODIKA A REALIZACIA VYSKUMU

Vzhladom na charakter a ciel ndsho predvyskumu, sme pouzili dostupnti vyskumnu
vzorku pozostavajicu z 132 ziakov jednej zékladnej skoly, pricom pre kazdy roc¢nik
(poc¢nuc Siestym a konciac deviatym) sme vybrali vzorku 33 Ziakov z dvoch tried
v Siestom, siedmom a 6smom roc¢niku resp. troch réznych tried v deviatom roc¢niku.
Ziaci postupne na hodinach chémie v priebehu februdra az jina 2012 riesili 9 nami
vytvorenych tloh komplexného charakteru zameranych na rozvoj ¢itatelskej a priro-
dovednej gramotnosti. Ulohy boli tematicky zamerané réznorodo. Ako tvodny text
obsahovali rdzne ¢lanky z asopisov (Cistenie vody, Kyslé dazde, Cervené vino, Pitna
voda), navody na pouzitie (Hasiace pristroje, Pre¢o pddne rozbory) ¢i texty z knih
(Benzin, Morska kozmetika). Vicsina textov sa tykala tém, ktoré s dnes Casto dis-
kutované a tykaja sa aj vo svete aktudlnej problematiky. Vychadzajic z priemerne;j
relativnej tispesnosti riesenia jednotlivych c¢iastkovych tloh kazdej tilohy sme identi-
fikovali tie, ktoré boli pre ziakov problematické. Nasledne sme sa pomocou kvalita-
tivnej analyzy pokusili tieto Ciastkové tlohy a Ziacke rieSenia analyzovat, porovnat
v ramci jednotlivych ro¢nikov a javovo popisat prejavujtce sa problémy. KedZze nés
predvyskum predstavoval len akysi prvotny pohlad na to, ako Zziaci vnimaji kom-
plexné ulohy, povazujeme vzorku za dostato¢nu a pri analyze ziskanych tdajov sme
sa zamerali na kvalitativny rozbor jednotlivych tloh vzhladom na ich rieSenia ziakmi,
pricom sme sa najprv zamerali na ¢innosti — kompetencie ¢itatelskej gramotnosti.
Hodnoty predstavujtice priemernt uspesnost rieSenia jednotlivych ¢iastkovych tloh
nam v prvom rade umoznili rychlu orientaciu a identifikdciu podozrivych tloh po-
trebnu pre potreby nasho predvyskumu.

Nami vytvorené tlohy obsahovali vzdy miniméalne 7 a maximalne 14 ¢iastkovych
uloh rézneho typu, pricom boli zostavené tak, aby pri ich rieSeni v ramci kazdej tllohy
Zlaci vyuzivali rozne ¢innosti c¢itatelskej gramotnosti ¢i prirodovednej gramotnosti.
Uvadzame ¢ast analyzy tykajucej sa prislusnych kompetencii ¢itatelskej gramotnosti.
Na obrazku 1 uvddzame pomer jednotlivych ¢innosti vzhladom na pocet ¢iastkovych
uloh, v ktorych sa od ziakov vyzadovala sposobilost ich preukazaf.

Kompetencie citatel'skej gramotnosti

30% 359%
Bspracovanie informacii

B ziskavanie informacii
Bzhodnotenie textu

35%

Obr. 1: Zastupenie jednotlivych kompetencii ¢itatelskej gramotnosti v deviatich
nami vytvorenych tlohach
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Vo vysledkoch a diskusii vyskumu, z ktorych ¢ast uvadzame v dalsej ¢asti prispe-
vku, sme sa zamerali na blizsi popis niektorych prejavenych nedostatkov v ramci rie-
Senia tychto tloh v rdmci troch skupin kompetencii ¢itatelskej gramotnosti vzhladom
na schopnost Ziakov spracovéavaf a interpretovat texty s chemickou tematikou.

Kvoli lepsiemu pochopeniu celej problematiky uvadzame ukazku jednej vo vys-
kume pouzitej komplexnej tlohy pracovne nazvanej BENZIN:

KONIEC OLOVNATYM BENZINOM

Ked sa pozrieme do minulosti vyvoja motorov a paliv, ndjdeme Styri hlavné opatre-
nia na zniZzenie znecistovania zivotného prostredia. St nimi katalyzétor, filter sadzi,
bezsirnaty benzin a bezolovnaty benzin.

Posledne menovany uzrel svetlo sveta v roku 1985. Pred zavedenim bezolovna-
tého benzinu vypustali motorové vozidla do ovzdusia priblizne 120000 ton jedova-
tého olova a vyrazne zatazovali nase pltca. Od tohto datumu bola vyroba olovnatého
benzinu vyrazne obmedzovana a pre starsie automobily sa zacali vyrabat Specidlne
aditiva, nahradzujice olovo. Radikalne opatrenia znizili mnozstvo olova, pochadza-
juceho z vyfukov na stcasnych priblizne 20 000 ton.

Koncom roku 1994 sa Slovensko zaradilo medzi piat Statov Eurdpy, v ktorych
olovnaté benziny tvoria len maly podiel celkovej spotreby benzinov na motorové
vozidla.

Jedna tona olovnatého benzinu obsahuje 200 gramov olova, ktoré je pre ludsky
organizmus velmi $kodlivé. Do benzinov sa vSak mieSaju aj organické zluceniny
s obsahom chloru a brému, ktoré posobia ako ,vynasace“ olova z motora. Pocas
spalovania benzinu vznikaju z tychto zlicenin jedovaté latky, ktoré prispievaji aj
k stenCovaniu ochrannej ozénovej vrstvy Zeme.

Jedna tona olovnatého benzinu Special obsahuje 68 gramov chléru a 77 gramov
brému vo forme dihalogénetanov.

Uplna nahrada olovnatého benzinu Super (96 oktdnov) benzinom UNI super-95
(95 oktdnov), narast vyroby UNI benzinu 91 na tkor olovnatého benzinu Specil
(91 okténov) a rast spotreby benzinu NATURAL-95 priaznivo ovplyvnili spotrebu
bezolovnatych benzinov.

Zdroj: http://www.benzin.sk/index.php?selected_id=97&article_id=76
Umwelt Chemie: Chémia pre zakladné skoly, upravené

CIASTKOVA ULOHA 1

Ktoré olovnaté benziny sa v texte spominaju? Vysvetlite, ako sa dosahuje zniZenie
spotreby tychto benzinov.

ODPOVED: ..o
VYSVETLENIE: ..

CIASTKOVA ULOHA 2

Preco st olovnaté benziny skodlivé?
V tabulke zakrizkuj ,,Ano“ alebo ,Nie“.
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Do6vod skodlivosti olovnatych benzinov

Ano alebo Nie

jedovaté olovo zatazuje naSe plica Ano / Nie
tzv. vynasace olova prispievaju k stencovaniu ozénovej vrstvy Ano / Nie
olovo podporuje horlavost benzinu a tym aj riziko vybuchu Ano / Nie
aditiva pridavané do benzinu sposobuja vznik ozénovej vrstvy Ano / Nie
chlér a brém, vznikajice pri spalovani benzinu nam Ano / Nie

sposobuju tazkosti s dychanim

CIASTKOVA ULOHA 3

V texte sa spomina, ze do benzinov sa primiesavaji aj organické zlaceniny. Ktoré

tvrdenia o tychto zliceninach st spravne?

Je toto spravne tvrdenie o organickych zlac¢eninach
pridavanych do benzinov?

Ano alebo Nie

do jednej tony olovnatého benzinu sa pridava 200 g Ano / Nie
organickych zlicenin

pri spalovani benzinu sa menia na jedovaté latky negativne Ano / Nie
posobiace na ozoénovua vrstvu

obsahuju vo svojich molekulach viazané aj atémy chléru Ano / Nie
a brému

priaznivo ovplyviuju spotrebu bezolovnatych benzinov Ano / Nie
ich molekuly obsahuju aj atémy uhlika a vodika Ano / Nie
v niektorych benzinoch sa nachadzaji vo forme Ano / Nie

dihalogénetanov

CIASTKOVA ULOHA 4

Pokial ste sa pohybovali v priestore ¢erpacej stanice a pozorne sa rozhliadali okolo
seba, urcite ste si v§imli, ze st tam znacky, ktoré zakazuji manipuléciu s otvorenym
ohniom v tomto priestore. Preco sa ale v ramci ¢erpacich stanic nesmie manipulovat

s otvorenym ohnom?

A Kombinécia plynov uvoltiovanych z dymu a paliv je extrémne nebezpecna a uz

v malych mnozstvach spésobuje rakovinu plic.

B Dym spésobuje znizovanie oktanového ¢isla benzinu a tym aj zhorsenie jeho

kvality.

C Plyny, ktoré sa uvoltiuju pri ¢erpani pohonnych hmét st horlavé a vybusné.

D Dym uvolneny pri horeni obsahuje plyny, ktoré sposobuju rozklad hadic cer-
pacich zariadeni a hrozi zvySené nebezpecenstvo tiniku pohonnych hmot.

V kazdej z analyzovanych tloh sme z hladiska kompetencii Citatelskej gramot-
nosti priradili konkrétnu ¢innost, ktora sa od Zziakov pri jej rieSeni vyzadovala. V ta-
bulke 2 uvddzame charakteristiku ¢iastkovych tloh k tilohe Benzin.
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Tab. 2: Charakteristika ¢iastkovych tloh tlohy Benzin z hladiskd kompetencii ¢ita-
telskej gramotnosti

Benzin

odpoved ziskavanie vyhladanie konkrétnej
informacii informécie medzi lahko
Giastkova zamenitelnymi informaciami
tloha 1 | vysvetlenie | ziskavanie vyhladanie informaécie
informacii v hutnom texte potrebnu na
oddévodnenie nazoru
1. podotazka | ziskavanie najdenie konkrétnej
informacii informacie
2.podotazka | spracovanie | interpretacia — pochopit
informacii prepojenie informécii a na
zéklade prepojenia posudit
tvrdenie
3. podotazka | zhodnotenie | posudenie obsahu — posudit
Giastkova, textu spravnost tvrdenia
aloha 2 s vyuzitim vlastnych znalosti
a skor nadobudnutych
vedomosti
4. podotézka | spracovanie | interpretacia — dat do
informacii suvislosti informéacie uvedené
v rOoznych castiach textu
5. podotazka | spracovanie | posuidenie pravdivosti
informaécii informécie vzniknutej
prepojenim viacerych
informacii z textu
1. podotéazka | ziskavanie vyhladanie informécie
informaécii priamo uvedenej v texte
2. podotazka | ziskavanie najdenie zodpovedajucej
informacii informacie v texte
3. podotazka | spracovanie | interpretacia — pochopenie
informacii informéacie uvedenej v texte
4. podotazka | spracovanie | celkové porozumenie —
Ciastkova informacii pochopit podstatu textu
aloha 3 | 5. podotazka | zhodnotenie | postdenie obsahu — vyuzitie
textu skor nadobudnutych
vedomosti pri posudzovani
spravnosti tvrdenia
suvisiaceho s textom
6. podotazka | zhodnotenie | postidenie obsahu —
textu zhodnotenie tvrdenia na
zéklade prepojenia
informacii v texte
Ciastkova prirodovédna
uloha 4 gramotnost

PG — prirodovednd gramotnost, loha pri rieSeni vyzadovala preukézanie zvladnutia
kompetencie prirodovednej gramotnosti, kedZe t& nie je predmetom tohto ¢lanku,
v tabulke ju neuvadzame
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5 VYSLEDKY A DISKUSIA

5.1 ZISKAVANIE INFORMACII

Kompetencia — ziskavanie informécii — v sebe zahftia ¢innosti spojené s hladanim
konkrétnych informécii vyjadrenych ¢ uz priamo alebo nepriamo v tabulke, texte
¢i obrazku. Po analyze jednotlivych ciastkovych tiloh nami vytvorenych tloh sme
vytvorili tri zakladné skupiny ¢innosti patriacej do tejto skupiny kompetencii:

e najdenie konkrétnej informacie v texte — tato skupina zahina v sebe
¢innosti ako vyhladanie informécie priamo ¢i nepriamo uvedenej v texte, vy-
hladanie lahko zamenitelnej informécie, ndjdenie informacie definujicej kon-
krétny pojem odborného charakteru, hladanie informaécie, ktora sa da pouzit
na odovodnenie nazoru ¢i hladanie informacii na zaklade zadanych kritérii;

e najdenie informdcie v tabulke — s touto skupinou st spojené ¢innosti naj-
denie informécie alebo viacerych informécii v tabulke podla urcitého kritéria
¢i ndjdenie a prepojenie informacie v tabulke s grafickym znakom;

e najdenie a prepojenie informacit — ¢innosti v ktorych sa vyzaduje schop-
nost najst a prepojit viacero informécii v texte a na zéklade ich spojenia néjst
odpoved na otazku.

Kazda z ¢iastkovych tloh zameranych na kompetenciu ziskavania informacii bola
zamerana na preukazanie niektorej z ¢innosti patriacich do jednej z tychto troch
skupin. Na obrazku 2 uvadzame, v akom pomere sa ciastkové tilohy dotykali jednej
z vysSie spominanych skupin.

Ziskavanie informacii

B néjdenie inform acie v texte

B n&jdenie inform écie v
tahulke

Onéjdenie a prepojenie

599, viacerych informécii

Obr. 2: Zastupenie troch zakladnych skupin ¢innosti kompetencie ziskavanie infor-
macii v ¢iastkovych tlohach

Pri skupine kompetencii najdenie konkrétnej informacie v texte boli ¢iast-
kové tlohy zamerané na vyhladdvanie informécii, ktoré boli v texte uvedené viicsinou
priamo. Priemernd tspesnost rieSenia takychto ¢iastkovych tloh, nezévisle od typu,
bola 61 %. Pri porovnani jednotlivych ro¢nikov boli najuspesnejsi ziaci deviateho
ro¢nika a blizko okolo priemeru sa pohybovali aj ziaci siedmeho a 6smeho roc¢nika
(obr. 3). Siestaci sa umiestnili 13 % pod priemerom, ¢o stihlasi aj s nasimi predpo-
kladmi, kedZe u nizsich ro¢nikov by mala byt celkovo schopnost pracovat s textom,
v nasom pripade odborne zameranym textom s prirodovednou — chemickou temati-
kou, najmenej rozvinuté. Z celkového pohladu na kompetenciu ziskavanie informaécii,
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Obr. 3: Uspesnost riedenia ¢iastkovych tloh vyzadujicich prejavenie kompetencie
najdenie konkrétnej informéacie v texte v jednotlivych ro¢nikoch v percentach

povazujeme tuto skupinu za najlahsiu, teda Ziaci by ju mali mat rozvinuta na naj-
vysSej urovni, kedze vyhladavatf informécie si musia v podstate skoro stale, ¢i uz
ide o humanitne alebo prirodovedne zameranie. Dosiahnuti tspesnost vSak pova-
Zujeme za pomerne nizku, ¢o moze suvisiet prave so spdsobom vyucby na naSich
skolach. Celkovo dopadli Ziaci najhor$ie v ¢iastkovej tlohe, ktord vyzadovala vyhla-
danie komplexnej informécie, teda v odpovedi mali uviest niekolko pojmov, ktoré
v texte nasledovali za sebou. Ziaci sa vidc§inou uspokojili s ¢iastoénou odpovedou
a len 26 % zo vsetkych ziakov uviedlo komplexnii odpoved. Podobne sa ich spokoj-
nost s ¢iastocnou odpovedou prejavila v ¢iastkovej tlohe, kde mali na zaklade dvoch
roznych kritérii identifikovat dve informécie v texte. Opit vicsina ziakov uviedla len
¢lasto¢ni odpoved, neboli schopni identifikovat obe ¢asti odpovede. Celkovo len 38 %
ziakov malo tuto ¢iastkovi tlohu vyrieSent tplne spravne. Mozeme konstatovat, ze
na rozdiel od ¢iastkovych tloh, ktoré vyzaduju najdenie len jednej informacie, Ziaci
pri hladani komplexnych informécii zaostavaju.

AZ 13 % pod priemerom boli v tejto kategdrii Ziaci Siesteho roc¢nika, ktori dosia-
hli Gispesnost riesenia 48 %. Nizka tspesnost riesenia sa u tychto ziakov prejavila
v c¢iastkovych tlohach vyzadujuacich:

e vyhladat Tahko zamenitelnt informaciu (24 %-né tspesnost rieSenia),

e vyhladat a vybraf spravnu ¢ast informécie definujtcej konkrétny pojem v texte
(33 %-na tspesnost riesenia),

e vyhladat informaciu potrebnti na odévodnenie nazoru (33 %-na tspesnost rie-
Senia),

e vyhladat informdciu definujicu podstatu v texte spominaného procesu (12 %-
né tspesnost riesenia),

e na zaklade dvoch roznych kritérii identifikovat prislusné informéacie v texte

(21 %-na uspesnost riesenia).

Domnievame sa, ze tito ziaci eSte vzhladom na svoj vek a sktisenosti maju taz-
kosti pri rozliSovani medzi viacerymi informaciami, tiez eSte nemaja sktsenosti s po-
sudzovanim hodnoty informaécii, zamienaju si podobné informacie, ¢i informacie
tykajice sa toho istého pojmu. TaktieZ sa prejavuji problémy s vyhladavanim
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informacii, ktoré definuji nejaky odborny pojem ¢i proces alebo sa tykaju konkrét-
neho odovodnenia urcitého nazoru. Predpokladame, Ze tieto nedostatky st spdso-
bené hlavne tym, Ze tito ziaci sa este velmi nestretli s odbornymi textami a nie st
teda zvyknuti vyhladavat a spracovavat informécie odborného charakteru.

Ziaci siedmeho roc¢nika prejavili v tejto kategérii nedostatky pri hladani kom-
plexnej informdcie, sice priamo uvedenej v texte (6 %-né tspeSnost riesenia), ale
vyzadujicej odpoved zahfniajicu viacero pojmov, respektive zloZeni z niekolkych
vyrazov. V tomto pripade ziaci vicSinou uvadzali netplnt informéaciu a uspokojili
sa len s jednou jej ¢astou. Podobne mali problémy s ¢iastkovou tlohou vyzadujicou
na zaklade dvoch réznych kritérii identifikovat prislusné informécie v texte (15 %-na
tspesnost riesenia). V oboch pripadoch dosiahli Gspesnost riesenia dokonca nizsiu
ako ziaci Siesteho ro¢nika a najnizsiu zo vSetkych ro¢nikov. Domnievame sa, Ze by to
mohlo byt spdsobené tym, Ze Ziaci s zvyknuti uspokojit sa s ¢iastocnou informéciou.

Ziaci 6smeho ro¢nika mali v rAmci tejto skupiny kompetencii najviicsie problémy
s ndjdenim informacie definujicej podstatu chemického procesu charakterizovaného
v texte (28 %-na tspesnost riesenia).

Deviataci dosiahli v tejto skupine kompetencii vo vicSine otdzok tspesnost nad
50 %. Pod touto hranicu sa dostali jedine v ¢iastkovej tlohe, kde mali preukéazat
schopnost najst komplexnu informéaciu. Tu sa ich Gspe$nost pohybovala len na hra-
nici 33 %. Inak sa ale potvrdilo, Ze ziaci deviateho ro¢nika maji najviac sktisenosti
so spracovavanim odbornych textov a st u nich najviac rozvinuté kompetencie ¢i-
tatelskej gramotnosti.

Druh4 skupina kompetencii najdenie informaécie v tabulke bola zameran4 na
pracu s tabulkou, ktord predstavuje Specificky sposob podania informécii. Tabulka
sa nachadzala v ivodnom texte dvoch tloh, pricom na pracu s informéciami v nej
bolo zameranych niekolko ¢iastkovych tloh. Priemernd tspesnost rieSenia takychto
Glastkovych tloh bola 60 %, pridom najispes$nejsi pri rieSeni takychto cGiastkovych
tloh boli tentoraz ziaci siedmeho ro¢nika (obr. 4). Domnievame sa, Ze tento fakt
suvisi v prvom rade s tym, Ze praca s tabulkou sa vyzadovala v tlohe Hasiace
pristroje, ktord je svojou témou najblizSie ziakom siedmeho ro¢nika. KedZze téma
bola spristupnend len kratko pred testovanim, bolo pre nich lahSie pracovat s 1iou,
kedZe svoju pozornost nemuseli v takej miere venovat obozndmeniu sa s témou, ako
Ziaci zvysnych roc¢nikov.

Hajdenie informicie v tabulke
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Obr. 4: Uspesnost riedenia ¢iastkovych tloh vyzadujicich prejavenie kompetencie
najdenie informécie v tabulke v jednotlivych ro¢nikoch v percentach
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Prvym typom c¢iastkovych tloh z tejto skupiny kompetencii boli tllohy zamerané
na vyhladanie konkrétnej informadcie zlozenej z jedného pojmu v tabulke. Tu preu-
kézali ziaci pomerne vysoku tspesnost az 79 %. Ked uz ale $lo o ndjdenie informécie,
ktora sa skladala z viacerych pojmov, resp. spravna odpoved v sebe zahriiovala dva
a viac navzajom nezavislych vyrazov v podobe informécii, boli Ziaci uz ovela me-
nej uspesni — dosiahli v priemere 58 %-nu tGspesnost rieSenia. Mozeme konstatovat,
ze podobne ako pri hladani informécii v texte, tak aj v tabulke maju Ziaci nedo-
statky pri uvddzani informécie zloZenej z viacerych vyrazov. Dalsi typ ¢iastkovych
uloh v ramci tejto skupiny vyzadoval od ziakov najdenie a prepojenie informacii
v tabulke s grafickym znakom. NajvysSiu uspesnost dosiahli Ziaci siedmeho roc¢nika,
domnievame sa, ze z dévodu blizkeho kontaktu s témou, ako sme uz skoér uviedli
(obr. 5). Tazkosti s riesenim takychto Giastkovych tiloh v ostatnych roénikoch mohli
suvisief préave s pochopenim grafického znaku a uvedomenim si stvislosti s infor-
maciou v tabulke. Je zrejmé, Ze Ziaci sa s kombinovanim viacerych typov foriem
podania informacii nestretavaju casto.

Néjdenie a prepojenie informacii v tabul'ke s grafickyin
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Obr. 5: Uspesnost riedenia ¢iastkovych tloh vyzadujicich prejavenie kompetencie
najdenie a prepojenie informécie v tabulke s grafickym znakom v jednotlivych roc-
nikoch v percentach

Do poslednej skupiny ¢innosti v ramci kompetencie ziskavanie informacii sme za-
radili ¢iastkové tlohy zamerané na najdenie a prepojenie viacerych informacii.
Uspesnost riesenia v tejto skupine ¢iastkovych tiloh uvddzame na obrazku 6.

Ako mozeme vidiet, v tejto skupine dosiahli Ziaci najnizSiu priemernt uspes-
nost riesenia — 50 %, pricom Ziaci Siesteho ro¢nika sa umiestnili dost hlboko pod
priemerom. Domnievame sa, ze to bolo sposobené prave tym, zZe text uloh je pre
Siestakov eSte po odbornej stranke dost narocny, ¢o sa prejavilo prave pri hladani
takychto informécii. Vzhladom na to, Ze Ziaci pravdepodobne nepochopili vyznam
textu, robilo im problémy aj prepojit podla urcitého kritéria zadaného v ¢iastko-
vej ulohe tieto informécie. Ako vidiet z grafu, tspeSnost rieSenia sa s pribudaju-
cim ro¢nikom postupne zvysuje, ¢o moze suvisiet prave s vyssou ,odbornostou‘ Zia-
kov.
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Obr. 6: Uspesnost riesenia &iastkovych tloh vyzadujicich prejavenie kompetencie
najdenie a prepojenie informacii v jednotlivych ro¢nikoch v percentach

5.2 SPRACOVANIE INFORMACII

Druhou zédkladnou kompetenciou ¢itatelskej gramotnosti je spracovanie informacii.
Tato kompetencia v sebe zahfna c¢innosti spojené s porozumenim textu, vysvet-
lenim vyznamu réznych casti textu, porovnavanim informacii, sustredenim sa na
Casti textu s cielom pochopit a spravne interpretovat text a informécie. Pri analyze
¢iastkovych tloh v pouzitych tlohach sme v ramci tejto kompetencie vytvorili dve
zékladné skupiny ¢innosti:

e interpretacia — zahfnia v sebe ¢innosti ako porozumenie textu, usporiadanie
informacii v texte, porovnavanie informécii, vyvodzovanie zaverov (Heldova,
2006),

e celkové porozumenie — s touto skupinou sa spajaji ¢innosti zamerané na
odhalenie hlavnej myslienky textu, pochopenia funkcie uvedenych informaécii,
¢i rozoznanie ciela uvedeného textu — informécie.

Kazda z ¢iastkovych tloh v ramci kompetencie spracovanie informaécii bola zame-
rané na preukazanie niektorej z ¢innosti patriacich do jednej z tychto dvoch skupin.
Na obrazku 7 uvadzame, v akom pomere sa v tlohach vyskytovali ¢iastkové tlohy,
ktoré sme pre ¢innosti, ktorych preukazanie vyzadovali, zaradili do jednej z vyssie
spominanych skupin.

Spracovanie informacii
26% Ointerpretacia
O celkové
porozumenie
74%

Obr. 7: Zasttpenie dvoch zakladnych skupin ¢innosti kompetencie spracovanie in-
formacii
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Pri skupine kompetencii zameranych na spravnu interpretaciu textu, dosiahli
Ziaci priemerni uspesnost rieSenia 55 %. Najlepsi boli pri rieSeni Ziaci deviateho
ro¢nika a najhorsi ziaci siedmeho ro¢nika (obr. 8). Pod priemerom sa nachadzali aj
osmaci a Siestaci dosiahli priemernt tspesnost. Celkovo ziakom najvicsie problémy
robili ¢iastkové tlohy vyzadujtce:

e na zaklade pochopenia hlavnej myslienky textu vyuzif viaceré vhodné infor-
maécie z textu pri odovodneni tvrdenia (25 %-néd spesnost rieSenia),

e na zaklade urcenia spolo¢ného znaku pochopit vyznam informécii uvedenych
v tabulke (30 %-né tspesnost riesenia),

e pochopenie informécie nepriamo uvedenej v texte (39 %-na tspesnost rieSenia).
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Obr. 8: Uspesnost riesenia &iastkovych tloh vyzadujicich prejavenie kompetencie
interpretacia textu v jednotlivych ro¢nikoch v percentach

Ziaci mali najviac problémov opif s ¢iastkovou tlohou, kde sa od nich vyzado-
valo porozumenie a vyuzitie viacerych informécii naraz. Tak ako pri kompetencii
ziskavanie informaécii, Ziaci neuvadzali kompletni odpoved ale vicsinou sa uspoko-
jili len s jednou jej castou. D& sa sice predpokladat, Ze ¢iastkova tilohu pochopili aj
spravne interpretovali, ibaze ju nedotiahli do konca.

Ziaci Siesteho ro¢nika mali v rdmci tejto skupiny kompetencii este tazkosti s iast-
kovymi tilohami, ktoré vyzadovali pochopenie informécie nepriamo uvedenej v texte.
Domnievame sa, Ze tito Ziaci zatial eSte nemali velmi moznost stretnit sa s takymto
typom informaécii, vyzadujacim urcitit dedukciu a pochopenie na zaklade najde-
nych spolo¢nych nepriamo urcenych znakov. Okrem toho sa ich nedostatky prejavili
aj v Clastkovych tlohach, ktoré sa zameriavali na pospajanie viacerych informéacii
v roznych cCastiach textu, ¢i posidenie pravdivosti takto ziskanych informacii. Tak-
tieZ najnizsiu, len 6 %-nu GspeSnost mali ziaci v ¢iastkovej tlohe, kde na zaklade
spolo¢ného znaku mali pochopif vyznam informacii uvedenych v tabulke. Myslime
si, Zze najvacsi problém im v tomto pripade robilo najdenie spoloc¢nej ¢rty medzi vy-
razmi, na zaklade ktorych by boli nésledne schopni identifikovat spravne informécie.
Prekvapivo boli v tejto ¢iastkovej tlohe slabi aj deviataci.
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U siedmakov sa okrem spominanych vSeobecnych chyb prejavili vyraznejsie ne-
dostatky pri hladani stvislosti medzi detailmi v texte (33 %-na tspesnost rieSenia)
v ciastkovej tlohe, kde sa od nich vyzadovalo prepojenie dvoch pojmov z réznych
casti textu. Tiez spolu s 6smakmi mali problémy pri c¢iastkovej tilohe, kde mali na
zédklade porovnania informécii v texte pochopit ¢ast textu, pricom oproti ostatnym
dvom roc¢nikom v tomto vyrazne zaostali.

Ziaci 6smeho ro¢nika mali navySe eSte oproti ostatnym ro¢nikom vjrazne ne-
dostatky pri davani do suvislosti konkrétne opakujice sa vyrazy v texte, dosiahli
v takejto Giastkovej tlohe len 34 %-ni Gspesnost rieSenia.

V ramci skupiny kompetencii zahiniajicej celkové porozumenie textu mali
Ziaci priemerni uspesnost rieSenia 57 %, teda len o nieco vys$iu ako pri interpreta-
cii. Najuspesnejsi boli pri rieSeni ziaci deviateho ro¢nika a najmenej tspes$ni ziaci
Siesteho ro¢nika. Ako mozeme vidiet z obr. 9, Gspesnost Siesteho a siedmeho rocnika
je pod hranicou priemeru, pricom sa lisi len nepatrne a podobne tspesnost 6smeho
a deviateho ro¢nika je nad priemerom a tiez sa len malinko lisi. M6Zeme konstatovat,
ze dva mladSie ro¢niky a dva starSie ro¢niky maj v oblasti tejto kompetencie velmi
podobné vykony.
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Obr. 9: Uspesnost riesenia &iastkovych tloh vyzadujicich prejavenie kompetencie
celkové porozumenie textu v jednotlivych ro¢nikoch v percentach

Sthrne prejavili ziaci v rdmci tejto skupiny kompetencii najvicsie nedostatky
pri ¢iastkovych tlohach zameranych na vyjadrenie a pochopenie hlavnej myslienky
textu vylucenim inej menej podstatnej témy (dosiahli 36 %-nu uspesnost). Najviac
problémov mali hlavne dva nizsie ro¢niky, ktoré v ramci takychto ¢iastkovych tloh
nedosiahli ani 25 %-ni tspesnost. Zrejme to suvisi s tym, Ze Ziaci nizSich ale ani
vysSich ro¢nikov nie st nauceni sami urcovat hlavni myslienku textu. Stale sa ob-
javuju problémy s vybranim tej dolezitejSej informaécie, resp. s pochopenim, na ¢o
je vlastne text zamerany.

5.3 ZHODNOTENIE TEXTU

Poslednou, trefou kompetenciou ¢itatelskej gramotnosti je zhodnotenie textu. Tato
kompetencia v sebe zahtnia dve hlavné skupiny ¢innosti zamerané na uvazovanie
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o obsahu a forme textu a jeho hodnotenie. Vzhladom na to, mdZeme hovorit o dvoch
zakladnych skupindch ¢innosti, prejavenie ktorych mali Ziaci preukézat pri rieSeni
nami vytvorenych tloh:

e posudenie obsahu textu — zahfna v sebe ¢innosti spojené s posudzovanim
tvrdeni z textu a ich porovnanim s vlastnymi poznatkami, s informéciami,
ktoré ma z inych zdrojov, zhodnotenie réznych casti textu a informécii, ich
dostatocnosti a doveryhodnosti,

e posudenie formy textu — ststreduje sa na ¢innosti spojené s uvazovanim
nad pouzitou formou vzhladom na ciel autora, s ktorym text pisal, rozliSenie
roznych druhov informacii, napr. odlisenie faktov od néazorov ¢i rozpoznanie
analégii, recnickych otazok, pouzitych grafickych znakov, grafov, tabuliek, ob-
razkov.

Ako vidiet z obrazka 10, védcsina ¢iastkovych tloh, v ktorych sa od Ziakov vy-
zadovalo preukazanie ovladania kompetencie zhodnotenie textu, bola zamerana na
posudenie obsahu textu. Vzhladom na nizky pocet ¢iastkovych tiloh, ktoré boli zame-
rané na posudenie formy textu, nezaoberdame sa ich analyzou, kedZe sa z ich malého
poc¢tu nedaju vyvodif Ziadne zavery.

Zhodnotenie textu
4%
O postidenie ohsahu
O posddenie formy
96%

Obr. 10: Zastupenie dvoch zékladnych skupin ¢innosti kompetencie ziskavanie in-
formacii v ¢iastkovych ulohach

Pri skupine kompetencii zahfnajucich postdenie obsahu textu bola vicsina ciast-
kovych tloh zamerana na zhodnotenie a postidenie pontikanych informécii vzhladom
na vlastné vedomosti a skiisenosti, ¢i na zaklade prepojeni textu a pochopenia za-
meru autora. Priemernd tispesnost rieSenia bola 56 % a ako vidiet na obr. 11, Ziaci
nizsich roénikov st pod priemerom a ziaci vyssich dosiahli ispesnost nad priemer.
Najvicsie tazkosti mali v tomto pripade Ziaci prave s tymi c¢iastkovymi tilohami,
ktoré vyzadovali zhodnotenie informéacii vzhladom na vlastné sktsenosti a vedo-
mosti. VAcSina tychto ciastkovych tloh uz pozaduje od zZiakov aj preukazanie urcitej
urovne prirodovednej gramotnosti, kedZze ziaci maju vyuzivat osvojené vedomosti
z prirodovednych vied na ohodnotenie informécii.

Okrem toho Ziaci Siesteho ro¢nika prejavili vyrazné nedostatky pri hladani stvis-
losti medzi ¢astami textu smerujicich k pochopeniu zdmeru autora (9 %-na tspes-
nost). Taktiez mali problémy s pochopenim, Ze medzi vSetkymi informaciami v texte
nemusi byt konkrétne spojenie, a pomocou tohto faktu néasledne spravne posudit
dané tvrdenia. Podobne zle dopadli pri ciastkovej tlohe, ktorad vyzadovala posiade-
nie informécie okrajovo suvisiacej s textom ale nepritomnej v texte. Usudzujeme, Ze
Ziaci nizsich roénikov eSte nemaju vela sktisenosti spajat informécie, ktoré nemaju
priamo dané, s informaciami, ktoré maju pred sebou.
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Obr. 11: Uspesnost rieSenia ¢iastkovych tloh vyzadujicich prejavenie kompetencie
postudenie obsahu textu v jednotlivych ro¢nikoch v percentach

6 ZAVER

Pri realizovanom predvyskume sme sa pokusili spoznat a popisat problémy Ziakov
pri rieSeni komplexnych tloh z chémie zameranych na rozvoj ¢itatelskej gramotnosti
v odbornych textoch z prirodnych vied. Sustredili sme sa na prejavovanie kom-
petencii Citatelskej gramotnosti, ktort povazujeme za nevyhnutny predpoklad pre
rozvijanie prirodovednej gramotnosti. Domnievame sa, ze ziaci na druhom stupni za-
kladnej skoly by sa aj na hodinach chémie a inych prirodovednjch predmetoch mali
Castejsie stretavat s lohami takého typu, ktoré ich veda k rozvijaniu citatelskej gra-
motnosti v ramei ¢itania odbornych aj laickych textov z prirodnych vied. Vzhladom
na popisané problémy Ziakov pri rieSeni ¢iastkovych tloh v suvislosti s ¢itatelskou
gramotnostou odportacame v jednotlivych ro¢nikoch nasledujiice zameranie ¢iastko-
vych tloh ako predpoklad pre rozvoj prirodovednej gramotnosti:

e Siesty ro¢nik — lohy zamerané na vyhladanie informécie definujicej podstatu
urc¢itého procesu, vyhladanie informécie na zaklade dvoch a viacerych kritérii,
vyhladanie Tahko zamenitelnej informaécie, pochopenie a spréavnu interpreté-
ciu odbornej informécie uvedenej v tabulke, rozpoznanie hlavnej myslienky
textu, pochopenie informécie nepriamo uvedenej v texte, posidenie informa-
cie v texte, ¢i informécie suvisiacej s textom a témou, najdenie stvislosti medzi
Castami textu;

e siedmy roc¢nik — tlohy na hladanie komplexnej informaécie, na identifikovanie
informéacie na zaklade viacerych kritérii, hladanie stvislosti medzi informa-
ciami v texte, pochopenie nepriamo uvedenej informaécie, zhodnotenie infor-
macii s vlastnymi vedomostami;

e Osmy roc¢nik — najdenie informacie definujicej podstatu nie¢oho, pochopenie
textu na zaklade porovnania informécii, hladanie stvislosti medzi opakujticimi
sa vyrazmi v texte;

e deviaty ro¢nik — najdenie komplexnej informacie, spravne pochopenie hlavnej
myslienky, zhodnotenie tvrdenia vzhladom na vlastné skisenosti.
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Mozeme teda konsStatovat, Ze v suvislosti s ¢itanim a spracovdvanim textov od-
borného charakteru z prirodnych vied, konkrétne zameranych na chémiu, maji nasi
Ziaci problémy. Myslime si, Ze tieto tazkosti mozu mat dopad na rozvoj prirodovedne;j
gramotnosti, a preto je dolezité zameraf sa aj na to, aby Ziaci rozvijali svoje schop-
nosti v ramci Citatelskej gramotnosti v ¢itani chemickych a prirodovednych textov.
Bez schopnosti ¢itat st ziaci obmedzeni v hibke a Sirke prirodovednjch poznatkov,
ktoré mozu dosiahnut a teda aj prirodovednej gramotnosti (Fang, Wei, 2010).

Domnievame sa, ze dobry potencial v tomto smere predstavuji prave spominané
komplexné tlohy, a preto si myslime, Ze je potrebné zameraf sa aj na vytvorenie
takychto tloh z chémie a inych prirodovednych predmetov a vypracovat metodické
prirucky pre ich pouzitie.
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Doktorské studium v didaktice chemie
po 20 letech opét v Hradci Kralové

Martin Bilek

Abstrakt

Piirodovédeckd fakulta Univerzity Hradec Kralové znovu ziskala akreditaci doktorského
studijniho oboru Didaktika chemie, a stala se tak tfetim pracovistém v CR, které tento
obor nabizi. Jsou shrnuty védecko-vyzkumné a odborné aktivity Katedry chemie, ktera je
za obor zodpovédna. Dale jsou zminény kurzy pro doktorandy a jejich dalsi povinnosti.

Klicova slova: didaktika chemie, doktorské studium, obsah studia.

Doctoral Studies in Chemistry Education
after 20 Years Again in Hradec Kralové

Abstract

The Faculty of Sciences, University of Hradec Kralova, received accreditation for doctoral
studies in Chemistry Education, and thus became the third place in the Czech Republic
which offers this field of study. Scientific and professional activities of the Department of
Chemistry are presented as this department is responsible for the PhD studies. Courses
for PhD students as well as their other duties are mentioned.

Key words: chemistry education, doctoral studies, courses of chemistry education.
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Potvrzenim dlouhodobé tradice védecko-vyzkumné c¢innosti v didaktice chemie
a piipravy uciteld chemie na Katedfe chemie P¥irodovédecké (ptivodné Pedagogické)
fakulty Univerzity Hradec Kralové (PfF UHK) se stala na jare letosniho roku akre-
ditace doktorského studijniho programu/oboru Chemie/Didaktika chemie. Akredi-
tovany doktorsky studijni obor Didaktika chemie navazuje na stavajici magisterské
studijni obory Ucitelstvi chemie pro stfedni skoly a Ucitelstvi chemie pro 2. stupen
zédkladni gkoly, akreditované bud pod studijnim programem Chemie, nebo pod stu-
dijnimi programy Ucitelstvi pro stfedni skoly a Ucitelstvi pro zakladni skoly a také
na obory chemické, jejichz absolventi ziskali pedagogickou kvalifikaci v ramci dopl-
nujiciho pedagogického studia nebo ucitelstvi odbornych predméti.

Didaktika chemie je obor, ktery predstavuje soudoby jednotici pohled na proces
vychovy a vzdélavani v chemii, ktery zahrnuje metodiku, didaktiku ¢i teorii vyuco-
vani jako svébytné diléi komponenty (obecné didaktika chemie, didaktika anorga-
nické chemie, didaktika organické chemie apod.). Vzhledem k intenzivnimu vyvoji
v oblasti prirodnich, lékatskych, technickych, zemédélskych a dalSich véd nabyva
tento obor na vyznamu kvuli potfebam neustélé inovace ptirodovédného (chemic-
kého) vzdélavani na zékladnich, stfednich i vysokych skolach, véetné téch vzdéla-
vajicich budouci ucitele. Bez kvalitné pripravenych uciteld jednotlivych typt skol
nelze ocekavat zlepseni v této oblasti. Didaktika chemie zahrnuje fadu tematickych
okruhi, napf. transformaci védeckych poznatkt do procesu vyuky chemie, vyzkum
a vyvoj Skolnich chemickych experimenti, aplikace ICT v chemickém vzdélavani,
ekologické a toxikologické aspekty vyuky chemie apod. (Bilek, 2003). K vyznam-
nym aktivitAm nalezi i mimoskolni ¢innost ¢i péce o talenty. Z uvedenych prikladi
je zfejmé, ze dalsi odborna a védecké priprava ucitele chemie je naro¢nou a odpo-
védnou zalezitosti. Absolvent oboru uditelstvi chemie nemiiZze byt ponechan pouze
zivelnému vyvoji, vychazejicimu z empirickych zkusenosti, které piinasi pedagogicka
praxe, ale je tfeba tuto oblast rozvijet na zakladé vysledkt vyzkumnych aktivit ade-
kvatné vzdélanych odborniki.

Na univerzitach piirodovédného a pedagogického zaméfeni v Ceské republice
v poslednich deseti letech existovaly pouze dvé pracovisté s timto doktorskym stu-
dijnim oborem, a to Pfirodovédecka fakulta Univerzity Karlovy v Praze (Katedra
ucitelstvi a didaktiky chemie) a P¥irodovédecka fakulta Univerzity Palackého v Olo-
mouci (Oddéleni didaktiky chemie Katedry anorganické chemie), s nimiz je garantu-
jici Katedra chemie PTF UHK v tizkém kontaktu a predpoklada se izka spoluprace
pii realizaci studia. Bude tak zajisténa koordinace a spolupréice vSech t¥i pracovist
napf. moznosti rozsiteni nabidky volitelnych predmétt pro individualni plany dok-
torandi, organizaci spolecnych prednasek, workshopi, projektt a dalsich aktivit.

Zamérem noveé akreditovaného doktorského studijniho oboru je navazat na dlou-
hodobou védecko-vyzkumnou a odbornou ¢innost Katedry chemie PFfF (do roku
2010 PdF) UHK v oblasti didaktiky chemie, kterou doklada Siroka mezindrodni
spoluprace zejména pii organizovani pravidelné mezinarodni konference a seminafe
o vyuce chemie v Hradci Kralové (22 ro¢nikt od roku 1991) a v ramci bohatych kon-
takti v programu LLP/Erasmus (desitka smluv orientovanych na udéitelstvi chemie
a na didaktiku chemie).

Nové ustavené Oddéleni didaktiky chemie Katedry chemie PTF UHK v posled-
nich deseti letech hostilo v ramci stazi doktorandy oboru didaktika chemie (teorie
vyucovéani chemie) z Ceské republiky, ze Slovenska, z Polska, z Némecka a ze Slovin-
ska a v roce 2009 usporadalo 6. Mezinarodni seminai studenti doktorskych studij-
nich obort zaméfenych na chemické vzdélavani (pravidelné porddany od roku 2004
stiidavé v Ceské republice a na Slovensku s uéastniky — doktorandy z CR, Sloven-
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ska a Polska). V ramci konferenci, seminait, pripadné samostatnych prednasek na
Katedie chemie PTF UHK vystoupila fada renomovanych zahrani¢nich odbornikt
z oblasti didaktiky chemie (napf. prof. Dr. Peter Pfeifer, Prof. Dr. Katrin Som-
mer a Prof. Dr. Andreas Kometz z Némecka, Prof. Dr. Onno de Jong z Holandska,
prof. Dr. Aleksander Sztejnberg a prof. Dr. Ryszard Gmoch z Polska, prof. Ninel
Jevgenjevna Kuznéncova a prof. Maria Sergejevna Pak z Ruska, prof. Dr. Agnaldo
Arroio a prof. Dr. Yuri Orlik z Brazilie, prof. Dr. Vincentas Lamanauskas z Litvy,
prof. Dr. Janis Gedrovics z Lotysska, prof. RNDr. Otto Tomecek, Ph.D., Dr.h.c.,
prof. PhDr. Cubomir Held, CSc., a prof. RNDr. Peter Silny, CSc. ze Slovenska aj.).
S mnohymi z nich ¢lenové Oddéleni didaktiky chemie dlouhodobé spolupracovali
a spolupracuji na vyzkumnych projektech.

Dalsi skutecnosti, relevantni pro opétovné ziskani akreditace, je i zajem student,
ktefi v minulosti absolvovali obor ucitelstvi chemie na UHK, o doktorské studium
na jinych univerzitach prirodovédného, technického a pedagogického zaméreni, a to
jak v doktorskych studijnich oborech chemicko-didaktickych, tak chemickych. V po-
slednich 10 letech tspésné dokoncily doktorské studium na jinych vysokych skolach
vice nez dvé desitky studentt, ktefi ziskali titul Ph.D.

Co se tyka obsahu doktorského studia, tak student musi absolvovat tii po-
vinné predméty, a to Metody védecké prace, Metodologie pedagogického a oborove-
-didaktického vyzkumu a Soudobé trendy v didaktice chemie. Posledni jmenovany
predmét je souborem specializujicich kurzii zamérenych na jednotlivé subdiscipliny
didaktiky chemie, jimiz jsou obecné didaktika chemie, didaktika obecné a anorga-
nické chemie, didaktika organické a bioorganické chemie, didaktika fyzikalni chemie,
didaktika analytické chemie, didaktika biochemie a didaktika chemické technolo-
gie. Student si voli jednu ze subdisciplin jako povinny pfedmét dle zameéteni svého
disertacniho projektu. Pfedméty jsou koncipovany jako pokrocilé discipliny s pro-
hlubujicim a rozsifujicim obsahem navazujicim na podobné orientované predméty
absolvované v magisterském studiu. Jejich obsah je zaméfen na nejnovéjsi trendy
didaktiky chemie a na vysledky oborové-didaktického vyzkumu v uvedenych oblas-
tech a jejich aplikace v pedagogické praxi na vSech trovnich skolskych systémi.
Zvlastni pozornost je vénovana komparaci pojeti a struktury uvedenych subdisci-
plin didaktiky chemie v zahraniéi, a to jak v sousednich zemich (Némecko, Polsko,
Slovensko a Rakousko), tak v zemich s bohatou chemicko-didaktickou tradici (USA,
Velka Britanie, Francie, Slovinsko, Rusko aj.). Aktudlni trendy didaktiky chemie,
které se promitaji do jednotlivych vySe uvedenych subdisciplin didaktiky chemie,
tvoii zejména nasledujici oblasti, formulované zejména s oporou v poslednim vydani
,Handbook of Research on Science Education“ (Abel, Lederman, 2007) a v ,,Mis-
conceptions in Chemistry. Addressing Perceptions in Chemical Education“ (Barke,
Hazari, Yitbarek, 2009):

e badatelsky orientovana vyuka pfirodovédnych pfedmétii/chemie (IBSE — In-
quiry Based Science/Chemistry Education),

e prekoncepce a miskoncepce zaki ve vyuce chemie,

e socidlni aspekty chemického vzdélavani (napi. genderova problematika, socio-
-ekonomické aspekty chemického vzdélavani, kulturné-jazykové aspekty che-
mického vzdélavani, komunikace v chemickém vzdélavani apod.),

e 7Aici se specidlnimi potfebami a talentovani zaci v chemickém vzdélavani,

e filozofie piirodnich véd (Nature of Science) v chemickém vzdélavani,
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e environmentélni aspekty chemického vzdélavani (napf. ,green chemistry®, tr-
vale udrzitelny rozvoj),

e orientace pripravy uciteli chemie na pedagogické/didaktické znalosti obsahu
(PCK — Pedagogical Content Knowledge),

e e-learning v chemickém vzdélavani (napf. LMS, vzdalené a virtudlni labora-
tore),

vazby chemického vzdélavani na kazdodenni zivot a svét préce.

Na povinné predméty navazuji podle specifikace diserta¢niho projektu dokto-
randa dva bloky povinné-volitelnych predmétl, prvni se zaméfenim na didaktiku
chemie a druhy na chemii. Soucasti studijniho planu doktoranda je i povinna zkouska
z ciziho jazyka, uskutec¢néni studijniho pobytu na zahrani¢ni nebo tuzemské vysoké
skole, publikace vysledkl prace v recenzovanych domacich a zahrani¢nich ¢asopisech
a jejich prezentace na seminéfich a konferencich v CR i v zahraniéi.

Doktorské studium v didaktice chemie se na Oddéleni didaktiky chemie Katedry
chemie PTF UHK vraci po dvaceti letech a mélo by nalézt distojné misto mezi
doktorskymi studijnimi obory podobného zaméteni. V soucasné dobé vypisuje PrF
UHK pro tento nové akreditovany obor pfijimaci fizeni ke studiu v akademickém
roce 2013-2014. Podrobnosti o studijnim oboru a pozadavcich na uchazece je mozné
ziskat u garanta oboru a predsedy oborové rady prof. PhDr. Martina Bilka, Ph.D.,
na e-mailové adrese martin.bilek@uhk.cz nebo na www strankach Univerzity Hradec
Kralové http://www.uhk.cz.
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