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This article analyses and compares Czech secondary school mathematics textbooks Key words:
designated for vocational schools from the perspective of financial relationships and  financial literacy,

dependencies. Understanding financial relationships and dependencies, such as infla- functional thinking,
tion or the relationship between the potential return of an investment and its riskiness, relationships and

play an important role in financial literacy and indeed are implicitly present in the dependencies, inflation,
Czech Financial Literacy Standard. Functional thinking is an important prerequi- mathematics textbooks.

site for understanding financial relationships and dependencies. Moreover, financial

topics may be motivating and suitable contexts for developing such thinking. We

performed a comparative analysis of four sets of Czech secondary mathematics text-

books designated for vocational schools to evaluate the extent to which their tasks

may help pupils gain a deeper understanding of financial relationships and dependen-

cies and develop their functional thinking. Our comparative analyses indicate that

these mathematics textbooks do not provide teachers and pupils with opportunities

to gain insights into the relationships and dependencies in financial education and fail

to fully exploit the potential of the tasks with financial contexts to develop pupils’

functional thinking. The importance of the study lies in its focus on the connection  Received 9/2023
between financial education and functional thinking, a link which has been missing  Revised 11/2023
in the literature we are familiar with. Accepted 12/2023

1 Introduction

The current economic situation, accompanied, among other things, by strong inflationary pressure, has
led Europe, including the Czech Republic, to search for an optimal way to protect money, which is
losing its real value. Individuals are being approached with various investment offers to help them “beat”
inflation. However, many do not adequately understand basic financial relationships, including that every
investment involves risk, as indicated by the warnings on the Czech National Bank’s website (CNB,
23. 5. 2023). In this context, the need to develop individuals’ financial literacy as early as possible in
their education so that they reach an appropriate level of financial literacy upon leaving school is all
the more important. The required level of financial literacy during formal education is defined by the
financial literacy standard (MoF, 2017) and is considered to be acquired by the end of secondary school.

The level of financial literacy was measured by a PISA survey in 2012. Participants from the Czech
Republic achieved an average result, similar to participants from some other European countries. At
the same time, it was found that financial literacy is closely related to mathematical and literacy skills
and that the level of financial literacy is influenced by the socio-economic status of the individual or
their family (OECD, 2014). In the Czech Republic, this was apparent in the above-average results of
pupils from secondary grammar schools (usually attended by individuals from better social and economic
backgrounds), in contrast to the average results of pupils from vocational secondary schools and the below-
average results of the most socially and economically disadvantaged pupils from vocational schools, who
achieved only a basic level of financial literacy (CSI, 2014, 2023). Taking into account the PISA definitions
of basic and average levels of financial literacy (OECD, 2014), it can be assumed that pupils with this
level of financial literacy, if it were their ultimate level, would have difficulty making responsible financial
decisions in their future lives, especially long-term ones.

In our view, the ability to make financial decisions with long-term implications is largely dependent
on a deeper understanding of the relationships and dependencies in the world of finance, including the
relationship between potential returns and the riskiness of an investment and the dependencies between
the inflation rate and the real value of funds. Reasoning in relations and dependencies is an integral part
of mathematical literacy, and mathematics education has long been concerned with developing pupils’
functional thinking as an intrinsic part of mathematical thinking that enables individuals to think in
contexts and notice dependencies between variables. One of the goals of developing functional thinking in
pupils is to equip them with the skills to recognise and correctly interpret the various relationships and
dependencies they encounter in everyday life (Lichti & Roth, 2019). Personal finance is a good real-life
example of an area where pupils should use their previously acquired functional thinking skills.

In the Czech Republic, however, Opletalova (2015) found that teachers often hesitated to teach finan-
cial education because they had limited knowledge and skills in this area; this applied to both civics and
social studies teachers and mathematics teachers. Even the Czech School Inspectorate (2023), in their
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thematical report on financial education, noted that teachers complain of limited methodical support
for them concerning financial education. In this context, textbooks become very important as they can
support the teacher when covering the not-so-popular topic of financial education. To our knowledge,
however, there is currently no research that specifically addresses the content of mathematics textbooks
that include financial education topics, much less research that aims to explore the extent to which such
textbooks facilitate a deeper understanding of the relationships and dependencies that are essential for
responsible financial decision-making.

This article aims to fill this gap, at least partially, by analysing Czech secondary school mathematics
textbooks designated for vocational schools to find out to what extent textbooks support teachers in
designing teaching focused on a deep understanding of financial relationships and dependencies. Secondary
school textbooks are selected as Czech pupils mostly meet financial relationships and dependencies at
this stage of their schooling (MoF, 2017).

We first briefly describe the theoretical background of this study and the related literature. We then
present the results of the analysis of four sets of secondary school mathematics textbooks, followed by
a discussion of our results and conclusion.

2 Theoretical background and literature review

In this section, we first examine the relationship between financial literacy and functional thinking. Next,
we present a concept development theory and show how it may be used for task analysis. Finally, we
describe what role mathematics textbooks may play in financial education and formulate our research
questions.

2.1 Financial relationships and dependencies and functional thinking
In the Czech National Strategy for Financial Education 2.0, financial literacy is defined as “a set of

knowledge, skills and attitudes necessary to achieve financial well-being through responsible financial
decision-making” (MoF, 2019, p. 4). Similarly, the OECD (2014) defines financial literacy as

knowledge and understanding of financial concepts and risks and the skills, motivation and
confidence to apply such knowledge and understanding in order to make effective decisions
across a range of financial contexts, to improve the financial well-being of individuals and
society, and to enable participation in economic life. (p. 33)

Both definitions above outline skills in the financial domain and rational decision-making regarding
financial problems, whilst the second one adds an understanding of financial concepts. Understanding
financial relationships and dependencies is part of the understanding necessary to make effective or
responsible financial decisions. Inflation is a classic example. One cannot make a responsible financial
decision without a sound understanding of inflation. Nevertheless, all the consequences of inflation can
be read as relationships or dependencies, and inflation itself depends on the volume of money in a given
economy.

Many authors emphasise the role of pupils’ functional thinking in developing their understanding of
relationships and dependencies in real contexts. Functional thinking (a term first used by the mathemati-
cian F. Klein more than 100 years ago), i.e., the ability to perceive the relationships between phenomena
and to reason in terms of cause and effect, can be considered one of the important goals of mathematics
education that is applied in the life of every individual (Lichti & Roth, 2019). As stated by Niss (2014):

functions play crucial parts in the application of mathematics to and modelling of extra-
mathematical situations and contexts, e.g., when the development of a biological population
is phrased in terms of a nonnegative function of time, when competing coach company tariff
schemes are compared by way of their functional representations, or when the best straight
line approximating a set of experimental data points is determined by minimising the sum-
of-squares function. (p. 239)

There is a two-way relationship between financial education and pupils’ functional thinking. Firstly,
financial issues provide an attractive context for pupils and students to develop their functional thinking.
As Eisenmann and Kopéackova (2006) state, tasks with economic assignments in financial mathematics
are well tolerated by pupils in primary and secondary schools; they are intrinsically motivated to solve
them. They may, therefore, be good examples (or in terms of the Theory of Generic Models (Hejny,
2012, 2014) suitable isolated models) of the concept of a function and may serve well to gain a deeper
understanding of functions in general. Consider that in the financial domain, we may encounter functions
that are not continuous and that do not correspond to any commonly studied function in primary or
secondary school (such as linear functions, quadratic functions or exponential or logarithmic functions)
(Eisenmann & Kopackova, 2006).
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Secondly, thinking more closely about relationships in finance can help pupils develop and deepen
their financial literacy. In their future financial decisions, pupils will be confronted with a large amount of
data, which may be presented, for example, in the form of graphs or tables, but at the same time, pupils
may lack data to make rational and responsible decisions. Taking the simple example of a decision about
whether to invest in a corporate bond, the pupil will likely have information about the potential return
on the security. To make the right decision, however, the pupil will need to realise that the return on
a security depends on its risk (i.e., that a high potential appreciation is a sign of a risky investment and,
therefore, less likely to actually achieve a higher appreciation) and that the real appreciation of a security
will also be affected by inflation and its expected development over the investment period.

Research on functional thinking has identified several areas where pupils display misconceptions and
learning difficulties. In finance, the problem with the interpretation and meaning of functions and prob-
lems related to the representation of functions appear to be particularly crucial. Numerous studies have
shown that pupils struggle to recognise functions in the real world and everyday experience and can-
not interpret them correctly (e.g., O’Shea et al., 2016). Indeed, pupils may not be confronted with such
practice-oriented tasks in mathematics textbooks (Mesa, 2004). This also leads them to tend to think
of functions mainly in terms of the models they have encountered in mathematics classes (e.g., linear,
quadratic, etc.) and thus not identify as functions relationships that do not correspond to these basic
mathematical functions or that cannot be expressed simply in a single algebraic expression (Tall & Bakar,
1992). As mentioned above, relationships between variables in finance rarely correspond to simple mathe-
matical functions from mathematics textbooks. An individual with such a limited knowledge of functions
from school cannot recognise that they are confronted with a function and cannot reason about the
dependent and independent variables, their relationship, etc.

Regarding interpretation, it may also be noted that reasoning about the dependent and independent
variables appears problematic. Some pupils do not understand these concepts well (Sierpinska, 1992) and
may confuse them, reversing the causal relationship. A typical example from the financial field is the
failure to understand that when examining the relationship between potential return and riskiness of an
investment, risk is an independent variable, and potential return is a dependent variable. Unlike return,
this can lead to underestimating risk, which usually has no specific numerical expression.

Another fundamental problem for understanding the world of finance concerns the representation of
functions. Research shows that pupils may have difficulty transitioning between different ways of express-
ing a function (e.g., graphically, verbally, using tables of values, or algebraically, Dubinsky & Wilson,
2013; Kopackova, 2005), and even that some difficulties with different representations of functions may
persist for teachers (Hitt, 1998). This, again, narrows the understanding of what is and is not a function
(Tall & Bakar, 1992). It also makes it impossible for pupils to interpret the relationship presented to them
correctly. It is, therefore, necessary to present pupils with sufficient different representations of functions
(Sierpinska, 1992). After all, real financial documents also contain data presented and organised in a very
different manner (mainly graphs and tables), and understanding a particular relationship between data
and the ability to translate from one representation to another is crucial here.

In the next section, we discuss how the Theory of Generic Models can help overcome some difficulties
in financial relationships and dependencies noted above.

2.2 Theory of generic models in teaching financial relationships and dependencies

An important premise we are making here is that we can apply theories borrowed from mathematics
education to help pupils better understand financial relationships or dependencies, even though this is
not how financial relationships and dependencies are usually taught. In mathematics education, concept
development theories are particularly important as they allow for the description of pupils’ level of
understanding but can also provide the basis for designing teaching. In the Czech context, the most
widely used theory is the Theory of Generic Models, developed by Hejny (2012). This theory consists of
several levels of knowledge acquisition with mental shifts in between. The first is the level of motivation,
which should activate pupils and awaken their interest in the subject. This is followed by the level of
isolated models, where the pupil obtains enough experience with concrete examples of future knowledge.
According to Hejny (2014), it is important to include not only concrete models of such knowledge but
also non-models (non-examples of future knowledge), surprising models (models which one would expect
not to be a model of future knowledge) and apparent models (they are not models of future knowledge,
but may appear to be at first sight). Gradually, the pupil creates a generic model from these isolated
models in their mind. The generic model is an example of all the previous isolated models and contains
their common elements. The abstract shift then leads to the acquisition of abstract knowledge, which
in mathematics is traditionally represented, for example, by algebraic formulas. The whole process is
accompanied by what Hejny calls crystallisation, which consists of connecting new knowledge to existing
knowledge and any knowledge in the future (Hejny, 2012).
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The Theory of Generic models thus describes how pupils acquire new knowledge in mathematics, but
it can also be used as a support for designing teaching aimed at deep understanding (and indeed has been,
see, e.g., Hejny, 2014). Let us present an example from finance. Suppose we teach about the phenomenon
of inflation. After motivation, the pupil should gradually be confronted with isolated models, that is,
various manifestations of inflation, i.e., the increase in price levels (or simply price increases), but also
the loss of the value of money over time. This is essential if the pupil is to realise later that inflation
impacts not only prices but also funds deposited in the bank, funds in savings or investment products, etc.
Such a realisation would be a generic model later abstracted into the formula for calculating inflation or
its economic and statistical definition. When such knowledge is further crystallised, one can imagine that
the pupil can realise, for example, why more loans or increased pensions create inflationary pressures.
The teaching designed according to the stages of the Theory of Generic Models aims to reach a deep
understanding of concepts and relationships in pupils.

In the next section, we discuss the role of textbooks in teaching financial education and how the
previously mentioned theories and findings may be translated into them.

2.3 Role of textbooks

In teaching financial education, as well as in teaching other topics, textbooks play a major role. Teachers
perceive textbooks as a curriculum translation (Chiappetta & Fillman, 2007). Textbooks influence their
teaching of mathematics, what and how pupils learn, and what experience pupils take away from the
lessons (Tarr et al., 2006). As Johansson (2006) demonstrated, textbooks may be used as a teacher’s
guide for organising mathematics lessons, including the motivational part of the lessons.

Taking into account the wide use of textbooks in mathematics lessons (Mullis et al., 2012) and a
certain degree of fear of teaching financial education or self-reported lack of teaching support among
Czech teachers (Opletalova, 2015; CSI, 2023), it is highly likely that textbooks and their content would
also play a crucial role in teaching financial literacy in mathematics and in shaping the experience pupils
take away from their lessons on financial education in mathematics.

Considering the above, we may ask to what extent textbooks support the design of teaching aimed at
deep understanding. For example, Pang and Sunwoo (2022) analysed a Korean elementary mathematics
textbook related to functional thinking based on the premise that specific tasks may foster functional
thinking. Shield and Dole (2012) used, among others, theories of learning to explore the potential of
textbooks to promote deep learning. Zenkl (2021) analysed Czech mathematics textbooks for secondary
schools from the perspective of the Theory of Generic Models while investigating combinatorial concepts
aimed at deep understanding.

In the context of chapters on financial education, the presence of particular isolated models in the
textbooks (e.g., non-models, surprising models or apparent models) would help pupils to gain a deep
understanding of financial relationships and dependencies. According to Hejny (2012), those specific
models would help pupils to build their generic model and to prevent them from gaining mechanical
knowledge. Likewise, some tasks presented to pupils may offer them an opportunity to look for common
features and generalise their previous knowledge (and so offer them an opportunity to create a generic
model).

Furthermore, as summarised by Pang and Sunwoo (2022) in relation to the role of mathematics
textbooks in fostering functional thinking, it may be promoted by using real-life contexts in tasks, using
various pattern tasks (numeric and geometric patterns, additive and multiplicate relationships). As also
stated by the same authors, functional thinking may be fostered by using tasks that lead pupils to explore
relationships by looking at the change in two quantities and using tasks that lead pupils to represent
relationships symbolically.

Tasks related to the financial world are, in principle, very close to the real life of pupils. As stated
above, financial documents contain much data in table and graph form, which can be analysed in terms
of dependent and independent variables, during which we always need to simultaneously analyse changes
in both dependent and independent variables if we want to understand a particular relationship correctly
(e.g., a change in the potential return of an investment offer accompanied by a change in its riskiness, or
a change in the return of a saving product in response to a change in its liquidity, etc.). Thus, there is
an opportunity to foster pupils’ functional thinking if confronted with well-designed mathematical tasks
relating to financial relationships and dependencies in their mathematics textbooks.

2.4 Research questions

Based on the literature review above, the following research questions are formulated:
RQ1: What financial relationships and dependencies from the Financial Literacy Standard currently
in force in the Czech Republic can be found in the selected textbooks?
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RQ2: Which topics in the field of financial education are presented in more detail, and which are
missing in the textbooks? What types of financial relationships and dependencies are included?

RQ3: Do tasks with a financial context in the textbooks allow pupils to build quality generic models
of financial relationships and dependencies?

RQ4: Do tasks with a financial context in the textbooks facilitate pupils’ functional thinking?

3 Methodology

In this section, data selection and analytical methods are discussed.

3.1 Data

We analysed the Czech Financial Literacy Standard (2017) and four sets of mathematics textbooks used
in Czech secondary schools. These are sets of textbooks commonly available and used in schools. They
are approved for teaching by the Ministry of Education, Youth and Sports of the Czech Republic.
Textbook sets that are designed exclusively for secondary grammar schools are not included in the
sample, as this study does not focus on this specific segment of relatively prestigious secondary schools,
bearing in mind, like Dubinsky and Wilson (2013), that relatively little research has focused on the
learning needs of rather below-average pupils in relation to specific mathematical concepts. Thus, we
analysed the textbooks which, according to their authors, can be used in different types of secondary
schools (Tab. 1).

Tab. 1: Textbooks included in the study

Publisher Textbook series name Volumes included in the Authors Year of Code
study publi-  designation
cation  of the set in
the study
Didactics Matematika pro stfedni Volume 1: Numbers and Markova, 2020 D
odborna ucilisté expressions Siebenbiirgerova,
[Mathematics for Zemek, & Macélkova
vocational schools] Volume 2: Equalities, Markova 2021
Inequalities, Functions & Macalkova
Volume 4: Stereometry, Kvétonova, Markova, 2021
Work with Data & Macélkova
Prometheus Matematika pro Volume 1 Calda 1996 P1
netechnické obory SOS Volume 2 Calda 1997
a SOU [Mathematics for ~ Volume 3 Calda 1998
non-technical
programmes of secondary
and vocational school]
Prometheus Matematika pro stfedni Volume 1 Calda, Petranek, 1996 P2
odborné skoly a studijni & Repova
obory strednich Volume 2 Odvarko, Repova, 2001
odbornych uéilist & Skiicek
[Mathematics for Volume 3 Odvéarko & Repova 2009
secondary schools and Volume 4 Petranek, Calda, 2002
selected programmes of & Hebak
vocational schools] Progressions and Odvarko 2002
Financial Mathematics
Fraus Matematika s nadhledem Volume 1: Number Fuchs & Tlusty 2019 F
od prvaku k maturité Fields, Sets
[Mathematics with an Volume 2: Algebraic Fuchs & Koldova 2019
overview from freshman  Expressions
to high school diploma] Volume 3: Equalities Zhouf 2019
and Inequalities I
Volume 4: Equalities Zhouf 2019
and Inequalities IT
Volume 5: Functions Tlusty 2019
Volume 9: Goniometry Tlusty & Pomykalova 2019
and Trigonometry
Volume 13: Tlusty 2020
Combinatorics,
Probabilities, Data
Volume 14: Progressions Tlusty 2020
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All the textbooks included in the study have a similar structure. Each chapter consists of an expla-
nation of the new subject matter, sample tasks, and tasks to be solved by pupils.

The parts that deal with financial mathematics are studied from each set of textbooks. Tab. 2 presents
the number of pages of such parts and shows that chapters on financial mathematics usually form a neg-
ligible part. This chapter represents less than 1% of the content in two textbooks. For the other two
textbooks, the proportion is slightly higher.

Tab. 2: Size of the chapters on financial mathematics in the textbooks

Set of textbooks Number of pages in the chapter Number of pages in the whole Percentage of the textbook

on financial mathematics set of textbooks set devoted to the chapter
on financial mathematics
D 6 408 1.5%
P1* 7 865 0.8%
p2** 45 973 4.6%
F 10 1201 0.8%

* This set of textbooks does not contain any chapter dealing directly with financial mathematics, but this topic
is mostly represented in the chapter on the application of progressions.
** This set of textbooks contains only a chapter on using progressions in financial mathematics.

Next, we analyse the parts of the textbooks that might contain tasks with a financial context that
potentially target pupils’ functional thinking (in particular, the parts that focus on numbers and opera-
tions on numbers, expressions, equations and inequalities, functions, statistics and probability). We did
not analyse any of the parts or chapters in the textbooks on plane geometry, solid geometry, or analytical
geometry.

The textbooks in set D also include integrated workbooks, but they are not examined as the other
textbooks have separate workbooks, and we wanted to keep the same conditions of comparison for all four
sets of textbooks. Similarly, all the workbooks are prepared by the same authors as the textbooks. Thus,
the type of tasks presented in the workbooks might be very similar to those in the textbooks, and further
analysis of all the workbooks would not, in our opinion, change the results of this analysis significantly.

3.2 Data analysis

Following Fan et al.’s (2013) recommendations, the textbooks are analysed according to predefined criteria
and then compared based on these criteria. The predefined criteria, summarised in Tab. 3 below, are based
on our research questions and previous literature overview.

First, we performed a qualitative content analysis of the current Czech Financial Literacy Standard
(2017) to determine the targeted financial relationships and dependencies. They became part of the
analytical framework and are listed in Appendix I.

Secondly, based on the Financial Literacy Standard (2017) analysis, we analysed the chapters on
financial mathematics in four textbooks. In these chapters, we examined the context of word problems in
relation to the Financial Literacy Standard applicable in the Czech Republic (individual topics are listed
below in Tab. 4). If the context for a task was related to the financial relationships and dependencies
presented in Appendix I, we further investigated whether the task could contribute to developing a generic
model of a given relationship and to developing pupils’ functional thinking. For example, if we found a task
asking for an interpretation of a graph representing the relationship between the inflation rate and the
real value of savings, we would consider such a task as developing pupils’ functional thinking and also
helping them to develop a generic model of inflation (such as the phenomenon of depreciation of the real
value of money).

Then, similarly, in the textbook sets studied, we considered other chapters potentially including tasks
with a financial context which could be used to develop pupils’ functional thinking and analysed tasks
included in those chapters based on the same criteria.

4 Results

In this section, we present the main descriptive results of the analysis.

4.1 Financial relationships and dependencies in the current Czech Financial
Literacy Standard (RQ1)
Appendix I presents which dependencies appear in the Czech Financial
Literacy Standard outputs. However, some are not explicitly named as such. For example, the word
“influence” is used instead. In Appendix I, for each output of the Standard, we add what kind of rela-
tionship is targeted and what its basis is.
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Tab. 3: Criteria for the textbook analysis

Research  Short

Criteria of analysis

question  description Criterion 1 Criterion 2 Criterion 3 Criterion 4

RQ1 Financial Expected output
relationships and in the Financial
dependencies in  Literacy Standard
the Czech of financial
Financial education relates
Literacy to understanding
Standard the relationship

between two
variables (two
financial
phenomena)

RQ2 Financial topics A task has A task deals with
and relationships a financial at least one of the
and context, so it financial
dependencies in relates to at least  relationships and
textbook tasks one topic of the dependencies from

Czech Financial the Czech
Literacy Standard Financial Literacy
(2017) Standard (2017)

RQ3* Building up There is A task presents at One or more tasks
a generic model a sufficient least one of the ask pupils to look
of a financial number of isolated following models for common
relationship or models of a given  of a given features of
dependency financial financial presented isolated

relationship in relationship to models.
textbooks. pupils: non-model,
surprising model,
apparent model.
RQ4** Development of Pupils are asked, Pupils are asked, Pupils are asked A task relating to

functional
thinking

based on a given
graph, table or
expression
relating to a given
financial
relationship, to:

— interpret a given
relationship
verbally

— determine
dependent and
independent
variable

— estimate missing
values

based on a given
verbal description
or table of values
of a given
financial
relationship, to
express it:

— symbolically (as
an expression)

— graphically

in a task relating
to finance to work
with an unusual
functional
representation
(e.g., non-linear
function,
discontinuous
function)

finance has

a strong
motivational
potential because
it relates to
real-life context,
and the financial
relationship in the
task may be new
or interesting for
pupils

* The more criteria met, the higher the likelihood that pupils will create quality generic models in their minds.
A sufficient number of isolated models cannot be exactly quantified, but the premise is that the more isolated
models, the higher the likelihood of quality generic models.
** To conclude that a given task helps pupils foster their functional thinking, one of criteria 1,2 or 3 must be met.
Criterion 4 is complimentary and relates to the motivational potential of those tasks.

In general, it can be summarised that two types of relationships or dependencies are implicit in the
outcomes of the Financial Literacy Standard. One type relates to inflation and its causes and effects
on financial resources in various forms. The second type concerns the relationships and dependencies
between different characteristics of financial products (e.g., relationships between riskiness and potential
return on investment, between liquidity and appreciation of funds held in saving products). Appendix I
is provided to this article for more detailed information relating to this research question.

In the next section, we will answer whether these two types of relationships are included in the
analysed textbooks.
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Tab. 4: Financial topics covered by tasks in the financial mathematics chapters*

Topic Shopping and paying Economy Household budget surplus =~ Household
budget deficit
=]
2 g
- )

Textbook o B} - E g [ 2 2 &
5 ) ] 6 L % n E = 0 o) n s %
8 = g & & & oz = = e 2
o o < o O @ = 9] =] o O 3] !
=} %* s=) = (&) % > > n ¢ o b= '—g 8
Subtopic 2 2, = Q=5 g £ B £ = & =
Number of tasks 4 4 0 8 3 0 0 0 3 0
Set D Total number of tasks 22 22 22 22 22 22 22 22 22 22
% 18.2 18.2 0 36.4 136 0 0 0 13.6 0
Number of tasks 0 0 0 0 7 0 0 0 1 0
Set P1  Total number of tasks** 8 8 8 8 8 8 8 8 8 8
% 0 0 0 0 875 0 0 0 12.5 0
Number of tasks 0 0 0 0 54 6 0 0 31 0
Set P2 Total number of tasks 91 91 91 91 91 91 91 91 91 91
% 0 0 0 0 59.3 6.6 0 0 34.1 0
Number of tasks 05 0 2 0 85 0 0 0 4 0
Set F Total number of tasks 15 15 15 15 15 15 15 15 15 15
% 33 0 13.3 0 56.7 0 0 0 26.7 0

* The table includes both sample tasks and tasks used to practise what is learned.
** This value represents the total number of tasks in financial mathematics in a broader chapter on the use of
geometric progressions.

4.2 Financial topics in Czech secondary school textbooks (RQ2)

In each textbook, word problems are used in the chapter on financial mathematics. The areas of financial
mathematics covered by these tasks are listed in Tab. 4.

As the table shows, some topics are not represented (e.g., insurance or consequences of non-repayment),
and others are only exceptional. Only set P2 deals specifically with the issue of investments and only
in 6.3% of the tasks. Only set F deals with inflation and only in 13.3% of the tasks (there are two
tasks, one sample and one for pupils to practise). The dominant topic of the chapters devoted to financial
mathematics in the P1, P2 and F textbooks is savings, which is dealt with in most tasks (56.7% to 87.5%).
In set D only, the dominant topic is a budget and its income and expenses (especially calculations related
to wages, taxes and levies), representing 36.4% of the tasks in the chapter. The second most represented
topic in the P1, P2 and F textbooks is loans (interest rate, repayment calculations, etc.), covered in
12.5% to 32.6% of the tasks in the chapter. In set D alone, the subtopics of paying and shopping are
more represented (18.2% each). In comparison, the issue of loans is represented in only 13.6% of the tasks
(which is, however, a difference of only one task compared to shopping and paying, but this topic is still
represented more than in the P1 textbook, which devotes only one task to it, representing 12.5%). The
analysis also shows that only set D covers all the topics from the financial literacy standard in the chapter
on financial literacy, and overall, it covers the most subtopics (5 in total) of all the textbooks analysed.
Also, it cannot be said that any topic is dominant in set D (all topics have task coverage ranging from
13.6% to 36.4% of the tasks in the chapter).

The use of the financial context for the tasks in the chapters not directly dealing with financial
mathematics is shown in Tab. 5.

Setting aside textbook set D, the financial context is used only anecdotally in tasks outside the
financial mathematics chapters. In sets P1, P2 and F, it is identified in fewer than ten tasks, representing
about 1% of all tasks examined each time. Only in textbook set D did tasks with a financial context occur
in 12.5% of the tasks examined. In terms of specific financial topics covered in other subject areas of the
textbooks, the topic of shopping and paying (especially calculating prices, discounts, etc.) is present in all
textbooks. In sets D, P2 and F, the topic of the economy (of an individual, group or firm, i.e., calculations
of take-home pay, levies, taxes, costs, etc.) also appeared to a lesser extent, and in set F, the issue of
savings is also present. In sets P1 and F, tasks occur most frequently in the chapters devoted to numerical
fields and expressions. In contrast, in sets D and P2, tasks occur most frequently in the chapters devoted
to statistics and work with data.
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Tab. 5: Financial context in tasks in other textbook chapters*

> .
. 8 E g §
% & e E % g o a
- S

SEE 8§ £% E:% 5% £ 4

S QX » = b7 i) = S 8 @ [}

5= 4 g RZS A g8 2 &

=gf £ E=w £z Ef: =B
Textbook Thematic unit ea gl = n & O & AR < & Total
Number of tasks 18 0 19 4 34 ble 75
Set D Total number of tasks 137 120 58 37 248 QoS 000
% 13.1 00 3238 10.8 13.7 erermne 12.5
Number of tasks 3 0 0 0 4 1 8
Set P1 Total number of tasks 152 201 58 87 99 34 631
% 2.0 0.0 0.0 0.0 4.0 2.9 1.3
Number of tasks 2 3 3 0 0 1 9
Set P2 Total number of tasks 68 275 40 128 154 79 744
% 2.9 1.1 7.5 0.0 0.0 1.3 1.2
Number of tasks 2 1 0 0 3 0 6
Set F Total number of tasks 195 281 26 106 184 85 877
% 1.0 0.4 0.0 0.0 1.6 0.0 0.7

* The table includes both sample tasks and tasks used to practise the material. Their numbers in the table result
from adding up the number of tasks related to the topic in different chapters (e.g., the numbers of tasks from
the chapters on linear equations and inequalities and their systems and quadratic equations and inequalities are
grouped in the table under the thematic unit of equations, inequalities, their systems).

** Progressions are not part of the vocational school curriculum and are therefore not represented in the set D

textbooks.

4.3 Tasks to build a generic model of financial relationships and dependencies
(RQ3)

As section 4.2 shows, inflation is covered only marginally in the textbooks studied. Only set F' contains
two tasks dealing with inflation (one sample task and one task to be solved). In both cases, however, the
primary aim is to show, following the title of the respective chapter, the use of geometric progressions in
financial mathematics. The task asks pupils to calculate the real value of CZK 1,000,000 after one year
and ten years at a specified inflation rate of 3.2% (Fig. 1). The practice task asks in how many years
prices will double if inflation is a%. Pupils are asked to solve the task in general and then for an inflation
rate of 3% (Fig. 2). None of the other tasks in the chapter on loans or savings take inflation into account.

In set F, the chapter on statistics shows the evolution of the inflation rate in the Czech Republic and
demonstrates using a line graph to capture the trend over time. However, this is only an example in the
theoretical part of the chapter demonstrating how to create a line chart from table data in an Excel table.
It is, therefore, not captured in Tab. 5. At the same time, such an example does not provide a deeper
insight into inflation put forward by the financial literacy standard for secondary school.

Section 4.2 shows that the main financial products mentioned in the textbooks are savings products
and less so loan products. Only in P2 are there investment products, albeit very limited. However,
all the tasks in all sets of textbooks are mainly focused on calculations, which demonstrate the use
of geometric progressions or calculations of percentages (only the percentage calculation is applied in
set D, as progressions are not included in the content of the framework curricula for secondary vocational
schools). None of the tasks focusing on savings products includes inflation, nor do any of the tasks look
at the relationship between the appreciation of savings through different savings products and their
liquidity. Similarly, none of the tasks related to loan products takes into account the effects of inflation
on these products (e.g., the effect that inflation may have on the interest rates offered, the fact that
inflation reduces the real value of annuity payments) or the extent to which different characteristics of
the borrower may affect the interest rate provided. In set P2, the potential appreciation of investment
products is again calculated without considering the relationship between this potential appreciation and
the riskiness of the instruments.

4.4 Developing functional thinking in tasks with a financial context (RQ4)

The chapters on financial mathematics in all the textbooks studied lack any representation of a function
or dependence using a graph, table, word problem or expression.
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Task 1
Calculate how much CZK 1,000,000 will be worth a) in one year if the annual inflation rate is 3.2%, b) in
10 years if the average annual inflation rate is 3.2%.

solution

a) in one year

Step 1
We will use the formula K = K - (141rr) .
Step 2

In this case, Ko = 1,000,000, r = 0.032, n = 1.

After substitution, we get: K = Ko (1) = 1,000,000 - 1 = 968,992

conclusion: Due to inflation, the value drops to CZK 968,992, i.e., we lose about CZK 31,000 out of
a million in a year.

b) in 10 years
Step 1
Again, we start from the formula K = Ko - (ﬁ)n
Step 2
In this case, we substitute Ko = CZK 1,000,000, » = 0.032, n = 10.

After substitution, we get: K = Ko - (%)" = 1,000,000 - (255)"" = 729,799

conclusion: Due to inflation, the value will drop to CZK 729,799, i.e., we will lose about CZK 270,000
from the million over ten years.

Fig. 1: Sample task on inflation in set F' (volume 14, p. 47); the original Czech version is in Appendix II

Task 6
Annual inflation is always a%. In how many years will prices double? Solve in general and then for a = 3%.

Fig. 2: Task on inflation to be solved in set F' (volume 14, p. 52); the original Czech version is in Appendix II

The financial context is also little used in the chapters devoted to functions, as shown in Tab. 5. In
the case of sets D and P1, the financial context is not used at all in the chapters devoted to functions. In
contrast, it is used only minimally in the case of the P2 and F sets.

There is a limited number of tasks in the P2 set of textbooks showing how the final price of the goods or
services purchased depends on the number of units purchased. The tasks either require the determination
of a function expression based on a word problem or the construction of a graph of the function. These
few tasks can help to develop pupils’ functional thinking. For example, they include a function that is not
continuous (it is a task capturing the relationship between the prices of postal parcels and their size —
see Fig. 3), a useful isolated model of a function that may not match pupils’ ideas about functions.

2. The charge for a parcel mailed at the post office was previously determined by weight as follows:

up to 20 g 8 CZK
over 20 g to 50 g 10 CZK
over 50 g to 200 g 12 CZK

over 200 g to 350 g 14 CZK

over 350 g to 500 g 16 CZK

over 500 g up to 1 kg 20 CZK
Determine the function that expressed the relevant dependence (i.e. the dependence of the amount of the
charge on the numerical value of the parcel weight) and construct its graph.

Fig. 3: Task from textbook set P2 (part 3, p. 20); the original Czech version is in Appendix II
In Set F, the financial context is used in one task related to savings in the section on logarithmic func-

tions (Fig. 4). However, it is an example task. Hence, the pupils receive the solution from the textbook’s
authors, who marked the task as a task of higher difficulty.
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Example 9
Determine after how many years the amount in the account will be more than CZK 1,000,000 if CZK 500,000
is deposited at 4% per annum compound interest (for simplicity, do not consider tax on interest).

solution

Step 1
Compound interest means that the bank credits the depositor with interest at the end of each interest period,
and interest is calculated on the amount accrued in the following period.

Step 2
At time t = 0 (at the beginning), we have CZK 500,000 deposited.

Step 3
At time t = 1 (at the beginning of the second year), we have deposited 500,000 - 1.04 = CZK520,000.

Step 4
At time t = 2 (at the beginning of the third year), we have 500,000 - 1.04*> = CZK 540,800.

Step 5
Denote by = the number of interest periods (years) we want to find. We get the inequation:
500,000 - 1.04” > 1,000,000

Step 6
Adjust to the form:
1.04° > 2

Step 7

Take the logarithm of the two sides of the inequality with the base 10 logarithm. Since the base 10 logarithm
is an increasing function, the inequality is preserved, and we get:

z -log 1.04 > log 2

x> 82 = 1767

— log1.04

conclusion
After 18 years, there will be more than CZK 1,000,000 in the account.

Fig. 4: Sample task from textbook set F (part 5, p. 75); the original Czech version is in Appendix II

5 Discussion

5.1 Financial relationships and dependencies in the Czech Financial Literacy
Standard (RQ1)

As stated above, the Financial Literacy Standard (2017) does not explicitly mention financial relation-
ships or dependencies. However, our analysis demonstrates that two types of financial relationships and
dependencies are included in the Standard. The first consists of relationships related to inflation and
its causes and effects, and the second includes relationships existing among different characteristics of
financial products. In our opinion, these financial relationships and dependencies are crucial for rational
financial decision-making, and it is natural that the Standard contains them. However, it is questionable
to what extent Czech teachers understand these relationships and dependencies, given their general fear
of financial education and lack of a deep understanding of financial concepts (Opletalova, 2015; CSI,
2023). For this reason, the role of textbooks and their content is very important.

5.2 Space devoted to the financial relationships and dependencies in the
textbooks and the potential of tasks to build a generic model of financial
relationships and dependencies (RQ2 and RQ3)

Our study demonstrates that only limited space is devoted to financial relationships and dependencies
related to inflation and financial products in the Czech secondary school mathematics textbooks. The main
topics covered by the chapters on financial mathematics are savings and loans in three of four textbooks
under analysis (P1, P2, F). However, the role of the tasks in the chapters is mainly to demonstrate how
to use geometric progression rather than to make clear the relationships in question. The same applies to
the two tasks related to inflation in set F. Furthermore, a brief explanation of inflation comes before the
tasks. Thus, it is clear that inflation is used in set F as one of the isolated models of geometric progressions
or as a simple illustration of calculation with a formula K = Kp - [1 : (1 + 7)]™ rather than a separate
financial relationship to be studied. Only textbook set D emphasises individual budgets, including wages,
expenses, and shopping and paying, but no space is devoted to inflation or the characteristics of financial
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products. We find no task devoted to the representation of relationships and dependencies existing among
characteristics of financial products in any of the textbooks. No task introduces any non-model, apparent
model or surprising model (in terms of Hejny, 2014) of relationships relating to inflation or characteristics
of financial products.

Thus, it can be concluded that none of the textbooks analysed provides pupils with enough oppor-
tunities (isolated models, Hejny, 2012) to make a quality generic model of financial relationships, thus
reaching the implicit goal in the Czech Financial Literacy Standard (2017). It may also indicate that some
professionals (at least the textbooks’ authors and curriculum makers) share the belief that financial edu-
cation should not be part of mathematics education and should not be given more space in mathematics
classes at the expense of other, more traditional mathematical topics (Najvar, 2014).

More broadly, the question is to what extent textbooks on financial education are influenced by
the attitudes of their authors, or society as a whole, towards financial issues, and to what extent these
attitudes are transferred to the training of teachers and pupils’ minds. Our study shows that the dominant
topics are savings, price issues (but usually without inflation), and less so loan issues, and virtually no
investment or insurance products. This may mean that a financially literate individual should, above all,
save, borrow little (and judiciously) and pay attention to prices (though, somewhat paradoxically, not
inflation). In the case of set D, which is intended only for secondary vocational schools whose graduates,
often from low socio-economic backgrounds, are expected to work mainly in professions requiring manual
labour, the dominant theme is household management, securing income and paying various (especially
mandatory) expenses. It may be a deliberate intention to teach these pupils mainly to manage their
own resources without considering that these pupils will ever have greater opportunities to work with
a household budget surplus. The financial literacy standard addresses attitudes in financial education
only marginally, mentioning, for example, that pupils live in proportion to their financial capabilities
and build financial reserves but also that pupils strive to achieve financial well-being. The content of
mathematics textbooks may, therefore, contradict at least some of the expected attitudes mentioned in
the Financial Literacy Standard (2017).

5.3 Development of functional thinking in the textbooks and financial context

(RQ4)

Many researchers highlight the importance of using different representations of functions (graphs, tables,
word problems, etc.) to develop pupils’ functional thinking and recommend asking pupils and students to
interpret these different representations (Dubinsky & Wilson, 2013; Kopéckova, 2005; Sierpinska, 1992).
Furthermore, some researchers (e.g., Eisenmann & Kopéackova, 2006) recommend using a financial context
in tasks to develop pupils’ functional thinking because of its motivational potential.

Our analyses show that only sets P1 and F used a financial context and only in the limited number
of functions-related tasks. Such tasks in set P1 could potentially develop pupils’ functional thinking.
For example, authors in the P1 set work with a function that is not continuous (in a task capturing
the relationship between the prices of postal parcels and their size — see Figure 3), which is a useful
isolated model of a function that may not match the ideas that pupils have about functions (Eisenmann
& Kopéackova, 2006). It also makes pupils switch between different ways of representing functions (e.g.,
graphs and algebraic expressions, descriptions in words or using a table, etc.), which is not easy for them
(e.g., Hitt, 1998). On the other hand, the financial context used in these tasks is somewhat trivial for tasks
intended for secondary school pupils, who can be assumed to know that the price of a good or service
is based on the number of units, acts, etc. It is noteworthy that price determination is only mentioned
in the primary school section, not the secondary one in the Financial Literacy Standard (MoF, 2017).
Thus, the question arises whether such tasks fulfil their motivational potential for secondary pupils, as
discussed by Eisenmann and Kopackova (2006) or whether they are too trivial for them.

In Set F, the financial context is combined with the logarithmic function (see Fig. 4). Still, the essence
of the task lies in the application of numerical operations and solving inequalities, not in the conceptual
understanding of financial relationships. Therefore, whether this task could develop pupils’ functional
thinking is questionable.

6 Conclusion, limitations and further research

The importance of the study lies in its focus on the connection between financial education and functional
thinking, a link which has been missing in the literature we are familiar with. Functional thinking is an
important prerequisite for understanding financial relationships and dependencies, whilst financial topics
may also be motivating and suitable contexts for developing functional thinking.
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The results above indicate that Czech secondary mathematics textbooks do not provide teachers and
pupils with opportunities to gain insights into relationships and dependencies in financial education.
This could be problematic because a deeper understanding of financial relationships and dependencies
is essential for rational financial decisions. If one is unaware of the impact of inflation on savings or
investment products, one will hardly be able to choose appropriate products. If one does not understand
the relationship between the return and risk of an investment, one can easily fall prey to misleading
behaviour by various financial advisors or outright fraudsters. If one does not know how to diversify one’s
portfolio to mitigate the risk of its devaluation, one cannot manage the available funds rationally.

The study also has some limitations. First, some problems with a financial context might be included in
the chapters not analysed in our study (e.g., chapters on plane geometry or solid geometry), even though
such cases would probably be only rare, considering how few problems are devoted to the financial context
in chapters where we would expect them. Similarly, we did not investigate to what extent this issue is
addressed in secondary civics and social studies textbooks and how they didactically grasp the issue,
given that many financial literacy topics are included in the social studies education in the framework
curricula. This task remains for future research. Third, we discovered that the analysed textbooks do not
provide opportunities for conceptual understanding of financial relationships. Nevertheless, we cannot say
how teachers use them in lessons or whether they augment them with their own materials to fill the gaps.
This also opens a possible new line of research. Finally, we focus on the tasks alone, without considering
how teachers would implement them in the lessons and how pupils would solve them. Thus, we can only
speak about tasks potentially promoting (or not) deep learning. The study of the use of tasks in real
classrooms is a possible follow-up study.

More broadly, the question is to what extent mathematics textbooks and their components on financial
education are influenced by the attitudes of their authors, or society as a whole, towards financial issues,
and to what extent these attitudes are transferred to the training of teachers and pupils’ minds. Our
study shows that some of the topics of the Financial Literacy Standard (2017) are not covered by the
textbooks at all or only in a very limited and selective way. In this respect, it would be interesting to
examine them more closely from the perspective of the theory of the hidden curriculum, which deals with
those aspects of education that are not formalised anywhere yet can have a major impact on pupils’ value
orientations and attitudes (Jackson, 1968).
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Appendix I: Financial Literacy Standard (2017) outcomes assuming
mastery of relationships and dependencies

Thematic  Education Topic Output according  The relationship, the understanding of
area of level to Standard which is assumed by the output
financial
education
Shopping  lower shopping [pupil] describes the relationship between the inflation
and secondary the effect of rate and the real value (the higher the
paying school inflation on the inflation rate, the lower the real value of
value of money money)
S upper Inflation [pupil] explains the relationship between the inflation
secondary the effect of rate and real incomes the relationship
school inflation on between the inflation rate and the real
income, deposits, appreciation of funds in savings products
loans or current bank accounts the relationship
between the inflation rate and the
interest rate on a loan the relationship
between the inflation rate and the real
value of repayments
inflation [pupil] suggests the relationship between the amount of
how a citizen can  money in the economy and inflation
protect (inflation as a function of the amount of
themselves money in the economy)
against moderate
and high inflation
Household lower introduction compares the relationship between the potential
economy secondary to financial financial return on an investment and its potential
school services products, riskiness the relationship between the
particularly in potential appreciation of the funds saved
terms of risk, and its liquidity
return and
liquidity
planning identifies risks to the relationship between the inflation
the achievement rate and the real value of savings the
of financial goals relationship between the inflation rate
and proposes and the real appreciation of the
ways to mitigate investment product
them
upper to deepen the all previous
secondary level of mastery
school
Household upper savings [pupil] selects the  the relationship between the inflation
budget secondary appropriate rate and the real value of savings the
surplus school savings product relationship between the potential
appreciation of savings and liquidity
[pupil] calculates the relationship between the inflation
how long to save rate and the real value of savings
for a certain
purpose
investment [pupil] assesses the relationship between the potential

different types of

return on an investment and its potential

investments, riskiness the relationship between the
including inflation rate and the real appreciation of
investments in an investment
property
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[pupil] uses an
example to show
the necessity of
spreading the risk

the relationship between the number of
different investment instruments held in
the portfolio and the risk of impairment
of the investment portfolio

security for

[pupil] describes

the relationship between the inflation

old age the options for rate and the real appreciation of savings
security in old age
Household upper interests, [pupil] explains the relationship between the inflation
budget secondary loans the methods of rate and the level of interest rates the
deficit school determining relationship between various variables

interest rates and
the use of APRC

(characteristics of the borrower and the
loan itself) and the level of the interest
rate

[pupil] selects the  see above
most suitable loan

in the example

[pupil] estimates see above

or finds the
normal interest

rate and APRC of

common types of
loans

Appendix ll: Original versions of tasks

Priklad |

Vypoététe, jakou hodnotu bude mit 1 000 000 K¢ a) za rok, pokud bude roéni inflace ve vy3i 3,2 %, b) za 10 let,
pokud bude primérna ro¢ni inflace ve vysi 3,2 %.

feSent
a) zarok
1. krok 1)
VyuZzijeme vzorec K=K - el
+%
2, krok

V tomto pripadé je K, =1 000 000, r= 0,032, n = 1.

Po dosazeni dostavame: K = K T 1000000- 1032
+r

1

]

= 968992

zavér: Vlivem inflace klesne hodnota na 968 992 K¢, tj. béhem roku ztratime z miliénu asi 31 000 Ké.

b) za 10 let
1. krok
Opét vyjdeme ze vzorce K = K [

2. krok

1+r)°

n

V tomto piipadé dosadime za K, = 1 000 000 K¢, r = 0,032, n = 10.

Po dosazeni dostdvame: K = K, -

n

=1000000- [;
1,032

=729799

zavér: Vlivem inflace klesne hodnota na 729 799 K¢, tj. béhem 10 let ztratime z miliénu asi 270 000 K¢.

Fig. 5: Task in Figure 1
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@ Cviteni 6

Roéni inflace je vzdy a %. Za kolik let se ceny zdvojnasobi? Reste obecné a pak pro a = 3 %.

Fig. 6: Task in Figure 2

2. Poplatek za psani podané na posté byl dfive ur¢ovan podle hmotnosti takto:

do20 g 8 K¢

pfes 20 gdo 50 g 10 K¢

pres 50 g do 200 g 12 K¢

pres 200 g do 350 g 14 K¢

ptes 350 g do 500 g 16 K¢

pres 500 g do 1 kg 20 K¢
Urcete funkci, ktera vyjadiovala pfislusnou zavislost (tj. zavislost vySe poplatku na ¢iselné hodnoté hmotnosti
psani) a sestrojte jeji graf.

Fig. 7: Task in Figure 3

[Piiklad 9
Urdete, po kalika letech bude na diétu &istka vydsi nez 1000 000 K¢, jestlize si ulozime Eistku 500 000 Kéna
A% virok p.a. pi slozeném tirokovini (pro jednoduchost neuvazujte dai 7 Groki).

fesent

1. krok
Pii slozeném trokovani pripisuje banka na konci kazdého trokovaciho obdobi vkladateli trok a v nisledujicim

obdobi se tirok vypoditivd z takto navysenc ¢astky.

2. krok
V dase t = 0 (na zaditku) mime ulozeno 500 000 K¢,

3. krok
V &ase t = 1 (na zaditku druhého roku) mame ulozeno 500 000 - 1,04 = 520 000 K¢.

4. krok
V dase ( = 2 (na zaditku téetiho roku) mame ulozeno 500 000 - 1,047 = 510 800 K&.

5. krok
Oznaéme x hledany poéet tirokovacich obdobi (let). Dostavime tak nerovnici:

500000:1,04" >1 000 000

6. krok
Upravime na tvar:

1,04 >2
7. krok

Zlogaritmujeme ob¢ strany nerovnice logaritmem o zikladu 10, Vzhledem k tomu, Ze logaritmus o zakladu 10 je
rostouci funkee, zlstane nerovnost zachovana a dostaneme:

x-logl,04 >log2

log2 . 1767

X2 =
¥ = Tog1.01

zavér
Po 18 letech bude na Gétu vice nez 1 000 000 K&,

Fig. 8: Task in Figure 4
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Moznosti vyuzitia poznania neurovied v tedrii fyzikalneho vzdelavania

Opportunities for the use of neuroscience knowledge in the theory of physics

education

1

Dasa Cerverioval, ® Peter Demkanin®*

1 Fakulta matematiky, fyziky a informatiky, Univerzita Komenského v Bratislave, Mlynska dolina F1, 842 48 Bratislava,

Slovensko; peter.demkanin@uniba.sk

V 20. storo¢i tedriu vyucovania fyziky, podobne ako iné odborové didaktiky, vyznam-
nym spdsobom ovplyvnili vysledky prace empirickych psycholégov. Takmer urcite
kazdy ucitel poznd mené ako Piaget, Bruner, Maslow a kazdy ucitel poznd Bloomovu
taxondmiu. V sucasnosti zacina byt celkom zrejmé, ze Cast teoretického pozadia pro-
cesov dejucich sa v rdmci ucenia sa fyziky sa prestiva do novej oblasti nazyvanej
neurovedy, vedy o uceni sa, vedy nazyvanej aj veda o mysleni, mozgu a uceni sa.
Timy neurovedcov vybavené kvalitnymi medicinskymi zobrazovacimi metédami pa-
traju po tom, v ktorych cCastiach mozgu prebiehaju ktoré operécie, ako tieto Casti
navzajom spolupracuji a ako mozno vysvetlit, spresnit a doplnit zistenia psycho-
l6gov 20. storocia. Pripadne upozornuju na zavery, ktoré sa javia ako nepodlozené.
Prispevok podrobne rozpractva jednu z tedrii suvisiacu s fungovanim naSej mysle.
Tedria klasifikuje spdsoby uvazovania do piatich kategdrii, symboly, vzory, usporia-
dania, kategérie a vztahy. Pilotné vedomé pouZivanie tychto kategdrii vo fyzikalnom
vzdeldvani sa javi ako slubné a zd4 sa, Ze ma potencial ho skvalitnit prostrednictvom
zapracovania do uéebnic, ako aj do préce uditela.

In the 20th century, the theory of physics education, like other subject didactics, was
significantly influenced by results of the empirical work of psychologists. Certainly,
almost every teacher knows names like Piaget, Bruner, Maslow, and every teacher
knows Bloom’s taxonomy. Nowadays, it is becoming quite obvious that the theore-
tical background of the processes taking place while learning physics is moving into
the new field called neuroscience, the science of learning, sometimes called the science
of mind, brain and education. Teams of neuroscientists equipped with high-quality
medical imaging methods seek for the parts of the brain that are undergoing certain
operations, how these parts cooperate with each other, and how the findings of psy-
chologists of the 20th century can be explained and refined, or they draw attention
to conclusions that appear to be unfounded. This paper elaborates on one of the hy-
potheses about how our mind works. The hypothesis classifies ways of thinking into
five categories, symbols, patterns, ordering, categories, and relationships. Piloting the
conscious use of these categories in physics education appears promising and seems
to have the potential to improve it through incorporation into textbooks as well as
teachers daily work.
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1 Uvod

Tedria vyucCovania fyziky sa venuje okrem iného aj procesom suvisiacim s fyzikdlnym poznédvanim, pro-
cesom, ktoré prebiehaji ked sa ziak uéi, napriklad ked sa uéi druhy Newtonov zdkon. Ziak ako stcast
rovesnickej skupiny — skupiny ziakov v ramci skolskej triedy, vo vhodne dizajnovanom prostredi pre vzde-
lavanie, je neustale obklopovany nespocetnym mnozstvom podnetov, ktoré sa jeho mozog snazi priebezne
spracovavat. Informécie ziskavané zmyslami si procesmi v mozgu (procesmi mysle) selektované, preché-
dzaju filtrom predchédzajucich vedomosti a sktisenosti a niektoré z nich st dalej spracovavané. V ramci
vyucovania zamerne vytvarame urcité situdcie sluziace ako zdroje podnetov, ktoré maji potencial re-
zonovat v subore vedomosti jednotlivych ziakov. Fyzikdlne vzdelavanie na zékladnych a strednych gko-
lach na Slovensku sa najcastejSie opiera o individudlny kognitivny konstruktivizmus J. Piageta, socidlny
konstruktivizmus J. Deweyho a L.S. Vygotského, pripadne o ich kombinaciu. V $kolskej praxi sa vsak
uplatiiuja aj dalsie pristupy. Ako uvadza Petty (2014), v druhej polovici 20. storo¢ia sa vyprofilovalo
niekolko hlavnych pridov nazerania na procesy uéenia sa. Pristup nazyvany kognitivny konstruktivi-
zmus je zaloZeny na myslienke, Ze uciaci sa konStruuje svoje vnimanie sveta, pricom nové poznanie je
konstruované z predchadzajiceho. Pravdepodobne najznamejSou stcastou tohto pristupu je Bloomova
taxonémia, pojmy povrchné a hibkové uéenie sa a pojem miskoncepcie. Druhjm pristupom, ktory uvadza
Petty (2014), je pristup behavioristicky, zaloZzeny na myslienke odmien, motivécie a posilnenia pozado-
vaného spravania uciaceho sa. Délezitou myslienkou tohto pristupu je, Ze uCenie sa nastava postupne
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a je posiltiované opakovanym tispechom. Podla tohto pristupu si pamétame najméi to, ¢o zazivame asto
a tiez to, ¢o sme zazili neddvno. Tretim pristupom je pristup humanisticky, zaloZzeny na myslienke, ze
uc¢itel ma plnif emocionalne potreby udiacich sa. Délezitou myslienkou tohto pristupu je, ze vyucujici
maji v udiacich sa posiliiovat ich vlastné sebariadenie, Ze uciaci sa maju brat zodpovednost za vlastné
ucenie sa. Petty samostatne uvaddza aj ucenie sa, ktoré nie je vyvolané vyuc¢ovanim a toto nazyva socidlne
ucenie sa. Podrobnejsi prehlad psycholdgov 20. storodia, ktori ovplyvnili tedriu vyucovania fyziky, mozno
najst napriklad v ucebnici Didaktika fyziky (Demkanin, 2018, s. 9).

Vzdeldvanie si spravidla dava za ciel naucit ¢o najviac, ¢o najvhodnejSie vybranych poznatkov, roz-
vinat ziaka ¢o najlepsie, rozvinat hlboké a pouzitelné vedomosti, rozvinutf postoje, zruc¢nosti, spoésobi-
losti stivisiace s timovou pracou, spdsobilosti vnimat aj SirSie stvislosti svojej ¢innosti. V tomto ¢lanku
sa nejdeme prioritne venovat vyberu obsahu pre fyzikdlne vzdeldvanie, teda tomu, ¢o v réamci fyzikal-
neho vzdeldvania ucif. Venujeme sa ¢innostiam, procesom, ktoré ved k uceniu sa, procesom stvisiacim
s u¢enim sa a aplikovanim poznania na optimalizaciu fyzikalneho vzdelavania. Clanok predstavuje ¢ast
teoretického pozadia pre dizajn pripravovanej série ucebnic fyziky.

1.1 Zameranie prispevku

Prispevok si kladie za ciel priblizit niektoré sposoby vyuzitia nedavnych vysledkov neurovied do tedrie
fyzikalneho vzdelavania. Je vSeobecne zname, Ze ucenie sa nieCoho nového prechadza filtrom predchad-
zajucich skusenosti. Menej znamym je vSak fakt, Ze toto plati aj v pripade, ak sa ziak uéi nieco celkom
vzdialené jeho predchddzajicim skiisenostiam. Aj v tomto pripade jeho mozog hlad4 referencény bod,
nieco, o ¢o sa moze opriet, bez ¢oho by sa dostal do zacyklenej slucky. Jeho mozog prirodzene hlada
nie¢o, ¢o by ho mohlo navigovat ufenim sa nie¢oho nového. Vytvéira zdkladnu sief predchadzajicich
vedomosti, na ktorych moéze postavit nové poznanie. Tato sief moéze viest k skvelému vhladu do riese-
ného problému, alebo tieZ k alternativnemu konceptu hlboko sa lisiacemu sa od normativneho. Co vieme
o tom, ako mozog Ziaka pri uéeni pracuje? Co z toho, ¢o o fungovani mozgu vedia odbornici zamerani na
ttto oblast, moze prehlbif poznanie didaktikov fyziky? Vicsia ¢ast tohto prispevku rozpracovava jednu
z teorii, tedriu piatich pilierov mysle, pri¢om ju rozpracovava pre pouzitie v didaktike fyziky.

2 Vedy o uceni sa, rozhranie minulého a tohto storocia

Zaciatkom 90. rokov minulého storocia vznikla veda v angli¢tine nazyvana , The Learning Sciences“, za
jej pociatok mozno pokladat vznik ¢asopisu Journal of the Learning Sciences vo vydavatelstve Routledge.
Casopis mé pevné miesto v prvom kvartile Scimago v kategéridch vzdelavanie aj edukacéna psycholdgia.
V obdobi vzniku tohto ¢asopisu sa zacali organizovat tiez konferencie zamerané na vedy o vzdeldvani
a postupne vznikli vysokoskolské uc¢ebnice. Pravdepodobne najznamejsou je ucebnica R. K. Sawyera, The
Cambridge Handbook of the Learning Sciences (Sawyer, 2014). InSpirovani touto uéebnicou sme v tedrii
vyucovania fyziky zrealizovali niekolko vyskumov a vytvorili sme uéebnicu Didaktika fyziky (Demkanin,
2018). Podstatne viac, nez bolo v literattare predtym zvycajné, sme sa venovali skefoldingu, a to v oboch
vyznamoch, skefolding interakcie uéitelziak (Van de Pol et al., 2010), i skefolding rozlozeny v prostredi pre
ucenie sa (Puntambekar, 2021), napriklad $trukttrou textov pre ziaka a digitdlnymi nastrojmi. Pristupy
vied o uceni sa spomenuté v tejto ¢asti sme aplikovali v élankoch (Demkanin, 2019, 2021).

Posun vo vnimani fyzikalneho vzdelavania aplikovanim poznatkov vied o uceni sa sme ilustrovali na
konferencii DIDFYZ 2019, v prispevku (Demkanin & Kovaé, 2019). Hlavny pristup k fyzikalnemu vzdela-
vaniu v druhej polovici 20. storocia bol zalozeny na vSeobecne prijimanom predpoklade, ze vedomosti st
mnozinou faktov a sposobov préace, napriklad faktov stuvisiacich s Lenzovym zakonom a sposobov prace
stvisiacich s meranim elektrického napiitia voltmetrom, a ze cielom fyzikdlneho vzdeldvania je dostat tieto
fakty a sposoby prace do hlav ziakov. U¢itelia, podla (Demkanin & Kovac, 2019), tieto fakty a sposoby
prace ovladaju a ich tlohou je preniest ich k Ziakom, napriklad instruovanim Ziakov pri experimentoch.
Jednoduchsie fakty bolo, podla vtedajsich pristupov, vhodné uéif skor ako fakty komplexnejsie. Uspesnost
vzdeldvania bola posudzovand na zaklade toho, kolko faktov a sposobov prace ziaci zvladli. Instrukcio-
nizmus kvalitne pripravoval ziakov na zivot v industridlnej spolo¢nosti a v druhej polovici 20. storocia
sa javil ako optimélny pristup k fyzikdlnemu vzdeldvaniu. Ako piSe Sawyer (2014), v sGcasnosti (teda
pred 10 rokmi, ked vznikala citovand kniha), absolventi povinného vzdeldvania pracuji s komplexnymi
pojmami. Potrebuji byt schopni spolupracovat s inymi, vyjadrovat sa smerom k inym jasne, a to ho-
vorenym slovom i pisomne, maji mat rozvinuté prirodovedné, matematické, inzinierske i podnikatelské
myslenie. Vedomosti maji mat navzajom integrované a pouzitelné, nesta¢i mat stibor faktov podpore-
nych instrukciami uditela, nenaviazanych na kontexty. Potrebuji byt zodpovedni za svoje vlastné ucenie
sa. V tomto obdobi, v ramci vied o uceni sa, sa zvyraznovali dva pristupy k vyucovaniu fyziky, ucenie

Scientia in educatione, 14(2), 2023, p. 20-31 21 https: //doi.org/10.14712/18047106.3108


https://doi.org/10.14712/18047106.3108

sa ziakov o fyzike a robenie fyziky Ziakmi, pricom oba tieto pristupy sa mali navzajom dopliiat, a to na
kazdom stupni vzdelavania.

3 Zaciatky vyuzivania vysledkov neurovied v teérii ucenia sa

Pokrok, ¢ revoltcia, v moznostiach medicinskeho zobrazovania ¢innosti mozgu priam poniika hladanie
éinnosti mozgu suvisiacich s uéenim sa. Dekada 1990 az 2000 bola, najmi v USA, nazyvand dekddou
mozgu a masivne investicie do vyskumu priniesli vyznamny pokrok najmi v moZnostiach hladat miesta
v mozgu, v ktorych prebiehaji ¢innosti stivisiace s myslenim. Poznanie neurovied dospelo do stadia, ze
viaceré vysledky tejto oblasti je mozné uplatnit vo vedach o uceni sa, najmi pri vysvetlovani poznatkov
vied o uceni sa. Vedy o uceni sa ziskavaji poznatky spravidla pozorovanim uciacich sa v rdoznych situéci-
ach, ¢i uz v situaciach redlnych, alebo v situaciach laboratérnych. Neurovedy pracuju s datami ziskanymi
zobrazovanim ¢innosti mozgu. Experimenty s pouzitim tychto zobrazovacich metéd viac pripominaja
vyskum v prirodnych, nez v socidlnych ¢i edukaénych vedach.

3.1 Casopisy venujice sa neurovedam v tedriach ucenia sa

Vyznamnym medznikom v hladani prepojeni medzi neurovedami a vedami o uceni sa bolo zaloZenie ¢a-
sopisu Mind, Brain, and Education, vydavatelom Wiley, v roku 2007. V roku 2015 bol skupinou Springer
Nature zalozeny Casopis Npj science of learning, ktory sa v podstate okamzite etabloval v 1. kvartile
rebricka Scimago. Ako priklad pristupov vyuzivajicich zobrazovanie mozgu funkénou magnetickou re-
zonanciou (fMRI) mézeme uviest ¢lanok S. Fynes-Clintona a kol. (2022), v ktorom zobrazovali mozgy
uditelov v rdmci emoénej regulécie v suvislosti s vyhorenim ucitela. Objavuju sa Stidie argumentujtce,
7e neurovedy nemozu priamo ovplyvnif prax vo vzdelavani (Bowers, 2016) a Ze mnohé starsie programy
prezentujice svoje pristupy ako programy zalozené na poznani mozgu nepreukézali svoje opodstatne-
nie. Mnohé iné §ttudie viak jasne ukazuji, Ze poznanie mozgu je pre vzdelavanie dolezité, moze prehibit
poznanie vo vzdeldvani a tiez skvalitnif prax (Donoghue & Horvath, 2016). Clement a Lovat (2012) vo
svoje $tudii ida este dalej, riesia pojmovy ramec pre aplikovanie informécii z neurovied do vzdelévania,
véitane aplikovania do tvorby kurikula. Stucasny prehlad moznosti aplikovania neurovied do vzdelavania
predstavili Gkintoni a Dimakos (2022). Upozoriiujd, Ze napriek skutoénosti, ze viaceré vyskumy uspesne
aplikuji neurovedy do vzdeldvania Ziakov s poruchami (napr. dyslexia, ADHD, socidlne a emo¢né po-
ruchy), aplikovanie poznania neurovied je mozné a potencidlne prinosné aj do vzdeldvania vSeobecne.
Sirois a kol. (2008) na prikladoch ukazuji moZnosti vyuzitia poznatkov neurovied pri vysvetlovani vy-
branych zélezitosti tykajicich sa ucenia, pricom rozoberaji najmé ucenie sa malych deti, napr. pociatky
vizuélnej percepcie a stvis neurovied s vysvetlovanim vyvojovych portch, napr. ADHD. Vyznam neuro-
vied pri transformaécii vzdeldvania na koldch podrobne opisuji Carew a Magsamen (2010). Vyzdvihuji
moznosti aplikovania poznania neurovied do tvorby metéd vyuCovania a ucenia sa ako aj do tvorby
kurikula. Elouafi, Lotfi a Talbi (2021) aplikovali poznanie neurovied na $tyri metédy vyucovania, hra-
nie roli, Student-expert, poskytnutie informécii viacerymi spdésobmi a mapa mysle. Ukazali, Ze vyuzitim
neurovied tieto Styri metody obohatili a na vzorke 239 ziakov ziskali narast v meranych aspektoch pozor-
nost, angazovanost, praca s chybou a zapamétanie si slov. Zaujimavy pohlad prindsaju Owens a Tanner
(2017). Poznanie neurovied aplikuji na jednoduchy typ aktivity Premysli si — Prediskutuj — Podel sa
s informéciami s celou triedou (Think-Pair-Share) a ukazuji vyznam tohto typu aktivit z pohladu naze-
rania na procesy ucenia sa dejice sa v mozgu. Zaroven vsak upozornujud, ze niektoré pojmy vied o uceni
sa, ako napriklad metakognicia, alebo organizdcia poznania, stadle nevieme prepojif s poznanim mozgu.
Immordino-Yang (2011) sa v svojej préaci venuje stvislostiam kognicie a afektivnej a socidlnej stranky
pozndvania a upozoriiuje, ze neurovedy ponikaji celkom novy pohlad na tieto oblasti. Navrhuje, aby
neurovedci a pedagdgovia navzajom spolupracovali a vytvorili nové spésoby pochopenia rozvoja ziaka,
také, ktoré su prakticky pouzitelné pri ndvrhu prostredia pre ucenie sa.

3.2 Konstruktivizmus vo vyucovani a neurokonstruktivizmus

Pojem z vied o uceni sa, ktory sme v tomto ¢lanku spomenuli v avode, konstruktivizmus, je silne prepo-
jeny s neurovedami. Westermann s kolektivom (2007) zaviedli pojem neurokostruktivizmus, ktory rozvija
predchédzajice verzie konstruktivizmu a podstatné detaily tohto pojmu vysvetluje na zaklade pozna-
nia ¢innosti mozgu. Zaroven upozornuji na moznosti pocitacového modelovania pri skimani procesov
poznéavania a pri prehlbovani poznania zakonitosti neurokonstruktivizmu. Pomerne rozsirenym pojmom
kognitivneho konstruktivizmu v prirodovednom vzdelédvani je pojem miskoncepcie. Desatroc¢ia sme sa sna-
zili najst sposoby odstrariovania miskoncepcii, sposoby, ako fyzikalnym vzdeldvanim zabezpecit, aby Ziaci
miskoncepcie nemali. Pochopili sme, Ze miskoncepcie sa odstranit nedaji, aj ked by to ¢asto bolo Ziadtce.
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Ak 7iak nieco vie, tak mu to nevieme zobrat, vieme iba navodit situécie, v ktorych Ziak ziska nové skuse-
nosti, ktoré doplnia chybajice detaily. Renouard a Mazabraud (2018) navrhli pouzivat namiesto pojmu
miskoncepcie pojem alternativne koncepcie a na zaklade viacerych poznatkov neurovied navrhuji sposoby,
ako dizajnovat prostredie pre uéenie sa podporujice inhibiciu alternativnych konceptov a podporujice
tvorbu normativnych konceptov. Komplexny sucasny pohlad na neurokonstruktivizmus s odkazmi na
Glastkové vysledky vyskumu v oblasti uéenia sa matematiky a jazyka ¢itatel ndjde v Tokuhama-Espinosa
a Borja (2023).

3.3 Interakcia neurénov v mozgu a socialne vztahy ziaka v skupine

Jednou z pri¢in nestiladu nazorov na miesto neurovied v edukaénych vedach ma nestlad v hibke analyzy
situacii. Je zrejmé, Ze ucenie sa ¢loveka je principialne zalozené na vzajomnej interakcii neurénov, a tiez je
celkom zrejmé, ze ucenie sa je socio-kultirna zalezitost. Dalej v ¢lanku sa venujeme tedrii piatich pilierov
mysle a ¢lanok staviame do urovne ucenia sa jednotlivca. Aplikéacie, samozrejme, predpokladaji ucenie
sa v socidlnom priestore, v priestore pre ucenie sa. Pri aplikovani sticasného poznania neurovied je tiez
potrebné brat do tvahy silnd a doleziti zotrvacnost vo vnimani vzdeldvania ucitelmi (Lomba-Portela et
al., 2022). Komplexn4 histéria ndzorov na vyuzivanie poznania mozgu vo vzdeldvani, zahriiujica obdobie
3000 rokov pred nasim letopo¢tom az po stcasnost, je dostupnéd v monografii Crossing Mind, Brain,and
Education Boundaries (Nouri et al., 2023).

4 Tedria piatich pilierov mysle

Zobrazovanie mozgu pocas jeho ¢innosti ndm umoziiuje skiimat miesta, ktoré su aktivované pocas rozno-
rodych ¢innosti, napriklad pocas istych foriem rozmyslania. Ako priklad mozeme uviest vyskum Masona,
Schumachera a Justa (2021) v ktorom porovnavali oblasti mozgu aktivované pri iniciovani fyzikdlnych
pojmov rozneho typu. Tim okolo profesorky z Harvardovej univerzity T. Tokuhama-Espinosa prestudo-
val okolo tisic §tudii neurovied zaoberajucich sa procesmi v mozgu pri ueni sa matematiky a jazyka
a snazili sa najst kategorizaciu tychto procesov z hladiska miest v mozgu, ktoré si pocas tychto ¢innosti
aktivované. Vysledkom tohto snazenia je tedria piatich zakladnych kategorii, piatich zakladnych typoch
uvazovania suvisiacich s aktivovanymi oblastami mozgu. Tychto pitf kategérii T. Tokuhama-Espinosa
nazvala symboly (symbols), vzory (patterns), usporiadania (order), kategdrie (categories) a vzfahy (re-
lationships). Na obr. 1 st predstavené aj ich podpiliere. Na Slovensku sme sa tejto tedrii zacali venovat
v praci (Cervetiova, 2022).

SYMBOLY  +—> VZORY <— USPORIADANIE <—— KATEGORIE <+—> VZTAHY

, pomery,
postupr\?st, ; kore3pondencia,
formy, tvary, konfiguracie, vakly’ u,cel’ vla?stnost{, velkost (rozsah),
reprezentacie série, pravidla, Struk.tu,r:;.\, ekV|v‘a.IeE1c‘|e, it
pravidelnost org?mzaga, klasifikacie S AT,
uvazovanie v e

ramci systémov mnozstvo

Obr. 1: Piliere mysle podla T. Tokuhama-Espinosa (2019), upravené

Piliere s vzajomne zavislé a nemusia byt nevyhnutne regulované hierarchiou. Napriklad kategdrie
zévisia od vzorov, vzory sa naopak opieraji o symboly, usporiadanie zdvisi od vztahov, a pod. Piliere
nemusia byt vzdy aktivované spolu, aviak ked 4ano, navzijom sa dopliaji. Nasledne tento tim skimal
dalgich vySe dvetisic $tidii neurovied tykajicich sa procesov ucdenia. Vysledkom bol zéver, ze vSetko,
¢o sa ludia udia, je bud symbol a/alebo, vzor, a/alebo usporiadanie, a/alebo kategdria, a/alebo vztah.
Tychto pit pilierov nielenze pontika organizujici koncept pre uz existujice tedrie o uceni, ale tiez navrhuje
spoOsoby rieSenia mnohych vyziev tykajicich vzdelavania, ktoré existuji mnoho desatroci, po¢nic rieSenim
problémov pri navrhovani instrukcii pre kvalitné ucenie sa az po zlepSenie diagnostiky porich ucenia
(Tokuhama-Espinosa, 2019, s. 8-9). V dalSej ¢asti priblizime tieto piliere a predstavime vybrané vysledky
nasho teoretického vyskumu zameraného na aplikovanie tejto tedrie na fyzikalne vzdelavanie.
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4.1 Symboly

Uvedme, ako autorka tedrie piatich pilierov vnima symboly. Stéastou piliera symboly st podpiliere formy,
tvary a reprezentdcie.

Symboly st znaky, ktoré nahradzaji bezne pouzivané reprezentacie a oznacuju vyznamy, funk-
cie, procesy, pocity alebo objekty, vratane slov. Symboly mézu byt znaky alebo pismend, ale
tiez aj emodzi alebo ideogramy, vsetko, ¢o nieco reprezentuje, vratane emblémov, dopravnych
znadiek, 10g spolo¢nosti a dalsich znaceni. Symboly tiez mozu byt nehmotné, ako napriklad
v literdrnom symbolizme, zahriiujic javy alebo jednoduché hovorené slova, ktoré mozu byt
pouzité na uplne odlisné vyjadrenie Specifického kontextu (Tokuhama-Espinosa, 2019, s. 28).

V naSom teoretickom vyskume sme analyzovali vybrané Casti obsahu fyzikalneho vzdeldvania na za-
kladnej a strednej Skole a snazili sme sa identifikovat symboly, ktoré vo fyzike rozvijame — ktorymi
zaroven rozvijame schopnosti ziakov stvisiace s tymto pilierom mysle. Jedny z najdolezitejsich symbolov
su pismenéd latinskej abecedy, aj fyzika je sprostredkovana pomocou jazyka. Vo fyzike vyuzivame niek-
toré pismend a skupiny pismen na symbolizovanie fyzikalnych veli¢in a ich jednotiek. Ak napiSeme F
(N), v kontexte fyziky zdkladnej Skoly si mnohi predstavia veli¢inu sila a jednotku Newton. Heuris-
tika, skratka, vybudovany zvyk, ziakovi umozni, bez vynaloZenia viéSej namahy identifikovat veli¢inu
sila uvedenu v texte, v matematickom vzfahu, na obrazku. N4§ mozog, podobne ako iné systémy, sa
snazi spracovavat podnety efektivne, snazi sa Setrit energiou vSade, kde to je mozné. Takto vybudované
heuristiky mozu v8ak tiez sposobit skreslenost informaécie, zaujatost, moézu viest k chybnej reprezentacii
symbolu. Napriklad, ak rukou napiSeme 12 ms a niekde inde 2,2 ms~!, pokojne mézeme prvi informéciu
vnimat ako 12 milisektind, a druhi ako 2,2 metrov za sekundu, ale tiez ako 2,2 x 1073571 ¢o je 2,2 mHz,
alebo tiez, pri interpretacii 2,2 (ms)~! 2,2 103s7! ¢o je 2,2 kHz. Heuristiky zalozené na symboloch nam
v 8kolskej fyzike iste poméahaja, a pomahaji tiez nasim absolventom zakladnej skoly, avSak ziaci i ucitelia
by si mali byt vedom{ limitov spojenych s vyZivanim symbolov. V nasom priklade vhimame jednoty veli¢in
ako symboly, ktoré mozu viest k nejednoznacnej a ¢asto aj chybnej intepretacii a je preto dolezité rozvijat
pracu s jednotkami aj na trovni piliera vztahy. Ako piSe Tokuhama-Espinosa (2021, s. 20), na$ mozog
vytvara pri tvorbe rozhodnuti skratky zalozené na opakovanej sktisenosti. Zdmerné rozvijanie spésobilosti
pracovat so symbolmi (teda s formami, tvarmi a reprezentéciami) v Skolskej fyzike beZne realizujeme, aj
bez poznania tedrie piatich pilierov mysle. Na obr. 2 je uvedenych niekolko typickych prikladov réznych
symbolov a rdoznych reprezentécii napriklad poc¢tu styri, alebo Druhého Newtonovho zékona.

() F &

Uy M ee & Styr

Rd&zne reprezentacie toho istého konceptu:
Druhy Newtonov pohybovy zakon F = M.a ZFext =M 5&

TNOPOUN @> <0 v~

BlVANNZ

Obr. 2: Priklady symbolov v skolskej fyzike (autori)

Na obrézku si mézeme vSimnif tiez rizikd spojené s nevhodnym pouzivanim symbolov Ziakmi. Jeden
z grafov moze za istych predpokladov predstavovat graf priamej tmery. Ak si ziak vybuduje predstavu,
ze priamka prechadzajica pociatkom siradnicového systému je grafom rovnomerne zrychleného pohybu
(a teda vidi tam zdvislost rychlosti od ¢asu napriek skuto¢nosti, ze ziadne veli¢iny na osiach uvedené nie
s) moZe to pre ufitela znamenat, Ze si ziak dobre rozvija pilier symboly, avSak graf je potrebné vnimat
tiez ako vztah medzi dvoma veli¢inami, ktoré by mali byt reprezentované na osiach grafu. Tiez by mal ziak
hladaf informécie o tom, ¢i v tvare grafu (vnimanom ako symbol) poéiatok sturadnic odpoveda nulovym
hodnotdm veli¢in zobrazenych na osiach, teda napriklad ¢i symbol grafu na prvy pohlad odpovedajtci
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priamej Gmere je naozaj grafom priamej tmery, alebo iba inej linearnej zavislosti. Pri Druhom Newto-
novom zakone sme na obrazku dali reprezentécie, v ktorych nevystupuje cas. V skolskej fyzike chceme
dosiahnut stav, kedy si ziak pri veli¢ine zrychlenie predstavi rychlost zmeny rychlosti v ¢ase, a tiez stav,
ked si ziak predstavi vyslednicu posobiacich sil ako rychlost zmeny hybnosti v ¢ase.

4.2 \Vzory

Uvedme, ako autorka tedrie piatich pilierov vnima vzory. Sic¢astou piliera vzory st podpiliere konfigurdcie,
série, pravidld a pravidelnosti.

Vzory s modely, opakujice sa navrhy alebo organiza¢né postupy a iné rutiny. Vzory taktiez
vytvaraju ocakavania ¢i predpovede. Vzory sa vyskytuju v prirode, v rastlinach, zvieratach,
ale aj v nezivej prirode, napr. piesok, vrchy, oblaky ¢i ocean. Socidlne vzorce pontkaju vy-
svetlenie, preco niektori Iudia robia nelogické rozhodnutia, ako napriklad ¢o jest, kedy ist
spat, kolko cvicit. Ich rozhodnutia st zalozené na desafrocia sa opakujiicom vzorci spravania
v ich komunite a nie na vyhodnocovani informécii. Tvorba a vyuZivanie vzorov (patterning)
je synonymom pre modelovanie, kopirovanie alebo napodobiiovanie. Vo slovesnej forme mé
slovo vzor v§znamy modelovat, napodobiiovat, zdobif. Struktiry mézu byt vyjadrené po-
mocou konfiguracii, sérii, pravidiel, pravidelnosti alebo oc¢akavanych myslienkovych vzorcov
(Tokuhama-Espinosa, 2019, s. 46).

V obsahu fyzikalneho vzdelavania na zakladnej a strednej Skole sme identifikovali vzory, ktoré vo
fyzike rozvijame — ktorymi zarover rozvijame schopnosti ziakov stvisiace s tymto pilierom mysle. Pri-
kladom konfiguracie je sithvezdie — nemenné relativna poloha hviezd na noc¢nej oblohe. Inou zauzivanou
konfiguraciou st vlnoplochy v okoli bodového zdroja vlnenia. Na gymnéaziu pouzijeme aj dve rovnaké
konfiguracie — vlnoplochy z dvoch zdrojov — pre odvodenie zakonitosti interferencie svetla. Farby dihy
tvoria konfiguraciu — stale usporiadanie, a to aj pri rozklade svetla na spektrum inym spdsobom nez je
rozklad na kvapkach vody pri vzniku dihy. Ku vzorom zaradujeme aj série — série vytvaraju ocakavania.
Ked nastane preruSenie zvycajnej série, vznika nestlad. Napriklad ak pocujeme konkrétnu hudobni stup-
nicu v sérii a zaznie neocakavana nota, dochadza k aktivovaniu systému pozornosti. Vzory st dolezité
pre ucenie, ktoré je zaloZené na ocakévani — mozog vyhladéva opakujice sa vzory a je upozorneny na
$pecifické situacie vymykajice sa tymto vzorom. Séria je kli¢om k mnohym matematickym postupom,
vratane postupov matematickej analyzy a Statistiky. Pravidld su tiez prikladmi vzorov, napriklad pravidla
zaokrithlovania desatinnych &isel alebo pravidlo zaokrthlovat na platny pocet ¢islic vysledku. Zamerné
rozvijanie sposobilosti pracovat s vzormi (teda s konfigurdciami, sériami, pravidlami a pravidelnostami)
v Skolskej fyzike bezne realizujeme, aj bez poznania tedrie piatich pilierov mysle.

Na obr. 3 je uvedenych niekolko typickych prikladov réznych vzorov. Konfiguraciami mozu byt napri-
klad usporiadania atémov v molekule. Pravidl4 zaokrihlovania a pouZivania vhodného poétu platnych
cifier (alebo desatinngch éislic), pouzivania vedeckého zapisu ¢isla, patria tiez ku vzorom. Na zdkladnej
gkole rozvijame ziakov v schopnosti vyuzivat vektorové reprezentécie sil na naklonenej rovine — Ziaci sa
udia pravidla, ako nédjst vyslednicu sil poésobiacich na teleso. Pohyb matematického kyvadla moze pre
ziaka predstavovat pravidelnost a tito moze gkolskd fyzika rozvinif do schopnosti zakreslit napriklad
graf zavislosti vodorovnej polohy od ¢asu — teda konfiguraciu odpovedajicu harmonickej funkcii. Na ob-
razku sme tiez naznacili sériu vlnopléch na vodnej hladine, rozvijant v témach vlnenie a vlnova optika,
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Obr. 3: Priklady vzorov v skolskej fyzike (autori)
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ktoré tradi¢ne maju svoje miesto v $kolskej fyzike. TieZz na tomto mieste chceme zvyraznit rozdiel medzi
fyzikalnym vzorcom a fyzikdlnym vzfahom. Napriklad pravidlo pre vypodcet elektrického prudu prechad-
zajuiceho rezistorom pripojenym na zdroj s istym elektrickym napitim pokladdme za vzorec (pouzivanie
ma charakter piliera mysle vzory), ak ho ziak pouZiva spésobom: do vzorca dosadim hodnotu napétia
v jednotkach volt a hodnotu odporu v jednotkdch ohm, a po vypocte dostanem hodnotu priadu v jed-
notkéch ampér. Ak ziak vnima vzajomnu zévislost medzi pridom a napitim na vodiéi s konStantnym
odporom, potom ziak pracuje so vztahom (pilier vzfahy).

4.3 Usporiadania

Uvedme, ako autorka tedrie piatich pilierov vnima usporiadania. Stucastou piliera st podpiliere postup-
nosti, cykly, struktiry, organizdcie, hierarchie, uvaZovanie v rdmci systémov.

Usporiadanie predstavuje organizaciu alebo rozmiestnenie veci alebo Tudi, ktori st vo vzéa-
jomnom vztahu a to na zdklade Specifického usporiadania, metddy, smeru alebo Struktiry.
Usporiadanie moZe naznacovat polohu predmetov v priestore alebo ¢ase a v postupnosti alebo
sekvencii. Usporiadanie mozZe tiez predstavovat podstatu nie¢oho, alebo harmonické podmi-
enky, podla ktorych st veci zoradené tak, aby davali zmysel na zédklade vhodnosti ich umiest-
nenia. Ako sloveso slovo usporiadat (to order) moze znamenat usmertiovat, riadit, regulovat,
viest alebo vhodne metodicky zaradovat (Tokuhama-Espinosa, 2019, s. 60).

V obsahu fyzikdlneho vzdelavania na zakladnej a strednej Skole sme identifikovali usporiadania, ktoré
vo fyzike rozvijame — ktorymi zaroven rozvijame schopnosti zZiakov suvisiace s tymto pilierom mysle.
Postupnost je konkrétne vyjadrenie poradia objektov, udalosti alebo krokov s uréitym tcelom. Typic-
kou postupnostou v ucive fyziky je postupnost stavov matematického kyvadla — kmitajiceho zévazia
zaveseného na niti. Pri kazdom periodickom deji vieme identifikovat cyklus, v ktorom sa dej periodicky
opakuje. Usporiadané je tiez poradie faz pri zmene skupenstva — Ziaci si vytvaraja predstavy, ze kvapalné
skupenstvo je vZdy medzi pevnym a plynnym (aj ked, samozrejme, poznédme aj subliméciu a desublimé-
ciu). Ako postupnost mozeme uviest proces topenia ladu, postupnost od zohrievania Tadu, cez topenie
pri teplote topenia, po zohrievanie vody, ktord vznikla roztopenim ladu. Zdmerné rozvijanie spdsobilosti
pracovat s usporiadaniami (teda s postupnosfami, cyklami, kauzalitami, $truktirami a hierarchiami)
v Skolskej fyzike bezne realizujeme, aj bez poznania tedrie piatich pilierov mysle. Ako priklad mézeme
uviest usporiadanie planét v Slne¢nej ststave, pripadne aj aplikovanim Keplerovych zékonov.

4.4 Kategorie

Uvedme, ako autorka tedrie piatich pilierov vnima kategorie. Sticastou piliera st podpiliere vlastnosti,
ekvivalencie a klasifikdcie.

Kategdrie st roztriedenia a klasifikicie veci, ktoré zdielaju urcité kvality. Kategdrie sa vytva-
raju na zaklade kvalit a ekvivalencii predmetov, ludi, miest, ¢asov, zanrov, forméatov, §tylov,
typov, konceptov alebo schém, ktoré st uréené vlastnostami alebo vzhladom, vyjadrujtice po-
do rovnakej kategdrie, zdielaju asponi jednu spoloént charakteristiku. V slovesnom tvare ka-
tegorizovat znamend zaradit veci alebo Iudi do skupin a roztriedit ich, alebo klasifikovat na
zéklade podobnosti ich vlastnosti (Tokuhama-Espinosa, 2019, s. 72).

V obsahu fyzikalneho vzdelavania na zékladnej a strednej Skole je pomerne jednoduché identifikovat
kategdrie. Kategorizovanie objektov a javov na zéklade ich vlastnosti vo fyzike pouzivame c¢asto — a tym
zaroven rozvijame schopnosti ziakov stvisiace s tymto pilierom mysle. Jednou z prvych zruc¢nosti, ktoré
uc¢ime deti v predskolskom veku, je identifikovatf, ako st si veci podobné a ako sa navzajom lisia. Ked
st deti o nieco starSie, mozeme ich povzbudit, aby pouzivali vizudlne diagramy podobnosti a rozdielov,
ktoré im pomozu ,,uvidiet”, ako mozu byt veci podobné a rozdielne zaroveii. Telesé delime na homogénne
a nehomogénne, napriklad podla hustoty v roznych ¢astiach telesa, alebo na izotropné a anizotropné, podla
rychlosti svetla v réznych smeroch v priehladnych materidloch. V predchédzajicej vete sme spomenuli
viac pojmov, ktoré mozu viest u Citatela k predstave, ze vo fyzike chceme zavddzat mnozstvo pojmov,
mozno az encyklopedick§m sposobom. Ziakov ué¢ime klasifikovat veci a javy na zaklade ich vlastnosti,
a aj vlastnost, aj triedu klasifikicie je dobré pomenovat. Myslenie prebieha v pojmoch. Napriklad Ziakovi
je zrejmé, aky je rozdiel medzi zvukom a svetlom — avSak tento rozdiel moze byt zalozeny na roznych
vlastnostiach — podla trovne vzdelania ziaka, podla toho, aké pojmy mé ziak vybudované.
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Obr. 4: Priklady kategérii v skolskej fyzike (autori)

Zamerné rozvijanie sposobilosti pracovat s kategdriami (s vlastnosfami, ekvivalenciami a klasifika-
ciami) v Skolskej fyzike bezne realizujeme, aj bez poznania tedrie piatich pilierov mysle. Na obr. 4 je
uvedenych niekolko prikladov, na ktorych rozvijame pilier kategérie.

Rozklad sil posobiacich na naklonenej rovine, alebo presnejsie, zlozky sil, mézeme povazovat za kate-
gorizaciu sil na zaklade ich smeru, napriklad zlozky vo vodorovnom smere a v zvislom smere. Pri vzoroch
sme priklad s naklonenou rovinou uviedli v suvislosti s pravidlami pouzitelnymi pri skladani sil, pri hla-
dani vyslednice posobiacich sil, pri rozklade sil na dve navzajom kolmé zlozky. Na tomto mieste pouzivame
priklad s naklonenou rovinou na ilustraciu kategorizacie zloziek sil. V skolskej fyzike pri naklonenej ro-
vine spravidla pouzivame zlozky sil v smere naklonenej roviny a v smere kolmom na naklonent rovinu,
avSak v niektorych situdcidch ma zmysel pouzivat inti kategorizdciu — v smere vodorovnom a v smere
zvislom (napriklad pri pohybe telesa naklonenou zakrutou, kde vyslednica sil predstavuje dostredivi silu
smerujicu do stredu kruznice, teda zvycajne vodorovne). Telesd moZzeme na zakladnej skole kategorizovat
napriklad podla toho, ¢ sa vo vode ponaraji, vznasaja, alebo plavaji na vodnej hladine. Elektromag-
netické vlnenia klasifikujeme do skupin podla vlnovej dlzky, napriklad radiové vlny, svetlo, réntgenové
Ziarenie a dalSie. Meracie pristroje kategorizujeme napriklad podla veli¢iny, ktortt nimi meriame.

4.5 \Vztahy

Uvedme, ako autorka tedrie piatich pilierov vnima pilier vzfahy. Stcastou piliera st podpiliere pomery,
korespondencia, miera, aproximdcia, odhad a mnoZstvo.

Vztahy st sposoby, akym st dva alebo viac predmetov, Iudi alebo konceptov prepojené, ako
spolu stvisia, alebo je to tiez stav, ktorym s dve alebo viac veci prepojené. Vztahy mozu
zahfiiat aj zdvislosti, podobnosti a afinity medzi pojmami alebo Iludmi, ktoré mozu byt ¢asto
vzdjomne zavislé. Vztahy medzi entitami ¢asto vysvetluju hierarchické asociacie alebo pra-
covné usporiadanie. Vztahy mozu byt prirodzené alebo vymyslené (Tokuhama-Espinosa, 2019,
s. 86).

Pomer je podiel alebo ¢ast popisané vztahom k celku. Podiel hmotnosti telesa a jeho objemu predsta-
vuje vo fyzike zédkladnej skoly hustotu telesa, respektive hustotu materidlu, z ktorého je teleso vytvorené
(ak hovorime o homogénnom telese). Proporcie SoSovky st v optike dolezité a zavisi od nich napriklad
aj ohniskova vzdialenost, respektive skutoc¢nost, ¢i sa teleso s danymi proporciami sprava ako Sosovka.
Fyzikalne vztahy, vztahy medzi vlastnostami objektov alebo javov, vyjadruji vzajomni korespondenciu
medzi fyzikdlnymi veli¢inami vyjadrujicimi tieto vlastnosti. Spravidla nés na fyzike zaujimaja kauzélne
vztahy. Z hladiska mysle st dolezité tiez analdgie. Napriklad svetlo a zvuk st fyzikdlne celkom rozdielne
javy, avSak skutocénost, Ze obe si1 vlneniami, ndm umoziiuje pouzivat analégiu, dokonca aj analdgiu s vlne-
nim na vodnej hladine (napriklad pri zaviddzani pojmu interferencia vlneni). Pouzitie analdgii je jednym
z najlep$ich sposobov vyucby, ked Student mé malé alebo Ziadne predchadzajice skdsenosti stuvisiace
s vyucovanym pojmom. Vztahy moézu byt vyjadrené z hladiska kontextu, okolnosti alebo miesta. Kontext
je formovany socidlnymi a emocionalnymi konstruktmi a ovplyviiuje vSetky Tudské interakcie. V procese
vyucovania a ucenia sa je kontext dolezity.

Zémerné rozvijanie spdsobilosti pracovat so vztahmi (s pomermi, koreSpondenciami, s velkostou, mie-
rou, aproximéciou, odhadom) v Skolskej fyzike beZne realizujeme, aj bez poznania tedrie piatich pilierov
mysle. Na obr. 5 je uvedenych niekolko prikladov, ktorymi rozvijame pilier vztahy.

Scientia in educatione, 14(2), 2023, p. 20-31 27 https: //doi.org/10.14712/18047106.3108


https://doi.org/10.14712/18047106.3108

~

L/

Obr. 5: Priklady vztahov v skolskej fyzike (autori)

Ako priklad vztahu medzi vzdialenostou dvoch hmotnych bodov velkostou gravitacne;j sily, ktorou na
sily klesne na Stvrtinu. Podobne, ziakov u¢ime, ze zrychlenie telesa je priamo imerné vyslednici sil ktoré
poOsobia na teleso. Inym typom vztahu je zlaty rez, pomer zndmy z matematiky.

5 Vybrané sposoby implementacie Ciastkovych vysledkov neurovied
do fyzikalneho vzdelavania

V toto ¢lanku sa venujeme najméi teoretickym moznostiam aplikacie poznania neurovied do fyzikalneho
vzdeldvania. Vratme sa vSak na chvilu o par rokov spift, k tedrii ktora sa neodvolava na vysledky neuro-
vedcov, a snazi sa o nieco podobné ako tedria piatich pilierov mysle.

5.1 Tedria Knowledge-in-Pieces a jej suvis s tedriou piatich pilierov mysle

O modelovanie kognitivnych Struktir a procesov suvisiacich s ucenim sa, najmi v oblasti ucenia sa
fyziky a matematiky, sa dlhodobo a systematicky pokisa A. di Sessa (2014, 2018). Svoju teériu nazval
Knowledge-in-Pieces, a pracuje v nej so zrnkami mtdrosti (volny preklad autora), ktoré nazyva primitive
phenomenologies a oznacuje skratkou p-prims. Odhaduje, ze pocas rozmyslania st aktivované niektoré
p-prims a ze celkovo existuje okolo tisic p-prims. Jeho tedria vysvetluje, Ze chybné tisudky st spravidla
tvorené tym, Ze pri rozmyslani sa u Ziaka neaktivuju vhodné p-prims, pripadne vhodné p-prims nie
st u ziaka dobre rozvinuté. Tedriu spominame aj v ucebnici Didaktika fyziky (Demkanin, 2018). Autor
predpokladé, Ze tedria by mohla néjst svoje uplatnenie pri pouziti digitdlnych nastrojov spracovéavajtcich
velké mnozstva dat, pricom tieto ddta by obsahovali nielen stav predstav ziaka, ale aj ich vyvoj v case.
Tieto predstavy, ktoré sa v obdobi vzniku tejto tedrie, teda v pred viac nez 40 rokmi (diSessa, 1983)
mohli javit ako nerealizovatelné, mozeme konfrontovat so snahami stcasnosti, napriklad s pripravou
monotematického ¢isla ¢asopisu Npj science of learning zameraného na vyuZzivanie umelej inteligencie
pri vyskume ucenia sa. V tomto ¢lanku sa nam javi vyuzivanie piatich skupin spdsobov myslenia ako
lepsi podklad pre praktické aplikacie, avsak tedria Knowledge-in-Pieces sa javi ako tedria, ktord nie je
v rozpore s tedriou piatich pilierov mysle.

5.2 Aplikacie neurovied ako evolicia alebo revolicia pohladov na vzdelavanie

HIlbsie poznanie procesov stojacich za u¢enim sa moze evokovaft viacero moznych scendrov vyvoja vzdela-
vania — obsahu, metdd, i samotnej Struktary kurikula. Za extrém povazujeme myslienky, ze kurikulum by
sa malo prisposobit poznaniu neurovied a Ze vzdelédvanie by bolo tréningom mysle, v ktorom by bol obsah
vzdelavania celkom podriadeny sposobom rozmyslania. Tento prispevok sa venuje fyzikadlnemu vzdelava-
niu a tedrii piatich pilierov mysle. Tedria piatich pilierov myslenia pontka viacero moznosti aplikovania
do fyzikdlneho vzdeldvania. Jednou z moznosti je pouzif ju pri dizajne klasického fyzikdlneho vzdela-
vania, pripadne klasického prirodovedného vzdeldvania. Pri tomto pouziti je zdkladom dizajnu rozvoj
fyzikalnych (prirodovednych) pojmov, sposobilosti a postojov. Teériu pilierov mysle pri tomto pristupe
pouzijeme pri dizajne detailov vyucovacieho procesu, rozvijame tie spdsoby myslenia, ktoré odpovedaja
obsahu (pojmom, spdsobilostiam a postojom) pldnovanym na dand uéebnt jednotku. Inym pristupom
k vyuzitiu tejto tedrie je jej aplikovanie v ramci reagovania na aktualnu situaciu uciacich sa. Fyzikalne
(alebo prirodovedné) vzdeldvanie méme napldnované na trovni obsahu iba rdmcovo (mame naplanované
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rozvijané pojmy, sposobilosti a postoje iba rdmcovo) a konkrétne aktivity vyucovacej jednotky prispdso-
bujeme stavu uciacich sa tak, Ze vedome pouzivame tedriu pilierov na plnenie rdmcovych cielov. Niektoré
pristupy celostného rozvoja ziaka mozu uvazovat aj o vyuziti tedrie pilierov mysle ako zdkladu tvorby
kurikula. Pri takomto sa mozu stierat rozdiely medzi vyucovacimi predmetmi a uéivo sa moze dizajno-
vat tak, aby rozvijalo myslenie Ziakov optiméalne podla tejto tedrie, v¢itane rozvoja medzipredmetovych
a nadpredmetovych cielov. Autori tohto prispevku sa v stcasnosti priklaniaju k prvej zo spomenutych
moznosti.
Pre ilustraciu pristupu uvadzame jednu tlohu s rezistormi, obr. 6.

Tri rezistory, kazdy s odporom 6 Q, su zapojené podla obrazka.

Uréte odpor medzi bodmi P a Q.

Obr. 6: Priklad fyzikdlnej tlohy pre ilustraciu analyzy myslenia ziaka (autori)

V diskusii so skiisenymi ucitelmi fyziky sa viésina zhodla, Ze tiloha nie je Standardné, Ze je pre ziakov
narocna a Ze iba malo ziakov gymndzia spravne uréi vysledny odpor 2 Q. V dalSej diskusii s tymito
uditelmi sme identifikovali mozné problémy. Ziaci si v téme jednosmerny elektricky prad rozvijaja najms
pilier symboly, ¢o je prirodzené, rozne typy telies, ktorychy vyznacénou vlastnostou v danom kontexte je
elektricky odpor, chceme reprezentovat rovnako — rovnakym symbolom. AvSak aktivovanie piliera symboly
pri identifikécii vzajomného prepojenia rezistorov v schéme moze viest k chybnému zéveru. Rezistory st
nakreslené za sebou, koniec jedného je pripojeny k zaciatku druhého, koniec druhého k zaciatku tretieho.
Toto evokuje usporiadanie (postupnost), ktort ziaci poznaju ako sériové zapojenie rezistorov (kategdria
beznych zapojeni rezistorov). Ziaci, ktorf neignoruji dva vodi¢e zapojené v porovnani so sériovym zapoje-
nim naviac, identifikuji usporiadanie (organizaciu), v ktorej je jeden koniec kazdého z rezistorov spojeny
s bodom P a druhy koniec s bodom Q. Teda spravne identifikuji paralelné zapojenie rezistorov (kategéria
beznych zapojeni rezistorov), pouziju im znamy vzor (pravidlo, vzorec), a ur¢ia hodnotu 6/3 Q2 =2 Q.

V dasti 3 tohto ¢ldanku sme spomenuli, Ze snahou je pochopit kauzalitu poznania procesov uéenia sa
na drovni mozgu. Teda aplikovanie do praktického vzdeldvania predstavuje skér pochopenie procesov sto-
jacich za beznymi metédami, ktoré boli vyvinuté v predchddzajucich desatroéiach. Predpokladame vsak,
ze na zaklade poznatkov z neurovied buda niektoré z metdd spresnené, pripadne aj upravené. V casti 3
sme spomenuli vyskumy snaziace sa hlbsie pochopit metddy hranie roli, Student—expert, poskytnutie in-
formacii viacerymi sposobmi, praca s chybou, typ aktivity Think-Pair-Share a praca s alternativnymi
konceptami.

6 Zaver

Tedriu piatich pilierov myslenia pokladame v stcasnosti za najprepracovanejsie aplikovanie neurovied do
vzdeldvania. Pilotné vedomé pouzivanie tedrie piatich pilierov mysle vo fyzikalnom vzdelavani sa javi
ako slubné a zda sa, Ze mé potencial ho skvalitnif prostrednictvom zapracovania do uéebnic, ako aj do
prace uditela. Priprava série uéebnic vyuzivajicej tento rozmer spracovania aktivit pre ziakov si vyzaduje
tim sktsenych didaktikov a niekolkoro¢né overovanie v praxi na niekolkych $kolach, teda v tomto ¢lanku
neprinasame vysledky nédsho empirického vyskumu, ale skor teoreticky pohlad a argumenty podporujtce
zahéjenie dlhodobého vyskumu, ktorého zakladom bude séria uéebnic. Tato chceme tvorit na zéklade
stucasného poznania nielen uc¢ebnic fyziky (a spojenej prirodovedy), ale tieZ poznania u¢ebnic matematiky,
véitane uéebnic tvorenych v stlade s Hejného metédou (Hejny et al., 2006; Kvasz, 2019). Zaujimavé
porovnanie dvoch spdsobov matematizacie tlohy zdkladnej skoly, vizudlny model a analyticky model,
prindsa spolu s dobrym prehladom literatiry Shahbari (2020). Toto porovnanie pekne podporuje tedriu
piatich pilierov a ukazuje, Ze Ziaci mozu rieSit rovnakt matematickd tlohu réznymi spésobmi myslenia.
Podobne, z pohladu dizajnu uéebnic matematiky, sa vizualizicii pojmov z kombinatoriky venuje Zenkl
(2021) a prindsa zaujimavé zistenie, Ze v analyzovanych udebniciach matematiky je velmi mélo vyziev na
to, aby ziaci vizualizovali zadania tloh a procesy riesenia tychto tloh.

Podobne, ako sme pred desatrodiami zvyraziiovali popri fyzikdlnom obsahu rozvoj sposobilosti vedec-
kej prace, teraz mame nastroj — tedriu na to, aby sme skvalitnili ucenie sa fyzikalneho obsahu a spésobov
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vedeckej prace tym, Ze v ramci fyzikdlneho vzdeldvania vedome rozvijame mysel a zdrovern vedome vy-
uzivame rozvinuté myslenie ziakov na hibkové udenie sa fyzikdlneho obsahu a sposobov vedeckej prace.
Uvedomujeme si, Ze niektoré $tadie s k téme trénovania mysle pesimistické (Melby-Lervag & Hulme,
2013), (Redick et. al., 2013), avSak viaceré studie jasne preukazuji opodstatnenost vyskumu v tejto oblasti
a velky potencidl pre zefektivnenie procesov ludského ucenia sa (Merzenich, 2013). Ako sme spomenuli
v uvode ¢lanku, cielom tedrie fyzikalneho vzdelavania je, okrem inych cielov, aj hladanie spésobov, ako
naucit ziaka viac a kvalitnejsie. Clanok predstavil jednu z moznosti, ako Struktiirovat toto snaZenie na
zéklade stcasného poznania ¢innosti mozgu. V zavere Casti 3 tohto ¢lanku sme sa vymedzili na pouzitie
neurovied pri skimani ucenia sa jednotlivca, a zaroven sme povedali, Zze pokladame za Gplne samozrejmé,
Ze ucenie sa prebieha v socidlnom priestore. Komplexny pristup k aplikdcidm neurovied do préace uditera,
mentora, titora, kouca, na trovni praktickych odporucani, prindsa monografia autorov O’Connor a Leges
(2019). Kapitoly venované mysleniu, mysli, si spracované pristupnejsim, jednoduch$im spdsobom, nez
v teodrii piatich pilierov mysle, avsak st doplnené kapitolami venovanymi procesom rozhodovania, ilohe
odmien, empatii a dalsim zaleZitostiam v medziludskych vzfahoch pri uceni sa, identite uciaceho sa.
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Elementary school pupils’ concepts about digestive system

Petr Kovarik!, ® Milan Kubiatko!*, Dominika Randac¢kova?

1 Pedagogicks fakulta, Univerzita J. E. Purkyné, Pasteurova 1, 400 96 Usti nad Labem; mkubiatko@gmail.com
2 Zékladni a matefska skola Duhova cesta, s.r.o., Havlickova 3675, 430 03 Chomutov

Predstavy o jakémkoliv jevu ¢i fenoménu se vyvijeji od raného véku ditéte zejména  Kli¢ova slova:
vlivem pisobeni vnéjsich faktord. Hlavnim cilem vyzkumu bylo zjistit pfedstavy zaka détska kresba,

prvniho stupné zakladni skoly o travici soustavé a stanovit vliv riznych faktorti ovliv-  détské pojeti udiva,
nujicich troven predstav o travici soustavé, zejména se zaméfenim na konceptudlni  travici soustava,
zménu s ohledem na prechod na druhy stupen. Respondenty vyzkumu byli zaci prv- Zaci zakladni skoly.

niho i druhého stupné zakladnich skol (n = 193). Vyzkumny nastroj byl tvofen tfemi
Castmi. Prvni ¢ast tvorily demografické proménné, druhé ¢ast byla zaméfena na vni-
mani vlastni zranitelnosti. Posledni ¢ast byla zaméfena na predstavy respondenti
o travici soustavé, které byly identifikovany prostiednictvim détské kresby. Pro ana-
lyzu dat byly vyuzity metody deskriptivni a induktivni statistiky. Zaci patého ro¢niku

dosahli nejvyssiho skére, nejnizsi skére bylo dosazeno zdky prvniho a devatého roé-  Zasldno 11/2022
niku. Slinivka bfi$ni byla nejvice absentujicim orgdnem travici soustavy v kresbach  Revidovano 7/2023
zakt. V zavéru jsou navrhnuty moznosti pro aplikaci do pedagogické praxe. Pfijato 8/2023

The concepts about any kind of phenomena are developing from the early age of child Key words:

with the influence of external factors. The main aim of the diploma thesis was to find children’s drawing,
out primary school pupils’ concepts about digestive system, and to determine the children's concepts,
effect of different factors. The most important factor is the transition of pupils from digestive system,
the primary to secondary level of elementary schools. The sample size was created by  elementary school pupils.
elementary school pupils (n = 193). The research tool was divided into three parts,

the first one was focused demographical variables, the second one was focused on the

perception of perceived vulnerability. The last part of research tool was focused on

the concepts of pupils about digestive system through methods of children’s drawings.

The methods of descriptive and inductive statistics were used for the data analysis.

The 5th grade pupils achieved the highest score, the pupils of 1st and 9th grades  Received 11/2022
achieved the lowest one. The pancreas was the most missing organ in the drawings.  Revised 7/2023
The implications for pedagogical practice are suggested in the conclusion. Accepted 8/2023

1 Uvod

Jednim z klicovych pfedméti, které pomahaji jednotlivetim dovédét se néco o sobé a svém téle, je biologie,
resp. prirodopis. Poznani lidského téla by mélo patrit mezi zakladni znalosti kazdého z nas, protoze bez
spravnych a podstatnych informaci o sobé samém se o sebe nedokazeme nalezité postarat, proto by
v zdjmu celé spolecnosti, nejen téch, ktetfi se vénuji vzdélavani ostatnich, mélo byt seznamovéani déti se
zékladnimi znalostmi o lidském téle jiz od Gtlého veku, na které se s pribyvajicim vékem nabaluji dalsi
a dalsi informace. Tyto informace pak détem utvari predstavu o fungovani lidského téla. S ohledem na
vek respondenti v prezentované studii bylo cilem identifikovat predstavy zakt prvniho stupné zakladnich
skol o travici soustavé. Travici soustava byla vybrana z toho divodu, ze patii mezi ty, které jsou pro zaky
prvniho stupné nejkonkrétnéjsi. Ve vyzkumném vzorku jsou zastoupeni i zaci druhého stupné zakladnich
gkol, jejichz odpovéd slouzi k porovnani, zdali dochdzi ke zméné predstav ¢i mnikoliv. Testovani bylo
realizovano na konci skolniho roku. Z tohoto diivodu bylo veskeré uc¢ivo souvisejici s danou problematikou
v jednotlivich roé¢nicich s zaky probrano dle platného SVP.

2 Vymezeni zakladnich pojmu

V ramci prezentované studie se pracuje zejména s pojmem détska predstava, jejiz definice je obtizna,
protoze kazdy autor ji vymezuje s urcitymi odlisnostmi ve srovnani s jinymi autory. Souhrnné je mozné
fict, ze détské predstavy vznikaji na zékladé védomych ¢i nevédomych zkusSenosti a také jsou ovlivnény
vlastnimi prozitky. Vznikaji spontdnné v konkrétnich situacich a tvofi jednu z hlavnich osobnostnich
vlastnosti kazdého jedince v procesu vzdélavani. Détské predstavy maji vliv na individuélni ucebni styly
a strategii u¢eni (Skoda & Doulik, 2010). Dle Zoldogové (2004) jsou détské predstavy piisné individualni
a kazdy jednotlivec si vytvari vlastni specifickou strukturu poznatki. Pfi popisu urcitého jevu poskytuje
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rizné vysvétleni. Jednou z jejich vlastnosti je také to, ze podléhaji zméndm a miize nastat stav, kdy
se stanou nespravnymi a stavaji se z nich miskoncepce. Ty mohou pfetrvavat i poté, kdy se dité nebo
74k seznami se skute¢nostmi, které je vyvraceji (Larkin, 2012). Zaci si ¢asto ponechavaji svou ptivodni
predstavu proto, Ze ignoruji nové skutecnosti nebo si skutecnost prizptisobi své pretrvavajici nespravné
predstavé (Caleon & Subramaniam, 2010; Taber, 1995). Cestu k jejich odstranéni lze nalézt, pokud si zdk
uvédomi rozpor mezi svou nespravnou predstavou a skutecnosti (Tawde et al., 2017).

3 Soucasny stav poznani

Zamérime-li se na studie tykajici se lidského téla, tvori urcitou ¢ast vyzkumného portfolia, ale nejsou
zastoupeny tak vyrazné jako lakavéjsi témata, zejména genetika (Carver et al., 2017) ¢i fyziologie rostlin
(Skribe Dimec & Strgar, 2017). Nize jsou uvedeny vyzkumné prace zaméfené na piedstavy v oblasti
anatomie lidského téla, predevsim pak travici soustavy se zamérenim na vékovou skupinu reprezentujici
zaky prvniho stupné zakladnich skol.

3.1 Vyzkumné studie zamérené na predstavy zakd o travici soustavé v obecné
roviné

Reiss et al. (2002) dali za tkol zdktm nakreslit, co si mysli, Ze maji uvnitf svého téla. Vyzkumny vzorek
tvorili zaci zakladnich skol prvniho a druhého stupné z jedenacti zemi. K vyhodnoceni byl pouzit sedmi-
bodovy kategorialni systém dle tiplnosti a presnosti kreseb. Kromé jiného autori konstatovali rtiznorodé
zastoupeni jednotlivych soustav, pficemz travici soustava byla zastoupend ve vétSiné kreseb, ne vsak
s korektnim umisténim organt, a ani nebyly pfitomny vSechny organy. Dochézelo také k uvedeni organti
travici soustavy do jinych soustav lidského téla, nejéastéji do soustavy obéhové. Cakici (2005) se snazil
identifikovat prostfednictvim interview a testl, co se dle zékt prvniho stupné zdkladni skoly (déle jen
ZS) (vék 10 a 11 let) d&je s potravou po jejim pifjmu a nasledné pies které organy pak potrava prochazi.
Autor konstatoval, Zze Zaci nespojovali organy do jednoho celku, ale povazovali je za oddélené. Dale se
vyskytovala slangova pojmenovani jednotlivych organt, coz bylo povazovano za vliv prostfedi, ve kte-
rém Zaci vyrustali. Havu-Nuutinen a Keinonen (2010) prostfednictvim kresby zjistovali schopnost zakt
prvniho stupné zakladnich skol nakreslit a pojmenovat organy lidského téla. Vysledkem bylo, Ze existuje
mnozstvi mylnych predstav, ale nejlépe byly kresleny a pojmenovany organy nervové a travici soustavy.
Garcia-Barros et al. (2011) se zaméFili na pfedskolni déti a zdky prvniho stupné zakladnich gkol ve véku
4 az 7 let, a zajimalo je, co tyto déti védi o travici a djchaci soustavé ¢lovéka a vybranych zvitat pied
tim, nez toto ucivo proberou ve skole. Jako zastupci obratlovei byli vybrani: pes, kachna a ryba. Sbér dat
probihal pomoci dotaznikového Setfeni a analyzy détské kresby. Zjisténi ukazala, ze déti ve svém téle roz-
poznévaly specifické organy, které si spojovaly s pfijmem potravy a vzduchu. Navic obvykle extrapolovaly
tyto orgdny na jiné zvitata, kterd znali. Jejich pfedstavy o travicim systému byly pfesnéjsi nez predstavy
o dychacim systému. Pettersson et al. (2021) se prostifednictvim testu snazili determinovat propojenost
jednotlivych organovych soustav u zakd na konci prvniho a na zacatku druhého stupné zakladnich skol.
Na zakladé vysledku testt uvedli, ze zaci méli problém chapat propojenost jednotlivych soustav lidského
téla, vétsinou je brali separatné. Za pozitivni zjisténi bylo mozné povazovat, ze nejcastéji byla uvadéna
propojenost mezi obéhovou a travici soustavou. Jednotlivé orgdnové soustavy a predstavy o nich byly
zjistovany prostfednictvim kresby i v dalsi studii. Nasledné zafazeni kreseb do kategoridlniho systému
identifikovalo troven mylnych predstav u zaku zakladnich Skol o jednotlivych soustavach. Jako i v pre-
deslych vyzkumnych pracich, i tady byl zjistén problém se spravnym nakreslenim organd jednotlivych
soustav a taky jejich vzdjemné propojeni (Fancovicova & Prokop, 2019; Prokop et al., 2009). Podobna
zjisténi bylo moZné nalézt i v praci od autori Andariana et al. (2020).

3.2 Vyzkumné studie zamérené na predstavy zakd o travici soustavé s ohledem
na intervenujici proménné

Jak jiz bylo naznaceno v predchozi podkapitole, vyzkumné studie se zaméiuji predevsim na celkové
zhodnoceni pojeti zakt o travici soustavé. Nicméné nékteré vyzkumy také zminuji vliv vybranych pro-
ménnych na vznik mylnych predstav. Napiiklad Reiss et al. (2002) porovnavali ve své studii dvé skupiny
7kt (7 a 15letych) z jedendcti zemi. Autofi uvedli, Ze podle o¢ekévani dosahovaly patnactileté déti téméF
ve vSech zemich lepsich vysledkd nez déti sedmileté. Také se zamérili na pohlavi respondentt s konsta-
tovanim, ze mezi divkami a chlapci nedochézelo k vyznamnym rozdilim. Podobné Garcia-Barros et al.
(2011) vyhodnocovali vliv véku na troveni mylnych pfedstav zaki prvniho stupné o trévici soustavé.
Autori konstatovali, Ze se predstavy s pribyvajicim vékem zlepSovaly, predevsim pak ty, které se tykaly
traviciho systému (v ramci tohoto vyzkumu byla hodnocena i dychaci soustava). Ahi (2017) prostied-
nictvim rozhovort s zadky matefskych skol a prvniho stupné zjistoval, jak zaci chapou travici soustavu,
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jejl propojeni s jinymi soustavami a které organy tam dle nich patii. V ramci této studie se pak zamé-
il zejména na vliv véku. Autor konstatoval pozitivni vliv véku s tim, Ze starsi zaci dosahovali lepSich
vysledkt nez zaci mladsi. Podle dostupné literatury je tedy zfejmé, ze nejcastéji pouzivané metody pro
zjistovani mylnych pfedstav u zaki zahrnuji kresbu, rozhovor a v nékterych pripadech také didakticky
test. Z vyzkumt vyplyva, Ze zaci Casto projevuji obtize s pfesnym umisténim jednotlivych organi v trévici
soustavé, s jejich vzajemnym propojenim a také s propojenim s ostatnimi soustavami. Vyzkumné studie
navic naznacuji, ze vék respondentii je vyznamnou proménnou. Resersni ¢innost tykajici se konceptuélni
arovneé zakt ¢i studentii o lidském téle ukazala, ze tyto témata nepatfi mezi ,mainstream®, ale jsou spise
marginalniho rdzu. Z obecného hlediska je mozné zminit studii od autort Doulik a Skoda (2003), které
se tykala moznosti diagnostiky a zptisobu vyhodnocovani piredstav zaki o rtiznych jevech v oblasti pfiro-
dovédného vzdélavani. Okrajové je mozné najit zminky i ve vyzkumné praci od autort Hejnova a Hejna
(2018), ktera byla zaméfena zejména na piedstavy zakt druhého stupné ZS o atomu. Moznosti, jak od-
stranit mylné pfedstavy u zakt, prezentoval ve své teoretické praci Trna (2011). Janouskova et al. (2014)
se v studii vénovali tomu, jak zlepsit postoje zakt k prirodovédnym predmétim, a tim zvysit i droven
prirodovédné gramotnosti u zakt a s tim souvisejici i mensi pocet mylnych predstav na strané zaku.

4 Travici soustava v kurikularnich dokumentech

Oblast lidského téla je dle Ramcové vzdélavaciho programu pro zdkladni vzdélavani (RVP ZV) zafazena
mezi vzdélavaci oblast Clovék a jeho svét a oblast Clovék a piiroda. Vzdélavaci oblast Clovék a jeho svét
je pak vzdélavaci oblasti RVP ZV, ktera je koncipovana pouze pro 1. stupen zakladniho vzdélavani. Vzdeé-
lavaci obsah vzdélavaciho oboru Clovék a jeho svét je lenén do péti tematickych okruhii. Propojovanim
tematickych okruht je mozné vytvaiet ve skolnim vzdélavacim programu (SVP) rfizné varianty vyuco-
vacich predmétl a jejich vzdélavaciho obsahu. V tematickém okruhu Clovék a jeho zdravi Zaci poznavaji
predevsim sebe na zakladé poznavani ¢lovéka jako zivé bytosti, kterda ma své biologické a fyziologické
funkce a potteby, setkavaji se s uéivem o lidském téle (RVP, 2021).

Na fadcich niZe nalezneme vybrané vystupy z SVP gkoly, na které probihalo vyzkumné Setieni. Vzdé-
lavaci oblast Clovék a jeho svét se realizuje na této $kole v pfedmétech prvouka, pirodovéda a vlastivéda.
Vyucovaci predmét prvouka je vyucovan v prvnich tfech roénicich prvniho stupné, a to po dvou hodinach
tydné. Predméty prirodovéda a vlastivéda jsou vyuCovany ve ¢tvrtém a patém roc¢niku v casové dotaci
dvou hodin tydné v kazdém pfedmétu. S ohledem na cile studie je o¢ekdavanym vystupem v prvnim roc-
niku vyjmenovat ¢asti lidského téla, ve druhém rocéniku vyjmenovat alespori tii soustavy potfebné pro
fungovani lidského téla. Ve tfetim ro¢niku by mél zak umét napriklad popsat proces traveni, ve ¢tvrtém
dokézat popsat ¢innost jednotlivych soustav lidského téla a dokazat rozlisit obdobi lidského zivota, v pa-
tém roc¢niku pak popsat funkci jednotlivych organt a soustav lidského téla. Protoze dochézi k porovnéani
i s druhym stupném zakladni skoly, tak je zde uvedena i struénd informace o v§stupech v SVP na zakladni
skole, kde byl vyzkum realizovan. Biologii ¢lovéka, jejim jednotlivym soustavam, teda i travici, je vénovan
8. ro¢nik. Zaci se v ramci svého studia zaméfuji nejen na jednotlivé organy télesnych soustav, ale také na
vzajemné propojeni organt a vztahy mezi jednotlivymi soustavami lidského téla.

5 Metodika
5.1 Cile vyzkumu

Hlavnim cilem vyzkumu bylo zjistit Groven pfedstav u zak® prvniho a druhého stupné zékladni skoly
o travici soustave.

Vedlejsi cile vyzkumu byly:

e stanovit rozdily v tirovni pfedstav s ohledem na navstévovany roc¢nik,

e urcit rozdily v predstavach s ohledem na pohlavi.

5.2 Vyzkumny vzorek

Vyzkumu se ti¢astnilo celkem 193 78k z celkového poctu 310 (62,30 % z celkového poctu zaki) ze zakladni
gkoly vybranych dostupnym vybérem. Jedna se o soukromou zakladni skolu, ktera se nachézi v Ustec-
kém kraji (okr. Chomutov). Zaci jsou ve $kole vyucovani bez pouziti alternativnich forem vyuky a ani
skolni vyuka neni zaméfena jednim konkrétnim smérem. Pfi vjuce prvouky a pfirodovédy jsou pouzivany
ucebnice nakladatelstvi Nova skola — DUHA, s.r. 0., na druhém stupni pak uc¢ebnice pfirodopisu od nakla-
datelstvi FRAUS. S ohledem na design vyzkumu byla nutnd pfitomnost alespon jednoho z vyzkumnik
pfi vypliiovani vyzkumného néstroje zaky. Proto bylo osloveno vice skol s respektem k jejich charakteris-
tikdm (8kola bez zaméfeni, nepfitomnost alternativnich forem vyuky), ale z divodu ¢asové naro¢nosti pfi
vypliiovani vyzkumného nastroje odmitl zna¢ny pocet skol participaci na vyzkumném Setfeni. Dotaznik
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vyplnilo 33 (17,10 %) zakd prvniho roéniku, 27 (13,99 %) zaka druhého roéniku, 28 (14,51 %) zaka tfetiho
ro¢niku, 32 (16,58 %) zaka ¢tvrtého ro¢niku a 30 (15,54 %) zék patého ro¢niku. Na druhém stupni se
vyplnéni dotazniku Gcastnilo celkem 43 zakd, a to 13 (6,74 %) zékt osmého ro¢niku a 30 (15,54 %) zaka
devatého rocniku. Dotaznik vyplnilo celkem 92 divek a 101 chlapct.

5.3 Charakteristika vyzkumného nastroje

Vyzkumny nastroj byl rozdélen do dvou ¢asti. Prvni z nich byla tvofena demografickymi proménnymi,
které jsou blize charakterizovany v predchozi ¢asti. Druhé ¢ast vyzkumného nastroje byla zamérena na
znalosti respondentti o travici soustavé lidského téla. Détska kresba byla pouzita jako vyzkumnéa metoda
na zjisténi drovné znalosti o uvedené soustavé. Zaci zédkladnich $kol méli predkresleny obrys téla ¢lovéka
a jejich tkolem bylo nakreslit a popsat travici soustavu. Kresby byly vyhodnoceny na zakladé Sesti arovni
podle Sesti bodi stupnice, ktera slouzi pro vyhodnocovani orgdnovych soustav ¢lovéka (Kubiatko, 2017;
Prokop et al., 2009). V néasledujici kapitole jsou uvedeny trovné (kategorie) pro vyhodnocovani Grovné
znalosti o travici soustavé (tab. 1).

Tab. 1: Charakteristika jednotlivych Charakteristika urovné

urovni kreseb travici soustavy Uroven 1 zadné zastoupeni organti travici soustavy
Urovenn 2 jeden nebo vice organti travici soustavy umisténjch ndhodné
Uroveri 3 jeden organ travici soustavy ve spravné poloze
Uroveti 4 dva az Ctyfi organy travici soustavy ve spravné poloze
Uroven 5 5 az 8 organt travici soustavy ve spravné poloze
Uroveti 6 kazdy z deviti organt travici soustavy ve spravné poloze

5.4 Analyza dat

Pro Gcely splnéni stanovenych cilii probéhlo vyhodnoceni ziskanych dat riiznymi zptisoby. Prvnim z nich
bylo procentualni stanoveni zastoupeni jednotlivych kategorii a dale procentudlni zastoupeni jednotlivych
organti s ohledem na jednotlivé demografické proménné, jako jsou roc¢nik a pohlavi. Jednotlivé kategorie
(Grovné) jsou uvedeny v tab. 1.

S ohledem na uvedené proménné a zastoupeni jednotlivych kategorii byl pouzit chi-kvadrat test pro
nezavislé vybéry (x?), ktery urcil, zdali jsou zjisténé pocetnosti statisticky vyznamné oproti ocekavani
nebo ne. Porovnani mezi pozorovanymi a o¢ekdvanymi hodnotami vychazi z teoretického modelu, ktery
vyuziva kontingenéni tabulku. Timto zptsobem lze identifikovat, zda se pozorovand pocetnost v jednot-
livgch skupindch proménné vyznamné 1isi od ocekévané frekvence zastoupeni (Chraska & Kocdvarova,
2014; Ingster, 2000; Satorra & Bentler, 2001). Protoze v nasem piipadé existovaly vice jak dvé skupiny
proménnych, bylo nutné pouzit z-skdre (z), coz je nadstavba chi-kvadrat testu, kterd urcuje, zdali je
v ramci skupin zjistén rozdil u pozorovanych cetnosti s ohledem na ocekavané. V pripadé, ze se hod-
nota z-skére pohybovala v intervalu (1,96;2,58) | byl statisticky vyznamny rozdil na hladiné vyznamnosti
p < 0,05, pokud byla hodnota v intervalu (2,58;3,30), byl statisticky vyznamny rozdil na hladiné vy-
znamnosti p < 0,01 a jestlize byla hodnota z-skére vyssi nez 3,30, statisticky vyznamny rozdil byl na
hlading vyznamnosti p < 0,001 (Chraska, 2007; Cowles & Davis, 1982).

V analyze dat byly dale pouzity dal$i metody induktivni statistiky, konkrétné Kruskal-Wallisiv
test (H), ktery byl pouZit pro vypocet statisticky vyznamnych rozdilti mezi nezévislou proménnou (ro¢nik)
s ohledem na zavislou proménnou, kterou byly jednotlivé kategorie znalosti o travici soustavé. Protoze
roc¢nik obsahoval vice nez dvé skupiny, bylo pouzito z-skére, které stanovuje meziskupinové rozdily v ramci
Kruskal-Wallisovho testu. Kromé statistické vyznamnosti byla pouzita i vécna vyznamnost, kterd dokéze
zhodnotit dulezitost a uzitecnost vysledku vyzkumu.

6 Vysledky

V této kapitole jsou popsana zékladni zjisténi, ktera sleduji stanovené vyzkumné cile. Déle jsou zde
prezentovany dopliiujici vysledky, které poukazuji na schopnost zaki spravné umistit a pojmenovat orgdny
travici soustavy. Obrazek 1 je vénovan procentualnimu zastoupeni jednotlivych kategorii reprezentujici
schopnost spravné zakreslit jednotlivé organy travici soustavy. Kategorie 6 zadny z respondentt nedosahl,
proto neni v grafu uvedena. Nejvice kreseb dosahovalo tirovné 3, téméf 1/3 dotazovanych. Urovné 2 a 4
dosahlo takrka stejné procento zakt. Kategorie 1, kterd znézornuje kresby, jez neobsahovaly zadny organ
travici soustavy, dosdhlo 3 % respondenti.
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Obr. 1: Procentudlni zastoupeni jednotlivych kategorii

S ohledem na navstévovany ro¢nik byl nésledné zjistovan rozdil v jednotlivych kategoriich. PouZitim
Kruskal-Wallisova testu byl identifikovan statisticky vyznamny rozdil (H = 82,47; p < 0,001; 7]127 = 0,43).
V dalsim kroku bylo pouzito z-skdre pro zjisténi meziskupinového efektu, jeho hodnoty jsou uvedeny
v tab. 2. Jak je patrné z ni patrné, zaci patého ro¢niku dosahovali vyznamné vyssiho skdre v porovnani
s ostatnimi ro¢niky s vyjimkou osmého. Také zaci prvniho ro¢niku dosahovali vyznamné nizsitho skére
v porovnani se zaky tietiho a osmého roc¢niku.

Tab. 2: Hodnoty z-skdre pii vicenasobném porovnani s ohledem na roc¢nik

2. ro¢énik 3. roénik 4. roénik 5. ro¢nik 8. roénik 9. roénik
1. ro¢énik 0,71 3,31 2,70 7,75 4,40 2,65
2. roénik 2,47 1,85 6,67 3,72 1,82
3. roénik 0,70 4,20 1,75 0,70
4. roénik 5,06 2,36 0,00
5. roénik 1,55 4,98
8. roénik 2,32

Pro lepsi prehled o distribuci skére s ohledem na ro¢nik je mozné na obr. 2 vidét, ze zaci 5. ro¢niku

vvvvv

uspésnosti kreseb. Konkrétni rozdily mezi jednotlivymi ro¢niky jsou uvedeny v tab. 2.
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Vysvétlivky: SE — stfedni chyba priméru; *** p < 0,001

Obr. 2: Distribuce skére kresby travici soustavy s ohledem na ro¢nik
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Chlapci dosahli u kresby péti organa travici soustavy vyssich vysledkd nez divky. Srovnatelnych
vysledkti dosahla obé pohlavi u téchto organi: jicen, jatra, konec¢nik. Statisticky vyznamny byl rozdil
ve vysledcich u dutiny astni (x2 = 25,10; p < 0,001; ¢ = 0,36), kdy bylo zjisténo, ze chlapci dos4hli
vyznamné vyssSich vysledkt nez divky, i kdyz predpoklad byl opacény. Dalsi statisticky vyznamny rozdil
je mozné pozorovat u slinivky biisni (xy? = 4,53; p < 0,05; ¢ = 0,15), kterou do svych kreseb zahrnuly
pouze divky. Posledni statisticky vyznamny rozdil je patrny v souvislosti s tenkym stfevem (y* = 6,12;
p < 0,05; ¢ = 0,18).

m divky mchlapci
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dutina btisni sttevo  stfevo

Vysvétlivky: NS — nesignifikantni rozdil; * p < 0,05; ¥** p < 0,001
Obr. 3: Procentudlni zastoupeni jednotlivych organi travici soustavy v zavislosti na pohlavi

Jak jiz bylo zminovano na zacatku kapitoly, v dalsi casti jsou uvedeny dodatecné vysledky, které
poukazuji na ispésnost zaki s ohledem na jednotlivé organy travici soustavy. Ve velké vétsine kreseb byla
zahrnuta Gstni dutina. V druhém, tfetim, ¢tvrtém, patém a osmém roc¢niku se jedna o vice jak polovinu
praci. Rozdil ve vysledcich byl statisticky vyznamny (x? = 44,82; p < 0,001; V = 0,20). Pouzitim z-skére
bylo zjisténo, ze zaci prvniho roéniku kreslili tistni dutinu vyznamné méné casto, nez bylo ocekavano
(z = 3,36; p < 0,001). Podobné tomu bylo u nejstarsich zakt, kde byl zjistén stejny trend. Zde byl
pocet kreseb tistni dutiny nizsi v porovnani s ocekdvanym poctem (z = 2,50; p < 0,05). Zaci devatého
ro¢niku dosahovali srovnatelnych vysledkt s zaky 1. roéniku. Z-skére dale ukazalo vyznamny vysledek
u zakt patého roc¢niku, kde byl pocet kreseb daného organu vyznamné vyssi v porovnani s ocekavanymi
(z =2,21; p < 0,05).

V pripadé hltanu méla frekvence zobrazovaného organu vzestupnou tendenci. Znacny pokles nastal
u zakt devatych tifd. Vysledky byly statisticky vyznamné (x? = 36,86; p < 0,001; V = 0,18), dle z-skére
zaci 1. a 2. roéniku tento organ do svych kreseb zahrnuli méné ¢astéji, nez bylo pfedpokladano (z = 2,25,
resp. z = 2,20; p < 0,05). Aplikace z-skére ukédzala vyznamny vysledek u zakid osmého a devatého
roéniku, pocet kreseb hltanu byl vyznamné vy$si v porovnani s ofekdvanymi pocéty (z = 2,04, resp.
z = 1,97; p < 0,05). V osmém ro¢niku tento orgén zakreslilo vice nez 2/3 74k, v devatém roéniku jej
uvedlo 3/5 z dotazovanych.

Jicen se v kresbach respondentii objevoval velmi ¢asto. Srovnatelnych vysledkt dosahovali zaci 1., 2.
a 3. ro¢niku. Ve v8ech téchto roénicich zakreslilo jicen 3/4 zakd. V patém ro¢niku zakreslilo zmifiovany
organ 90 % zaki, tento vysledek je povazovan za statisticky vyznamny (x? = 28,83; p < 0,001; V =
= 0,16). Pouzitim z-skére bylo zjisténo, ze zaci 5. roéniku tento orgdn zakreslovali vyznamné vice, nez
bylo pfedpokladano (z = 2,05; p < 0,05). Nejnizsi vysledky je mozné vidét u zédku 9. tiid, kde z-skdre
ukdzalo, ze pocet kreseb daného orgénu byl vyznamné niz$i v porovnéni s nakreslenymi (z = 3,75;
p < 0,001).

Za nejcastéji zobrazovany organ lze povazovat zaludek. Nejvyssich vysledkti doséhli zaci 5. ro¢niku
a nasledovali je zaci osmého ro¢niku. Srovnatelnych vysledka dosahli zaci 2. a 9. ro¢niku. Vysledky byly
statisticky vyznamné (x? = 21,93; p < 0,01; V = 0,14). Pouzit{ z-skére ukazalo, Ze Zaci prvniho roéniku
zakreslili tento orgdn méné ¢asto, nez bylo predpokladano (2 = 3,25; p < 0,01). Zaludek uvedla ve své
kresbé presné polovina zak.

Jéatra do svych kreseb zafadilo 2/5 zak. Povédomi o této Zlaze se objevuje az ve tfetim roéniku.

~vs

Jednalo se o vysledky statisticky vyznamné (x? = 80,17; p < 0,001; V = 0,26). Nejvyssich vysledki

Scientia in educatione, 14(2), 2023, p. 32-43 37 https: //doi.org/10.14712/18047106.2297


https://doi.org/10.14712/18047106.2297

dosahli zaci patého rocniku, kde bylo pomoci z-skoére zjisténo, Ze zaci tento organ ve svych kresbach
uvadeéli ¢astéji, neZ bylo pfedpoklddéno (z = 7,03; p < 0,001), 3/4 zaki jatra zahrnulo do svych kreseb.
Zaci ¢étvrtého roéniku dosahli vyssich vysledkt nez zaci osmého roéniku. U zéki 1. a 2. roéniku bylo
zjisténo Ze, pocet kreseb jater byl nizsi v porovnani s ofekédvanym poctem (z = 2,52 resp. z = 2,27;
p < 0,05), nikdo z zaki tuto zlazu do své kresby nenakreslil (obr. 4).
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Obr. 4: Procentudlni zastoupeni jater v kresbach dle jednotlivych ro¢nikta

Slinivka bfisni méla pak v kresbach nejnizsi zastoupeni. Ve svych kresbach ji uvedli pouze Zaci vyssich
ro¢nikt. Acgkoliv dle SVP byli Zaci s travici soustavou sezndmeni jiz ve tietim roé¢niku, dle vysledki
nemaji zaci o tomto organu povédomi. Tento rozdil ve vysledcich neni statisticky vyznamny (x? = 8,08;
p = 0,23) (obr. 5).
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Obr. 5: Procentudlni zastoupeni slinivky b#isni v kresbach dle jednotlivych ro¢niku

Tenké st¥evo bylo druhy nejéastéji zobrazovany organ, vice jak 2/3 zakti neopomnélo tento organ zob-
razit. Zaci 4. a 9. roéniku dosahli srovnatelnych vysledkti. Rozdil ve vysledcich byl statisticky vyznamny
(x? = 30,90; p < 0,01; V = 0,16). Pouzitim z-skére bylo zjisténo, ze zaci patého ro¢niku kreslili tenké
stfevo vyznamné vice, nez bylo ofekdvano (z = 3,04; p < 0,01). Ve své kresbé tento orgdn uvedli vSichni
zaci. Déale nésledovali zZaci osmého ro¢niku, kdyz jej nezakreslil pouze jeden zak. Z-skére déle ukézalo
vyznamny vysledek u zakd prvniho ro¢niku, kde byl pocet kreseb daného orgédnu vyznamné nizsi nez bylo
o¢ekavano (z = 2,71; p < 0,01), vice jak polovina zaki tento organ ve své kresbé vynechala.

Tlusté stfevo patii k tém Castéji zobrazovanym, téméf 3/5 zak zahrnulo tlusté stievo do své kresby.
Cetnost zakresleni organu se od prvniho do patého ro¢niku zvysSovala. K poklesu doglo v osmém a devatém
ro¢niku. Zéci étvrtého a devatého roéniku dosahovali srovnatelnych vysledki. Vysledky byly statisticky
vyznamné (x? = 32,95; p < 0,001; V = 0,17). Z-skére ukazalo vyznamny vysledek u nejmladsich zaki,
kde podobné jako u tenkého stieva byl pocet kreseb tlustého stieva vyznamné nizsi, nez bylo o¢ekavano
(z = 2,33; p < 0,05). Naopak u zakt patého ro¢niku byl pocet kreseb daného orgénu vyssi v porovnani
s ofekdvanym poctem (z = 2,61; p < 0,01), organ zakreslilo vice jak 90 % zaki tohoto ro¢niku.
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Koneénik ve své kresbé oznacilo téméi 2/3 zakt. Zaci prvniho a druhého roéniku dosahli totoznych
vysledkt. Zaci ¢tvrtého roéniku dosahli vyssich vysledkdt neZ zaci v ro¢niku osmém, ale v porovnani
se tfetim roc¢nikem jsou jejich vysledky pomérné nizké. Rozdil ve vysledcich byl statisticky vyznamny
(x? = 49,30; p < 0,001; V = 0,21). Pomoci z-skére bylo zjisténo, ze Zaci tietiho roéniku dosahovali
vyznamné vyssich vysledkt, nez bylo o¢ekavéno (z = 2,54; p < 0,05), organ zakreslilo vice jak 90 % zak.
Podobné tomu bylo u zakt patého roéniku, pocet kreseb byl vyssi v porovnani s oéekdvanym poctem
(z = 2,48; p < 0,05), nechybél ani v jedné kresbé. Déle z-skére ukazalo vyznamny vysledek u nejstarsich
zaki, kde pocet kreseb byl vyrazné nizsi v porovnani s ostatnimi roéniky (z = 3,37; p < 0,001).

7 Diskuse

Prvni cil byl zaméfen na zjisténi trovné predstav u zakd 1. stupné. Bylo zjisténo, ze zaci nejcastéji
dosahovali trovné tii. Coz znamend, ze se jim podafilo zakreslit pravé jeden orgéan travici soustavy ve
spravné poloze a spravné jej pojmenovat. Timto spravné zobrazovanym organem byl zaludek, ktery dobfte
zakreslilo a oznacilo téméf 80 % respondentti. Podobné vysledky zjistili Garcia-Barros et al. (2011). Také
v jejich vyzkumu byl nejéastéji zobrazovanym organem pravé zaludek, ktery zakreslili i ti nejmladsi zaci,
ktefi jesté nechodi do Skoly. V dalsich vyzkumech, napiiklad Cucin et al. (2020), bylo mozné sledovat
trend zaclenovani zaludku do organi travici soustavy. Na opa¢ném konci uspésného zakreslovani zaki se
nachéazela slinivka bfisni, ktera byla zastoupena pouze v minimalnim poctu kreseb. Déle byl zaznamenan
problém se zakreslenim konec¢niku a dalSich organti travici soustavy u zakt napfi¢ vSemi roc¢niky.

Casté nespravné predstavy se tykaly pozic jednotlivych organt. Jatra byla kreslena na opaéné strané,
nez se spravné nachézeji, zaludek byl zakreslovan do vrchni ¢asti hrudniku, do oblasti plic, stfeva byla
zobrazovana okolo zaludku. Tyto vysledky mohou byt zpusobeny tim, Ze se Zaci pfi vyuce nesetkali
s dostateénym dirazem na nazornou ukazku ¢i jim byly organy pfedstaveny jen ve zjednodusené podobé.
Do dvahy také prichazi i stranova pfevracenost, kdyz ucitel predstavuje organy travici soustavy v jiz
zminéné zjednodusené podobé a nedostateéné upozorni na zrcadlovy obraz. Tim mtize u zakt vzniknout
mylné pfedstava o tom, kde je umistén neparovy organ travici soustavy. Také vyzkum, ktery provadél
Ozgur (2008, 2013), zjistil, Ze nespravné predstavy vyplyvaji ze zpisobu vyuky ucitelt a jejich rozdilnych
pfistupd. Nékdy mize nastat i tzv. zrcadleni obrazl, kdyz dle odrazu v zrcadle zakresli jedinec organ
na opacné strané, nez by mél byt, netyka se to vsak jen organt travici soustavy, ale také jinjch organt
télesnych soustav. Napiiklad castokrat dochazi k nespravnému zakresleni srdce jako organu obé&hové
soustavy (Bahar et al., 2008).

Druhy cil sledoval vliv ro¢niku, ktery zaci navstévuji, na predstavy o travici soustavé. Z vysledki bylo
zjisténo, ze nejlepsich vysledkt dosahovali zaci patého roéniku, nasledovali je zaci osmého ro¢niku. Déale
byli tispésni zaci tietiho roéniku. Zaci devatého ro¢niku dosahovali stejnjch vysledkt jako Zaci ¢tvrtého
ro¢niku. Nejhorsich vysledkti dosahovali zaci druhého a prvniho ro¢niku. V rdmci prvniho ro¢niku bylo
mozné pozorovat vzestupnou tendenci tspésnosti, coz bylo také ocekavano. Podobné vysledky zminuje
ve svém vyzkumu také Reiss et al. (2002), ktery uvadi, Ze starsi zdci dosahuji lepsich vysledkt nez
mladsi zaci. Zminovany vyzkum se vénoval obecné anatomii lidského téla. Starsi zaci dosahovali lepsich
vysledki také ve vyzkumu, ktery uvadi Oren (2011). Ten se ve své praci zaméril na kresby travici soustavy
ucitelti prirodovédnych a technickych véd ptredskolniho vzdélavani. Dle autora se s pribyvajicim vékem
aroven znalosti zvysuje. O to prekvapujici byly vysledky zaku druhého stupné, u kterych doslo k poklesu
uspésnosti kreseb. Vyzkumné Setfeni bylo realizovano na konci skolniho roku v kazdé tiidé. Na zakladé
tohoto faktu je mozné urcit, proc¢ zaci patych rocnik dosahovali nejvyssiho skére. U zakt osmych roc¢niki
vsak jiz dochéazelo ke zvysenému vyskytu mylnych pfedstav. Tento jev mohl byt zptisobeny tim, ze mezi
prizkumem a dobou, kdy byla probirana travici soustava, uplynulo vice ¢asu a mohlo byt také vyucovano
jiné ucivo.

Tteti cil zkoumal rozdily v pfedstavach o travici soustavé s ohledem na pohlavi. Z vysledkt nelze
jednozna¢né urcit, kterd skupina si vedla lépe. O néco lepsich vysledki dosahli chlapci, ktefi byli mirné
kterou ve svych kresbach uvedly pouze divky. Statisticky vyznamné rozdily byly také u dutiny tstni
a tenkého stieva, kde vyznamné vyssich vysledki dosahli chlapci. Podobné vysledky ve svém vyzkumu
zmitiuji Oren (2011) a Reiss a Tunnicliffe (2001), ktefi také neshledali rozdil ve znalostech o travici
soustavé s ohledem na pohlavi. Byly pozorovany nepatrné rozdily, pfipadné rozdily pouze u nékteryjch
timco v jinych prevazovali chlapci, jak jiz bylo zminéno vySe. Dtivodem nekonzistentnosti mize byt to,
ze jak chlapci, tak divky se béhem zéakladni skoly neorientuji jednoznac¢né v konkrétnich oblastech ptred-
métl a jejich zadjem o budouci kariéru je spiSe okrajovy. V riznych vyzkumnych pracich je zaznamenan
efekt, ktery naznacuje, ze kdyz zak za¢ne projevovat zdjem a vyviji urc¢itou predstavu o svém budoucim
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smérovani, ma to vliv na jeho tispésSnost v daném pfedmétu. V obecné roviné se timto jevem zabyvali
Kang et al. (2019). Obdobné Punzalan (2022) zaznamenal, Ze kdyz Zici maji jasnou pfedstavu o svém
zédjmu, dochdzi k poklesu mylnych pfedstav. Autor se zaméfil na p¥irodovédné predméty, zjisténi jsou
tedy vazana na uvedenou skupinu predméti.

Schopnost zakt zakreslit jednotlivé organy a propojit je navzédjem nezavisi pouze na znalostech travici
soustavy, ale také na jejich kreativité. V nékterych literarnich zdrojich je mozné najit, ze pravé kreativita
mé vyznamny pozitivni vliv nejen na troverl mluveni, ale i na turovei kresleni (napf. Angell et al.,
2015). Co se tyce biologie, konkrétné anatomie ¢lovéka, existuje jen omezeny pocet vyzkumnych Setfeni,
napiiklad Beavington (2016) poukédzal na pozitivni vztah mezi schopnosti pfesnéji a detailnéji nakreslit
jednotlivé organy lidského téla s tirovni jejich kreativity. Proto je mozné, Ze se uvedenou proménnou
s ohledem na schopnost spravné nakreslit organy lidského téla, v budoucnu bude zabyvat.

7.1 Limity vyzkumného Setfeni

Vyzkumné Setfeni ma uréitd omezeni, zejména v oblasti vybéru vzorku. Autofi studie si jsou védomi,
ze diverzifikovanéjsi skupina zédkd by mohla poskytnout objektivnéjsi data. Je vSak nutné brat v tvahu
narocnost pfi vyhledavani vhodného vyzkumného vzorku, kterou ovliviiuje i charakter vyzkumného na-
stroje, coz mtze byt dtiivodem, pro¢ se nékteré skoly nebyly ochotny zapojit. Mezi dalsi mozné omezeni
patii také omezeni vybéru intervenujicich proménnyjch, které mohou ovliviiovat predstavy zakt o travici
soustavé. Studie se omezila pouze na konstatovani obsazené ve Skolnim vzdéldvacim programu (SVP),
ktery predpoklada, ze zaci jiz maji dostateénou znalost o stavbé lidského téla, ale nezkoumalo se to mezi
samotnymi uciteli. V ramci studie jsou prezentovana pouze nékterd omezeni, z nichz nékterd nemaji
pevny teoreticky zéklad. Moznosti, jak v ur¢ité mitfe eliminovat vyse zminénéd omezeni, jsou diskutovany
v podkapitole 8.2 s ndvrhy pro dalsi vyzkum.

8 Zavér
8.1 Implikace do pedagogické praxe

Prezentované vysledky vyzkumného Setfeni mohou byt uzitecné, nejen pro védecké pracovniky, ale také
pro ucitele prvniho i druhého stupné. Zjisténé predstavy mohou pomoci ucitelim ke zméné v uchopeni
uciva. Ucitelé se mohou zamérit pravé na tyto predstavy, které by mély byt odstranény a pfetvoreny na
spravné koncepty, na néz navazuji dalsi ucebni témata. Ucitelé se tak mohou na hodinu lépe pfipravit,
pouzit vice ndzorného materialu (obrézky, videa, modely), zvolit jiné metody vyuky a pokusit se mylnym
predstavam piredejit. Pouzity vyzkumny nastroj ukazal, jak je mozné zjistit, jak zaci vnimaji své télo
a jaky postoj zaci ke svému télu maji. Vyzkumnym nastrojem je mozné rozpoznat, zda zaci maji zajem
se dané problematice vénovat a jak ji vnimaji. Nastroj je mozné pouzit k jakékoliv orgdnové soustave,
nejlépe jesté pred probiranim daného uciva. Nasledné je mozné navazat na zjisténé predstavy zakt a mylné
odstranit. Pro probrani ué¢iva by bylo dobré vyzkumny nastroj pouzit znovu jako kontrolu, zda se podarilo
mylné predstavy odstranit a zda si zaci u¢ivo spravné osvojili. Literarni teorie muze slouzit jako studijni
opora, souhrn literatury mtize byt dobrym podkladem pro dalsi védecké prace.

8.2 Navrhy pro dalsi vyzkum

Vysledky nabizi moznosti pro dalsi vyzkum, kde by se budouci autofi mohli zamé¥it na rozsiteni vyzkum-
ného vzorku respondentti, nebot praci s podobnym zaméfenim, které by se zabyvaly zéky prvniho stupné,
je velmi méalo. Také je mozné vyzkum provést u starsich respondentti (zaka stfednich a studentii vysokych
skol) a porovnat Grovné piedstav. Dalsi moznosti vyzkumu je provést vyzkum na stejné skupiné v jiném
casovém obdobi, kde by zejména u starsich zakd mohlo dojit k odlisSnym vysledkim. S timto navrhem
souvisi i realizace kvazi-experimentalniho designu i s retencnim testem, aby byla moznost stanovit rych-
lost zapominéni u zakt. Také pfidani dalsich proménnych, jako je naptiklad vniméni vlastniho zdravi,
vztah k biologii, klima t¥idy mohou pfiblizit problematiku vytvafeni predstav a jejich eliminace nejen
o travici soustave.

Podékovani
Vyzkum byl podpofen grantem UJEP-SGS-2022-43-003-2.
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