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Co bychom meéli pozadovat od toho, kdo uci
matematiku na 1. stupni skoly?

Shlomo Vinner

Abstrakt

Clanek je rozsifenou verzi plenarni piednasky na konferenci SEMT 11 (Vinner, 2011).
Jsou zde rozpracovany nékteré otazky, kterym se autor ve své prednéasce z ¢asovych duvodu
nemohl vénovat. Autor doporucuje, aby kromé znalosti matematiky potifebnych pro vyuku
matematiky na 1. stupni zakladni Skoly byla dostateéna pozornost vénovana také dalSim
aspekttim prace ucitele. Doporucuje, aby dtivody pro zafazeni matematiky jako povinného
predmétu pro celou populaci, stejné jako zakladni cile vzdélavani byly diskutovany s uciteli.
Doporucuje také, aby z pfipravy uéitelu byla vyfazena témata, kterd jsou vné ZPD (Zone
of Proximal Development — zény nejblizsiho vyvoje).

Klic¢ova slova: pfiprava uciteli matematiky pro 1. stupen zékladni gkoly, profil ucitele
elementarni matematiky, slozky znalosti ucitele elementarni matematiky.

What Should We Expect from Somebody Who
Teaches Mathematics in Elementary Schools?

Abstract

This paper is an extension of my plenary talk in SEMT 11 (Vinner, 2011) in which I
promised to elaborate on some issues that I could not discuss at the talk because of time
restrictions. The paper recommends that, in addition to the mathematical knowledge
needed for teaching in elementary schools, attention should be given to other aspects
of the teacher’s work. It is suggested that the rationale of teaching mathematics as a
compulsory subject to the entire population should be discussed with the teachers as
well as the ultimate goals of education. The paper recommends also avoiding in teacher
training topics which are beyond the zone of proximal development (ZPD) of the teachers.

Key words: elementary teachers education, an elementary teacher’s profile, aspects of
an elementary teacher’s knowledge.



1 PROLOGUE

The theme of SEMT 11 was the mathematical knowledge needed for teaching in
elementary schools. The title of my paper indicates that I have chosen to discuss
the teaching mathematics in elementary schools in a broader context, emphasiz-
ing additional aspects of teaching mathematics. I believe that, all over the world,
teacher training at this stage has adopted the approach that content knowledge and
pedagogical content knowledge should be taught to those who prepare themselves
to teach at the elementary level, as well as to teachers who come to us for further
studies after serving for a while in the schools. In addition to the content knowledge
and the pedagogical content knowledge, there is a consensus that elementary teach-
ers should know something about children’s mathematical thinking. They should be
aware of the causes for typical mistakes and should be able to understand children’s
original ideas about doing mathematics, whether these ideas are correct or incorrect.
This is in fact the message of Ball, Hill and Bass (2005). It seems that the majority
of people who are involved with mathematics teacher training will agree with the
above, but when it comes to details, the number of opinions is almost equal to the
number of people who are involved in the domain. There are quite obvious reasons
for that:

1.1 AS TO THE CONTENT KNOWLEDGE

The content knowledge depends on the mathematics curriculum which is supposed
to be covered at the elementary level. Different countries may have different cur-
ricula. Even in the same country the curriculum keeps changing over the years.
It turns out that mathematics curriculum people have not reached an agreement
about questions like: should we or should we not teach combinatorics or probability
at the elementary level, or at what grade are we supposed to teach fractions or
negative numbers? During the last fifty years the elementary mathematical curricu-
lum has been overloaded with some mathematical topics which are beyond the zone
of proximal development (Vygotsky, 1986) of the elementary pupils. In addition
to that, the dominant approach of the mathematical education community is that
mathematical rules and procedures should be explained to the pupils. However, the
real mathematical explanations are, sometimes, beyond the pupils’ zone of prox-
imal development. Thus, some mathematics educators came up with alternative
explanations which, supposedly, would be understood by the pupils. Unfortunately,
some of these explanations are quite ridiculous. Their contribution to mathematics
education at this level is rather negative. In this case, should we or should we not
eliminate these mathematical topics from the curriculum? Should we or should we
not give up the principle that every mathematical rule should be explained? At this
point we can see that content knowledge decisions sometimes depend on pedagogical
content knowledge available at a given moment. As claimed above, the number of
opinions about these issues is almost equal to the number of people who are involved
in the domain.

1.2 AS TO THE PEDAGOGICAL CONTENT KNOWLEDGE

Different mathematics educators with different backgrounds or culture often have
different opinions about the clarity and the efficacy of certain “real life models”
which are supposed to explain why some mathematical operations are as they are.
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The following INTERNET excerpt (American_educator/fall99) about multiplying
negative numbers can clearly support my claim:

Question: Are there any good websites or other resources to help explain negative
times negative numbers?

Reactions:

(I). Ds is going to through The Key to Algebra, Book 1, and it uses a football field
explanation. .. He does not know much about football and it is confusing.

(II). Dd said her math book used football as well (Scott Foresman). She knows very
little about football and feels his pain. I think she just memorizes.

1.3 AS TO CHILDREN MATHEMATICAL THINKING

There is a huge literature about it (many thousands of pages), how much of it and
what exactly are we supposed to present to our teachers and prospective teachers?

I am going to address shortly these issues but my main emphasis will be on
other four questions which, in my opinion, are quite important (if not crucial) for
the elementary teachers’ work:

1.4 WHY DO WE TEACH MATHEMATICS?
1.5 WHAT IS MATHEMATICS?
1.6 WHAT IS MATHEMATICS EDUCATION?

1.7 IN WHAT WAYS DOES THE TEACHING OF MATHEMATICS
SERVE THE ULTIMATE GOAL OF EDUCATION?

An additional issue to all the above but an essential one is the question:

1.8 TO WHAT EXTENT THE ELEMENTARY TEACHERS HAVE THE
NECESSARY BACKGROUND TO STUDY WHAT WE EXPECT
THEM TO KNOW SO THAT THEY WILL BE ABLE TO
IMPLEMENT THE TASKS THAT THE EDUCATIONAL SYSTEM
PRESENTS TO THEM?

I would like to discuss first the last question since the answers to it determine the
answers to the previous questions.

2 TYPICAL PROFILES OF ELEMENTARY TEACHERS

Elementary teachers have many profiles. They have many profiles even when speak-
ing about one country. Since this is an international conference it seems that I were
supposed to speak about several countries. In order to do it, I were supposed to
rely on an early survey in these countries, and to present different profiles with their
different distributions. Since there is no such a survey, I have chosen to present to
you some anecdotal profiles of elementary teachers in my country and in the USA
which were picked up from my own experience and from the mathematics education
literature. Being concerned about the international relevance of my talk I would
like to suggest the following justification for presenting such a local picture:
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a) There might be some similarities between the above two countries and other
countries, and therefore what I am saying might be relevant to other countries as
well.

b) The situation in other countries might be different than the situation in the
above two countries. In this case, it is interesting to learn about other countries like
tourists who visit other countries in order to see different landscapes.

My anecdotal impression of talking to elementary school teachers (especially in
grades 1-3) in my country and in the USA is that they decided to become elementary
school teachers because they like the human interaction with little children. Being
involved with the children’s intellectual and emotional development gives them a
lot of satisfaction. Usually, they do not score very high on the college entrance
examinations. For me, mentioning it is quite problematic. It is problematic be-
cause I cannot ignore the fact that this claim is expressed by some people with
arrogance. It is also problematic because it suggests forming hierarchies of people
by comparing their scores on college entrance exams. I myself do not believe in
measuring people. The title of a canonical book on this issue is The Mismeasure
of Man (Gould, 1981). To the educational community I would like to suggest even
a stronger title: The Immeasurable Man. Modern psychologists speak about many
kinds of intelligence: emotional intelligence, social intelligence, and more (Gardner,
1993; Goleman, 1995). These kinds of intelligence are not less important to the
success of teachers than their cognitive intelligence. Yet, there do not exist tests to
measure these kinds of intelligence. It is not that I do not understand the need to
evaluate the ability to study a certain domain when someone wants to study it at a
college. However, since mathematics is an important component in college entrance
exams, the fact that prospective teachers do not score high on college entrance ex-
ams may predict that they will have some difficulties studying certain mathematical
topics. Supervision and in-service courses reveal quite often the mathematical weak-
ness of some elementary teachers. For example, I am told by colleagues who teach
remedial courses to these teachers that a significant number of them have difficulties
in solving word problems like the following;:

1. David holds 5/8 of the shares of a certain factory. He gives his son Daniel
2/8 of his shares. What part of the factory shares is owned by Daniel after
this transaction?

2. Barbecuing meat causes it to lose 1/5 of its weight. What was the original
wetght of a piece of meat if after barbecuing, its weight was 300 grams?

In a study (Guberman, 2007), based on an adaptation of Van Hiele four geometrical
levels to arithmetic, it was found that 63 % of the student teachers were below the
third level in the beginning of the college arithmetic course. Only 4 % of these stu-
dents improved their location in the four level hierarchy at the end of the arithmetic
course. Similar results were obtained in a study by Pandiscio and Knight (2011)
which examined the van Hiele level of geometric understanding of pre-service math-
ematics teachers, both before and after taking the geometry course required by their
teacher preparation program. Results indicate that prior to the course, pre-service
teachers do not possess a level of understanding at or above that expected of their
target students. .. the magnitude of the gains (obtained by the end of the course) was
not enough to raise the sample population’s van Hiele level to that expected of their
future K-12 students. There are more studies in which similar results were obtained
but I am not mentioning them here because of space restrictions. I would like to
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conclude this section about elementary teacher profiles with a quotation from Ball,
Hill and Bass paper (2005): many U.S. teachers lack sound mathematical under-
standing and skills. .. Mathematical knowledge of most adult Americans is often as
weak, and often weaker.

3 SOME RECOMMENDATIONS

From what I have said till now it follows that it is impossible to suggest a uniform
list of mathematical topics that prospective teachers should study while preparing
themselves to become teachers at the elementary level. However, I would like to
suggest three pedagogical principles which should lead curriculum designers and
teacher trainers at the colleges of education.

i) Ausubel’s leading principle: “If T had to reduce all of educational psychology to
just one principle, I would say this: The most important single factor influencing
learning is what the learner already knows. Ascertain this and teach him accord-
ingly” (Ausubel, 1968, p. vi). In other words, when instruction is designed, the
starting point of the student should determine it. This implies that if the mathe-
matical background of the student is poor we should first improve it and only later,
move on to more advanced topics.

it) The zone of proximal development principle (Vygotsky, 1986). Adapting the
zone of proximal development principle to our situation implies that we should
not try to teach our students topics which are beyond their intellectual ability. It
is worthwhile mentioning that the notion of the zone of proximal development is
quite vague. Namely, even if we know “what the learner already knows” we might
have difficulties predicting whether the learner is able to cope with a given topic
which presumably belongs to the learner’s ZPD. For instance, assuming the learner
is familiar with the concept of rational numbers. Will he or she be able to learn
meaningfully the concept of irrational numbers?

iii) The suitable pace of teaching. There is a general tendency to overload syllabi and
then, because of the unwritten obligation to cover them, the pace of teaching is too
fast for the decisive majority of the learners. However, ignoring the above principles
leads to meaningless learning. Meaningless learning expresses itself very often in
what I call pseudo conceptual and pseudo analytical behaviors (Vinner, 1997). T will
elaborate on it later on. At this stage I would like to claim that teaching something
which we do not really understand is disastrous. However, this is the case with
many elementary teachers.

Coming back to issues 1.1-1.3 in the prologue, my recommendations are the
following:

As to mathematical content knowledge (1.1), the above three principles can help
us to determine a list of mathematical topics which can be presented to pre-service
and in-service elementary teachers in different social and cultural settings. As ex-
plained earlier, these principles cannot lead to a uniform universal curriculum. Giv-
ing up a uniform universal curriculum is unacceptable by the majority of influential
people involved in national systems of education. Unfortunately, because of the
comparative international surveys in science and mathematics, education has be-
come an international competition. Educators and educational policy makers can
argue about the advantages and the disadvantages of this fact. However, if as a
result of this competition a uniform mathematical curriculum for elementary pupils
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will be suggested, which will imply also a uniform mathematical curriculum for el-
ementary teachers, it will not help mathematical education. We cannot overcome
individual differences by uniform curriculum. On the contrary, individual differences
should be taken care of by differential curricula.

As to pedagogical content knowledge (1.2), I recommend that concrete models
and representations should be used only if they are simple and clear. This is true
for elementary teachers as well as for elementary pupils.

And as to children mathematical thinking (1.3), since there is no canonical list
for this topic I suggest that we should prefer clear, simple and straight forward
texts to more sophisticated and complicated studies. For obvious reasons I am not
mentioning any specific texts.

4 WHY DO WE TEACH MATHEMATICS?

I consider this question as a metacognitive one. Namely, elementary teachers who
teach mathematics do not raise it and therefore, they do not have to answer it.
They teach mathematics because it is part of the curriculum which they are sup-
posed to teach. If the question is raised by an external agent there are ready made
answers to the question. Usually, curriculum designers present a rationale for teach-
ing the curriculum which they recommend. The most beautiful rhetoric for teaching
mathematics which I know is the NCTM (2000) rhetoric.

We live in a mathematical world, whenever we decide on a purchase, choose
insurance or health plan, or use a spreadsheet, we rely on mathematical under-
standing. .. The level of mathematical thinking and problem solving needed in the
workplace has increased dramatically. .. Mathematical competence opens doors to
productive future. A lack of mathematical competence closes those doors.

This is not the place to elaborate in length how misleading these claims are. In
short I will say only the following: No doubt mathematical knowledge is crucial to
produce and maintain the most important aspects of our present life. This does
not imply that the majority of people should know mathematics. Farming is also
crucial to at least one aspect of our life — the food aspect, and yet, in developed
countries, about 1 % or 2 % of the population can supply the needs of the entire
population. In addition to this argument, if you are not convinced, I recommend to
you to look around and to examine the mathematical knowledge of some high rank
professionals that you know — medical doctors, lawyers, business administrators,
and many others, not to mention politicians and mass communication people. Re-
cently, an attempt to refute the above claim that the level of mathematical thinking
and problem solving needed in the workplace has increased dramatically came from
an unexpected source, a research mathematician, Underwood Dudley (2010), who
sampled randomly from the yellow pages 8 categories of work places and found no
evidence that algebra is required there, “even for training or license”. Another claim
in the rhetoric which is supposed to justify the teaching of mathematics is the claim
that mathematics is needed for everyday life. However, whenever I ask mathematics
teachers who claim it for specific examples the only examples they come up with
are calculating tips in restaurants, calculating change (this concerns mainly taxi
drivers) and cooking (calculating the amount of ingredients for n people, when the
amount of ingredients for m people is given in the cook book, m # n). There might
be other convincing arguments to study mathematics. Underwood Dudley claims
that people should study mathematics in order to train their mind. However, there
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is no experimental evidence which supports the claim that, in non-mathematical
domains, people who studied mathematics are better problem solvers than people
who did not study mathematics. Another possible reason for studying mathematics
is the application of certain mathematical chapters in sciences (physics, chemistry,
biology, etc.). The question here is to what percentage of the population this claim
is relevant and whether there are no other ways to reach this percentage rather than
imposing mathematics on the entire population. Thus, if the above claims about
the need to study mathematics are misleading, why do we teach mathematics and
why do our students study mathematics in spite of all? You might suggest that the
students believe in these claims although these claims are misleading. I suggest that
the students have very good reasons to study mathematics. It is not the necessity
of mathematics in their future professional life or in their everyday life. It is be-
cause of the selection role mathematics has in all stages of our educational system.
Mathematical achievements are required if you want to study in a prestigious place
(whether this is a junior high school, a senior high school or university). A presti-
gious school increases your chance to get a good job. Confrey (1995) formulated it
quite clearly: In the vast majority of countries around the world, mathematics acts
as a draconian filter to the pursuit of further technical and quantitative studies. . .

Eventually, we have a convincing argument to study mathematics. Should we
tell it to pre-service and in-service teachers? I believe we should. It is important for
a soldier to know the real purpose of a battle in which he or she takes part. He or she
should be convinced that there are good reasons for risking their life. Intentionally
false rhetoric should be morally unaccepted. I am not claiming that there was a
conspiracy to form a false rhetoric about the need to study mathematics. On the
contrary, I think that the people who invented this rhetoric really believed in it bona
fide. However, beliefs should be re-examined from time to time. The main thing is
that teachers will have worthy goals for their endeavor. Is preparing students for
crucial examination a worthy goal? I believe it is. Both students and teachers are
victims of the same educational reality and as far as we can see, the chance to change
this reality is very small. For a great part of the younger population, to continue
their formal education (generally, not in a domain that requires mathematics) is an
important goal. Pupils are expected to progress from the elementary level through
the junior high level to the high school level and then to college and university. At
crucial points of this journey, there are guards who examine them on mathematics.
If the pupils pass the exams the guards let them move on. It is a worthy goal to help
pupils complete this journey. Of course, there is much more into mathematics. There
are intellectual values and educational values. Usually, because of the common way
mathematics is taught, pupils are not exposed to it. I will come back to this point
later on.

5 WHAT 1S MATHEMATICS?

This is again a meta-cognitive question. Generally speaking, people do not seek
definitions for the notions they use. The meaning of the decisive majority of con-
cepts in everyday thought is determined by means of examples and not by means
of definitions. This was explained extensively in Vinner (2011). Even some mathe-
maticians, when being asked what mathematics is, prefer to give examples. Among
them I can mention Courant and Robins (1948). Their book is full of mathematical
examples. They probably believed that people, who were not mathematics majors
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but who were eager to know what mathematics is, would be able to understand
the mathematical chapters which were presented in the book. Another book which
deals with this question is Hersh’s book (1998). This is a philosophical book which
presents mathematics as a human endeavor. However, there is no attempt in this
book to define mathematics as a generalization of specific examples. I believe that
(in contrast to other concepts like poetry, art, etc.) it is possible to suggest a defi-
nition of mathematics which is a generalization of specific examples. It is true that
in order to understand this definition one should have at least a Bachelor degree in
mathematics. For this reason and also because of the technical nature of the defini-
tion I am presenting it in appendix II. However, in case we want to avoid technical
difficulties, the best place to look for simple and general definitions is the dictio-
nary. The Webster’s Ninth New Collegiate Dictionary suggests that Mathematics
is the science of numbers and their operations, interrelations. .. and of space con-
figurations and their structure... The mathematics which is characterized by this
definition includes only arithmetic and geometry. It is not clear whether school al-
gebra is included. Elementary school teachers are supposed to know these branches
of mathematics. If you ask them what mathematics is, will they be able to give a
similar definition to the one given by the dictionary? My hypothesis (based on the
claims in Vinner (2011)) was that the elementary mathematics teachers will not be
able to give an answer which is close enough to the definition given in the dictionary.
Their answers, according to this hypothesis, should somehow reflect the examples
of mathematics they had in their past and present experience. And indeed, out
of 120 teachers to whom the questionnaire which I designed (see appendix I) was
distributed, no one gave an answer resembling the dictionary definition. Thus, we
can assume that their idea of mathematics is determined by the mathematical ex-
perience they had in school and by the mathematics they teach. Therefore, if you
generalize the past and present mathematical experience of these teachers it is quite
reasonable to assume that their view about mathematics is that it is a collection of
procedures to be used in order to solve some typical questions given in some crucial
exams (final course exams, psychometric exams, SAT etc.) This is how it was de-
scribed in the questionnaire. And by the way, trying to reconstruct my own implicit
views about mathematics which were based on my experience as a high school stu-
dent studying an extensive mathematics curriculum — I believe it was quite similar
to the above. When you present this view to mathematics teachers by means of the
above mentioned questionnaire they notice the negative connotation of this state-
ment and they try to reject it. However, the arguments they suggest in order to
reject it are usually the following: (1) Mathematics is not only for exams, it is also
for real life situations. (II) Mathematics teaches you to think. When being asked
to specify, in most of the cases, they use their right to remain silent. My question
is whether we should tell the elementary teachers what really mathematics is? But
before answering this question we should find out whether these teachers have the
required mathematical and intellectual background to understand the answer.

6 WHAT IS MATHEMATICS EDUCATION?

The following section is, perhaps, more suitable for elementary teachers who are
studying or planning to study for a master degree in mathematics education. The
notion of mathematics education is both ambiguous and vague. For some people
mathematics education is the production of text books, learning materials, math-
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ematics curriculum design, enrichment of the mathematics curriculum, developing
software by means of which certain mathematical topics can be taught, recommend-
ing teaching methods and so on. Erich Wittmann, in his plenary talk at the Interna-
tional Symposium on Elementary Mathematics Teaching, SEMT 11 (August 21-26,
2011), repeated a 16 year old claim of his that Mathematics Education is a design
science (Wittmann, 1995). Since there are some criteria which certain activities
should meet in order to be considered as science, and I am not sure whether the
activities at which Wittmann pointed fulfill these criteria, I would like to use the
word “design” in a different way. Note that this word is used intensively in many
practical domains such as: hair design, fashion design, industrial design, interior
design and many more. I prefer to speak about the design of instructional materials
for the learning and teaching mathematics. On the other hand, for other people,
mathematics education is a research discipline which investigates the learning and
teaching of mathematics. It relates among other things to mathematical concept
formation, to thought processes which occur in students while they solve mathe-
matical problems or when they prove mathematical claims. It also investigates the
dynamics of mathematics classes and teacher—student interactions. For some people
it means both. Namely, they try to design all kinds of innovations for mathematics
classrooms and they also investigate the impact of these innovations on the stu-
dents. I claimed that “mathematics education” is also a vague notion because there
is no consensus about what topics should be included in the domain and what topics
should be excluded from it. For instance, should the question where mathematics
came from be discussed within the domain of mathematics education or not? I do
not want to discuss this question here. I have mentioned it only for the sake of
bringing it to the reader’s attention

Quite often, when I am asked about mathematics education by people who are
outsiders to this domain, I am trying to compare mathematics education research
to medical research. We study diseases in order to find for them a cure. If the
analogy to medical research is extended it is worthwhile to note in it three stages.
The symptoms, the diagnosis and the cure. The symptoms in our domain are that
the majority of people who have to study mathematics hate it. After going through
the compulsory mathematics courses, they consider themselves as mathematically
ignorant and some of them are even proud about it. Although the domain of math-
ematics education is offering various cures to the disease, my opinion is that we are
still at the diagnosis stage. However, it will be wrong to ignore some wonderful
text books and software in which there is a real promise to improve mathematics
education and to enhance meaningful learning. Unfortunately, these materials have
not become the common materials for the learning of mathematics. They are still
considered as experimental materials used in relatively small populations.

7 IN WHAT WAYS DOES THE TEACHING OF
MATHEMATICS SERVE THE ULTIMATE GOAL OF
EDUCATION?

Unfortunately, thousands of pages in educational philosophy have been written

about the ultimate goal of education. It has also been the theme of hundreds of

educational conferences. I say “unfortunately” because the too many trees prevent
us to see the forest. Therefore, I would like to suggest a simple answer to this
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question. The ultimate goal of education is an educated person. This is, of course,
circular. In order to avoid it, I would say that an educated person is a thought-
ful person. “Thoughtful” in English is ambiguous. The above Merriam-Webster
dictionary suggests the following: a) characterized by careful reasoned thinking. . .
b) given to heedful anticipation of the needs and wants of others. In other words,
“thoughtful” also means “considerate”. This can be tied to, what is called in moral
thinking, the golden rule. There are plenty of versions for this rule which come from
various cultures and religions. One Jewish version of it is: What you hate — do not
do to other people. In order to follow this rule you should first apply your careful
reasoned thinking. Namely, you should carefully analyze everyday situations and
determine whether acting in a certain way in these situations will be unpleasant or
even harmful to other people. Then you should control yourself and abstain from
acting in such a way.

Earlier I mentioned that mathematics education, the way it is taught in the
majority of schools, focuses mainly on mathematical procedures by means of which
typical questions in typical exams can be solved. Mathematical procedures have
negligible importance in everyday life and in the majority of work places. However,
procedures in general, play crucial role in everyday life and in all work places. By
“procedure” I mean a sequence of actions which should be carried out one after the
other. Crossing streets, driving, shopping, turning on dishwashers, dryers, DVD
players (etc., etc.) are all associated with procedures. This is just an accidental
choice out of an infinite list of procedures. Thus, respecting procedures as well as
carrying them out precisely and carefully can be recommended as an educational
value. Note that not following certain procedures is against the law. One example
out of infinitely many: Crossing an intersection in a red light while driving a car. Not
following other procedures can result in an economical damage. Again, one example
out of infinitely many: Not turning off all the lights and electrical instruments when
leaving home. Note also that many procedures in everyday life were formed in order
to serve the golden rule. For instance: procedures related to behavior on lines,
procedures related to pedestrians and drivers and procedures related to littering
and recycling. Teachers, while teaching mathematical procedures can point to the
pupils at procedures in everyday life and speak about the importance of following
these procedures precisely and carefully, the same way as required in mathematics.
By doing this, teachers add educational value discussions to their traditional role
which is to cover the syllabus. Within the traditional role the teacher is a tool of the
syllabus. By adding educational discussions to the syllabus, the syllabus becomes
an educational tool.

There are many other contexts in the mathematical curriculum where educa-
tional value discussions can be integrated. For instance, very often, when dealing
with mathematical problem solving we speak about the need to apply analytical
thinking and control to the problem solving process (see for instance Schoenfeld,
1985). We certainly speak about it in mathematics education conferences. Some
of us may speak about it even in their mathematics class, in case we teach math-
ematics. It is considered as a meta-cognitive activity or a reflective activity. In
teacher training we encourage our students to include it in their future teaching. I
assume that very few of us and very few mathematics teachers, when they speak
about it in their mathematics classes, point at the fact that they are also relevant
to our everyday life and not only to mathematical thinking. They are also educa-
tional values which are directly related to the above mentioned golden rule. While
speaking about analytical thinking and control we can tell our student teachers that
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analytical thinking and control are important factors of rational thinking and thus
introduce to them the notion of rational thinking.

Rational thinking is strongly related to scientific thinking; however, it is broader
than it. Mathematics is closely related to the development of science, and thus we
have another justification to claim that mathematics is part of rational thinking.
Rational thinking is the kind of thinking which is needed to maintain our society.
By “our society” I mean the liberal democratic society with its values, its various
institutions, its science, art, technology and medicine. A sophisticated characteri-
zation of rational thinking is beyond the scope of this paper. However, in everyday
discourse, people use this notion and it is quite clear to them what it means. “Be-
have rationally,” they recommend quite often to each other. The Merriam-Webster
dictionary suggests that to be rational is to be reasonable. Rationality is the qual-
ity or state of being agreeable to reason. Rationality is applied to opinions, beliefs
and practices. About being reasonable, the dictionary adds that reasonable is not
extreme or excessive and it is moderate and fair. Wikipedia, the free encyclope-
dia of the Internet, claims that “rational”, in a number of kinds of speech, may
also denote a hodge-podge of generally positive attributes, including: reasonable, not
foolish, sane and good. Note that both the Merriam-Webster and the Wikipedia
agree that rationality, in ordinary language, has also a moral aspect (moderate, fair
and good). Thus, the notion of rationality that I am suggesting to include as one
of the educational goals of teaching mathematics includes also the moral aspect of
rationality. Thus, again, we are involved in integrating educational values aspects
in the teaching of mathematics. As an additional characterization of rationality, I
would also like to emphasize that to be rational implies taking into account science,
medicine and technology. People behave rationally if they take into account all the
scientific information which is relevant to their decision making. Thus, rationality is
a relative notion. A rational behavior in Newton’s era is not necessarily rational in
our era, since science has been changed dramatically. There is a broader discussion
of these issues in Vinner (2007, 2008).

All the above were general frameworks within which value discussions can be
integrated. In the section below I will describe some word problems which call for a
mathematical treatment and can be extended to a value discussion. The first word
problem is taken from Peled & Balacheff (2011). It is the following:

Andrea and Bill bought a $5 lottery ticket together. Andrea paid $3 and Bill paid
$2. They won $40. How will they split it?

The question was presented to Ron, a sixth grader by his mother at home, while
spending time together on various word problems.

Ron suggested three solutions:

1. Split the win evenly.

2. Split it so that the difference is close to the difference between the “invest-
ments”: Andrea gets $21 and Bill gets $19.

3. Split it proportionally: Use the investment ratio 3 : 2. Andrea gets $24 and
Bill gets $16

Finally, he commented: I think the first solution is the “most fair”, but the third
solution is the “most right” because it uses ratio. What Ron might be saying is that
in real life, if he were in a situation like that, he would have used an even split. Since
he knows that the teacher expects him to solve this problem using proportion, this is
what he has to accept as what is considered a good mathematics class solution.
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I consider this excerpt as a wonderful illustration how moral thinking can be
involved in the mathematical thinking of an 11 year old child. Undoubtedly, in this
child’s value scale, equality has a clear priority. Andrea and Bill are friends. Because
of various reasons Bill paid less than Andrea for the ticket. However, because of
the friendship, they are supposed to split the win evenly. If however, the difference
between the investments should be taken into account when splitting the win, then
Andrea is supposed to get a little bit more then Bill. Thus, the amounts $21 and
$19 seem quite fair to Ron. The seemingly correct mathematical solution is not
considered by Ron to be a fair split. Mathematically, he is smart enough to produce
this solution but he does not consider it fair. Note that in our adult community,
splitting the win according to the ratio between the investments is considered a fair
split. What are we supposed to tell the child who disagrees with us? I leave this
as an open question to the reader and I assume that various answers can be given
here, expressing the moral value scale of different readers.

The next problem is quite similar to the previous one but more complicated.
It is taken from a Jewish wisdom book (the title of which is “The Seeker” and
it was written in 1263 by Rabbi Shem Tov Ibn Falkira). It was brought to my
attention by Yaari (2005). Here is Ibn Falkira’s story updated by myself to our 2011
reality:

Two friends, Reuven and Shimon, after having a walk at the countryside, stopped
at a bench in order to have their lunch. For lunch they brought 5 rolls. Reuven
brought 2 of them and Shimon brought 3. A stranger passed by and asked them
whether he can join their meal. They invited him generously and split the 5 rolls
evenly between the 3 of them. After finishing their lunch the stranger took $5 out
of his pocket, gave them to the friends, thanked them, and while walking away said:
“Split what I gave you fairly and cleverly.”

“I’ll take my share now,” said Reuven asking Shimon to give him his $2.5. “Wait
a minute,” said Shimon, I brought to our lunch 3 rolls and you brought only 2, hence
your share is only $2 and my share is $3.

Being unable to solve the conflict they agreed to take their case to the court. The
judge listened to their story, thought a little bit and announced his verdict: Reuven
will get $1 and Shimon will get $4.

Please, explain.

This story has an additional dimension which was not present in the previous
one. Namely, how much of Reuven’s rolls and how much of Shimon’s rolls was given
to the stranger? Since the rolls were divided evenly so that each diner got 1 roll and
2 thirds of it, it is clear that the guest got 1/3 of a roll from Reuven and 4/3 of a
roll from Shimon. Hence, the $5 should be split according to the ratio between 4/3
and 1/3.

After giving this explanation the moral issue can be raised for a class discussion as
in the previous case. The fact that the verdict was $4 for Shimon and $1 for Reuven
reflects the author’s view about the “fair and clever” split. It is quite similar to
the fairness principle of the textbook, as conceived by the 11 year old child in the
previous story. Here there are 3 moral approaches to the above situation, and from
the moral point of view it is impossible, in my opinion, to determine which one is
better. Thus, practically, in order to avoid such conflicts, the principle of splitting
the profit should be agreed upon by an early agreement, or by laws of the society
to which the arguing people belong.

Another example of a specific word problem that can be a trigger for an educa-
tional value discussion can be found in Taplin (2002, p. 79).
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The bottom line of this section brings me back to sections 2 and 3 in the beginning
of my talk (the typical profile of the elementary teachers and to the recommenda-
tions related to it). While there are serious doubts about the feasibility of presenting
to elementary teachers and prospective elementary teachers some of the topics men-
tioned above, there should not be any doubt about asking them to work toward the
ultimate goal of education, namely, asking them to be educators. Unfortunately,
in some societies, teachers (and especially elementary teachers) are blamed for not
having satisfactory knowledge in science or mathematics. However, if we focus on
educational aspects of the teacher’s work then the above accusation becomes minor.
Moreover, a counter accusation should be raised against parents who do not care so
much about the education of their children but care a lot about their mathematical
achievements; not because these achievements are really important for the future
life of the children (as adults, 90 % of them belong to the population which does not
use mathematics, hates mathematics and does not know mathematics), but because
mathematical achievements are required for further academic or technical studies.
And as to the elementary teachers — imposing on them mathematical demands
which are beyond their mathematical abilities or, if you wish, beyond their ZPD,
will bear negative results as explained in the next section.

8 THE PSEUDO-ANALYTICAL AND
PSEUDO-CONCEPTUAL BEHAVIORS AS A REACTION
TO EXAGGERATED INTELLECTUAL DEMANDS

In an early work of mine (Vinner, 1997) I explained in length what I mean by these
two notions (pseudo- analytic and pseudo-conceptual behaviors). Here I will say
very shortly that these behaviors are produced by people who try to show that they
know a certain topic but as a matter of fact they do not know it (in some cases,
people really believe they know while they do not know. In other cases, they know
that they do not know but they pretend to know). Here are three anecdotes:

(I) The supervision on mathematics education in my country has decided that
all elementary teachers should know certain chapters in probability. Thus, teachers
who did not have this knowledge were invited to participate in a compulsory course
in which some elementary concepts in probability were introduced to them. At
the end of the course, among other questions, they were asked to solve the following
question: There are 16 cards in a bozx. Fach card is in an envelope. All the numbers
between 1 and 16 (included 1 and 16) appear on the cards (one number per card).
Describe an event the probability of which is 1/2. Non-negligent number of the
teachers suggested that a right answer to this question was to pull out of the box
the card which has 8 on it. When being asked to justify their answer they said:
Because 8/16 is 1/2. Superficially, it looks as a convincing analytical argument. I
classify it as pseudo analytical behavior.

(IT) The second anecdote is about an elementary teacher who taught her pupils
how to calculate certain addition exercises by means of Cuisenaire rods. Then she
gave some addition exercises to her class as home work assignment. One pupil solved
all the exercises using his own (mathematically correct) strategy and got the cor-
rect answers for all the exercises. However, the teacher marked all his answers as
wrong. When the child’s mother came to argue with the teacher about her judg-
ment, the teacher’s respond was that the use of the Cuisenaire rods is essential
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part of the final result. Here, the teacher did not distinguish between the peda-
gogical content and the mathematical content. I consider the failure to understand
the conceptual difference between the two as a special case of pseudo conceptual
understanding.

(III) The third anecdote is taken from a study which investigated the ability of
prospective teachers to prove or refute arithmetic statements (Tirosh, 2002). Proof
of mathematical statements is one of the issues discussed quite often in mathematical
teacher training. We strongly emphasize that checking some examples is not enough
to establish the validity of a universal statement. The students realize that a proof
should be general but their impression is that a typical feature of being general
is the use of letters. In the above study the researcher asked the students about
refuting a universal statement. The question was whether, in order to refute a
universal statement it is enough to point at one example for which the statement
is not true. A significant number of students claimed that checking one example
is not enough to refute a universal statement. Many students claimed that letters
must be used in order to establish a proof. I suggest that this result indicates lack
of understanding of the essence of proof. The students were trying to identify proofs
by their superficial form. They failed to rely on meaning. Hence, I classify this
result as pseudo conceptual behavior.

The pseudo conceptual behavior is directly related to one of the workshops in
the above mentioned Symposium on Elementary Mathematics Teaching, SEMT 11
(August 21-26, 2011): Contribution of the theory of didactical situations to math-
ematics education (Chopin&Novotnda, 2011). It is claimed there that during the
student — teacher discourse, sometimes, “the teacher begs for a sign that the stu-
dent is following him” (p. 362). Eventually, the teacher is lowering the intellectual
demands which were originally involved in the question. At a certain stage, the
student can give an answer to the teacher’s question relying only on superficial in-
dicators without having any knowledge of the subject involved. This is called by
Brousseau & Sarrazy (2002) “the Topaze effect”.

A student’s meaningless behavior is demonstrated in a magnificent way in the
classical play by Moliere Le Bourgeois Gentilhomme (1670). I first dealt with it in
Vinner (1997). I would like to present it here again because it is directly related
to Chopin and Novotna (2011) as well as to students who learn certain topics in
a meaningless way and then teach them. I claimed earlier that it happens with
elementary mathematics teachers and that it is disastrous. In the first excerpt from
Le Bourgeois Gentilhomme, the student (Mr. Jourdain) is talking to his teacher
(the philosopher).

Mr. Jourdain: I am in love with a lady of quality and I want you to help me to
write her a little note I can let fall at her feet. Philosopher: Very well. Mr. Jourdain:
That’s the correct thing to do, isn’t it? Philosopher: Certainly. You want it in verse
no doubt? Mr. Jourdain: No. No. None of your verse for me. Philosopher: You
want it in prose then? Mr. Jourdain: No. I don’t want it in either. Philosopher:
But it must be one or the other. Mr. Jourdain: Why? Philosopher: Because, my
dear sir, if you want to express yourself at all there’s only verse or prose for it.
Mr. Jourdain: Only prose or verse for it? Philosopher: That’s all, sir. Whatever
isn’t prose is verse and anything that isn’t verse is prose. Mr. Jourdain: And talking,
as I am now, which is that? Philosopher: That is prose. Mr. Jourdain: You mean
to say that when I say “Nicole, fetch me my slippers” or “give me my night -cap”
that’s prose? Philosopher: Certainly, sir. Mr. Jourdain: Well, my goodness! Here
I have been talking prose for forty years and I have never known it.
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Till a certain point, the above conversation sounds like meaningful communica-
tion. (“You want it in verse no doubt? — No. No. None of your verse for me.”)
Only at a crucial point it turns out that the student has no idea of the topic dis-
cussed. (“No. I don’t want it in either.”) There is also an implicit criticism about
teaching in the above dialogue and this is quite relevant to the Topaze effect. Be-
cause of the student’s ignorance, the teacher is forced to teach in an inadequate way.
The distinction between verse and prose is a distinction between literary forms. It
is quite ridiculous to apply it to everyday language. The philosopher did it as a
kind of didactic simplification. The student, lacking the required background to
assimilate this (or in the terminology used in this paper, it is not within his ZPD)
will handle it in a pseudo-conceptual mode. This mode will prevail also when the
student becomes a teacher. Thus, in the second excerpt Mr. Jourdain becomes a
teacher and he tries to teach what he just learned to his wife.

Mr. Jourdain: ... Do you know what you are doing — what you are talking at
this very moment? Mrs. Jourdain: I’'m talking plain common sense — you ought
to be mending your ways. Mr. Jourdain: That’s not what I mean. What I am
asking is what sort of speech are you using? Mrs. Jourdain: Speech. I'm not making
a speech. But what I'm saying makes sense and that’s more than can be said for
your goings on. Mr. Jourdain: I'm not talking about that. I'm asking what I am
talking now. The words I am using — what are they? Mrs. Jourdain: Stuff and
nonsense! Mr. Jourdain: Not at all. The words we are both using. What are
they? Mrs. Jourdain: What on earth are they? Mr. Jourdain: What are they called?
Mrs. Jourdain: Call them what you like. Mr. Jourdain: They are prose, you ignorant
creature!

It seems to me that no additional comments are needed here since the text speaks
for itself.

9 EPILOGUE

I would like to conclude my paper with two comments. The first one is related to the
elementary teachers. Observing them in their classes indicates that in most cases
they are dedicated people. They do their best to teach mathematics. Sometimes,
their best is not good enough mathematically. However, it is useless and pointless to
request more than their best. The second comment relates to us, the mathematics
education community. My recommendation to focus on aspects of the elementary
teacher performance which are not content knowledge or pedagogical content knowl-
edge may look to some of us as a threat. Improving mathematical achievements is
considered by many of us as our ultimate goal. Do I recommend considering other
educational values as the ultimate goal of education? As a matter of fact I do, but
it does not matter. There is nothing to worry about. The different educational
systems (local, national and international) will not give up mathematical achieve-
ments as a draconian filter for further studying. Hence, improving mathematical
achievements will still get the financial support that many of us look for, and math-
ematics education research will continue to focus on mathematical achievements.
My recommendation, therefore, is only to look at things differently and, from time
to time, to remind ourselves the real goal of education — an educated adult.
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APPENDIX I: A QUESTIONNAIRE THE PURPOSE OF WHICH IS TO
FIND OUT HOW ELEMENTARY MATHEMATICS TEACHER VIEW
MATHEMATICS

As T explained in section 5, I made the questionnaire while being guided by two
different intentions. The first one was to call or invite a definition which will reflect
somehow the dictionary definition. Namely, Mathematics is the science of some-
thing. The other intention was to point at a different answer to the question what
mathematics is, an answer with a seemingly negative connotation and to see how
the respondents cope with it. So here is the questionnaire:

In a conversation between a history teacher and a mathematics teacher at the
teacher room the history teacher said: When I studied in high school I was interested
in the natural sciences. I studied physics and biology. I understood that physics
describes the laws of the physical world (movement, electricity, light, heat and so
on) and biology describes the world of animals and plants. On the other hand, my
impression about mathematics was that it is a collection of procedures, rules and
formulas to be used in order to solve some typical questions given in homework
assignments and in some crucial exams (midterm exams, final course exams and
the matriculation exams).

What is your reaction to the history teacher’s claim?

1. I definitely agree. 2. I agree with a certain reservation. 3. I do not agree but
I understand how such an impression was created. 4. I absolutely disagree.

Please, explain your answer! In case you do not agree with the history teacher’s
claim — please, try to say what mathematics is in your opinion.

Because of space restriction I am not presenting here the full distribution and
the analysis of the answers.

APPENDIX II: WHAT IS MATHEMATICS?

The answer to this question depends on the eyes of the beholder. Everybody can
express his or her views about it. Thus, perhaps we should ask who is authorized to
answer it and to give an authorized answer. In my opinion, the authorized person is
a research mathematician. I am aware of the fact that different research mathemati-
cians might give different answers to the question. Nevertheless, since I promised
earlier to suggest a definition I am presenting it here, as a mathematical research
survivor whose domain was mathematical logic and theory of models. I assume
that my mathematical logic background has a certain impact on my perception of
mathematics.

If we look at courses which mathematics majors are supposed to complete for
their Bachelor degree or Master degree we find out that many of these courses
include the word “theory” in their title. For instance: Group Theory, Ring Theory,
Number Theory, Game Theory and so on and so forth. Each of these theories relates
to a specific mathematical structure. So, what is a mathematical structure? Each
mathematical structure includes a set of elements about which various statements
are made. It can be the set of numbers in the case of Number theory, it can be a
set of a group elements in case of group theory, a set of vectors in case of Vector
Analysis or a set of complex functions in case of The theory of Functions of Complex
Variable and so on and so forth. The elements of the set of the mathematical
structure are regarded as mathematical objects. Some mathematicians consider them
as abstract objects. Since I do not want to elaborate on this notion (this may
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lead me to a philosophy of mathematics discussion) I will stick to the previous
notion — mathematical objects. In order to ease my presentation, let us observe
Peano’s Arithmetic as a generic ezample. The set of natural numbers is the set
of mathematical elements of this structure. In this set of elements there are two
distinguished elements, 0 and 1 (this version of Peano’s Arithmetic includes 0. There
is another version that starts the sequence of natural numbers with 1). In addition
to the set of numbers the structure has also some operations: unary operation (the
successor), binary operations (addition and multiplication) and several more which
can be defined by these operations. It has also relations: The equality relation (=,
a binary relation), the “less than” relation (<, a binary relation) and several more
that can be defined by means of these; for instance, the divisibility relation (a | b,
a divides b, a binary relation), the “being a prime” relation (a unary relation) and
so on and so forth. The Peano’s Arithmetic is, in fact, the collection of all true
statements about the above structure. For instance, it includes the statement that
there are infinitely many prime numbers. It also includes the statement that any
(natural) number can be expressed as a sum of 4 squares of (natural) numbers,
and so on. The crucial question here is how the collection of all true arithmetical
statements can be reached. The answer is well known to any mathematics major —
by the deductive method. This means that we start with some statements about
which we know they are true (we try to minimize their number) which are called
axioms. Then by certain rules of inference we derive additional statements. The
inference rules guarantee that if we start from true statements we obtain additional
true statements.

I suggest the above as a characterization of specific examples presented to any
mathematics major all over the world. I am aware of the fact that it is an over
simplification. Because of that it is also inaccurate. However, in order to please the
rigorous mathematician I will have to expand it in such a way that it will include
a chapter from mathematical logic about first order predicate calculus and also a
chapter from model theory and more. So, a reader with a sufficient background will
be able to accept it as a schematic illustration. For readers who lack the sufficient
background, I am afraid, it will not make sense. Thus, many readers who lack the
sufficient background will form their idea about what mathematic is by relying on
their own experience. This brings us back to section 5 and the idea that elemen-
tary teachers may have about what mathematics is. When discussing this question
with people who did not graduate in mathematics (as the majority of elementary
mathematics teachers) one can hear that they consider Excel and Sudoku as part of
mathematics, they consider Cuisenaire Rods as part of mathematics, they consider
other concrete materials as part of mathematics, as well as mathematical education
software. They do not distinguish between means to study mathematics and math-
ematics. Thus also various types of word problems and mathematical riddles are
considered as mathematics, where no distinction is made between the mathematics
which is required in order to solve these problems and the problems themselves.
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Postoj zaku k predmeétu chemie
na strednich odbornych skolach

Martin Rusek

Abstrakt

Tento ¢lanek je prispévkem k procesu mapovani edukacni reality vyuky chemie na stfednich
odbornych skolach nechemického zaméfeni. Jeho hlavnim cilem bylo zjistit postoje zaki
stfednich odbornych skol k chemii jako védé a skolnimu pfedmétu. V ramci zkouméni
postoju zakd byla sledovana i orientace zakt v naplni uciva chemie a jejich nazor na
uzite¢nost oboru pro jejich zivot. Vysledky orientac¢niho priizkumu jsou dany do souvislosti
s dosavadnimi poznatky o edukacni realité na téchto typech skol a slouzi jako dilezita
informac¢ni zakladna pro dalsi vyzkum.

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

Pupils’ Attitude to the Subject of Chemistry at
Secondary Vocational Schools

Abstract

This paper is a contribution to the process of mapping the education reality at nonchemi-
cal vocational schools. The main objective of this article was to investigate nonchemical
vocational schools students’ attitudes towards Chemistry like science and like a school
subject. Further, the students’ orientation in the content of the subject and their opinion
of usefulness of the findings for their life is investigated. Results of the orientation survey
are set into present findings about the educational reality at this type of schools. The
implications of results are also used as the basis for futher research.

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

Ceské gkolstvi prochazi v soucasné dobé rozsahlou kurikularni reformou. Jednim
z jejich hlavnich pilifd je tvorba novych kurikuldrnich dokumentt, ramcovych vzdé-
lavacich programt (RVP). Zakladni vzdélavani neni z hlediska RVP nijak diferen-
covano, zvlastni pozornost je vénovana pouze zakiim se specidlnimi vzdélavacimi
potiebami. Stfedni vzdélavani se oproti tomu vyznacuje znac¢nou rozmanitosti.

Stredni vzdélavani je déleno na vzdélavani vseobecné a vzdélavani odborné.
Vzdélavaci standardy pro stfedni vSeobecné vzdélavani (tj. vzdélavani gymnazidlni)
jsou déleny pouze na RVP pro gymnézia (RVP G), RVP pro gymnazia se sportovni
pripravou a v soucasnosti i RVP pro dvojjazy¢na gymnazia. Naproti tomu RVP pro
stfedni odborné vzdélavani (SOV) je diferencovan mnohem vice, a to z dtivodu roz-
manitosti obort vzdélani. Z ptivodnich 800 obort vzdélani vzniklo v soucasnosti 275
Siteji pojatych RVP pro obory vzdélani stiedniho odborného vzdéldvani (RVP SOV).

Dalsi podstatny rozdil mezi RVP G a RVP SOV je v obsahu samotného vzdéla-
vaciho programu. RVP se oproti predchazejicim vzdéldvacim standardim vyznacuji
obecnéjsim popisem pozadavkl na vystupy vzdélavani. Z hlediska skladby pred-
métid se RVP G oproti predeslym vzdélavacim standardim prili§ nezménily. V RVP
SOV, jez je déleno na odbornou slozku (charakteristickou pro konkrétni obory SOV)
a slozku vSeobecnou (viceméné shodnou napfi¢ jednotlivymi obory SOV), doslo ke
zvyseni dirazu na vSeobecné vzdélavaci predméty. Do RVP SOV tak byly zata-
zeny zcela nové vzdélavaci oblasti a zéktim (mnohdy) pfibyly predméty, které jejich
predchidci neméli.

Jednou z nové pfidanych oblasti je Prirodovédné vzdélavani (P¥V), které zahrnuje
predméty fyzikalni, chemické a biologické povahy. Podle analyzy provedené k piibli-
Zeni problematiky rozmanitosti RVP SOV (Rusek, 2011) je PFV zafazeno az do 80 %
obort vzdélani stfedniho odborného vzdélavani, pritom do mnoha obort zcela nove.
Zavaznost zkoumané oblasti doklada i fakt, ze odbornym Skolstvim v soucasnosti
prochazi priblizné 75 % vsech zaku stiednich kol (viz Vojtéch, Chamoutova, 2010).

EDUKACNI REALITA NA STREDNICH ODBORNYCH
SkoLAcH (SOS)

Termin edukac¢ni realita je v tomto ¢lanku chapan v celé svoji $ifi; definuji jej tak
Pricha a kol. (2001). Jedné se o usek objektivni skutecnosti, ve kterém probihaji
edukacni procesy. Tato skutecnost je tedy ovliviiovana nejen ucitelem a ucicim se
subjektem, ale i podminkami, ve kterych edukace probiha (Pricha a kol., 2001).

Pravé prostiedi, ve kterém vyuka probihé (vyuka pouze v jednom ro¢niku, nizka
dostupnost pomtcek, nizka aprobovanost uciteld apod.), je pro didaktiku chemie
nové. Tuto situaci je proto zapotiebi podrobné zkoumat, a proto ji nas odborny
tym vénuje soustiedénou pozornost. V tomto sméru bylo provedeno nékolik analyz,
prizkumit a sond zaméfenych pfimo na kurikuldrni dokumenty (RVP SOV) nebo
na podminky vyuky (Rusek, 2010a, 2011; Rusek et al., 2010). Moznymi pfFistupy
k vyuce na zkoumanych typech skol se také zabyvaji Janouskova, Marsak a Pumpr
(2010, 2011). Podpora SOV prostfednictvim ¢asopisu Odborné vzdélavani i podpora
v oblasti tvorby Skolnich vzdélavacich programii (projekt Kurikulum S) je posky-
tovana Narodnim tstavem odborného vzdélavani — slozkou Narodniho tstavu pro
vzdélavani.
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Doposud byla o edukac¢ni realité vyuky chemie na SOS nechemického zaméieni
publikovana néasledujici zjisténi:

e Do prvniho roéniku SOS a SOU nastupuje ptiblizné 75 % zakt SS (viz Vojtéch,
Chamoutové, 2010).

e Prirodovédné vzdélavani (PiV) je jako vSeobecné vzdélavaci oblast (tj. okra-
jové oblast) vyucovano v 75 % RVP SOV! (viz Rusek, 2011).

e Ve vétsiné obort vzdélani je PV okrajovou oblasti s dotaci 4 vyucovacich
hodin tydné (chemie je tak vyucovana celkové v 1-2 vyucovacich hodinéach
tydné, coz celkové ¢ini pfiblizné 30/60 vyucovacich hodin) (Rusek, Pumpr,
2009; Rusek, 2011).

e Chemie je vyufovdna nejcast&ji jen v prvnim ro¢niku SOS (Rusek, Pumpr,
2009; Rusek, 2011).

e Vyuka chemie je ztiZena absenci pomticek, specializovanych uceben a nedo-
statkem odpovidajicich u¢ebnic (Rusek, Pumpr, 2009; Rusek, 2010a).

Pro predstavu o prostiedi, ve kterém vyuka na SOS probih4, jsou velmi diilezité
i vysledky ziskané prizkumem studijnich vysledkt zakt prvnich ro¢nikt v pfirodo-
védnych predmétech, provedenym v roce 2009 (viz Rusek, et al., 2010). Vysledky
priuzkumu jsou uvedeny v tabulce ¢. 1. Prizkum byl proveden ve vSech stifednich
Skolach spravovanych Stiedodeskym krajem (N = 6431). Zkratka SOS-M v tabulce
znadi obory SOV zakonéené maturitou, zkratka SOS-V zna¢i obory SOV zakondéené
vyuénim listem a znacka SOS-P¥V zna¢i obory SOV zaméfené na Prirodovédné
vzdeélavdani.

Tab. 1: Studijni vysledky zakd v prirodovédnych predmétech, zdroj: Rusek, et al.,
2010

Studijni vysledky zak® — prirodovédnych predméti
. proc.
kategorie | primér | median | modus ;30/ceot pocet
zaka | © .,

zakt

gymndzia | 1,57 1,33 1,33 | 1116 | 17 %
lycea 1,74 1,67 1 417 1 7%
SOS-M 2,23 2,33 2 2850 | 44 %
SOS-PiV | 2,37 2,33 2,33 162 | 3%
SOS-V 3,13 3,33 3 1886 | 29 %

Podminky vyuky spoluvytvari samoziejmeé i vyucujici. Soucasti priizkumu skolni
uspésnosti byl i prizkum aprobovanosti ucitelti. Vysledky uvedené v tabulce ¢. 2
dokladaji, jak rozdiln4 je edukacni realita na G a na SOS. Zkratky apr. a neapr. znadi
aprobovaného a neaprobovaného pedagoga, zkratka DPS pedagogy, ktefi absolvovali
doplnkové pedagogické studium.

rozdélovat na didaktiku chemie na gymnéaziu a didaktiku chemie na SOS (viz
Rusek, Pumpr, 2009). Dosavadnimi prizkumy byla zmapovéna jen malé ¢ast edu-
kacni reality. Negativni postoj k chemii, nedostatecna predstava o naplni pfedmétu

!Mezi tyto RVP SOV nejsou zapocteny programy, ve kterych je zafazeni P¥V do rozvrhu
volitelné.
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Tab. 2: Aprobovanost ucitelti chemie

Aprobovanost ucitelti chemie

Typ SS

apr. DPS neapr.
gymnézia | 75,00 % | 25,00 % | 0,00 %
lycea 80,00 % | 20,00 % | 0,00 %

SOS PiV | 50,00 % | 25,00 % | 25,00 %
SOS-M | 55,00 % | 30,00 % | 15,00 %
SOS-V 30,00 % | 10,00 % | 60,00 %

i nizké motiva¢ni presvédceni zaku (viz napf. Dytrtova, 2011; Rusek, Pumpr, 2009)
byly pouhymi, byt z praxe vychézejicimi predpoklady. Tyto je zapotiebi dokézat vy-
zkumem. Na zédkladé vystupt vyse uvedenych prizkumu byl formulovan vyzkumny
problém:

Jakyj je postoj Zdki SOS nechemického zaméreni vici chemii?

Podle typt vyzkumnych problémi, jak je vymezil Gavora (2000), se jedné o pro-
blém deskriptivni. Tento typ vyzkumnych problému vylucuje formulaci hypotéz (viz
Gavora, 2000).

Pojmem SOS nechemického zaméreni je oznacovan takovy obor vzdélani SOV,
ve kterém je na oblast ptrirodovédného vzdélavani v RVP SOV predepsano méné nez
7 vyucovacich hodin tydné.

Postoj zaki k pfrirodovédnym predméttim je ziskany motiv, vyjadiujici jejich
vztah k danym pfedmétiim a v nich provadénym ¢innostem (viz Cap, Mares, 2001).)
Postoj zahrnuje tii slozky:

e poznani oboru a nazory na néj,
e citové ohodnoceni (sympatie, antipatie, popf. lhostejnost),

e pobidku k jednani ¢i k chovani v souladu s nazorem a emoc¢nim hodnocenim,
popitipadé navyk ¢innost provadét (Cap, Mares, 2001).

7 uvedené definice je ziejmé, ze velmi podstatnou slozku edukace tvoii praveé
postoje. Kladné postoje k prirodnim védam jsou totiz nezbytné k zachovani trvale
udrzitelného rozvoje nejen v jeho ekologickém smyslu. Nékteré postoje se vztahuji
k hodnotam spole¢nosti (Cap, Mares, 2001), ¢imz nepfimo souviseji s jejim celkovym
chovanim a pfenesené i s politickymi rozhodnutimi, kterda mohou mit na Zemi fatalni
dopad.

Vyzkumna otazka tizce souvisi s motivaci zakid. Pobidky k aktivni ¢innosti, jez
vychézeji z pozitivniho postoje k prirodovédnym predmétiim — motivace k uceni —
jsou souborem hybnych ¢initeli v ¢innostech, prozivani i chovani osobnosti (Hrabal,
a kol., 1984). Pro samotné vyucovani je motivace chépana jako souhrn toho, co
74ka pobizi k tomu, aby néco délal, nebo toho, co mu v &nnosti zabraiiuje (Cép,
Mares, 2011). Pravé motivovanost zakti SOS ucit se chemii (a dalsim predmétiim)
je v zavislosti na mnoha faktorech velmi nizka (viz Rusek, Pumpr, 2009).

Pfedni autofi odborné literatury zaméfené na psychologii (napi. Hrabal, et al.,
1984; Céap, Mares, 2001) uvadéji motivaci jako podstatnou slozku vzdélavaciho pro-
cesu. Ke zpresnéni predstavy o edukacni realité proto prispiva i informace o moti-
vacnim presvédceni zakid. To hraje v edukacnim procesu vyznamnou roli.
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K tomu, aby se Zaci vyznali v novych ucebnich situacich, vyuzivaji sva pre-
svéd¢eni a implicitni (neuvédomovand) pojeti vztahujici se k motivaci. Terminem
motivacéni pojeti (Hrabal, et al., 1984) nebo motiva¢ni presvédéeni (Boakertsova,
2005) jsou oznacovany néazory, soudy a hodnoty zaku, vztahujici se k vécem, udélos-
tem, oblastem uciva nebo vyucovacim pfedmétiim. Zaci maji vétsi zajem o ¢innosti,
o nichz si mysli, Ze pro né maji potiebné kompetence, nebo které povazuji za hod-
notné. Zaci, ktefi si vytvorili piizniva motiva¢ni pfesvédéeni, si ceni moznosti naudit
se nové dovednosti. Je velkd pravdépodobnost, ze budou mit zajem zapojit se do ¢in-
nosti zaméfenych na procviceni a pouziti ziskanych dovednosti (Boakertsova, 2005).

Obecnym predpokladem je, Ze chemie je povazovana za méné oblibeny predmét,
tedy takovy, ke kterému se vztahuje pouze nizké motivacni presvédceni (napf. Ru-
sek, Pumpr, 2009). Stejné jako ve svété, i v Ceské republice se projevuje tibytek
zdjmu zaki/student o pFirodovédné a technické discipliny (vyjma stavebnictvi).
Také vysledky provedenych vyzkumt uvedenych nize dokladaji, Ze chemie patii ve
skole mezi méné oblibené predméty.

Potvrzeni tohoto predpokladu i pro SOS by se pak stalo teoretickym opodstat-
nénfm soucasnych snah optimalizace vyuky chemie na SOS (viz napt. Janouskova,
a kol., 2010, 2011).

Reseni vyzkumného problému je dtlezité pro volbu dalsich pfistupti vedoucich
k zefektivnéni vyuky uciva chemické povahy na SOS nechemického zaméfeni.

PREHLED PROVEDENYCH VYZKUMU ZAMERENYCH NA
POSTOJ ZAKU SOS K CHEMII

V Ceské republice nebyl doposud proveden vyzkum zaméfeny na postoje zak SOS
nechemického zaméreni k prirodovédnym predmétim v tomto novém pojeti, jelikoz
se cilova skupina — zaci SOS nechemického zaméfeni (viz Rusek, Pumpr, 2009) —
teprve formuje a bude ji mozné postihnout az po 1. 9. 2012, kdy budou RVP SOV
platit jiz pro vSechny prvni roéniky. Vétsina zahrani¢nich vyzkumt zamétenych na
postoje zakl (viz niZe) neni z hlediska odlisného stylu vyuky v ¢eském prostiedi vy-
uzitelna. Divodem je jiné pojeti prirodovédného vzdélavani. V ceskych podminkach
se zaci s kompletni trojici predméti, které tradicné tvori prirodovédné vzdélavani
(fyzika, chemie, biologie), setkavaji az v poslednich roc¢nicich zakladni $kolni do-
chazky (na rozdil od zaka napf. ve Velké Britanii, Spojenych statech ¢i Skandinavii).
Tato skutecnost znemoznuje tplné porovnani vysledki zakt z mezinarodnich Setteni,
zameérenych na tuto problematiku.

Vysledky zahrani¢nich vyzkumi jsou presto hodnotné a je mozné se jimi ne-
chat inspirovat. Nejc¢astéji pouzivanymi dotazniky jsou MSIMSQ, PISA, ROSE, SAI
a SAIL-II, SIMSQ, TIMSS nebo ToRSA. Projekt ROSE méa presah do vyzkumné
praxe i v CR (viz Bilek, a kol., 2005). Ve stiedoevropském kontextu byly dale pro-
vedeny vyzkumy postoji zakt k biologii/ptirodopisu (Prokop, et al., 2007; Vickova,
2011). Pfimo postojem zaku k chemii se zabyval napt. vyzkum Salta & Tzougraki
(2004).

Vsechny z uvedenych vyzkumi jsou vyzkumy kvantitativni. Vétsina z nich je
zaloZena na odpovédich zakd na dotaznikové otazky prostiednictvim vyjadieni po-
stoje k vyroktim. JelikoZ se v prvni etapé zjisfovani orientace zakd v néplni uciva
chemie a jejich nazoru na uzitecnost oboru pro jejich zivot jedna pouze o vyzkum
orientacni, byl zvolen zjednoduseny pfistup.
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METODOLOGIE

PovAHA PRUZKUMU A TVORBA DOTAZNIKU

Z vyse uvedenych dotazniki (pro své zamétfeni prevazné Salta a Tzougraki, 2004;
Hassan, 2008 a Prokop, et al., 2007) byl vytvofen seznam otazek pouzivanych ke zjis-
tovani postoju zaku k pfirodovédnym predmétiim (chemii), motivace zédku k uceni
se chemii atd. Ve snaze vytvofit dotaznik co nejjednodussi na vyplnéni, byly for-
mulovany C¢tyfi oteviené otazky, které by umoznily zaktim dostatecné se vyjadrit.
Volené otazky jsou v souladu s teorii uvedenou v kapitole 3., zarovenn odpovidaji
zjisténym ¢asovym moznostem na SOS.
Formulovany byly tyto dotaznikové polozky:

1. Co je podle Vas chemie a ¢im se zabyvd? — Tato otazka byla zafazena ke
zjisténi predstavy zakd o chemii jako celku. Nazor ¢i soud o pfedmétu musi
byt zakonité podlozen alespon ramcovou predstavou o jeho naplni.

2. Co Vis na chemii na ZS nejvice zaujalo? — Cilem této otazky bylo zjistit, kteréd
kapitoly z uéiva chemie byly pro zaky na ZS nejzajimavéjsi. Pro ucitele chemie
mohou ziskané odpovédi slouzit jako voditko, co do vyuky zaradit.

3. K cemu je chemie béznému cloveku uzitecnd? — Otazka, objevujici se v riiznych
variacich ve vSech vySe zminénych dotaznicich, je odrazem jedné ze slozek
motivacniho presvédceni zaki.

4. Oznamkugjte chemii znamkou 1-5. — Napiiklad v dotaznicich PISA (viz Palec-
kova, a kol., 2007) je voleno porovnavani pfedméti mezi sebou. Ve snaze co
nejvice zkratit vyslednou verzi dotazniku byl zvolen tento zpisob devitistup-
nové Likertovy skaly 1-5 s mezistupni (1/2, 2/3, apod.).

Prestoze se jednalo o otazky oteviené, bylo mozno béhem vyhodnocovani vytvo-
fit kategorie, do kterych odpovédi zakt spadaly. Jako kategorie byly vybrany pojmy
nebo skupiny svou povahou podobnych pojmii, které byly uvedeny alespon trikrat
v prvnich deseti analyzovanych dotaznicich. Nasledujici a castéji se opakujici pojmy
byly doplnény mezi kategorie. Jen velmi zfidka se v odpovédi nasly tidaje nesmyslné
nebo vybocujici ze stanovenych kategorii; na takové nebyl bran zretel. Prestoze byl
vyuzit dotaznik, nastroj vyuzivany prevazné v kvantitativnim vyzkumu, jedna se
spise o priizkum kvalitativni a to podle definice Svaiicka, Sedové a kol. (2007), zalo-
zené na metodé usuzovani. Jak bude priblizeno dale, jednotlivé kategorie odpoveédi
byly tvofeny indukci. Nasledoval pak klasicky kvantitativni zptisob vyhodnoceni dat.

PosTup

Priizkum byl proveden na zac¢atku $kolniho roku 2010 na dvou prazskych SOS ne-
chemického zaméreni. V obou pripadech se jednalo o zaky studujici ekonomicky za-
méfené obory. Tito Zaci predstavuji zdmérny vybér, konkrétné vybér dostupny (viz
Gavora, 2000). Velikost vzorku pfedstavuje 195 zaki v oborech obchodni akademie
(63-41-M/02) a ekonomické lyceum (78-42-M/02).

Didakticky zajimava data je mozné ziskat opakovanim tohoto prizkumu. Zaktm
jedné z uvedenych stfednich skol byl tentyz dotaznik zadan i na konci skolniho roku.
Vysledky nebyly jesté v dobé psani prispévku zpracovany.
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HLAVNI PRUZKUM

Ziskana data byla analyzovana v programu Microsoft Excel. Jak jiz bylo zminéno,
dotaznik byl koncipovan pro strucné odpovédi. Ty se s drobnymi odlisnostmi opa-
kovaly. Bylo tak mozné v ramci jednotlivych otazek (1, 2, 3) ur¢it logické kategorie,
do kterych odpovéd zaka spadala.

Tyto kategorie jsou uvadény piimo u jednotlivych otazek. Nespisovné pojmy jako
nazvy kategorii jsou timyslné ponechéany. Cilem je ¢tenéfi co nejvice priblizit ziskané
udaje.

OTAZKA 1. CO JE PODLE VAS CHEMIE A CIM SE ZABYVA?

Podle Vacika et al. (1999) je chemie prirodni véda o sloZeni a strukture ldtek ve vztahu
k jejich chovdni. Podle Blazka a Fabiniho (1984) je chemie pfirodni, experimentalni
véda o latkdch, jejich vnitrni strukture a vlastnostech, o jejich reakcich a jevech,
ktere prubéh téchto reakci doprovazeyi.
Odpovédi zaka byly roztiidény do sedmi kategorii (vyznaceno tucné). Vsechny
klicové pojmy definice chemie (Vacik, 1999; Blazek, Fabini, 1984) byly zaky zminény.
Piiklady odpovédi zakt v jednotlivych kategoriich:
Zivot, priroda, nase okoli — napi. ,Chemie je véda, ktera se zabyvé prirodou.“

e vzorce, slozeni latek — napft. ,,Chemie jsou vzorce a slouceniny.“
e véda

e prvky, latky, atomy, slou¢eniny — napf. ,Chemie zkoumé riuzné latky
a prvky a jejich slozeni.“

e pokusy — ,Chemie je véda o pokusech.“ (pozn.: odpovédi ,experimentalni
véda“ byly fazeny také sem)

e pochody a reakce, dé€je, procesy — napi. ,,Chemie je véda, ktera se zabyva
latkami a jejich pfeménou.“

e nesmysl — napf. ,,Chemie mé nebavi a je k ni¢emu.”; ,,Chemie je nesmysl.“

Priklady zatazeni odpovédi zakt do vybranych kategorii:
,Chemie je véda o rtiznjch latkach kolem nés.“ = Zak ve své odpovédi uvedl pojmy
z 3 kategorii: véda-latky—zivot, priroda, nase okoli
,Je to podle mne véda zabyvajici se latkami a jejich pfeménami.“ = véda-ldatky-
pochody, reakce, déje
»,Chemie se zabyva vSim, co je kolem nés (vyrobky, produkty).“ = Zivot, priroda,
nase okoli

Tato otazka je ve srovnani s ostatnimi odlisné, jelikoz posouzeni odpovédi zaka
nespo¢iva pouze ve vyhodnoceni jednotlivé kategorie, ale jejich primiku. Zak, ktery
mda predstavu o tom, co je chemie, ve své odpovédi uvedl pojmy ze ¢tyt a vice kate-
gorii. Alespon ramcovou predstavu maji ti zaci, ktefl uvedli t¥i nebo dva z klicovych
pojmt definice (napi. ,,Chemie je véda o latkach.“). Zaci, kteil nemaji predstavu,
uvedli jeden, nebo neuvedli zadny z klicovych pojmt definice chemie, nebo neuvedli
relevantni odpovéd.

Z grafu ¢. 1 je patrné, kolik zaki mé prehled o oboru zkoumani chemie.

Bylo zjisténo, ze polovina zak mé alespon ramcovou predstavu o naplni pred-
métu. Alarmujici mnozstvi — 40 % — vSak prakticky netusi, jakému predmétu se
budou ucit.
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Co je podle Vas chemie a ¢im se zabyva?
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Graf 1: Analyza vysledkt otazky 1, zdroj: autor

OTAZKA 2. CO VAS NA CHEMII NA ZS NEJVICE ZAUJALO?

Motivac¢ni presvédceni logicky vzriista s atraktivitou probiraného uciva. Jestlize zaci
ucivo vnimaji jako zajimavé, potom bude pravdépodobnéjsi aktualizace afiliace nez
nudy (Hrabal, et al., 1984); dochazi tak k utvafeni pozitivnich motivacnich presvéd-
Ceni.

Z4ci na nasledujici otazku odpovidali v ramci téchto deviti kategorii (vyznaceno
tucné).

Co V4s na chemii na ZS nejvice zaujalo?

e nepamatuji si, nebavi mé, nezajima

e stiZnost na ucitele — casto souvisejici s odpovédi na ¢tvrtou otazku, napr.
,Nic nas nenaucila.

e vypocéty
e pokusy, laboratorni prace
e PSP — periodicka soustava prvki, prvky

e NE-vy¢islovani chemickych rovnic a poc¢itani — napt. ,,Chemie mé bavila,
ale nesnasim vycislovani rovnic.“

e Cisténi stFfibra — prekvapivé se opakujici odpovédi k uziteénosti chemie i na-
bytému poznatku

e nazvoslovi —napf. ,,Pamatuju si ny, naty, ity, . . . “ nebo dokonce ,nazvoslovi —
je genialni.“

e bavilo mé vsSechno

7Z grafu ¢. 2 je patrné, co na ucivu chemie zaky nejvice bavi, popt. nebavi. Pouze
16 % zaku uvedlo, Ze je na chemii nic nezaujalo. Oproti tomu 43 % dotazanych jako
nejvice podnétné uvedla pokusy nebo laboratorni prace, 10 % zéki zaujalo ucivo
o prvcich a/nebo periodické soustavé prvka a cca 10 % zaka zaujalo nézvoslovi
a tvorba vzorct slouCenin. Z odpovédi je zfejmé, ze i v okrajovém predmétu je
mozné najit témata, ktera zaky zajimaji.
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Co Vas na chemii na ZS nejvice zaujalo?
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Graf 2: Analyza vysledku otazky 2, zdroj: autor

OTAZKA 3. K ¢EMU JE CHEMIE BEZNEMU CLOVEKU UZITECNA?

Jiz v tvodu predchozi kapitoly byla zminéna role pozitivniho motiva¢niho pfesved-
¢eni. Ma-li zak pocit, Ze se uc¢i néco uzitecného, vytrvava, i kdyzse setka s prekaz-
kami. Projevuje se u néj kvalitnéjsi slozka motivace — motivace vnitini (Hrabal,
et al., 1984). Zaci by v idealnim piipadé méli chapat jednotlivé tikoly a ¢innosti
jako smysluplné — ucitel poukazuje na jejich vnitini (intrinsickou) hodnotu a mozné
aplikace jak v jinych Skolnich pfedmeétech, tak v zivoté mimo skolu. Toho lze do-
cilit prezentovanim kurikula v podobé, v niz je zaci uvidi jako soubor uzitecnych
a zajimavych dovednosti (Boakertsova, 2005).

Zjisténi, jakym zptisobem zaci nahlizeji na uzitecnost chemie pro né samotné,
miize slouzit jako indikator toho, jak se uciteli chemie na ZS daiilo ve vyuce zakfim
propojovat teorii s praxi. Vyuka chemie, coby velmi rychle se rozvijejiciho a v sou-
Casnosti jiz vSechny sféry lidského Zivota prostupujicitho oboru, by méla byt o to
snazsi. Ucitelé maji k dispozici nespocet prikladii — odkazt na praxi.

K ¢emu je chemie béznému c¢loveku uzite¢na?

Z4ci na uvedenou otézku odpovidali v rdmci téchto osmi kategorii (vyznaceno
tucné).

e k nicemu — napf. ,Béznému clovéku asi nijak, ja jsem ji zatim mimo skolu
nepouzil.©

e vyroba a prumysl — napi. ,Diky chemii se vyrabi obleceni, plasty a vSe
kolem nés.“

e znalost reakci chemickych latek — napt. ,Je dobré védét, jak co probiha
atd.“

e uvédomuyji si praktické vyuziti v kazdodennim Zivoté — napi. ,,Abychom
napiiklad védéli, co jime, z ceho jsou léky atd.“ ,Chemie mtze nicit rizné
druhy bakterii a mize i léc¢it rizné nemoci.“ ,,Diky chemii mam laky na vlasy.“
,Umim vycistit stiibro.“
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,

e lepsi poznani okoli — napt. ,Chemie je vSude kolem nés.“ (chemické reakce,
napf. dychani); poznani déji v piirodé

e bezpecnost a ochrana zdravi — napft. ,Myslim si, Ze chemie je opravdu pro
cloveéka dulezita. Kdyz ji zna, vyvaruje se tak nebezpecnym latkam, které by
ho mohly ohrozit.“ , TTeba je dobra k ochrané nas samotnych. Mnoho latek je
nebezpecnych, a bez chemie bychom mohli byt néjak zranéni.”

e nevim

e vSeobecny prehled — Zaci vnimaji znalosti z chemie jako soucast veobecného
prehledu

K ¢emu je chemie béZznému clovéku uzitecna?
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Graf 3: Analyza vysledkt otazky 3, zdroj: autor

Z grafu ¢. 3 vyplyva, Ze vice nez 80 % (soucet kategorii) zdkt alespon ¢astecné
chape vyznam chemie. Praktické vyuziti chemie si uvédomuji 43 % dotazovanych.
Vice nez 25 % respondenttt také zduraznilo uZitecnost chemie v poznévéani svého
okoli.

OTAzKA 4. OZNAMKUJTE CHEMII ZNAMKOU 1-5 (1 — NEJLEPSi, 5 — NEJMENE
OBLIBENA)

Je-li motivacni presvédceni definovano jako néazory, soudy a hodnoty zakt vztahujici
se k vyucovacimu predmétu, je mozné vysledky ziskané posledni otazkou dotazniku
povazovat za Ciselné vyjadreni motivacniho pfesvédceni zakt vici chemii.

Primérna znamka je 3,16, modus i median jsou 3, smeérodatnd odchylka 0,89.
Zastoupeni jednotlivych znamek je znazornéno grafem ¢. 4.

DISKUSE

Vzorek 195 zaki predstavuje cca 6 % 7kt prvnich roénikéi SOS St¥edoceského
kraje, které kon¢i maturitni zkouskou. Jedné se o vybér dostupny (Gavora, 2000),
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Oznamkujte chemii znamkou 1 -5
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Graf 4: Analyza vysledku otazky 4, zdroj: autor

¢imz opét mohlo dojit ke zkresleni vysledki (jednalo se o ekonomicky zaméfené
obory). Ziskané vysledky jsou tak pouze orientacni.

Ke zkresleni pfi vyhodnocovani dotaznikti doslo u téch odpovédi, které nebyly
zietelné formulované, nebo byly svym charakterem ojedinélé. K drobnym nepies-
nostem doslo také pravdépodobné snahou zatradit odpovédi zaka do vyse uvadénych
kategorii, prestoze byly formulovany jinym zpisobem. K dalsimu zkresleni mohlo
také dojit zafazenim i téch odpovédi, které byly zéky mysleny jako recese (pravdé-
podobné otazka uzitecnosti chemie).

Ptes vyse uvedena zkresleni je z vysledki mozné vyvozovat nésledujici:
Resenim vyzkumného problému: Jaky je postoj Ziki SOS nechemického zaméveni
vici chemii? bylo prokdzano, Ze postoje zakt SOS nechemického zaméieni
k chemii jsou spiSe negativni, chemie patii na SOS k méné oblibenym predmé-
tim. V odpovédich respondentii se cca v 10 % vyskytla pozndmka ke zhorSenému
hodnoceni predmétu pro nevhodny pristup ucitele. Zajimavé také je, ze zndmkou 3
hodnotili chemii i ti respondenti, ktefi ji pfimo oznacili za uzite¢ny obor. Vysledky
ukazuji, Ze chemie je zaky povazovana za obor, kterym se ¢lovék zabyva a vyuziva
jej, nikoli uz jako obor, ktery je tzce spjat s zivotem clovéka a jehoz znalost je
tak v kazdodennim zivoté uzitecna. Posun do této oblasti by v tomto piipadé mohl
prinést lepsi vysledky ve vzdélavani zvysSenim motivace zakl k uceni se predmétu.

Dalsim zajimavym rysem zietelnym z vysledkii dotaznikii je oblibenost skolniho
experimentu. Z celkového poctu respondentii jich 43 % uvedla, Ze je pokusy na ZS
bavily. Témér 23 % téchto zakl presto nevidi uziteénost chemie pro bézného ¢lovéka.
Tento stav je diitkazem rozsireného omylu mezi uciteli chemie — domnéni, Ze staci
provést pokus. Provadéni ,, pokusu pro pokus® je oborovymi didaktiky soustavné kri-
tizovano jako neefektivni, coz dokladaji i vysledky tohoto orienta¢niho prizkumu. Je
zapotiebi z pokusu zjistovat dalsi fakta, vyvozovat §irsi zaveéry a dany jev uplatiiovat
na piikladech z praxe (viz napf. Pumpr, et al., 2008). Motivovat zaky vhodné pro-
vedenym $kolnim experimentem je vSak v podminkach SOS pomérné problematické.
Jak bylo uvedeno vyse, nedostate¢né materidlni zazemi ve vétsiné piipadt provadéni
experimentl znemoznuje. Motivace zaki v pfedmeétu je tak opét zeslabena.

Uciteltim se v takovém piipadé nabizeji dvé moznosti. Prvni z nich je vyuziti ICT
a promitnuti pokusu. Tato varianta m4 své klady i zapory (viz napi. Skoda, Doulik,
2009). Druhou variantu nabizi prenosnd laborator, kuffik vytvoreny pro podobné
skolni podminky a obsahujici chemické nadobi, potiebné chemikalie i metodickou
ptirucku (viz Rusek, a kol., 2010Db)
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Ve tfeti otazce se nékolikrat vyskytla odpovéd znadici vztah mezi budoucim povo-
lanim a okrajovym predmétem. Tato otazka, zndma ucitelim chemie na nechemicky
zaméfenych oborech — K ¢emu mi chemie bude? — je ptikladem nesnadné pozice
ucitele okrajového predmeétu. Cilem zaku je ¢asto pouze predmétem projit, mnozi
chemii také hodnotili jako pfedmét ,, dobry ke zhorseni priméru“. Je tedy patrné, ze
pokud jsou zaci motivovani k praci v hodinach chemie, jde o pouze motivaci vnéjsi.
»,Ja ji nebudu potfebovat“, znély také odpovédi dotazanych. Tento postoj pravdeé-
podobné spociva v nepochopeni trhu prace i hodnot soucasné spolecnosti. Praveé
prostfednictvim zivotu blizkych poznatki, vysvétlitelnych prostfednictvim znalosti
chemie, mohou tito zaci zmeénit sviij nazor a rozsitit si tak vSeobecny prehled.

Chemii jako predmét, jehoz poznatky patii do vSeobecného piehledu, hodno-
tilo pouze 7 % dotézanych. Odpovédi mtzou byt opét zkreslené formulaci, kterou
pouzivali vyucujici téchto zaki.

Stavajici skutec¢nost je opodstatnénim pro vynechani kategorie zamétrené na kari-
éru spojenou s chemii, ktera je zafazena v analyzovanych prizkumech postoj zaki
k ptirodovédnému vzdélavani/chemii. Zaci na SOS jiz provedli rozhodnuti o sméru
své kariéry, pricemz pravdépodobnost, Ze by je ménili jiz v prvnim rocniku, je velice
mala.

Pfes zjisténé negativni rysy — nizké motivacéni presvédceni i postoj k chemii bylo
zjisténo nékolik kladnych informaci. Nejmarkantnéjsi z nich je, Ze cca 20 % dotazo-
vanych zakt uvedlo dilezitost chemie pro ¢loveka v souvislosti s bezpecnosti prace,
ochranou vlastniho zdravi apod. Projevuje se tak jev, na néjz zacal v minulosti byt
kladen diraz (Pozorovani, pokus a bezpe¢nost prace — RVP ZV, 2007). K pozitivim
patiii percepce uplatnéni poznatkl z chemie pfi vafeni, pti ndkupu a vybéru potra-
vin nebo v souvislosti s 1éky. Piekvapivé vysoky pocet zakt zminoval uziti chemie
pfi Cisténi stiibra.

Pro informace o zméné postoji i motivacniho presvédéeni budou zajimavé vy-
sledky druhé etapy prizkumu, uskutecnéné na konci skolniho roku. Lze ocekavat,
ze se v odpovédich projevi vliv soucasné volené koncepce vyuky chemie; zZaci bu-
dou moci porovnat vyuku chemie na ZS i SS. Data ziskana v druhé etapé budou
analyzovana, porovnana s daty ziskanymi v prvni etapé a taktéz publikovana.

ZAVER

Orientac¢ni prizkum (N = 195) byl zaméfen na edukacni realitu stfednich odbor-
nych skol nechemického zaméteni, presnéji na vyuku chemie na téchto typech skol.
Z prehledu jiz diive provedenych analyz, prizkumt a sond je patrna specifinost
tohoto prostiedi.

Vysledky nové provedeného orienta¢niho prizkumu potvrzuji predchozi piredpo-
klady o nesnadné pozici ucitel@t chemie na SOS nechemického zaméfeni poté, co
do vétsiny ramcovych vzdélavacich programt téchto obort byla pfidana miniméalné
jedna vyucovaci hodina chemie tydné.

Predpokladané vysledky feseni vyzkumného problému se potvrdily: postoje zaki
SOS k predmétu jsou (v souladu s ofekavanim i vysledky jinych vyzkumt, napi.
PISA) spiSe negativni.

Mimo celkového zndmkovani oblibenosti pfedmétu (a jak se ukdzalo i ucitele
predmétu) spociva potvrzeni predpokladaného feseni vyzkumného problému v dal-
sich zjisténych faktorech piimo souvisejicich s vyukou a motivaci ve vjuce. Jen necela
polovina z dotazovanych uvedla, Ze je chemie pro bézného ¢lovéka uziteéna, z ¢ehoz
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vyplyva, Ze sami jeji uzitecnost nevnimaji, tedy neni ani mozné pocitat s jejich mo-
tivaci k uceni se tomuto predmétu. Dalsim negativnim faktorem je skutec¢nost, ze
zalozit vyuku na poznatcich znamych ze zakladni skoly je pravdépodobné nemozné.
Pouze nepatrné mnozstvi zaki ma prehled o skladbé uciva chemie, castéji zminovali
respondenti pouze periodickou soustavu prvki a nazvoslovi.

Zptesnéni vysledkll tohoto orientacniho prizkumu lze dosahnout nékolika zpti-
soby. Odpovédi zaki se pravdépodobné na dané otazky prilis lisit nebudou. Je tedy
mozné po vzoru jiz provedenych vyzkumil volit dotaznik s uzavienymi otazkami,
coz zptesni vyhodnocovaci proces, prestoze to bude na tkor moznosti zjisténi pre-
kvapivych skutec¢nosti. Zadanim podobné sestaveného dotazniku na zac¢atku i konci
skolniho roku by mohl vzniknout velmi zajimavy material, slouzici jednak uciteli
jako nastroj k hodnoceni zaki a jednak jako zpétna vazba o obsahu, naplni a uzi-
tecnosti uciva vseobecné vzdélavaciho predmeétu. Tento dotaznik lze sestavit z velké
Casti z otazek pouzivanych v provéfenych dotaznicich postoju zaka (PISA, TIMSS,
SAIL, TOSRA, SIMSQ atd.).

Zjistovani postojt zakt SOS nechemického zaméieni k chemii bude nadale vé-
novana odpovidajici pozornost.
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Zakovské konstrukce poznatki v matematice

Nada Stehlikovd, Michaela Ulrychovd

Abstrakt

Clanek se vénuje problematice konstrukce poznatkfi v matematice zaky, konkrétné mecha-
nizmu individualni a spoleéné konstrukce poznatkt na piikladu znovuobjevovani Pytha-
gorovy véty v prostiedi ¢tvereckovaného papiru. Teoretické pozadi prace sestava z teorie
generickych modelt a konstruktivistickych pfistupt k vyuce matematiky, resp. podnétné
vyuky. Byl proveden klinicky experiment se zadky osmiletého gymnazia, pracujicimi ve sku-
pinach na feSeni vybranych tloh. Data byla ziskdna prostfednictvim participa¢niho po-
zorovani, terénnich zapisk® experimentatorky a externiho pozorovatele, zakovskych praci
a zejména videozaznamt. Strucné je popsan zpusob analyzy dat prostrednictvim tech-
nik zaloZenych na zakotvené teorii. Mezi vysledky experimentu patii charakteristika dvou
kategorii, a to (relativné) individudlni a spoleéné konstrukce poznatki, véetné jejich di-
menzi. Jsou podany konkrétni priklady téchto konstrukci. Zavérem jsou shrnuty prinosy,
ale i omezeni predlozeného vyzkumu a nastinény mozné dalsi otazky zkoumaéni.

Klic¢ova slova: konstrukce matematickych poznatki, individudlni konstrukce, spoleéna
konstrukce, teorie generickych modelt, Pythagorova véta, skupinova prace.

Pupils’ construction of
knowledge in mathematics

Abstract

The article concerns the question of the construction of mathematical knowledge by pu-
pils, namely the mechanism of individual and shared construction of knowledge on the
example of re-discovery of Pythagoras’ theorem within square grid paper. The theoretical
background of work consists of the theory of generic models and constructivist approaches
to the teaching of mathematics. A study was carried out of pupils of an 8-year secondary
grammar school, working in groups and solving carefully chosen problems. The data were
gathered through participation observation, field notes of the researcher and external ob-
server, pupils’ works and mainly videorecordings. The analysis of data via techniques based
on grounded theory is briefly described. The results of the experiment include the charac-
terisation of categories of (relatively) individual and shared constructions of knowledge,
including their dimensions. Concrete examples of these constructions are given. The me-
rits and limits of the presented study are summarised and possible questions of further
research outlined.

Key words: construction of mathematical knowledge, individual construction, shared
construction, theory of generic models, Pythagoras’ theorem, group work.
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1 Uvobp

Studie popisovand v tomto c¢lanku je soucasti Sirsiho vyzkumu prezentovaného
v ramci dizertac¢ni prace druhé z autorek, kterd se zabyvala procesem konstrukce
matematickych poznatkt! Zdky (Ulrychovd, 2011). Vysledky fady vyzkumi v di-
daktice matematiky ukézaly, Ze na konstrukci poznatkl je tieba nahlizet jako na
socialni proces, tedy Ze nestaci popisovat, jak si buduji poznatky jednotlivci, ale ze
je tfeba zkoumat vzajemné interakce mezi zaky, at uz v prostredi kolni vyuky, nebo
klinickymi experimenty.

Protoze druhé z autorek pracuje jako ucitelka matematiky na osmiletém gymna-
ziu, zacali jsme nas vyzkum nejdiive pomoci akcéniho vijzkumu, a sice jeho koopera-
tivni varianty, kdy jde o spolupraci ucitele z praxe a vyzkumnika. Napi. J. Priicha,
E. Walterova a J. Mares (1998, s. 19) jej vymezuji jako ,druh pedagogického vy-
zkumu, jehoz tcelem je primo ovliviiovat ¢i zlepSovat urcitou ¢ast vzdélavaci praxe.
Akéni vyzkum zahrnuje intervencéni strategie, navrhuje urcéita doporuceni a pokousi
se je realizovat, prubézné sleduje efekty zmén a vyvozuje z nich dalsi postup.“ Aké¢ni
vyzkum je také mozné popsat jako systematickou reflexi profesnich situaci, ktera je
provadéna uciteli, s cilem jejich dalsiho rozvoje (Janik, 2004). Ucitel se uc¢astni sledo-
vaného jevu a tento jev se soucasné stava predmétem vyzkumu. Odbornici diskutuji,
do jaké miry je akéni vyzkum (zejména ten individudlni) ,skuteény“ vyzkum, ktery
pfispiva k rozvoji daného oboru. Napf. Ch. Breen (2003) stavi individudlni akéni
vyzkum na troven vyzkumu akademického — dochézi tedy k zavéru, ze vyzkum uci-
tele vyzkumnika odpovida legitimni formé vyzkumu. Nazory na tuto problematiku
se vsak rlizni a vzdy je tfeba vzit v ivahu zavéry konkrétniho vyzkumu a posoudit
jejich §irsi platnost.

Po provedeni nékolika vyukovych experimentii na téma Pythagorova véta jsme
dosli k zavéru, ze vzhledem k povaze zkoumané problematiky je vhodnéjsi provést
klinicky experiment. Vyukové experimenty provedené v ramci akéniho vyzkumu ne-
prinesly dostatecna data, aby je bylo mozné analyzovat — kviili autenticité vyukové
situace nebyly porizeny videozaznamy, nebyl pfitomen externi pozorovatel, ucitelka
se musela soustiedit na vyukovy cil a na své reakce na podnéty zaki, a nemohla tedy
vénovat dostatecnou pozornost terénnim zapisktim, nestihala zapisovat vyroky zakt
apod. Rozhodli jsme se tedy, Ze je tfeba pracovat s mensim poctem déti, ziskavat
data co nejvice zptsoby vcetné videozaznamil a potlacit vyukové cile ve prospéch
vyzkumnych. Teprve takovy experiment prinesl data, ktera se dala hluboce analy-
zovat z hlediska zkoumané otazky. Pravé provedeny klinicky experiment je jadrem
¢lanku.

Problematika konstrukce matematickych poznatkt tizce souvisi s otazkou, jak
probihd poznévaci proces v matematice, a s konstruktivistickymi pristupy k vyuce
matematiky. Obéma otazkam se vénuje nasledujici oddil. Mezi teoriemi popisuji-
cimi poznavaci proces v matematice jsme vybrali teorii generickych modelti, protoze
se jednd o teorii v Ceském prostfedi nejrozsitenéjsi a podle naseho nézoru dobfe
popisujici proces konstrukce poznatki.

1Zde je na misté terminologickd poznamka. Teorie didaktickych situaci (Brousseau, 1997; Cho-
pin, Novotna, 2011) rozliSuje mezi poznatkem a védomosti. Struéné feceno, uéitel u¢i védomosti,
ale poznatky si musi zak zkonstruovat sdm pomoci didaktické situace, kterou fesi. V tomto ¢lanku
vsak toto rozliSeni nepouzivame, a pokud mluvime o konstrukci poznatkid, myslime tim, ze si zak
konstruuje poznatek s porozuménim.
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2 TEORETICKE POZADI VYZKUMU

V souladu s M. Hejnym a F. Kufinou (2001, s. 103, 111) chadpeme proces uceni jako
,proces konstruovani poznatkovych struktur u jednotlivych zaki“. Tedy ne hotové
matematické struktury, ale jejich hledani je zakladnim rysem vyucovani matematice.
Podle M. Hejného (2004, s. 27-29) je proces zrozeni a budovani nového matema-
tického poznatku rozélenén do ¢tyf hladin a dvou hladinovych pfechodi (zdvihi),
které jsou jadrem poznavaciho procesu:? (1) hladina motivace, (2) hladina izolova-
nych modelti, (3) zobecnéni, (4) hladina generickych modeli,® (5) abstrakéni zdvih,
(6) hladina krystalizace (strukturalizace), hladina automatizace.

Hladina motivace je hybnym momentem celého poznéavaciho procesu. M. Hejny
a F. Kufina (2001, s. 105) chdpou motivaci jako souhrn podnétd, davodt k ur-
¢itému jednani. Klicovym motivem je rozpor mezi ,nevim®“ a ,chtél bych védét®.
M. Hejny rozlisuje dva typy motivace — tradicni a konstruktivistickou. Pomoci tra-
di¢ni motivace zamérujeme pozornost zakl na jisty jev. Nastinime napi. prakticky
problém, ktery je TesSitelny tim, co se budeme ucit, ale ktery sam ke zminénému
novému poznatku zadnym zptisobem nevede. Konstruktivistickd motivace je podle
M. Hejného charakterizovana dvéma parametry: (1) ve védomi Zaka vyvolavé tenzi
investigativni zvidavosti, (2) poukazuje na cestu k izolovanym modelim. Investiga-
tivni zvidavost je aktivni, necekd na ucitelovo FeSeni ulohy (dokonce se mu vyhyba
a nékdy je odmitd), ale vede zéka k samostatnému Feseni.

Hladina izolovangch modeli v sobé zahrnuje postupné nabyvani zkusenosti s kon-
krétnimi pfipady budouciho poznani. Izolované modely jsou reprezentanty obecného
pojmu (napf. izolovanymi modely ¢isla 3 jsou 3 jablka, 3 knofliky, ...). Riznoro-
dost a mnozstvi téchto modelil podporuje pevnéjsi vysledné poznani zaka. Izolované
modely zac¢nou na sebe nejprve vzajemné poukazovat, rizné se seskupovat a or-
ganizovat, az dojde k jejich strukturaci, k hlubsimu a operativnéjsimu vhledu do
dosavadniho poznani. Jedna se casto jen o kratky casovy interval, v némz ve védomi
vznikne genericky model (Hejny, 2004, s. 28). Proces objevovéani a objeveni generic-
kého modelu je zobecnénim. Genericky model je prototypem bud vSech, nebo jisté
skupiny izolovanych modelli, mtize zastupovat kterykoli z izolovanych modelt této
skupiny a ptsobi ve skupiné jako jeji organizacni agent. Napfiklad pouziti prsti,
popt. pocitadla, je generickym modelem pro pocitani predmeétii.

Abstrakéni zdvih podnécuje zrod abstraktniho pozndni. Soubor izolovanych a ge-
nerickych modeli je restrukturovan, a zak tak ziska novy vhled, ktery ma abstrakt-
néjsi charakter (Hejny, 2004, s. 28). Abstraktni znalost je tedy zbavena své zavislosti
na svété véci a je casto vyjadfena symbolickym zaznamem, ktery novou strukturu
reprezentuje — napt. pomoci matematické symboliky.

Znalost, kterd neni opfena o zadny izolovany model, o zddnou konkrétni ptfed-
stavu, je obvykle silné formdini. Zak ji ve védomi uchovava jako pamétovy tidaj bez
uc¢inného propojeni na jiné poznatky a bez schopnosti pouzit ji v jinych nez stan-
dardnich situacich. V takovém piipadé spociva reedukace v dobudovani chybéjicich
predstav (tedy izolovanych a generickych modelt).

Proces konstrukce poznatkt je jiz ze své podstaty neukonceny. Otazkou je, kdy
je mozno povazovat poznatek za ,zkonstruovany“. Mizeme napi. ocekavat, ze se
tak stane ve chvili, kdy je pripraven na takové drovni, aby ho zak dokazal dobte

2Hranice mezi témito hladinami jsou neostré, jednotlivé hladiny se prekryvaji. Hladina motivace
je aktivni v pribéhu celého procesu.

3Ve starsi literatuie pouziva M. Hejny pojmy separované a univerzalni modely. V novéjsi lite-
ratufe se objevuji pojmy izolované a generické modely.
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vyuzivat (tedy i v nestandardnich tlohéch). K tomu je potfeba tento poznatek kon-
solidovat (Hershkowitz, Schwarz, Dreyfus, 2001); v jazyce teorie generickych mo-
delit musi tento poznatek krystalizovat. Na hladiné krystalizace se nové poznéani
propojuje s predchozimi védomostmi — nejprve na trovni modelii, potom na trovni
abstraktniho poznéani. Jde tedy o rozsitovani poznatku. Objevuji se dalsi izolované
a generické modely a dochazi k propojeni nového poznatku s poznatky predchozimi
i novymi. Jedn4 se obvykle o dlouhodoby proces (Hejny, 2004, s. 29).* ProtoZe jsme
v nasich experimentech nesledovali vyvoj konstrukce poznatku z dlouhodobého hle-
diska, budeme zde konstrukci poznatku myslet okamzik, kdy se poznatek poprvé
objevi v mysli Z4ka.®

Teorie generickych modeli popisuje proces konstrukce poznatkil z hlediska ko-
gnitivniho vyvoje zaka. Uceni vSak neni individudlnim procesem, k némuz dochazi
u jedince, ale je chapano jako proces aktivni konstrukce poznatkt zakem v interak-
tivnim ucebnim prostiedi (napf¥. Steinbring, 2005, s. 62), kde do interakce vstupuji
zaci, ucitel, ucebni latka a dalsi proménné. To jsme méli pti realizaci nasich experi-
mentil na paméti.

7, mnoha domacich i zahrani¢nich vyzkumt vime, Ze tuc¢innost vyuky nartsta,
kdyz respektuje mechanizmus poznavaciho procesu. Tomu dobfe vyhovuje konstruk-
tivisticky pojaté vyucovani matematice, pro které je podle M. Hejného a F. Kufiny
(2001, s. 162) charakteristické ,aktivni vytvareni ¢asti matematiky v dusevnim svété
ditéte“. Podle konstruktivistického presvédceni je tedy k nabyti poznani nutna inte-
lektuélni aktivita zaka. Diilezitou roli hraje zdkova vnitini motivace; ilohou ucitele
je tuto motivaci navozovat. Protoze se vyuka odehrava v kolektivu, pisobici faktory
jsou jak socialni, tak psychologické i kognitivni. , Soucinnosti vSech faktort je ve
tridé vytvareno jisté prostfedi a cilem konstruktivisticky zaméreného ucitele je, aby
toto prostiedi bylo podnétné, aby povzbuzovalo zvidavost zakt, aby jim dopialo
pocit radosti z nového poznani i pocit socidlni seberealizace (Stehlikova, 2004b,
s. 16-17).

Ve vyuce hraji klicovou roli pouzité tlohy. Nékteré tlohy jsou pro podnétné vy-
ucovani vhodnéjsi, jiné méné vhodné. Za tlohu vhodnou pro podnétné vyucovani
povazuje napt. D. Jirotkova (2010, s. 231) takovou tulohu, kterd (1) je pro Fesi-
tele nestandardni — musi vyvinout intelektudlni usili, aby ji vytesil, (2) je k Fesiteli
vstficna — je schopen ulohu uchopit a ma jistou predstavu, co s ni mé délat, (3) ma
nastavitelnou obtiznost, kterou si pripadné muize volit fesitel sdm. Podnétnym pro-
stfedim podle N. Stehlikové (2007, s. 20) muZe byt problém, projekt nebo série
uloh, které ,maji zdka motivovat k vlastnimu poznavani matematiky, a jejich feSeni
mé vést ke konstrukci nového matematického poznani. Mize se jednat o problém
z praxe, ale i o problém c¢isté matematicky. K jeho feseni vyuziva zak své dosavadni
poznatky a zkuSenosti, ale mize téz vyhledavat v literatute, v ucebnicich, u kolegti
apod.“

I kdyz je konstruktivizmus priméarné teorii uceni, teorii epistemologickou, je jeji
projekce do prace ucitele i teorii vyucovani. V nasem pojeti se zde mluvi o podnét-
ném vyucovani, které lze popsat souborem charakteristik: motivuje zéky (k vlast-
nimu objevovani, ke spolupraci apod.), klade diraz na aktivitu zakd, povzbuzuje
zvidavost zakt, podnécuje jejich tvofivost a vibec tviréi klima, d4 moznost za-
kiim pouzit pfi feseni tlohy rizné strategie, dava zaktim moznost vytvorit si dosta-

4Na predchézejici proces navazuje hladina automatizace, kterd vsak nendlezi do poznavaciho
procesu, protoze zde nedochazi k novému poznéni, ale k nacviku poznaného.

5Je jasné, Ze o tom se pozorovatel dozvi jen zprostiedkované, napf. tim, ze zak néco fekne,
napise, vyresi tlohu apod.
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tecné mnozstvi izolovanych modelti, aby se zamezilo formalnimu poznani, vede zaky
k objevovani, zduvodnovani a formulaci vlastnich myslenek, k ovérovani spravnosti,
diskuzim, experimentovani atd.

3 METODOLOGIE

V tomto ¢lanku se soustfedime na jednu z vyzkumnych otézek, uvedenou v (Ulry-
chova, 2011), a to Jaky je mechanizmus individudini a spoleéné konstrukce po-
znatki u Zaku urcitého rocniku ma prikladu re-konstrukce poznatku Pythagorova
véta.

Jako vyzkumna metoda byl pouzit vyukovy experiment. Tento experiment vy-
zkumnik organizuje s ur¢itym zamérem — chce néco ovérit, zjistit, podrobnéji popsat
apod. Snazi se tedy kontrolovat co nejvice proménnych, coz byva v pedagogickém
vyzkumu problém. V nasem pripadé bylo pfedem urceno: misto, cas, délka trvani
a cilova skupina, cil, téma rozpracované do tloh, forma prace, mira pomoci zaktim
a zpusob sbéru dat.

Experiment byl proveden se zaky kvarty osmiletého studia (odpovidajici 9. roc-
niku zakladni gkoly) v ¢ervnu 2008; druhé z autorek znala zaky z hodin némeckého
jazyka, ale nebyla jejich ucitelkou matematiky. Vystupovala tedy pouze v roli expe-
rimentatorky. Experiment byl koncipovan jako klinicky, i¢astnil se ho mensi pocet
zakt, vyukové cile byly potlaceny ve prospéch vyzkumnych a jako zdroj dat bylo
zvoleno participacni pozorovani, terénni zapisky, zakovské prace a diskuze se zaky
(v pribéhu hodiny) a zejména videonahravka celého pribéhu experimentu a pii-
tomnost externiho pozorovatele. Byly pouzity ¢tyfi videokamery, aby bylo mozné
nahrat praci vSech skupin.

Jako téma byla zvolena Pythagorova véta objevovand metodou postupného uvol-
novdni konstant (viz také Jirotkova, 2010). Tato véta byla zakim znama jiz ze
sekundy, kde jim byla pfedlozena tradi¢nim instruktivnim zptisobem. Sekundarnim
cilem experimentu bylo tedy zjistit, do jaké miry budou zaci schopni propojit si jiz
zndmy poznatek, s nimz se setkali v jednom kontextu, na poznatek v ramci kon-
textu ¢tvereckovaného papiru. Zaci v prostiedi ¢tvereckovaného papiru v hodinéch
matematiky bézné nepracovali.

Vzhledem k vizkumné otézce byla zvolena skupinové forma prace. Zaci méli fesit
dané tulohy zformulované na jednotlivych pracovnich listech, které jim experimen-
tatorka planovala davat postupné, vzdy po vyfeseni predchézejici tlohy, a nahlas
mezi sebou tlohy fesit, zdivodnovat sva feSeni a argumentovat. Experimentu se
tcastnilo celkem 13 zaku (3 chlapci a 10 divek) rozdélenych do 4 skupin (1 sku-
pina po ¢tyfech a 3 skupiny po tfech zéacich). Tato forma prace vyzadovala urcitou
miru samostatnosti, na kterou vsak zaci nebyli zvykli, protoze v jejich hodinach ma-
tematiky znac¢né prevladala frontalni forma vyjuky. Toho si byla experimentatorka
védoma a ocekavala mozné problémy s tim, ze zaci budou vyzadovat vétsi miru
pomoci.

Byly pripraveny pracovni listy, aby mohli zaci pracovat ve skupinich co nej-
samostatnéji a s co nejmensi intervenci vyucujici. Ulohy byly pfipraveny tak, aby
vedly ke konstruktivistické motivaci, tedy mély ukazat cestu k izolovanym modeliim
Pythagorovy véty.

Nejdiive byla se zaky dohodnuta symbolika: napi. ¢tverec nad tseckou v tloze
3a je oznacen jako —7 (1 krok doprava a 1 krok nahoru).
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Tab. 1

Uloha 1 a) Zapiste symbolicky, jak se dostanete z bodu A do bodu B. Ve
¢tvercové siti se miizete pohybovat pouze vodorovné a svisle.

4

B

A

4
b) Najdéte nejkratsi cestu z bodu A do bodu B. Zdtvodnéte své
tvrzeni. Ve Ctvercové siti se muzete opét pohybovat pouze
vodorovné a svisle.

Uloha 2 Vytvorte k tseéce AB z tlohy 1 ¢tverec. Vrcholy ¢tverce musi lezet
pouze v uzlovych bodech ¢tvercové sité. Popiste podrobné, jak jste
postupovali.

Uloha 3 Podobné jako v tloze 2 nacrtnéte prislusné ctverce a zjistéte jejich
obsah

a) b) c)
Uloha 4 Zkoumejte vztah mezi délkou strany ¢tverct z tlohy 3 a jejich
obsahem. (V prfipadé nutnosti pozadejte o 1., popf. 2. ndpovédu.)
Uloha 4 Vytvorte tabulky, ve kterych zafixujete svislé kroky 1 a nechate pro-
(1. napov.) | bihat vodorovné kroky — (napi. od 0 do m), abyste prosli vSechny
moznosti.

Uloha 4 Zapiste obsahy c¢tverct do tabulky a poté zkoumejte vztah mezi dél-
(2. napov.) | kou strany ¢tverct a jejich obsahem.

01 0| 2 0|n
1171 1] 2 1 | n
2 11 2| 2 2 | n
311 3| 2 3| n
4 |1 4 | 2 4 | n
m | 1 m | 2 m | n

PozZNAMKY K RESENI ULOH

Uloha 1: Tato tloha byla pFipravna a méla zaky seznamit s prostiednim ¢tvereckova-
ného papiru a se symbolikou, kteréd se vyuziva dale. Symbolickym zépisem muize byt
napt. Sipkovy zapis A ——117 B, A —=117— B apod. Experimentatorka zpresnila
zadani tlohy v pribéhu experimentu vysvétlenim, ze ,symbolicky znamené napf.
pomoci znaki“, a u ¢asti b) vedla zéky k nalezeni vice cest.

Uloha 2: Pokud to bylo nutné, experimentatorka upiesnila, Ze se jedna o Gtverec
ABCD, tedy ze tsecka AB je stranou hledaného ¢tverce. Na zakladé predchozich
experimentl jsme ocekavali, Ze se objevi jak strategie konstrukce ¢tverce vyuzivajici
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potencialu ¢tvereckovaného papiru, tak konstrukce na c¢istém papiru pomoci ryso-
vacich pomtcek.

Uloha 3: Oc¢ekavali jsme nékolik typt feseni: a) Metoda rozkladu, kdy je Gtverec
rozdé€len na ¢tverec a ¢tyfi pravouhlé trojihelniky, u nichz uz zaci umi nalézt ob-
sah, b) metoda ramovani, kdy je ¢tverec vepsan do nejmensiho mozného mfizového
¢tverce, u néhoz zaci uméji najit obsah, a od tohoto obsahu se odecte obsah ¢tyt
pravouhlych trojihelnikd (viz obr. 2 niZe), c¢) pouziti vzorci. Podle nasich zkuse-
nosti je prvni strategie u zaki tohoto véku castéjsi a pro zaky jednodussi. Zpravidla
ji spontanné objevi.

Uloha 4: Ctverec sestrojeny nad tise¢kou je vlastné étverec sestrojeny nad pfeponou
pravouhlého trojahelniku (viz napf¥. obr. 4 niZe). Vysledkem zobecnéni tdaji v ta-
bulkéch je Pythagorova véta a cilem tlohy bylo znovuobjeveni této véty. (Uloha je
vice diskutovéna nize.)

4 PRUBEH EXPERIMENTU

Experiment byl proveden ve skolni tfidé ve dvou po sobé jdoucich vyucovacich ho-
dinach. Po celou dobu byla tucastna externi pozorovatelka. Ve tfidé byly ¢tyfi vi-
deokamery, kazda byla namifena na jednu skupinu tak, aby zabirala vSechny zaky
ve skupiné. Zaci s pfitomnosti kamer souhlasili a béhem experimentu se zdalo, Ze
nemaji s nata¢enim zadny problém.

Z4ci pracovali samostatné na jednotlivych tlohach, experimentatorka obchézela
tfidu a vsimala si, jak pracuji. O tom si délala poznamky, stejné jako externi po-
zorovatelka. Protoze se nejednalo o hodinu matematiky a byly pfitomny kamery,
lze predpokladat, Ze pro zaky byla tato situace pomérné neobvykld a nepocitovali ji
jako béznou hodinu matematiky. Na druhou stranu na né nebyl vyvijen zadny tlak,
co se tyce ziskavani matematickych poznatk.

Na zacatku hodiny po spolecném tuvodu, kdy experimentatorka zaky pozadala,
aby se snazili sva FeSseni co nejpodrobnéji popisovat, je vyzvala, aby se rozdélili
do ¢tyt skupin podle svého uvazeni. To probéhlo bez problémt. V kazdé skupiné
byla zadana prvni tiloha na samostatném listu papiru a zaci zacali pracovat. Po
vyTeseni zadané ulohy se skupiny ptihlasily, aby jednotlivé mohly okomentovat své
feseni a aby dostaly nasledujici tlohu. Zde zacaly vznikat prostoje, protoze nékteré
skupiny musely cekat, nez experimentatorka vyslechla feseni jinych, a to snizovalo
jejich koncentraci na praci a zvySovalo tinavu. Experimentatorka vsak nechtéla, aby
jednotlivé skupiny navzajem poslouchaly sva feSeni. P¥i komunikaci s zaky v jednot-
livych skupinach se vzdy snazila, aby je co nejméné navadéla a ovliviiovala. Hlavnim
cilem bylo pochopit jejich feseni, aby mohla nasledné adekvatné analyzovat jejich
praci a proces, jakym si tvoii poznatky.

U dlohy 4 byly pripraveny dvé napovédy pro ptipad, ze by zaci nevédéli, jak
pokracovat. Prvni ndpovéda (viz tab. 1) byla v pribéhu experimentu doplnéna takto:
Existuje mezi danymi ddaji a obsahem ctverce urcitd zdvislost? Plivodni napovéda
nebyla totiz zakdm srozumitelna. Skupina 2 se ndpovédé bréanila a snazila se tlohy
vytesit bez ni. Ostatni skupiny napovédu ptijaly.

Externi pozorovatelku prekvapilo, jak moc byli Zaci vstiicni k feseni tiloh, ale také
vii¢i sobé. Pracovali dobfe, nesnazili se skoncit diive, pracovali navzdory tomu, ze
nemuseli. V priibéhu realizace experimentu vsak prece jen pozornost trochu poklesla.

Podrobné je prace vSech ¢tyf skupin popsdna v disertaéni praci (Ulrychova,
2011). Zde se — vzhledem k vyzkumné otdzce — podivame na to, jak se jednot-
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livi ¢lenové skupiny zapojovali do prace, a alespon ramcové popiseme, jaké strategie
feseni tloh se objevily. Ve skupiné 1 se nejvice do prace zapojovaly Nela® a Anezka,
které praci vedly, o trochu méné Klara. Marcela vétsinou praci divek jen pozorovala.
Ve skupiné 2 se do prace prili§ nezapojovala Claudie a spise se ocitla v roli pozo-
rovatelky. Pro divky v této skupiné bylo typické, Ze hodné tusili vénovaly poradku
na stole. Skupina 3 pracovala na tlohach podle odhadu pozorovatelky pouze pii-
blizné jednu tfetinu Casu, jinak se bavili o nécem jiném. Praci skupiny fidila Bara.
Ve skupiné 4 probihala prace pouze mezi Davidem a Jakubem; Martin se ¢asto bavil
s divkami ze skupiny 3.

Tabulka 2 stru¢né popisuje pouzity zptiisob feseni danych tloh jednotlivymi sku-
pinami. Radky obsahuji jednotlivé strategie feseni tiloh, u nichz je vzdy uvedeno,
ktera skupina ¢i skupiny je vyuzily.

Jak je vidét z tabulky 2, Zaci vesmés pouzivali Pythagorovu vétu spontanné jiz
pii vypocétu délky strany ¢tverce, jehoz obsah méli poéitat.” K souvislosti tilohy 4
s Pythagorovou vétou dospély tii skupiny, z nichz dvé to téz explicitné vyjadrily.

5 ANALYZA EXPERIMENTU

Pro podrobnou analyzu byla vybrana skupina 1. Divodem bylo, ze divky z této
skupiny dobte spolupracovaly, byly aktivni, ochotné na kameru popisovaly sva feSeni
a 7zivé s experimentatorkou o své praci hovorily. Videozaznam jejich prace byl pfepsan
do protokolu o 39 stranach a podroben analyze z hlediska vyzkumné otazky, a to
pomoci technik zakotvené teorie.® U skupin 2 aZ 4 byl na zikladé videozaznamii
pofizen strucnéjsi zapis o jejich praci tak, aby bylo mozno popsat ,dé€jové linie“,
tedy shrnuti procesu, jak fesily tlohy. Na zakladé vysledkti podrobné analyzy prace
skupiny 1 byla pak analyzovana i prace skupin 2 az 4. Vzhledem k omezenému
rozsahu c¢lanku bude podrobnéji ilustrovana analyza prace skupiny 1 a nasledné
shrnuty vysledky, k nimz jsme dospéli na zadkladé prace vsech ¢tyt skupin.

V celém procesu feseni ¢tyf zadanych tloh byla identifikovana konstrukce péti
poznatkl: P1 — symbolicky zapis, P2 — rovnost nejkratsich cest, P3 — postup kon-
strukce miizového c¢tverce, P4 — strategie hledani obsahu mrizového ¢tverce, P5 —
tvorba systematického pristupu. Zde se budeme vénovat zejména poznatku P4.

6Byla pouZita jind jména.

"Vybavila se jim tedy, kdyz méli hledat délku sikmé mifzové tisecky — vSimli si ziejmé okamzité
pravouhlého trojuhelnika, u néhoz byla dana tsecka preponou.

8Pojem zakotvend znamend, e zavéry, které u¢inime na zadkladé analyzy, jsou zakotvené
(,grounded*) v redlnych tdajich, tzn. nevznikly teoreticky. Jednd se o opak toho, kdy vyzkum-
nik formuluje urc¢itou teorii, kterou pak chce potvrdit, nebo vyvratit experimentem. U metody
zakotvené teorie pfistupuje vyzkumnik k datiim bez pfedchozi teorie, ta teprve postupné vystu-
puje z analyzy (Strauss, Corbinova, 1999, s. 14, 191). Zakladem této metody je odhaleni a ana-
Iyza jevi, které umozinuji porozumeét podstaté zkoumaného problému. Jadrem zakotvené teorie je
faze kédovani. Oteviené kddovani je proces rozebirani, prozkoumavani, porovndvani, pojmenovani
(konceptualizace) a kategorizace idajii. Vysledkem tohoto procesu jsou pojmy a kategorie, které
jsou zakladnimi stavebnimi kameny teorie. Azxidini kddovdni je soubor postuptd, pomoci nichz jsou
udaje po otevieném kédovani znovu usporadany novym zptsobem, prostfednictvim vytvareni spo-
jeni mezi kategoriemi. Vznika struktura kategorii a jejich podkategorii. Kategorie jsou nasledné
podrobnéji rozpracovany. Selektivni kddovdni je proces, kdy se vybere zpravidla jedna centralni
kategorie, kolem které je organizovan zdkladni analyticky pfibéh. Jako centralni kategorie byla
v rdmci dvou vyukovych experimentil, predchézejicich experimentu popisovanému v tomto ¢lanku.
identifikovana kategorie Konstrukce matematickych poznatkt. Podrobnéji je celd analjza popsana
a ilustrovana v (Ulrychova, 2011).
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Tab. 2

Uloha 1 — Uloha 2 — Uloha 3 — obsah Uloha 4 —
Sipkovy zapis | konstrukce mriZového ¢tverce | odhaleni vztahu
c¢tverce nad pro PV
useckou

pfimo na Ctve-
reckovaném
papife; viz
obr. 1 vlevo
(skup. 2, 3 a 4)

pomoci kolmic
a s vyuzitim
potencialu ¢tve-
reckovaného
papiru — ,,dva
nahoru a jeden
doleva“ apod.
(skup. 1, 2 a 3)

soucet obsahu ctverce
a 4 trojuhelnikt; viz
obr. 2; jednotkou
obsahu je ¢tverec

0,5 cm x 0,5 cm*
(skup. 1)

viz popis
v odstavei 6 a obr. 8
(skup. 1)

mimo pomoci jako vyse, jen s pomoci
¢tvereckovany | pravitka jednotkou obsahu je | experimentatorky
papir; viz s ryskou ¢tverec 1 cm X 1 cm; | nalezen vztah
obr. 1 vpravo | a nanéseni viz obr. 2** od m? +n?=9, kde m
(skup. 1 a 4) vzdélenosti skupiny 2 (skup. 2, 4) | a n jsou odvésny
(skup. 2) a S obsah ctverce
nad preponou
daného pravoihlého
trojihelnika;
skupina 2 explicitné
nerekla, ze se jedna
o Pythagorovu vétu
otaceni nalezeni délky strany | na prikladu
obdélnika 2 x 1 | ¢tverce pomoci konkrétniho
(skup. 4 — Pythagorovy véty trojuhelniku (obr. 4)
obr. 3) a dale vyuziti vzorce | vysvétleno, Ze se

pro obsah ctverce;
jednotkou obsahu je
0,5 cm x 0,5 cm
(skup. 1, 2, 3 a 4)

jedna o Pythagorovu
vétu a ze to pajde
vzdy (skup. 3)

nalezeni délky strany
¢tverce pomoci
Pythagorovy véty

a dale vyuziti vzorce
pro obsah ¢tverce;
jednotkou obsahu je
1 cm x 1 cm (skup. 4)

zméreni délky strany
¢tverce pravitkem

a pak vyuziti vzorce
pro obsah ¢tverce
(skup. 1 a 4)

*Skutecna délka strany ¢tvercové sité.

**Je zajimavé, Ze se zde objevuje i rdmovani ¢tverce, jehoz obsah se zjistuje, do vétsiho ¢tverce,

ovSem zakyné tuto strategii viibec nepopisovaly.
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Obr. 3
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Obr. 4

Podrobné analyza prace skupiny 1 byla provedena na tfech tirovnich:

1. Vysledek, k némuz se skupina v konstrukcich jednotlivych poznatkt dobrala
(Tesitelské strategie).

2. Cesta, jakou to divky jako skupina udélaly.
3. Cely proces z hlediska jednotlivych ¢lenek skupiny.

Vysledek analyzy byl zaznamenan do tabulky, kterou je mozné ¢ist po fadcich pred-
stavujicich jednotlivé irovné analyzy i sloupcich predstavujicich jednotlivé poznatky;,
k nimZ se mély divky fesenim uloh dobrat (v tab. 3 je ukazan pfiklad konstrukce
poznatku P4 Strategie hleddni obsahu ¢tverce u ilohy 3a). Ve druhém fadku ziskame
predstavu o tom, jaky zptsob feseni divky nakonec spolec¢né vytvorily. Ve tietim se
doc¢teme o procesu, jakym tento zptsob feseni vznikal. V dalSich ¢tyrech fadcich je
mozné projit celym procesem FeSeni tlohy z pohledu kazdé divky ze skupiny (pro
struénost pouzivame v tab. 3 jen jejich inicidly). Do téchto Fadki jsou vybrany po-
zorovatelné projevy divek ukazujici na to, jak asi uvazovaly. Pokud ¢teme tabulku
po sloupcich, pak se smérem dolt zvysuje podrobnost celého popisu konstrukce po-
znatku.
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Tab. 3

Konstruované | Strategie hleddni obsahu ctverce u ulohy 3a (P4)
poznatky

Urovern 1 Rozfezani ¢tverce na jednotlivé ¢asti (v tomto piipadé

Visledek prdce | 4 trojuhelniky) a jejich preskladéni, tedy slozeni dvou

celé skupiny jednotkovych ¢étvercii ze ¢tyf shodnych trojihelniki (viz obr. 6
v odstavci 6).

Uroven 2 A. za¢ne premyslet s N. nad délkou strany ¢tverce —T,

Proces K. napadne TesSeni, ze obsah ¢tverce jsou dva ctverecky, tuto

konstrukce myslenku postfehne N.; A. a N. nedojdou zatim k zavéru (drzi

poznatku celé | se své myslenky, Ze jde o ,a krat a“). N. zopakuje presvédcivé

skupiny feseni K., Ze obsah ¢tverce jsou dva Ctverecky, a rozviji ho:

,Protoze tady jsou takhle ty trojuhelnicky.“ K. to komentuje
,JO, ja uz to vidim.“, jakoby to az ted pochopila. A. vnima
navrh feseni N. a ujme se déle feSeni tlohy, N. ji prizvukuje

a snazi se A. doplnovat. Na zavér A. a K. dopocitaji konkrétni
vypocet obsahu.

Uroven 3 N. premysli s A. nad délkou strany ¢tverce —7T, ale zaroven
Proces vnima i poznamku K. o obsahu ¢tverce a nasledné pak zopakuje
konstrukce feseni Klary a rozvine ho: ,No jsou to dva ¢tverecky, ze jo,
Nely protoze tady jsou takhle ty trojihelnicky.“ N. byla ziejmé

inspirovana fesenim K., protoze kdyz K. své feseni vyslovila,
nikdo na K. nereagoval, jen N. se na ni udivené podivala.
Potom se ujme s A. dale feseni tlohy, N. ji spise doplnuje.

Proces A. nejprve premysli nad délkou strany ¢tverce —71. Poté, kdyz
konstrukce nedojde k zadnému zavéru, zacne vnimat navrh feseni N., ze
Anezky obsah ¢tverce jsou dva ctverecky, a ujme se dale feseni tlohy:

»,Jo, tak dobfe. Tak a krat a krat 2.“, a krat a je jeden
¢tverecek, krat 2 je druhy c¢tverecek.“. To prevzala od N. a dale
se ujala TeSeni ulohy. Na zavér dopocitaji A. a K. konkrétni
vypocet obsahu.

Proces ,Obsah jsou dva ¢tverecky,“ prohlasi celkem jisté na zacatku

konstrukce a pak se jiz hned pfipoji k diskuzi A. a N. nad délkou strany

Klary ¢tverce — 7. Potom jiz ptihlizi k praci A. a N. Na zaveér
dopocitaji A. a K. konkrétni hodnotu obsahu.

Proces Pokud lze soudit, pouze ptihlizi.

konstrukce

Marcely

Na zakladé rozepsani konstrukce jednotlivych poznatkd byly nasledné identifiko-
vany pripady, kdy byly tyto poznatky pravdépodobné vytvoreny ve spolupraci a kdy
viceméné individualné, a soucasné byla pozornost vénovana tomu, co k témto kon-
strukcim vedlo. Tato analyza byla nasledné zopakovana u popisu prace ostatnich tii
skupin, kdy bylo opét vyuzito videozédznamu a zakovskych praci. Nékteré vysledky
shrnuje nasledujici oddil.

6 VYSLEDKY EXPERIMENTU

Nyni se podivame na vysledky analyzy u vSech ¢tyr skupin z hlediska vyzkumné
otazky. Cely proces konstrukce poznatkt mizeme vizualizovat schématem na obr. 5.
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Schéma ukazuje centralni kategorii Konstrukce poznatkt a jeji dvé podkategorie. Ty
jsou charakterizovany svymi dimenzemi.

Konstrukce
poznatku

Spolecna
konstrukce
poznatku

Individualni
konstrukce
poznatku

Charakter

fizeni/ ovlivnéni Charakter
konstrukce spoluprdce
poznatku jingm zaku Povaha implicitni role treti

osoby (napf. uditele,
experimentdtora, rodice).

Charakter
fizeni/ ovlivnéni
konstrukce poznatku
ucitelem/ exper./

Charakter formdlnosti
prevzeti poznatku
(,ovlastnéni”) od jiné
osoby

Obr. 5

Jak jiz bylo feceno, dilezitou soucasti poznévaciho procesu je motivace. V nasem
ptipadé byli zaci motivovani neobvyklou situaci (experimentatorka jim vysvétlila, ze
jsou ucastniky experimentu) i zadanymi tlohami a samoziejmé tim, Ze se jim dafilo
nachéazet Teseni tloh. Ty byly pro né sice neobvyklé, ale soucasné byly gradovany
tak, ze vSichni zucastnéni zaci dokazali s jejich TfeSenim zacit. Ziskané data nam vsak
neumoziuji analyzovat, pro¢ byli nékteri Zaci (napf. ve skupiné 1) motivovéani vice
nez jini (napft. ve skupiné 3), tedy pro¢ bylo jejich pracovni nasazeni rizné. To by
bylo mozné snad jen za ptedpokladu, ze by byly provedeny rozhovory s jednotlivymi
zaky a ziskana dalsi data napt. od jejich ucitele matematiky (tfeba jaky maji vztah
k matematice, jak si v matematice véti apod.).

6.1 INDIVIDUALNI KONSTRUKCE POZNATKU

Pfi individudlni (samostatné) konstrukei si zak buduje poznatek sdm, bez o¢ividného
podnétu ostatnich zakt. Role ucitele je v tomto procesu spise implicitni, tedy dana
vybérem tloh, které zak Tesi. Jinak zaka ucitel nijak nefidi. Je nutné si vsak uvédo-
mit, ze to lze tvrdit jen do té miry, do které jsme to schopni z vnéjsich projevi zaka
posoudit; proto by bylo mozna na misté mluvit o konstrukci relativné individudlni.

U skupiny 1 bylo identifikovano nékolik moznych individudlnich konstrukei po-
znatkid. Napf. u poznatku P4, kdy ziejmé doslo k individualni konstrukei vypoctu
délky strany miizového ¢tverce pomoci Pythagorovy véty u Nely a také u Anezky.
Nela si vzala pracovni list s ilohami 3a) a 3b), Anezka pracovni list s lohou 3c),
a obé zacaly samostatné Tesit prislusnou tlohu. Nela se po chvilce TeSeni zeptala:
yotrana a se rovna strané b, ze jo?“ Potfebovala ujisténi, nikdo ji vSsak neodpovédél.
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Svym vyrokem ziejmé myslela, Ze se jedna o rovnoramenny trojihelnik, tedy délky
dvou stran trojthelnika se rovnaji. Nésledné napsala a? + a® = b* (viz obr. 6), kde
v8ak pismena a a b vystupuji v jiné roli (jedno oznacuje rameno a jedno pieponu).
Tento rozpor nikdo nekomentoval. Nela vypracovala celou tlohu sama. Anezka za-
roveil napsala v tloze 3c): ¢* = a? + b%; Nela a Anezka od sebe neopisovaly. Anezka
a Klara sice spolupracovaly, ale Anezka se ujala vedeni prace. Ke konci Klara Anezku
trochu znejistila, Ze to takto nemuze vypocitat. Tak Anezka odlozila list s ilohou 3c¢)
stranou a zacala Tesit ilohu 3b): , Tady to ptijde. Anezka zde opét navrhla zpiisob
feSeni pomoci Pythagorovy véty.

Obr. 6 Obr. 7

Dalsim prikladem individualni konstrukce poznatku je konstrukce poznatku P5
u ulohy 4. Nela pracovala sama, snazila se najit néjakou zavislost z tlohy 3 a také
se snazila zprehlednit jednotlivé pripady. To ji vSak k feSseni nedovedlo. Nepo-
mohla ani prvni ndpovéda, teprve az preformulovani zadani tlohy experimentator-
kou (u Nely tedy patrné doslo k individualni konstrukei poznatku s vys$$i mirou
Fizenosti). Nela se dala do psani a popsala sama postup feseni: ,KdyZ je ¢tverec
poloZen uhlopfi¢né a ja se chci dostat z bodu A do bodu B, vzdycky jdu néja-
kou vzdalenost nahoru a urcitou vzdalenost doprava. Tim se mi vytvofi pravouhly
trojuhelnik. Pfepona toho trojihelniku je strana c¢tverce.“ Nela si dale urcila jed-
notku, coz je mozno povazovat za individualni konstrukci poznatku Urcent jednotky
v puvodni individualni konstrukci poznatku Hleddani zdvislosti.

Obr. 8

Nela dale pokracovala v feSeni tlohy — nakreslila tthlopfi¢né miizovy ctverec
———1 (viz obr. 7). Snazila se tedy uchopit tlohu obecné, bez ohledu na délku
strany ctverce. Experimentatorka se zeptala: ,,Jak vypocitate obsah toho Ctverce,
kdyz neznate délku strany?“ Nela popsala postup pomoci dokresleni pravotuhlého
trojihelniku o stranach m a n ke strané ¢tverce a pomoci odkazu na predchozi kon-
krétni pripad zapsala v podstaté obecné feseni tlohy. To néasledné popsala i symbo-
licky jako S = v/m?2 + n2-v/m?2 + n2 (viz obr. 8). Miizeme tedy ¥ici, Ze u Nely doslo
k individualni konstrukci poznatku P5 zobecnénim konkrétnich piipadi, i kdyz toto
zobecnéni nebylo udélano pomoci tabulky. Figura na obr. 7 je pro ni generickym
modelem situace.

U Aleny ze skupiny 2 bylo mozno vysledovat individudlni konstrukci poznatku
s vyss$i mirou fizenosti ucitelem u feseni tlohy 4. Divky neporozumély presné za-
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dani, napovédu dostat nechtély, a tak se jim experimentatorka pokusila preformu-
lovat zadani tlohy. Chtéla, aby se zamyslely nad tim, jakym zptisobem mizeme
charakterizovat stranu c¢tverce, ktery si divky nakreslily v tloze 4. Divky nejdiive
nechapaly, co mysli. Experimentatorka pripomnéla divkam tlohu 3 a Alena urcila, ze
vzdycky jde o nékolik ¢tvereckt nahoru a pak doprava. Experimentatorku zajimalo,
jestli i v tomto pfipadé nelze ziskat danou stranu obdobné. Alena dokreslila k horni
strané ¢tverce 5 x 5 pravouhly trojihelnik (viz obr. 9). Poté s pomoci experimenta-
torky zobecnila délky odvésen m a n pro obecny pripad, dokreslila nad obé odvésny
piislusné étverce a urcila, ze m? + n? je rovno obsahu ¢tverce nad preponou. Tento
obsah oznacila S. Figura na obr. 9 je pro divky generickym modelem.

6.2 SPOLECNA KONSTRUKCE POZNATKU

Spolecna konstrukce poznatku je takova konstrukce, na niz se podili vice nez jeden
zak. Poznatek jiz neni ,individualnim konstruktem jednotlivce, ale stava se majet-
kem celé skupiny“ (Stehlikova, 2004a, s. 288), ovSem jen potud, pokud se pozna-
tek v poznatkové struktufe zaka neulozi jako formalni, pokud si ho zak ,ovlastni®
a pokud se objevi propojeni na dalsi poznatky. Charakter tohoto ovlastnéni, resp.
charakter formdlnosti prijeti poznatku, ktery navrhl nékdo jiny (napf. jiny zék), je
pak dtilezitou dimenzi kategorie spolecné konstrukce poznatku.

Nejen v popsaném experimentu, ale i v ostatnich (viz Ulrychova, 2011) se jasné
ukézalo, Ze proces spolecné konstrukce poznatku neni linearni, kdy zak A ujde kou-
sek cesty, pak se na to napoji zak B svym kouskem a pokracuje zak C atd., ale ze se
spiSe jedna o bludisté cest, které jednotlivi zaci riizné odhaluji, porovnavaji, zkra-
cuji, az nakonec dojdou k néjakému FeSeni (viz nap¥. proces konstrukce poznatku P4
v tab. 3 a schéma na obr. 10). Proces spole¢né konstrukce poznatku je permanentni
komunikace ztcastnénych zakia. Kazdy z nich pracuje jak na tGrovni individualni, tak
na urovni komunikacni. Formuluje vlastni poznatky, ndzory, domnénky a otéazky, in-
terpretuje (tj. do vlastnich myslenek vklada) podnéty od spoluzdki a reaguje na
né (tj. formuluje mentalni amalgdm, ktery se vytvaii propojenim vlastnich i pfi-
jatych myslenek). Reseni navrzené néjakym zakem pak miize byt napf. vylepseno
Uplné jinym zZakem (napi. ve zminéné konstrukei poznatku P4 dovedly k cili Klarou
navrzené feSeni Nela a Anezka).

Prikladem spole¢né konstrukce poznatki je konstrukce poznatku P4 popsana
v tab. 3. Objevuje se zajimava otazka, zda dokazeme tuto spolecnou konstrukci né-
jak schematizovat. O takové schéma jsme se pro tuto konkrétni konstrukei pokusili
(viz obr. 10). Je v ném naznaceno, jakym zpiisobem se divky® navzajem ovliviio-
valy, co vedlo k dalsi &asti procesu konstrukce apod. Sipky ukazuji, kde asi doslo

9Marcela pouze prihlizi feseni divek.
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Obr. 10

k vzajemnému ovlivnéni a jakym zptsobem (s jakym vysledkem). Ve schématu neni
uveden vliv experimentatorky, protoze ta u prace skupiny v této fazi nebyla, zakyné
pracovaly zcela samostatné.

V ptipadé konstrukce poznatku Zjisteni obsahu ctverce jako souctu obsahu ctyr
trojuhelniki a ctverce uwvnitr se u skupiny 1 nejprve jednalo o individuélni konstrukci
poznatku Nely, kdy ji napadla tato strategie: ,,A jesté bychom tam tfeba mohly vy-
pocitat obsahy téch jednotlivych trojuhelnik a pak toho ¢tverce a pak to secist.”
Nela zacala uvazovat nad vzorcem pro vypocet obsahu trojihelnika a nemohla si
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vzpomenout. Anezka vzorec vyslovila. Klara Nelu upozornila, ze musi ale tu vysku
trojuhelnika znat. Anezka na to zareagovala: ,, Vysku si ani pocitat nemusis, protoze
to je vyska v pravouhlym, Ze jo, to je ta strana.® Klara nesouhlasila s Anezkou:
»Ne, ne. Vyska je vzdycky kolmice k tomuhle tomu.“ (Ukazuje na pieponu.) Pod
vyskou si Klara ziejmé predstavuje dalsi tsecku, ktera je vepsana do trojuhelnika,
ne stranu v pravotihlém trojihelniku. Anezka ji vSak na tuto chybu neupozornila,
nebot z hlediska sledovaného cile se jedna o véc podruznou. Teprve potom doslo ke
spole¢né konstrukci poznatku, kdy Nela prevzala vysvétleni od Anezky a pokraco-
vala ve svém Teseni. O tom, ze vysvétleni Anezky Nela pochopila, svéd¢i i to, ze ho
byla schopna vysvétlit Klare. Ta vsak stale nechapala. I Marcela pochopila, prevzala
tuto myslenku a ujala se vysvétlovani sama. To je ¢asto pozorovany jev: zak, ktery
pravé jistou myslenku pochopil, ma snahu tuto vysvétlit nékomu dalsimu, coz mu
zpravidla umozni hloubéji proniknout do této myslenky. Divky se pozdéji ke zmineé-
nému zpusobu Feseni jesté vratily — Nela a Anezka spolu timto zpiisobem dopocitaly
ulohu. Nela si vyzadala pomoc od Anezky v oznaceni stran trojihelniku v a a.
Podobnym ptipadem, kdy jedna divka prebrala poznatek od jiné, je konstrukce
poznatku Vypocet délky strany mriZoveho ctverce pomoci méreni pravitkem. Zpo-
¢atku se opét jednalo o individualni konstrukci poznatku, kdy Nelu napadl dalsi
zpusob feseni ulohy pomoci méfeni strany pravitkem. Potom se vsak Anezka ujala
psani a dokonéila myslenku Nely (vypocitala obsah S = a - a, kde za a dosadila
zméfenou délku). Jednd se zde tedy o spole¢nou konstrukci poznatku, kdy Anezka

prevzala Gvodni poznatek Nely.
K/. \
- \

~

L

Obr. 11

V feseni tlohy 3 se objevila spolecnd konstrukce poznatku u divek skupiny 3.
Zatimco Jitka popisovala své feSeni v tloze 3a), Bara zacala Fesit tilohu 3c¢) z druhého
listu (viz obr. 11). Po naértnuti miizového ¢tverce ———1 si Bara uvédomila, Ze
aby mohla vypocitat obsah ¢tverce, musi zjistit délku strany ctverce, a to jako délku
prepony pravothlého trojihelniku pomoci Pythagorovy véty. Jitka ji to odsouhlasila
a pokracovala v popisovani Feseni tlohy 3a), kde pravé psala také o vypoctu prepony
vzniklého trojuhelnika pomoci Pythagorovy véty. Z videonahravky je vidét, ze Bara
ve svém TeSeni. Bara potifebovala ke své praci prodiskutovat feseni s Jitkou, jedna
se tedy o spole¢nou konstrukei poznatku (zptisobu feseni tlohy), u Jitky probéhla
spise individualni konstrukce zpiisobu fesSeni.

Na zavér doslo jesté ke spolecné konstrukei poznatku, kdy divky tvrdily, Ze feSeni,
které nalezly, je mozné pouzit vzdycky: Jitka pripojila vysvétleni, ze se to vzdycky
vypocita podle Pythagorovy véty, protoze se tam pokazdé najde pravouhly trojihel-
nik, jehoz pfepona je délka strany ¢tverce (viz obr. 4 v odstavci 4). Jitka dokreslila
do nac¢rtku zbyvajici dva étverce s obsahy a? a b. Bara uvedla, Ze a®+b* = 2, a tedy
a’ + b* = S. Figura na obr. 4 je pro divky generickym modelem, ktery zastupuje
figury nad libovolnym mfiZovym pravouhlym trojihelnikem.

Zéavérem uvedme, Ze z hlediska dimenze spoluprace zak miZzeme spole¢nou kon-
strukci poznatkt rozdélit na interakci, pii které je spoluprdce
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e zamérna — zaci cilené diskutuji o daném problému, nabizeji ostatnim své mys-
lenky ke kritické reflexi a aktivné naslouchaji ostatnim,

e nezamérna — jde napr. o pripad, kdy zak uvazuje nahlas spise proto, aby si
problematiku sdm pro sebe ujasnil, avsak jeho poznamka inspiruje feSeni jiného
zéka.

Prvni typ spoluprace je samoziejmé ve vyukovém procesu zadouci, ovsem i v nasich
experimentech se ukazalo, ze neni jednoduché takové interakce dosahnout. Na to
mohla mit vliv jednak urcitd pedagogicka nezkusenost experimentatorky, ale také
to mohly ovlivnit nékteré osobnostni rysy zakid. Napft. zak upfednostiiuje piejimani
hotovych poznatki (je to ,jednodussi“ a navic s touto poznavaci meta-strategii mél
dosud tspéch), nevénuje tedy energii naslouchani ostatnim, ani se nesnazi pochopit
jejich uvahy. Zde bychom viibec nemluvili o konstrukci poznatku, ale o jeho pamé-
tovém uchopeni. V nasich experimentech (Ulrychova, 2011) se navic projevila ten-
dence zkoumanych zakid osmiletych gymnéazii prosazovat svoje feseni a mala ochota
naslouchat tvaham jinych. Je jasné, ze ucit zaky naslouchat svym spoluzdktim patti
k dilezitym slozkdm prace ucitele. K tomu slouzi ¢innosti, pti kterych ma zak napi.
vysvétlit svou strategii spoluzakovi tak, aby ji ten byl schopen s pochopenim vysvét-
lit nékomu dalsimu, nebo pokud ucitel vyzyva zaky, aby sami posoudili spravnost
feSeni svych spoluzakt, hledali v ném chyby apod.

Procesem konstrukce poznatkii v kontextu malych skupin nebo skolni t¥idy se
zabyva zejména ve svétové literature fada autori. V dalsim oddile se podivame
na vysledky tii vyzkumi z hlediska typt konstrukci, které jsou popsany v tomto
¢lanku. o

7 KONSTRUKCE POZNATKU U VYBRANYCH AUTORU

H. Steinbring (2005) hovoii o tzv. interaktivni konstrukci poznatku (interactively-
created knowledge“). Tu sice pfesné nevymezuje, ale z konkrétnich ptikladi, které
uvadi, se zda, ze se jedna o takovou konstrukci, kterou jsme nazvali spolecnou.
Do interaktivni konstrukce zahrnuje H. Steinbring i ucitele. Také spole¢na konstrukce
poznatkl se uskutecnuje mezi zaky a ucitelem s tim, ze charakter zapojeni ucitele
je dimenzi této vlastnosti.

H. Steinbring (2005, s. 79) zminuje dalsi dulezitou dimenzi procesu interaktivni
konstrukce poznatkt (tzv. kiehkost — ,fragility*) a dotyka se téz problematiky vy-
uky:

Interaktivni konstrukce poznatku je ,kiehky“ proces v tom smyslu, ze
jeho tspéch nemuze byt vynucen ¢i zarucen. Jako jakykoli kreativni,
konstruktivni ¢in, je tvorba nové znalosti podminéna neustalym usilim
vytvofit néco, co dosud nebylo zndmo a v této podobé neexistovalo.
Ale da se predpokladat, ze lze zajistit, aby vyuka konstrukce poznatku
systematicky tidila a ispésné organizovala, spise nez aby slo o volny
tvirci pocin. Ve skutecnosti je mozné, stejné jako nezbytné, podpotit
proces vyucovani a uceni se novym matematickym poznatkiim takovym
zptsobem, ze uspéch je pravdépodobny a ne zcela nahodily. Jednim ze
zpusobi, jak takovy proces konstrukce tidit, je prostfednictvim vybéru
vhodnych tloh.

107 minéni autofi uvadéji ve svych pracich fadu piikladf konstrukei poznatki zaky, jez zde z pro-
storovych divoda uvadét nebudeme.
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Dalsi tematicky blizky vyzkum je prace (Hershkowitz, Hadas, 2007), v niz se hovori
o konstrukci sdilengch poznatki (,shared knowledge“). Jde o poznatky, které si
prostfednictvim spoleéné interakce vytvareji ¢lenové urcité skupiny (od nékolika
zékt az po celou t¥idu). Sdilenym poznatkem pak nazyvaji takovy poznatek, ktery
je skupiné spolecny a ktery jim umoznuje spolec¢né konstruovat dalsi poznatky v dané
oblasti. Ve zminéném vyzkumu se vSak nehovofi o individualni konstrukeci poznatki.

Konecné B. Jaworski (1994) mluvi o nezdvislém kognitivnim zpracovdni (inde-
pendent cognitive processing®) v pfipadé, kdy zak pfijde na néjaky poznatek sam,
bez pomoci ucitele (i kdyZz na zakladé né&jakého podnétu — napf. tlohy nebo po-
znémky, kterd zéka navedla na souvislosti). Na druhou stranu pak stavi intersubjek-
tivni znalost (,intersubjective knowledge®), coZ je znalost, k niz dochéazi na zékladé
»vyjednavani“ (,negotiation“) mezi zaky. Bohuzel autorka oba konstrukty blize ne-
popisuje, neni tedy mozné zjistit, zda jde o rozliSeni podobné tomu, které zde
uvadime.

8 ZAVER
Zéavérem uvedeme nékolik obecnéjsich poznamek.

Dtlezitym parametrem relativné individualni konstrukce poznatkd jsou nepo-
chybné rysy osobnosti zaka. Zak musi byt ochoten se problémem zabyvat, k ¢emuz
by mél byt ucitelem systematicky veden a motivovan. Mél by mit také dostate¢nou
miru sebevédomi v matematice, aby mohl pracovat autonomné. Na druhou stranu
se nekolikrat v nasich experimentech projevilo, ze néktefi zaci odmitali napf. pomoc
prostfednictvim obrazku, jakoby nechtéli do situace proniknout, ale stacil by jim na-
vod, jak postupovat. Druha z autorek ve své vyuce vypozorovala, ze se vétsinou jed-
nalo o zaky, které objevovani moc nebavi, kteri se neradi zabyvaji problémy a spise
¢ekaji, ze vSe objevi nékdo jiny a oni prevezmou vysledek. Je mozné, ze u téchto
zéku prevlada povrchovy piistup k uceni (Mares, 1998, s. 38) a spiSe dévaji prednost
pamétovému zéznamu vzorcl. Na to mohly mit vliv jejich osobnostni charakteris-
tiky, zcela jisté téz jejich predchozi zkusenost s vyukou matematiky a tispésnost pii
feSeni matematickych tloh. Je mozné, ze ziskali dojem, Ze na ispéch v matematice
staci znalosti reproduktivniho a imitativniho charakteru. U takovych zakt se mtize
pii konstruktivisticky vedené vyuce objevit dokonce pocit ohrozeni, jak uvadi ve
svych zavérech i J. Hanusova (2007) a N. Stehlikova (2004c). V experimentech uve-
denych v (Ulrychova, 2011) jsme vSak tento pocit u zék nepozorovali, coz bylo snad
déno i tim, ze je druha z autorek, ucitelka matematiky, ve své vijuce systematicky
vedla k experimentovani a praci s chybou. Navic $lo o zaky osmiletého gymnézia,
které matematika zpravidla bavila. Otazka osobnostnich charakteristik zakt, které
bud podporuji ¢i na druhé strané do jisté miry zabrariuji konstruktivisticky vedené
vyuce, stejné tak jako otazka vlivu zakovych predchozich zkusenosti s vyukou mate-
matiky (napf. Pesek, Kirshner, 2000), patii mezi ty dilezité pro vyzkum v didaktice
matematiky.

Jako zajimava se jevi i otazka, jaky typ interakce pravdépodobné vedl ke spole¢né
konstrukei (to zkoumé napt. prace Hershkowitz, Hadas, 2007). V predloZeném vy-
zkumu se ukazalo, ze rozhodujici byly néasledujici aspekty komunikace mezi zaky: vy-
zadani pomoci v FeSeni tlohy, potfeba ujisténi polozenim otazky, pfijeti/privlastnéni
si vysvétleni spoluzacky, prosebny pohled na spoluzacku, zadost o preformulaci otaz-
kou. V pribéhu experimentu se vyskytla také takova komunikace, kdy zak fekl néco
nahlas ne proto, aby to fekl ostatnim, ale aby si to sdm ujasnil. To samoziejmé
mohlo ostatni ve skupiné inspirovat pro vlastni praci. Systematicky jsme vsak tento
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aspekt konstrukce poznatkt nestudovali. Podobné jsme nevénovali pozornost otazce
vlivu slozeni skupiny na konstrukci poznatki. Tato problematika ztistava oteviena
pro dalsi zkoumani.

U obou typt konstrukei hral v nasich experimentech podstatnou roli ucitel, a sice
vybérem tloh a pfipadnym sméfovanim pozornosti zaka k uréitym jevim (napf. na-
povédami). Tedy v obou piipadech mizeme mluvit o charakteru Fizenosti/ovlivnéni
konstrukce poznatku ucitelem (pfipadné jinou tfeti osobou), pfi¢emz nevylu¢ujeme
ani takovy ptipad, kdy ucitel nemé na konstrukci poznatku vliv zadny, a to ani pro-
stfednictvim tlohy (Zék si napt. ilohu formuluje sdm, nebo si zkonstruuje poznatek,
ktery zdanlivé s danou tilohou vitbec nesouvisi — dulezité je zde slovo zdénlivé, nebot
to, zda se jedna o individualni konstrukci, dokdZeme rozhodnout jen z viditelnych
projevil zdka a z toho, co sam Tekne; ¢asto vSak zak neni schopen své myslenkové
pochody néjak smysluplné zformulovat). Z vySe uvedeného plyne, Ze hranice mezi
(relativné) individudlni a spole¢nou konstrukei poznatku je neostrd a z pohledu
vnéjsiho pozorovatele zpravidla tézko zjistitelna.

Zavérem muzeme konstatovat, Ze i kdyz jsou zavéry, k nimz jsme dospéli, do jisté
miry obecnéji platné, musime si byt védomi omezeni predlozeného vyzkumu, ktery
byl limitovan poctem zkoumanych zak i sifi tematiky. Uz z podstaty zkoumaného
problému je jasné, Ze se musi jednat o vyzkum kvalitativni, jehoz cilem je poznévat,
co se ziejmé déje v mysli zakt pii feSeni matematickych tloh. OvSem vyzkumnik
nedokaze pii nejlepsi viili zrekonstruovat tyto procesy vérné, ale jen s vétsi ¢i mensi
davkou pravdépodobnosti, a to na zakladé pozorovatelnych projevii zakt. V nasem
pripadé to bylo na zakladé toho, co zaci fekli, napsali, nakreslili, jaka zvolili slova,
jaké nejazykové prostiedky pouzili pti vysvétlovani apod.

Clanek byl vytvofen v ramci vyzkumného zédméru MSM 0021620862 Ucitelskd
profese v meénicich se poZadavcich na vzdéldvani.
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Vyuka fyziky a rozvoj mysleni

Dewey I. Dykstra, Jr.

Abstrakt

Piagetova teorie kognitivni rovnovahy a jeho vyzkumné metody podnitily soucasnou éru
vyzkumu v oblasti fyzikalniho vzdélavani v USA a dalSich zemich. V pfispévku je strucéné
popséna historie pocatkd vyvoje védecké komunity v této oblasti vyzkumu. Piaget a jeho
kolegové shrnuli asi 60 let sbéru dat o mysleni déti do teorie popisujici fadu stadii ve
vyvoji mysleni. V clanku je popsana pedagogika zalozena na teorii kognitivni rovnovahy
a Glasersfeldové radikalnim konstruktivismu. Dikazy, ze i lidé s vysokoskolskym vzdé-
lanim neuzivaji ve svych tvahach formalni myslenkové operace, jsou vyzvou, kterou je
tfeba prijmout v zajmu efektivniho fungovani demokratickych spole¢nosti. Jestlize vime,
jak povzbudit vice studentt k dalsimu rozvoji jejich myslenkovych schopnosti, nemélo by
to byt dulezitym tkolem naSich vzdélavacich systémt? Je v poradku, kdyz na stfednich
a vysokych Skolach produkujeme absolventy, ktefi neprokazuji formalné-operac¢ni troven
mysleni?

Klic¢ova slova: Piaget, mysleni, kognitivni rovnovaha, radikélni konstruktivismus, fyzika,
pohyb a sila.

Physics Teaching and the Development of
Reasoning

Abstract

Piaget’s theory of cognitive equilibration and research methods sparked the current era
in physics education research in the U. S. and other countries. Some of the history of the
early development of the physics education research community is described. Essential
features of the theory of cognitive equilibration are explained. Piaget and colleagues sum-
marize some 60 years of data collection on children’s reasoning as a series of stages in the
development of reasoning. A pedagogy based on the theory of cognitive equilibration and
Glasersfeld’s radical constructivism is described. Evidence that people do not make use of
formal operations in their reasoning even though college educated is raised as a challenge
to the effective function of democratic societies. If it is known how to influence more
students to develop further in their reasoning abilities, should this not be an important
effort in our educational systems? Should we graduate students from schools and colleges
who show no evidence of formal-operational reasoning?

Key words: Piaget, Reasoning, Cognitive Equilibration, Radical Constructivism, Phy-
sics, Motion and Force.
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1 HISTORY AND BACKGROUND

1.1 IN THE “BEGINNING”...

Robert Karplus, John Renner and others encountered the work of the Swiss Genetic
Epistemologist, Jean Piaget (1896-1980), and his colleagues during the funded de-
velopment of elementary school science curriculum projects in the 1960’s. They in
turn introduced Piaget to the English-speaking science education community. In
the US, these projects, such as the Science Curriculum Improvement Study (SCIS)
(Karplus, 1964), the Elementary Science Study (ESS) (Duckworth, Nichols, 1964)
and Science — A Process Approach (SAPA) (Livermore, 1964), involved scientists,
science educators and early childhood educators working together to develop cur-
riculum and teacher training. Some of these early childhood educators, such as
Eleanor Duckworth, had studied with Piaget and otherwise knew his work.

The findings of those working at the Center for Genetic Epistemology with Piaget
include a development-based, phenomenological description of evidence of reason-
ing by many children about many specific examples over nearly 60 years. This
description is presented as stages in the development of reasoning. Piaget’s the-
ory of cognitive equilibration explains the observed development of reasoning and
understanding in their experimental subjects.

Robert Karplus, a physicist at the University of California, Berkeley was a prin-
cipal investigator in the SCIS project. His exposure to Piaget’s findings and ideas
not only strongly influenced his work on the SCIS project, but also led him to be-
gin conducting research to investigate students’ development of reasoning.! For the
SCIS project an instructional design strategy, now known as the Learning Cycle,
was developed. Karplus’ efforts extended to sharing Piaget’s ideas and the Learning
Cycle with the science teaching community, including the American Association of
Physics Teachers (AAPT). In 1975 a workshop titled: Physics Teaching and the
Development of Reasoning was first offered at a national AAPT meeting. Working
through the Lawrence Hall of Science at UC Berkeley, a series of workshop manuals
was developed based on the AAPT workshop design for Biology, Chemistry, Earth
Science, etc. teachers.

1.2 ORIGINS OF THE PHYSICS EDUCATION RESEARCH (PER)
COMMUNITY

Piaget’s work has two things to offer to those interested in physics learning. First is
a theory that explains and predicts changes in understanding of the physical world.
Second is a research interview strategy to bring out evidence of children’s under-
standing and reasoning about physical examples. For physics instructors interested
in their students’ understanding, both of these are of great value.

By the late 1970’s Karplus was organizing sessions at AAPT national meetings
on Piaget-influenced work examining physics learning. For those whose appetites
were whet in the workshops, these single sessions alone were enough to draw them
to AAPT meetings. The followers of these sessions began to try their own hands at
the research in their own classrooms. This research revealed the nature of students’
conceptions of the phenomena we study in physics and evidence of the circumstances
under which these conceptions might change.

LOne of the collaborators in this research was Elizabeth Karplus, an elementary educator and
Robert’s wife.
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All of this interest led to the formation of a permanent committee of AAPT
known as the Committee on Research in Physics Education. Interest and activity
in research in physics learning has grown to the point that in 2011 in every time
slot for parallel sessions of the AAPT national meetings there are multiple sessions
involving some aspect or application of PER research. There are now groups in
Physics Departments doing PER and Ph.D.’s in physics are being awarded in the
field.

Not everyone or every group in the PER community would claim to be working
in some Piagetian paradigm now. Nonetheless, it seems clear that the introduction
of Piaget’s findings, the theory of cognitive equilibration, and his research approach
are the springboards from which the PER community developed. The Piagetian
influence marked a shift from a behaviorist focus on teacher and student behavior
and what is to be presented to a cognitivist focus on the student as epistemic subject
which characterizes much of the work in PER today. Yet, sadly still, most students
who take physics experience very little influence from this PER work in their own
classrooms.

1.3 THEORY AND FINDINGS
1.3.1 COGNITIVE EQUILIBRATION

The theory of cognitive equilibration includes the basic premise that human be-
ings function by constructing schemes for knowing or understanding the world of
their experience. (Piaget, 1985) They are comfortable with their understandings
of the world of their experiences when the experiences are consistent with or fit
these schemes for understanding the world. There is a kind of equilibrium between
their schemes for understanding and their experiences. This understanding is also
supported by the fact that these schemes are found to successfully predict new ex-
periences.

Human beings form expectations of future experiences using these schemes. Ex-
periences, which fit their schemes, are said to be assimilated when encountered.
When a person realizes that an experience does not fit personal existing schemes
for understanding the world, then that person recognizes a disequilibration between
personal schemes for understanding the world and this new experience with the
world. This disequilibration might be major or extremely minor.

In general there are three possible responses to a perceived disequilibration.
The first type of response is to ignore it, ‘sweep it under the carpet’, or avoid
the experience. In which case there is no change in existing schemes or reasoning
patterns.

The second type of response to disequilibration involves a small accommodation
of existing schemes. For example, imagine you are served coffee in a unique ceramic
mug. You have a well-used scheme for picking up a coffee mug to take a drink.
Normally you find a “handle”, some sort of a loop, which you wrap your fingers
around to lift the mug. This mug instead has instead a figure of a knight in armor
merely protrudes from the side of the mug with no gap between it and the side of
the mug. You are surprised, but you grab the knight and pick up the mug. You
have accommodated your “pick up a mug to drink” scheme because your existing
one does not quite fit the new situation. This type of accommodation to an existing
scheme, we do almost without realizing it.

The third type of response to disequilibration happens when no quick and easy
accommodation to existing explanatory schemes is available. Instead of hoping it
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does not happen again, we draw near the experience, repeat it, examine it, try vari-
ations on it in an effort to formulate an explanation for the ‘offending’ experience.
In so doing, a person enters into a process of constructing and testing revised or
new schemes with which to explain or understand the experience. This process is
called self-regulation. The resulting scheme or schemes also need to fit previous
experiences. The result is a much more substantial accommodation in one’s ex-
planatory system. With such major accommodations, there may begin a series of
accommodations in the explanatory system as incompatibilities are noted between
newly accommodated schemes and previously existing ones.

In Piaget’s theory of cognitive equilibration, people strive to gain a new equilib-
rium between their cognitive schemes and their experiences in response to this third
type of response to disequilibration. The realization of a disequilibration in this case
drives a self-regulation process to find an accommodation of explanatory schemes to
experience. Each equilibration is a new relationship between cognitive explanatory
schemes and experiences, because both the cognitive schemes have been changed
and the body of experiences has changed. Not only will the body of experiences
have changed due to the addition of one or more experiences, but also the status
and relationship of the experiences to the cognitive schemes, that is, the meanings
of the experiences change.

In Piaget’s picture of development there are several factors that lead to cog-
nitive development.? One is maturation. As one physically matures, one’s ability
to experience and manipulate the world increases. This influences another factor,
experience. Experiences can be categorized into three types. One kind of experi-
ence is physical, experience with the physical world. Another kind of experience is
social, experiences of social interactions in conjunction with physical experiences. A
third kind of experience is with one’s own thinking in response to and conjunction
with the other two kinds of experiences. The third factor in cognitive development
is equilibration. Without the drive for equilibrium between experience and cogni-
tive schemes, cognitive or intellectual development would not occur. In this theory
all three factors, maturation, experience, and equilibration, are necessary for this
development.

There have been those who have challenged all or part of the theory of cognitive
equilibration. As Lorenco and Machado point out these appear to be due to mis-
understandings of various aspects of the theory, including the fact that the position
taken by Piaget on the nature of knowledge is not realist or objectivist. (Lorengo,
Machado, 1996)

1.3.2 EVIDENCE OF THE DEVELOPMENT OF REASONING

Piaget, with his colleagues, was exploring the genesis in human beings of reasoning
and understanding of their worlds. This work, Piaget called genetic epistemology.
Piaget was an experimental philosopher in epistemology. In the effort to uncover
evidence of the thinking of children, Piaget watched them interact with their world
and each other. He asked children when old enough to speak about their world to
tell him their thoughts about situations to which he directed their attentions.®> The
actions of children who were pre-verbal in response to various stimuli were observed
in great detail to discern evidence of their reasoning.

2Tt is important to remember that changes in the cognitive domain are not independent of the
affective and physical domains in a person. These cognitive changes go hand-in-hand with affective
and physical changes for a person.

3The best summary and explanation of Piaget’s work in English is by Chapman (1988).
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Piaget and his colleagues found they could characterize the very large quantity of
examples recorded over many decades in what can be called stages, which describe
a developmental sequence. It is developmental because each successive stage grows
out of the previous one. The rate of progression through these stages of reasoning
may vary, but the sequence appears not to vary.* What is being characterized is
the observable behavior taken as evidence of the reasoning of the children in the
experimental situations.

This stage description of the development of reasoning includes four stages.®
(Fuller, et al., 2009) The first stage, which is pre-verbal, is called sensory-motor.
During this stage children appear to be working out co-ordinations between their
sensations and their physical and mental activity among other things. One such
co-ordination is between vision and their limbs. The very young child works out
that objects that can be seen might be manipulated by reaching out with a hand
or foot.® Before this coordination the action of the hands and the orientation of
attention evidenced by the eyes have little or no regular relationship with each
other. Once language begins to develop, language becomes an experience and a
mediator in this process of co-ordinations. With language the sensory-motor stage
develops into the next stage in the development of reasoning named, pre-operational.
In the pre-operational stage, language is used to describe and represent elements of
experience. For example, a child might explain the wind as being caused by the
leaves of trees waving back and forth.

This pre-operational reasoning evolves into evidence of specific reasoning pat-
terns. First to develop seem to be class inclusion, conservation and serial ordering.
In class inclusion classifications and generalizations are used. For example, all flow-
ers are plants, but only some plants are flowers. Using conservation reasoning, if
nothing is added or taken away, then an extrinsic property such as amount, number,
length, weight, etc. is unchanged, in spite of changes in appearance.” Using serial
ordering reasoning, the child can arrange objects, say sticks of different lengths, in a
serial order and establish one-to-one correspondences, for example, younger children
are not as tall. This cluster of reasoning patterns in evidence in a child’s language
and behavior is referred to as the stage of concrete operations.

This concrete-operational reasoning enables a variety of successes dealing with
one’s world. Using concrete operations a person can combine concepts and elemen-
tary ideas to explain experiences with familiar actions and objects, follow sets of
instructions such as recipes, and can relate one’s own viewpoint to that of another.
But, these reasoning patterns are not up to other challenges such as: isolation and
control of variables, anticipating all possible combinations in a situation, construc-
tion of new solutions to problems not encountered before, being aware of one’s own
reasoning and reasoning about hypothetical situations and objects.

To comfortably and competently deal with these latter challenges, an additional
set of reasoning patterns has to be developed by the person. This additional set of

4A frequent misunderstanding of Piaget’s findings is that these stages of the development of
reasoning must occur in certain age ranges. Lorengo & Machado give a thorough response to this
and other misunderstandings of Piaget’s work. (1996)

5These stages describe reasoning patterns used by interviewees, and do not describe the inter-
viewees, themselves.

6This necessarily involves a number of earlier developing schemes such as the notion of an
object, the notion of a coordination of visual and kinesthetic experiences into the notion of a limb,
which can be controlled, etc.

"Evidence of the conservation of all things conservable does not appear all at once. Certain
conservations seem to appear before others.
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reasoning patterns is called formal operations. These additional reasoning schemes
are combinatorial reasoning, proportional reasoning, probabilistic reasoning, corre-
lational reasoning, the separation and control of variables and reasoning with hypo-
theticals. These reasoning patterns or schemes enable one to systematically imagine
all possible relations of factors, deduce the possible consequences of these relations,
and test to find which of those consequences actually occur. Some of these reason-
ing schemes may appear earlier, but they are applied only in familiar situations and
generally unsystematically.

Clearly, the formal operations are necessary to construct the depth and power
of explanatory knowledge we wish for our students in science in high school and
college. This kind of understanding is inaccessible to students whose reasoning has
not developed beyond the stage of concrete-operational reasoning. Hence, for us as
physics teachers, it matters what percentage of our students are still only displaying
the concrete-operational stage of reasoning. Because human beings can develop
through these stages of reasoning, when late adolescent to early adult students are
not yet at the stage of formal operations, it becomes our responsibility to facilitate
the continued development in their reasoning.

2 THE CHALLENGE WE FACE

For many in the physics teaching community in the U.S.; the first introduction to
Piaget’s ideas was an article published in 1971 in the American Journal of Physics.
(McKinnon, Renner, 1971). Many younger members of the physics teaching commu-
nity might be surprised at several points made in the article so long ago. McKinnon
and Renner concluded that:

If colleges and universities do not try to solve the problem by assuming
the responsibility for the intellectual development of their students, but
continue to look at their primary purpose as the transmission of informa-
tion about the several disciplines, the elementary and secondary schools
will continue to fail in their mission of truly educating students. The
needed changes, however, can come only through acceptance of inquiry
by all of those who teach the teachers. — p. 1052

This call for all who teach science to be engaged in learning science via inquiry has
been repeated many times in subsequent years. To what extent is this an important
part of the preparation of teacher candidates in science today?® It is still practically
nonexistent in most teacher preparation programs in the U.S. At best lip service is
paid to inquiry as one topic among very many in a “methods” course.

McKinnon and Renner establish that this is a problem by demonstrating that
students entering college do not mostly demonstrate formal operations in their school
work. Using Piagetian-based tasks completed by these students, McKinnon found
that of these students 50 % only displayed concrete-operations in their reasoning and
only 25 % displayed formal-operations in their reasoning on the tasks. The other
25 % displayed reasoning, which McKinnon labeled post-concrete-operational. Yet,
in the samples of students Piaget and his colleagues studied students who began to
develop and demonstrate formal-operational reasoning patterns between the ages of
11 & 15.

8To what extent is it present in the teacher preparation programs in other countries?
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We know now there are noticeable differences in the ages of onset of formal-
operational reasoning between the Swiss children Piaget studied and, for example,
members of nomadic groups in the near East. But, should differences as large as
McKinnon and Renner saw exist between the Swiss children and American children?
In this question a key word is “should”. On one hand, we believe things are as they
are for explainable reasons. Hence, one might say that since the culture in which
the Swiss students Piaget studied grew up is different than the culture in which
American children grew up, then, yes, there should be a difference. On the other
hand, we should keep in mind that the development Piaget describes is a property
of human beings. In which case, we should be asking, if the Swiss children began
developing formal-operational thought between the ages of 11-15, then why aren’t
our children in the U. S. developing this kind of reasoning at the same age and could
they do it even earlier??

McKinnon and Renner conclude that one major reason for this delay in devel-
opment of reasoning is how teachers are prepared to teach by the universities.

Who is teaching in the elementary and secondary schools? Teachers
who have been educated in the existing colleges and universities. Those
teachers have been subjected to four years of mainly listening experience
[in college, following 12 years of essentially the same in primary and
secondary school]. They have been lectured to, told to verify, given
answers, and told how to teach. Lest you think the foregoing happens
entirely in the colleges and/or departments of education, remind yourself
that all the content taken by a teacher (which represents a substantially
greater number of credit hours than do courses in education) is taken
outside the College of Education at a university. Teachers are, in other
words, not having the kinds of experiences with inquiry, which Piaget’s
theory of cognitive equilibration and the findings that support it suggests
they must have in order to allow logical thought processes to develop.

... The responsibility, then, for the small percentage of high school stu-
dents attaining formal operations rests in part at the door of the insti-
tutions of higher education. They have assumed that their role is to tell.
Future teachers, therefore, assume that telling is teaching and when they
get their first class, they tell, tell, telll All the while, very little, if any,
intellectual development is going on. — #bid, p. 1051

(emphasis in the original)

Just a few years later Arons and Karplus point out that the evidence seemed on
average to be that of the population ranging from 13 to 45 years of age only about
a third demonstrate formal operations in their reasoning, a third only demonstrate
concrete operations, and a third seem to be in transition in their reasoning. (Arons,
Karplus, 1976) These proportions seemed to be relatively static in their reviews of
the accumulating data. For them this suggests a conclusion and indictment against
our educational systems.

If it is indeed true that one-third of the school population is formal op-
erational by the age of about 14 while one-third is still concrete and that
these proportions do not change substantially from then on in spite of
further schooling (including at least some university levels), then we face

9This question could probably be asked about other countries, too.
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the implication that our educational system is not contributing signifi-
cantly to intellectual development (abstract logical reasoning). — p. 396

Arons and Karplus go on to point out that

If perpetuation and advancement of a democratic society do indeed de-
mand the broadest participation of a thinking-reasoning citizenry, if in-
telligent participation does involve abstract reasoning on matters such
as, for example, what constitutes enlightened self interest, if more people
must be counted on to engage in decision making when confronted with
incomplete, “on the one hand ... and on the other hand” evidence shorn
of reliance on a “pat” answer from an ultimate “expert” ...then we must
gear our educational system to greater effectiveness in enhancing intel-
lectual development than the incoming data show it to exert. — p. 396
(emphasis in the original)

3 IS THE CHALLENGE STILL TO BE MET?

3.1 IN CURRENT CLASSROOMS

In the 1970’s assessments of students’ stages of development of reasoning were made
by having students generate free-form responses to puzzles involving the reasoning
schemes in concrete-operational and formal-operational thinking. These free-form
responses were then individually judged for the presence or not of the reasoning
schemes. Needless to say, this is a process too time intensive to be used with a large
number of students by classroom teachers.

Various research groups generated a number of multiple-choice format diagnos-
tics. Anthony Lawson, who had been a graduate student of John Renner’s, devel-
oped one that is in use today. It is called the Classroom Test of Scientific Reason-
ing (CTSR). (Lawson, 1987) Coletta & Phillips compared results from the CTSR,
the Force Concept Inventory (FCI)!°, and normalized gain over the semester on
the FCI for college students taking physics. (Coletta, Phillips, 2005) They found
a significant number of students whose performance on the CTSR did not reveal
formal-operational reasoning.

The CTSR diagnostic has been used as a pre-diagnostic in a conceptual physics
course on motion and force for non-science undergraduate majors at the university
level. In the present work the diagnostic is being scored on a 0-24 scale. The
high score indicates the presence of the appropriate formal-operational scheme in
each pair of questions. The typical distribution of students in this course by level
in college can be seen in Figure 1. There is a distribution across the levels, more
freshmen than seniors, but still a noticeable presence of upper division students.

The distribution of pre-CTSR scores can be seen in Figure 2. In principle all
of these students could have developed formal operations by the typical beginning
college age of 17 or 18. The average age of these students is higher than that. The
average of this set of pre-CTSR scores is 14.4. The median score is 14 and the mode
of the distribution is 13. The design of the CTSR and its scoring suggest that for a
student to display fully formal-operational reasoning the score would need to be 24
or nearly so. Only about 17 % scored 20 or higher. This is consistent with the kind

0The FCI also is used to study the efficacy of physics courses. (Hestenes, et al., 1992)
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of findings published in the 1970’s. Few display all of the patterns of reasoning in
the stage of formal operations.

3.2 A STUDENT UNDERSTANDING-DRIVEN PEDAGOGY

The students represented in Figures 1, 2 were taking a course for which the folk-
theory of teaching is abandoned. The folk-theory of teaching can be described in
the following way.

Teaching is the presentation of established canon
by approved methods
for the benefit of the deserving.

It is called a folk-theory of teaching because it is. ..

e a belief about what teaching is,
e accepted by all, and

e generally unquestioned.

Scientia in educatione 67 2(2), 2011, p. 59-75



This folk-theory implies knowledge can be transmitted from one person to another,
there are certain preferred methods, and only certain students are able to “get”
what is being transmitted. It is one of a number of ways to interpret experience in
classrooms and to explain the results of instruction.

Instead of a folk-theory pedagogy, these students experienced a student un-
derstanding-driven pedagogy, based on the theory of cognitive equilibration and a
view of the nature of knowledge consistent with Piaget’s and radical constructivism.
(Chapman, 1988; Glasersfeld, 1995) This pedagogy is the result of a development ef-
fort by Dykstra starting in 1988 and described in some detail in a 2005 publication.!*
(Dykstra, 2005) In the view of the nature of knowledge employed in this pedagogy,
explanatory knowledge has the status of stories we construct to explain experience
and predict new ones. Of such knowledge, Piaget wrote:

Knowledge is not a copy of reality. To know an object, to know an event,
is not simply to look at it and make a mental copy or image of it. To
know an object is to act on it. (Piaget, 1964)

It is clear there is an undeniable role played by experience in cognitive
development; however, the influence of experience has not resulted in

a conception of knowledge as a simple copy of outside reality. (Piaget,
1972)

The canon ceases to be a guide to instruction in this student understanding-
driven pedagogy. Instead the nature of the students’ conceptions about the phe-
nomena become the guide. The goal in this instruction is for students to make
changes in their existing conceptions or understanding of the phenomena studied
in the course. Necessarily then the objects of attention and manipulation are not
apparatus in lab, the phenomena, or mathematics on paper, but instead the stu-
dents’ conceptions of the phenomena. The students are the only ones who can really
know their own conceptions and they are the only ones who can change their own
conceptions. This places the teacher in a profoundly different role than in the folk-
theory of teaching. Instead of the students being outside looking in at a teacher in
the folk-theory pedagogy, the students are “inside” looking at their own conceptions
and their own experiences. The teacher’s role then is to direct the students’ atten-
tions to experiences with a phenomenon that do not match their conceptions of the
phenomenon, in other words, set the students up for disequilibration.

The theory of cognitive equilibration suggests that if there is to be change in such
conceptions, then the students need to become aware of disequilibration between
their conceptions of a phenomenon and their experiences with that phenomenon.
The course runs in elicit, compare, resolve, apply cycles that merge one cycle to
the next and sometimes nests cycles within other cycles. The elicit and compare
steps are the main subjects of weekly laboratory sessions. Class time is primarily

UThree units of the American Association of Physics Teachers (AAPT) publication, Powerful
Ideas in Physical Science (PIPS), written by the present author, make use of student understanding-
driven pedagogy: Electricity (1995), Motion (2002) and Force (2002). More about PIPS can
be found on the website for these AAPT materials for use at the college and other levels:
http: //www.aapt.org/publications/pips.cfm, last downloaded 2 Sept 2011. Numerous presentations
on aspects of and learning results from this student understanding-driven pedagogy at AAPT na-
tional meetings have been given since 1989. Workshops involving this pedagogy have been given
numerous times at AAPT national meetings: Image formation by lenses (starting in 1989), Pow-
erful Ideas in Physical Science (starting in 1995) and the Piaget beyond “Piaget” (starting in
2006).
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used for the resolve steps. Meetings of the full class are run like town-hall meetings
to harness the power of many minds to the challenge of constructing or modifying
conceptions to fit the phenomenon. Whatever has been decided so far about the
phenomenon is applied in subsequent elicitation steps.

The process starts in the laboratory. For example, students studying light and
optics might enter their lab session to find an unfrosted, shaped filament lamp turned
on. One meter from the filament is a 430 cm lens. Beyond that is a small screen
made from a manila file folder set so that a very sharp image of the filament is on
it. Because the focus of attention is the students’ conceptions about images, they
are not allowed to manipulate the apparatus or interrupt the light between filament
and image in any way at the beginning of an activity or cycle. Instead, they are
asked: What do you think will happen if we were to cover the top half of the lens
with an opaque card?!?

The typical student conception here seems to be that the image leaves the lens as
an entity, travels through space where it encounters the lens. The lens is an agent,
which inverts the image and projects the sharpened or focused image on the screen.
We work in a ray model of light, so they will typically draw horizontal rays from
points on the filament to the lens. Rays from the top of the filament cross rays from
the bottom of the filament after or in the lens as a result of the action of the lens
on them. Where the crossing point is positioned differs. Some students have the
rays cross in the center of the lens, others at the back face of the lens, still others
in the region between the lens and the image. Essentially all of the students predict
that half the image on the screen will be missing, because half the image (traveling
as an entity from the filament) is blocked by the card. The differences in crossing
point location result in different predictions about which half of the image will be
missing, the top half or the bottom half. Everybody is convinced that half of the
image will be blocked and now they have reasons to support their convictions.

To get to this point the students are asked to make the first two steps in a lab
activity. First (step 1), answer on paper: What do you think will happen and why?
Then (step 2), listen to the ideas of your lab partners (4 person lab groups) and
try to understand what the members of the lab group think will happen. Record
your group’s ideas on paper. Then, and only then, the students are invited to make
observations (step 3). They cover half the lens as they watch the image. They
encounter a very surprising experience. When half the lens is covered, the whole
image remains! Many experience disequilibration immediately. They try several
times, both sides of the lens, top half-bottom half, left half, right half and then are
invited to explore the question: How much of the lens can you cover and still see
the whole image? The students are asked to make notes about the aspects of what
actually happened which did not match anyone’s predictions. In the last step (step
4) of the activity, they are asked to assess the situation. What are the implications
for the reasons we had to support our predictions? What might be alternative
ways of thinking about the images, which might have predicted what we actually
experienced? Final, conclusions, well worked out explanations are not called for or
typically even possible at this point in an activity. The goal of the lab is not closure,
but its opposite through disequilibration. In each 2-hour lab period the students
go through 2 to 4 of these activities. Most of the time is not spent manipulating

12The question is left intentionally ambiguous as to which side of the lens this card is placed
on. When the students ask, the response is something like: If you think it matters, then give your
explanation as to why. If you do not think it matters, then give your explanation as to why. The
question comes from (Goldberg, McDermott, 1978).
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apparatus. Instead, most of the time is spent with students eliciting their own
ideas, comparing notes on each other’s ideas, and considering the implications of
observations that do not match predictions.

In the class meetings, gathering all of the members of all of the lab sections, the
issues that arose due to the disequilibration experiences are the objects of attention,
discussion and debate. The goal here is to pool the ideas in the class about what an
explanation would need to be in order to have predicted the observations in lab. The
possibilities that seem reasonable to the class become the basis for steps 1 in the lab
activities the next week. While disequilibrations are resolved, new ones occur each
week in lab. Eventually, the class constructs an explanatory scheme, which works
well to explain the evidence encountered.

The students find themselves in possession of a theory of image formation by
lenses in terms of light rays that they have constructed themselves.!®> The theory
can be applied to new situations not studied or discussed in class, which is what
students find themselves being asked to do in exam questions. Since the goal of the
course is for students to have constructed a new explanatory system for themselves,
the exam questions'* are designed such that the responses are indicators of which
understanding a student is using, the original one from before the beginning of class
or the one the class constructed to fit the evidence so far.

Several units of study are in various states of development. These are on image
formation by lenses, on electric circuits, on thermal phenomena, on color, on motion
and on the nature of force.

The student understanding-driven pedagogy differs in certain respects from,
but not totally incompatible with, other known approaches. Probably the best
known, PER research-based approaches are by McDermott and colleagues at the
University of Washington-Physics by Inquiry, Hestenes and colleagues at Arizona
State University-modeling instruction, Etkina and colleagues at Rutgers University-
investigative science learning environment (ISLE), and Karplus and colleagues at
the University of California-the learning cycle.

This student understanding-driven pedagogy has been examined extensively in
the motion and the force units using a diagnostic of students’ conceptions of motion
and force, named the Force and Motion Conceptual Evaluation (FMCE). (Thorton,
Sokoloff, 1998) This work has been described elsewhere. (Dykstra, 2005) With the
student understanding-driven pedagogy, the non-science/non-engineering majors,
typically, show a shift in the class average on the FMCE from pre to post by 60 %
of the total possible change. In physics courses for science and engineering majors
taught using folk-theory pedagogy, this shift from the pre to post scores for the
FMCE is typically 15 % of the possible change. The typical average pre scores are
about 1 out of 15 and about 2 out of 15, for the non-science majors and the science
& engineering majors, respectively.!> What could the science & engineering majors

13This theory is not one familiar to most physicists because they have never been engaged in
developing or even considering such a theory in their preparations or their own teaching. It also
entails some relatively controversial conclusions, such as the converging lens has nothing to do with
the inversion of the real image.

14Using Howard Gardner’s suggestion that: “If, when the circumstances of testing are slightly
altered, the sought-after competence can no longer be documented, then understanding-in any
reasonable sense of the term-has simply not been achieved,” the questions involve application to
situations not encountered in class. (Gardner, 1991)

15Tt is important to note that in the U. S., nearly all of the students represented here have had
folk-theory instruction on motion and force inflicted on them once in the middle grades. Many of
the science & engineering majors have had a second round of folk-theory instruction on motion
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do under the student understanding-driven pedagogy? If we know of at least one
example such as this of a pedagogy that is so much more effective, then do we not
have a responsibility to reconsider the wisdom of staying with the folk-theory of
teaching” Don’t we owe this to our students, professions and society?

While we see impressive results in change of students’ conceptions concerning
motion and force here, it is still important to note that the average shifts are still
only 60 % of possible. An obvious step is to begin looking for another factor, which
might be taking a role in the success or lack of success of some students. One
such factor as suggested earlier in this piece is the development of reasoning of the
students.

3.3 IS THE DEVELOPMENT OF REASONING A POSSIBLE FACTOR
IN THIS CASE?

One can ask: to what extent does the pre-CTSR score predict performance by the
end of the semester? One way to judge this is to plot the percentage score on the
final against the pre-CTSR score. We see the result in Figure 3. The data is for
more than one semester of the course, but the final each semester is equivalent to
previous semesters and it is not returned to the students. We see there is a fairly
strong correlation of 0.6 with a slope of 3.0 on the best straight line through the
data. It appears that a pre-CTSR score of 10 or less seriously diminishes the chances
of earning a 70 % or higher on the final. Apparently, the CTSR does have some
relevance for predicting student success on the final in this student understanding-
driven instruction.
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Figure 3: Final vs. pre-CTSR

Narrowing our attention to students not so successful in the course: Could
one factor contributing to these students not thriving be their development of
reasoning?'® There are two pieces of evidence, which might support the conjec-

and force inflicted on them in what is called high school physics. Given the very low pre scores
on the FMCE, what must not have been happening in the folk-theory instructional experience in
physics?

16This question implies a conjecture namely that less successful student are less successful be-
cause their reasoning has not yet developed to formal-operational thought.
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ture implied in this question. One is that this instruction has been used with high
school physics classes in which the FMCE was used pre and post. In this trial of
a student understanding-driven pedagogy, the average gain of the two 25 student
classes was about 6 standard deviations (Dykstra, 2005).'" One could argue from
this that even though the CTSR was not administered in this trial, the percentage
of students likely to be displaying formal operations in high school physics might be
fairly high. If one accepted this description as likely then there would be a basis for
the conjecture contained in the question at the beginning of this paragraph.

The other piece of evidence supporting this conjecture is the data presented in
Figure 4. In Figure 4, the percent of possible (normalized) gain from pre to post on
the FMCE is plotted against the pre-CTSR scores of the same students. The scatter
of points is not random. The correlation here is 0.55. It is not an extremely strong
correlation, but also not an extremely weak correlation. From this data, it appears
that as the pre-CTSR score drops below 12 out of 24, the average normalized gain
on the FMCE drops off rather rapidly.

Another disturbing pattern in the data collected is the correlation between GPA®
(grade point average over all college courses taken so far) and the pre-CTSR score.
At the university from which this data was collected the maximum GPA is 4.0,
which is earned on the credits for a course in which a student earns the grade of
A. Should we expect there to be a correlation between a student’s pre-CTSR score
and GPA? If the exhortations of McKinnon and Renner and of Arons and Karplus
have been heeded, one would expect this answer to be yes. Figure 5 is a plot of
GPA against pre-CTSR. The correlation between this measure of development of
reasoning and the GPA of students ranging from freshman to senior levels at the
university is essentially zero. Apparently, at least for this batch of students at this
particular university, the exhortations of McKinnon, Renner, Arons and Karplus

1"This evidence also suggests an answer to the question raised earlier concerning how science
and engineering majors might perform as a result of student understanding-driven pedagogy.

18The students in this study are all non-science, non-engineering majors. Their GPAs are un-
influenced by standard physics teaching since they have not taken any other physics courses to
contribute to their GPAs. Their GPAs are accumulated from courses not in science or engineering.
Hence, this is a reflection of standard folk theory teaching in other subjects.
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Figure 5: GPA vs. CTSR

are not being heeded.!® The reader is invited to explore this issue at the reader’s
institution.

One question that arises here is: to what extent does the student-understanding
driven pedagogy in these situations have an effect on the development of reasoning of
the students. There is some data collected locally indicating the class average shift
on the CTSR is in the right direction, but small. Two factors enter into the situation.
First, in actual course settings, at the end of the semester when one would want to
administer the post CTSR, students are not very interested in taking time in class
or lab for something that is not on topic in the course, so post data on the CTSR is
very hard to collect. Second, the specific details of the pedagogy are not designed
to attend to making progress in the development of reasoning. They are designed to
induce disequilibrations and support the subsequent self-regulation. Changes that
might promote development of reasoning and still accomplish the existing changes
in understanding are being considered.

4 IN CONCLUSION

One might argue that the CTSR looks too much like science, which might have an
effect on the performance of non-science students. This might indeed be a factor
for some students, but the CTSR does not actually require any previous knowledge
in science. Indeed, it would be good to have a CTSR-like diagnostic that is more
content neutral to avoid this possible effect, but such a diagnostic seems not to exist
at present. Such a diagnostic could not be content free, but it could conceivably be
more content neutral than the CTSR.

Apparently, formal-operational reasoning is not a necessary attribute for suc-
cess in the undergraduate courses these students have experienced. But, then why

19Now one can argue that this is not a representative sample of college students in North America.
Yet, in the now famous example of the FCI, many college faculty responded to the effect that these
results are only for students at Arizona State — the students at my university are much better
than that. (Hestenes, 1992) Eric Mazur at Harvard reacted this way. But, he was quite surprised
when his students really did not do any better on the FCI. One can find this on YouTube if one
searches there for: confessions of a converted lecturer. He came up with a way to interrupt lecture
to engage students in actually making sense of the topics. It is clear to him that the changes in
understanding happen because of these interruptions to lecture.
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would development in reasoning be an expected outcome from folk-theory teaching
as telling and assessment as regurgitation of what was told?

Sadly, it has been demonstrated that courses can be taught which do result
in students advancing their development of reasoning. McKinnon and Renner de-
scribed one such example. It has been demonstrated since then most clearly in
the work of Shayer and Adey with Cognitive Acceleration (Adey, Shayer, 1994),
the ADAPT Program at the University of Nebraska (Fuller, 1975) and the work of
Reuven Feuerstein with Instrumental Enrichment (Feuerstein, 1985). Isn’t there an
obligation on us implied by the fact it is known how to facilitate the development of
reasoning in our students?

With the evidence in Figure 5, as McKinnon and Renner pointed out, we are
continuing to send teachers into the schools to tell students the canon, instead of
develop in their reasoning and their understandings of the phenomena we study in
science. As Arons and Karplus pointed out, when we deprive our teacher graduates
of this opportunity to develop, we deprive their students of the same opportunity,
and thereby our society, of the opportunity to develop to formal operations in order
to make the society we live in better, more civil and more just. Should college
students develop formal-operational thought as a criterion for graduation? When
we know how to make these necessary changes for our students, are we justified in
continuing not to?
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Integrovana vyuka prirodovédnych predmétu
na zakladnich skolach v ¢eskych zemich —
minulost a soucasnost

FEva Hejnova

Abstrakt

Clanek analyzuje zakladni pfi¢iny soucasného nepiiznivého stavu integrované vyuky na
nasich zékladnich skolach. Analyza této problematiky vychézi z historického vyvoje in-
tegrované vyuky v Ceskych zemich a zahrnuje i aktualni problémy, které jsou spojeny
s hleddnim nového paradigmatu pfirodovédného vzdélavani. Vétsi pozornost je vénovana
zejména pregradudlni a postgradualni ptipraveé ucitelt prirodovédnych predmétia. Mozné
navrhy feseni situace v této oblasti se opiraji o vysledky dotaznikového prizkumu prove-
deného v roce 2010.

Klic¢ova slova: zdkladni Skola, integrovana vyuka, integrované kurikulum, ptirodovédné
vzdélavani.

Integrated Instruction of Science Subjects at
Basic Schools in the Czech Countries — the Past
and the Present

Abstract

This paper analyses basic causes of the contemporary unfavourable state of integrated in-
struction at our basic schools. The analysis of these problems proceeds from the historical
development of integrated instruction in the Czech countries and involves also the actual
problems that are linked with the search for a new paradigm of science education. Predo-
minantly, the paper focuses on the pregradual and postgradual training of the teachers,
who teach science subjects. Possible proposals of a solution in this area are proceeded from
a questionnaire survey carried out in 2010.

Key words: basic school, integrated instruction, integrated curriculum, science education.
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1 Uvobp

Nas skolsky systém prochazi v soucasné dobé mnoha proménami, z nichZ mnohé
jsou vnimany pedagogickou verejnosti s jistymi rozpaky ¢i nedivérou. Také vyuka
ptirodovédnych predméti na zékladnich (ale i stfednich) skoldch prochdzi v sou-
casnosti obdobim hledani dalsiho sméfovani. Rychle se rozvijejici védni discipliny
s mnoha mezioborovymi vazbami se stavaji neptehlédnutelnou vyzvou pro inovaci
obsahu i metod prirodovédného vzdélavani. Také svétové trendy v ptirodovédném
vzdélavani ukazuji na uzitecnost vétsi, ¢i mensi miry integrace nékterych predmeéti
¢i témat, kterd miize prispet ke zvyseni atraktivity prirodovédnych obort, coz tzce
souvisi zejména se zménou postoju zakt k vyuce prirodovédnych predmétii, kon-
krétné se zvySenim motivace zakl ucit se témto predmétim (Eurydice, 2006; ! Bilek,
2008). Kromé toho mtze integrace prispét i k vétsi efektivité vzdélavani, kterou
lze zjisfovat napf. méfenim vysledkt vzdélavani (viz napf. mezindrodni vyzkum
PISA, Strakova, 2002, s. 38). Pfesto se vétsina zdkladnich gkol v Ceské republice
z nejriznéjsich diavodu stale drzi tradicniho rozdéleni na samostatné ucebni pred-
méty.

Vyuka piirodovédnjch predmétét na zakladnich skolach v Ceské republice je
v soucasné dobé ovliviiovana Ramcovym vzdélavacim programem pro zakladni vzdeé-
lavani (dale jen RVP ZV), ktery naznacuje moZnosti zavadéni integrované vyuky
a integrovanych vyucovacich predmét do uc¢ebnich plani a osnov zakladnich skol,
jez jsou realizovany prostiednictvim skolnich vzdélavacich programti. RVP ZV vsak
nelze chapat jako cil, ale spiSe jako cestu k hledani nového paradigmatu prirodo-
védného vzdélavani (Skoda, 2005). Toto nové paradigma bude ziejmé klast velky
diraz na multidisciplinarni charakter prirodovédného vzdélavani, které musi byt
nutné zaloZeno na integraci poznatkt a pifstupi riiznych védnich disciplin (!Skoda,
Doulik, 2009). Mensi dtraz bude davat na predavani velkého mnozstvi izolovanych
poznatkii a bude se vice zaméfovat na individualizovanou vyuku, jez bude vychézet
zejména z konstruktivistickych metod uceni a badatelsky orientovaného vyucovani
(Nezvalova, 2010; 'Papacek, 2010).

V tomto prispévku bychom radi ukazali ne€kolik zakladnich pfi¢in soucasného
stavu integrované vyuky na nasich zékladnich skolach, pficemz se zamétime zejména
na pedagogicky a historicky kontext této problematiky. Pozornost budeme vénovat
i pregradudlni pfipravé budoucich uciteli prirodovédnych predmétii, véetné dalsiho
(postgraduélniho) vzdélavani uditelti, nebot zminéné skutecnosti povazujeme pii fe-
seni tohoto problému za klicové.

2  VYMEZENI ZAKLADNICH POJMU

Uvedme nejprve piehled nékterych zékladnich pojmi, které budeme v dals$im textu
pouzivat. Prvni presnéjsi vymezeni integrované vyuky se objevilo v Sedesatych a se-
dmdesatych letech 20. stoleti, kdy ve svété (zejména ve Velké Britanii, USA a Ka-
nadé) dochézi k vyraznym inovaénim snaham v obsahu i forméch gkolniho vzdéla-
vani, jejichz cilem bylo zvyseni jeho trovné a také zvysSeni zdjmu o pfirodovédné
predméty. Pojem integrace prirodnich véd byl charakterizovan jako ,pfistupy,
pri nichz jsou koncepce a principy prirodnich véd prezentovany tak, ze vyjadiuji za-
kladni jednotu prirodovédného mysleni a pojmi a potlacuji prezilé nebo nevyznamné
rozdily mezi riznymi oblastmi pfirodnich véd“ (Lepil, 2006). Integrovanou vyuku
pak muZzeme podle Podrouzka (2002) chépat ,,ve smyslu spojeni (syntézy) uciva jed-
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notlivych ucebnich predmétt nebo kognitivné blizkych vzdélavacich oblasti v jeden
celek s diirazem na komplexnost a globalnost poznavani, kde se uplatiuje fada mezi-
predmeétovych vztahi. Integrovana vyuka tak neni zalozena na vybranych oblastech
vzdélavani ¢i ucebnich predmeétech, tj. na predmétovém kurikulu, ale vychazi z tzv.
integrovaného kurikula.“ Integrované kurikulum je podle Pedagogického slov-
niku (2001) ,vzdélavaci program zalozeny na integrované vyuce“ (u nas ma toto
kurikulum tradici zejména na 1. stupni, na vyssich stupnich se zpravidla uplatiuje
predmétové kurikulum). Integrované kurikulum je zaloZeno zejména na mezipied-
meétovych vazbach v obsahu uciva, pricemz jsou respektovany vztahy a souvislosti
mezi vzdélavacimi obsahy rtznych ucebnich predmétid a je podporovano celistvé
(propojené) chapani skute¢nosti zaky (Podrouzek, 2002).

Podle stupné integrace mutize byt integrovana vyuka v Sirsim slova smyslu podle
Podrouzka (2002) chapéna jako konsolidovani uciva, tj. ve smyslu sjednoceni ob-
sahii rtiznych ufebnich predméti v samostatny ucebni predmét (Casté byva napt.
spojeni chemie a fyziky). VétSinou se uplatiiuji pouze dvouoborové mezipredmé-
tové vazby, jednotliva témata jsou Fazena za sebou, pficemz se vychazi ze stano-
veni zpusobu a struktury fazeni poznatkidl jednotlivych obori. Jejich obsah vsak
zustava relativné samostatny. V tomto pripadé mluvime o tzv. vnéjsi integraci,
nebot jsou spojovany ucebni pfedméty z podobnych kognitivnich oblasti. Jako kli-
¢ové se v tomto pripadé jevi vhodné razeni jednotlivych témat integrovanych oborii.
To umoznuje fesit danou problematiku z réiznych hld pohledu a poméahéa postiho-
vat souvislosti mezi jednotlivymi problémy. Pii tomto zptisobu integrace je tfeba
zejména Tesit otazku, které ucebni predmeéty je vhodné spojovat.

Integrovana vyuka mize byt podle Podrouzka (2002) chipana také jako kon-
centrovani uciva, tj. ve smyslu vykladu nebo feseni urcitého problému soucasné
z riznych hledisek jednotlivych védnich oborti, a tak vytvoreni nového ucebniho
predmétu, ktery by umoznil riizné pohledy na dany problém spojit v jeden celek
a uplatniovat tak fadu multilateralnich mezipfedmétovych vazeb v obsahu uciva (lze
se napft. zabyvat pohledem na vzduch, vodu atd. z hlediska ptirodopisu, fyziky, che-
mie, zemépisu apod.). V tomto pfipadé se jednéd o vnit¥ni integraci a ¢asto se pak
mluvi o tzv. sjednocené vyuce (Lepil, 2006). Ta sméfuje k jednotnému pohledu
na vybrany problém a jeho feseni z pohledu nékolika ucebnich predméti soucasné.
V tomto pripadé€ je nutno fesit priméarni otazku, co a jak vybrat z obsahu tradic-
nich ucebnich predmétii a jak stanovit rozsah, strukturu a pojeti nového predmeétu.
Tento pristup umozinuje, aby si zaci vytvorili uceleny obraz okolniho svéta; eliminuje
se tak roztfisténost poznatki. Na druhou stranu miize byt u tohoto typu integrace
problém se zachovanim logi¢nosti propojovani poznatkt. Navic v nasem systému
pregraduélni pripravy uciteld, ktera probihé zpravidla jako dvouaprobac¢ni studium,
hrozi redlné riziko upfednostiiovani nékterého predmétu (piipadné predméti) pred
druhymi.

Integrovanou vyuku lze také chapat jako koordinaci uéiva (Janas, 1985), na
kterou lze nahlizet jednak ve smyslu logické navaznosti osvojovani, rozsifovani a pro-
hlubovéani uéiva v jednotlivych pfedmétech (koordinace obsahova), jednak ve smyslu
pouzivani stejnych metod a metodickych postupt (koordinace metodicka), a také i ve
smyslu ¢asové navaznosti na ucivo predchézejici, na souc¢asné osvojované i na ucivo
budouci (koordinace ¢asova). Tento zpusob integrované vyuky je na naSich skolach
vyuzivan ziejmé nejcastéji, nebot umoziiuje vyuzivani bilateralnich mezipfedméto-
vych vazeb, které ucitelé dokazi nejsnéze vyhledavat a zaclenovat do skolnich vzdeé-
lavacich programi, resp. do ucebnich osnov jednotlivych predméti. Tyto vazby lze
navic nalézat témétr mezi jakymikoliv pfedméty.
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V $§irsim slova smyslu lze integrovanou vyuku chapat také jako tzv. kombino-
vanou vyuku (Lepil, 2006), kdy se v uréitych fazich (zpravidla na za¢atku nebo
na konci druhého stupné zakladni skoly) realizuje sjednocené (integrovana) vyuka
prirodovédnych predméti.

Na zavér jesté uvedme, ze v uzsim slova smyslu (Podrouzek, 2002; Kovalikova,
1995) je mozné integrovanou vyuku chapat také jako soubor integrovanych té-
mat, kterd jsou zarazovana do samostatnych ucebnich pfedmétt (podle RVP ZV
byva napf. zafazovano prifezové téma environmentalni vychova do jednotlivych
vzdélavacich obort nebo vyucovacich predmétit ve vzdélavaci oblasti Clovék a pii-
roda). Castou praxi nagich zakladnich gkol je téZ provadéni riiznych typt projekti,
které spojuji poznatky z vice predméti s praktickymi ¢innostmi, pripadné tzv. in-
tegrovanych dnti, kdy cela skola realizuje jedno spolecné téma.

3 INTEGROVANA VYUKA V CESKYCH ZEMICH
V MINULOSTI

Pokud se zabyvame moznostmi vyuzivani integrované vyuky na nasich zakladnich
skolach v soucasné dobé€, je zajimavé i poucné vratit se do historie. Zde lze objevit
mnoho zajimavych myslenek a navrhit vyukovych projektti, které v mensi ¢i vétsi
mire vyuzivaji riznych forem integrace. V tomto piispévku se zaméfime pouze na
obdobi od pocatku 20. stoleti do soucasnosti, jez je z hlediska zavadéni integrovanych
ucebnich predméti nejprinosnéjsi, a to zejména s ohledem na vyznamné inovacni
snahy v ¢eskych zemich, spadajici pravé do tohoto obdobi, a také s ohledem na jisté
paralely s hledanim soucasného paradigmatu prirodovédného vzdélavani. Zaroven
budeme sledovat, jak na pozadi postupné se ménicich vzdélavacich paradigmat pro-
chazelo prirodovédné vzdélavani béhem svého historického vyvoje obdobimi rozvoje
i obdobimi atlumu.

Na prelomu 19. a 20. stoleti a na pocatku 20. stoleti bylo nase skolstvi ovliviio-
vano zejména némeckym a rakouskym skolstvim, coz bylo ddno zejména historic-
kym vyvojem ve stfedoevropské oblasti. Toto obdobi lze povazovat také za pocatek
moderniho prirodovédného vzdélavani, kdy se zac¢inaji formulovat ,zéklady ptirodo-
védného kurikula, zaklady metod védeckého zkoumani piirody a jsou formulovany
celospolecenské cile pifrodovédného vzdélavani“ (1Skoda, Doulik, 2009).

Funkci druhého stupné zakladni Skoly tehdy plnily méstanské skoly, které vy-
znamné ovlivnily , Vzorné ucebni osnovy pro ¢eské chlapecké a i divei skoly méstan-
ské“, vydané v Praze v roce 1910 (Podrouzek, 2002). Podle nich se maji ve vyuce
zohlediiovat pottfeby praktického zivota a také mistni pomeéry. Kazda skola si musela
vypracovat zvlastni podrobné osnovy, ve kterych bylo ucivo jednotlivych ucebnich
pfedméti rozpracovano a zaroven prizpisobeno mistnim pomérim Skoly (miZzeme
v tom spatfovat zajimavou paralelu k soucasné situaci v nasem skolstvi, kdy kazda
skola zpracovava sviyj Skolni vzdélavaci program). Z pohledu integra¢nich snah je
vyznamna skutecnost, ze bylo do jisté miry vyuzivano spojovani obsahti jednotli-
vych ucebnich pfedméti (napt. ptirodozpyt jako ucebni predmét spojoval fyziku
a chemii).

V té dobé zapocaly v oblasti pfirodovédnych a spolec¢enskovédnych obort vy-
zkumy zabyvajici se problematikou tzv. sceleného (sjednoceného) vyucovéani (Pod-
rouzek, 2002). Diraz byl kladen zejména na problematiku strukturace, zpisoby
koncipovani u¢iva a moznosti jeho sjednocovani. Dilezitou otazkou se proto stal vy-
bér kognitivnich oblasti z hlediska , psychologickych nebo logickych ztetelt“, které
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se mély stat zakladem integrace. Kromé toho bylo také nutné hledat vhodné tzv.
obsahové stiredy, nazyvané také nosné tematiky nebo jadra, které by umozinovaly
riznorody obsah uciva spojovat v logicky celek.

Tato problematika byla v prvni tietiné 20. stoleti feSena zejména tzv. experi-
mentéalni pedagogikou, kterd se utvarela v kontextu pragmaticky orientovaného
paradigmatu (!Skoda, Doulik, 2009). V piirodovédném vzdélavani se zac¢ind klast
velky diraz na metody védecké prace (pozorovani, experimentovani, formulaci a ové-
Fovani hypotéz, formulaci zavéri atd.), do skol se zavadi projektova vyuka, prosazuji
se principy ¢inné skoly, ktera klade diiraz na aktivitu, tvorivost a nazornost. Zaroven
se objevuji vyrazné integracni snahy na zakladé hledani prirozenych souvislosti mezi
ucebnimi predméty. Problémem vsak zlstava nalezeni takové didaktické koncepce,
kterd by byla pro spojovani jednotlivych ucebnich pfedméti vhodna (Podrouzek,
2002).

V roce 1933 byly vydany ,Definitivni ucebni osnovy pro obecné skoly“, které
umoznily zavadéni ideji ¢inné skoly do bézné skolni praxe. Podle téchto osnov mély
byt stanoveny tzv. koncentracni osy a stfedy skolni prace, jez mély slouzit jako
prostiedek, jak se vyhnout nelogi¢nosti nebo nepfirozenosti pii koncipovani a struk-
turovani uciva v novych samostatnych predmétech. Na vyssim stupni skoly (6. az
8. ro¢.) byly koncentra¢nimi stiedy tzv. reélie (d&jepis, zemépis, pfirodopis a pfiro-
dozpyt, ob¢anskéa nauka a vychova) (Podrouzek, 2002). Integrovany u¢ebni predmét
,prirodozpyt“, ktery zahrnoval fyziku a chemii, byl koncipovan na zakladé vnéjsi
integrace fyziky a chemie. Objevily se i snahy o koncentraci uciva pfirodozpytu
a prirodopisu.

Vyzkumy provedené v tomto obdobi predstavuji prvni vyznamné pokusy zava-
déni integrovanych ucebnich pfedméti, které ukazaly na mozné zplisoby a pristupy
k integraci a také identifikovaly problémy s tim spojené. K témto tuskalim patiilo
predevsim stanoveni nejvhodnéjsiho zptisobu usporadani uciva, ktery by omezil pre-
ferovani nékterych thlt pohledu urcitého oboru na dany problém na tkor ostatnich.
Kritizovana byla také velka rtznorodost uciva, kterd mize zabranit vytvareni do-
statecné presnych predstav o jednotlivych oborech.

V obdobi 2. svétové valky se i nadale vyucovalo podle osnov z roku 1933. Jejich
obsah byl, zejména co se tyce prirodovédnych predméti, znacné redukovan a také
zatizen fasistickou ideologii (Podrouzek, 2002).

Od konce 2. svétové valky az do poloviny 70. let 20. stoleti bylo pro pfirodo-
védné vzdélavani uréujici tzv. polytechnické paradigma (*Skoda, Doulik, 2009).
Skolsky zakon z roku 1948, vydany pod nazvem ,,Uéebni plany a uéebni osnovy pro
skoly narodni a stfedni“, umoznil na 2. stupni zakladnich skol zavedeni samostat-
nych ucebnich predmétii, v nichz byl kladen diiraz zejména na predavani systema-
ticky utifidénych poznatkt jednotlivych obori. Rozvoj prirodnich véd a ohromny
technicky i technologicky pokrok v tomto obdobi poznamenal vyraznym zptisobem
i prirodovédné vzdélavani, které vychazelo z experimentalnich poznatki jednotli-
vych védnich disciplin a kladlo diiraz zejména na kognitivni oblast. Uprednostiiovan
byl pfedevsim prenos co nejveétsiho mnozstvi védeckych poznatkt do skolské praxe,
pricemz zplisobiim, jakymi si zaci budou tyto poznatky osvojovat, byla vénovana jen
maléd pozornost. V ucebnich osnovach bylo preferovano cyklické (spirdlové) uspota-
dani uciva, které vsak velmi casto vedlo ke zdvojovani uciva, jez se probiralo v riiz-
nych predmeétech. Ucebni osnovy zejména v 50. letech 20. stoleti kopirovaly systém
sovétského Skolstvi (pétiletd narodni skola a na ni navazujici vSeobecné vzdélavaci
skola zakonc¢end maturitou), coz znamenalo tplny odklon od integrované vyuky. A to
dokonce i na 1. stupni zékladnich skol, kde mélo zatazeni prvouky a vlastivédy jiz
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svou dlouholetou tradici (Podrouzek, 2002). V 60. letech 20. stoleti se osnovy vra-
tily k nasemu tradi¢nimu ¢lenéni uéebniho planu (na pétilety prvni stupeti a ¢tyflety
druhy stuperi), z hlediska integrované vyuky vsSak nedoslo k zaddnym podstatnéjsim
zmeénam.

Postupné (zejména pak po roce 1976, kdy byl pfijat dokument ,Dalsi rozvoj
Ceskoslovenské vychovné vzdélavaci soustavy“) se za¢ina Fesit problém nepropoje-
nosti jednotlivych poznatkd z riznych predmétt a aktualni se stava problematika
mezipfedmétovych vazeb. Ackoliv se objevuji pozadavky na vypracovani systému in-
tegrujicich prvka uciva vSech piibuznych predmeéttt mezi dvojicemi predméti i mezi
vSemi pfibuznymi predméty a s tim souvisejici pozadavek vypracovani koordinova-
nych ucebnich osnov jednotlivych pfedméti a zpracovani vhodnych ucebnic (Janas,
1985), hledani obsahovych vztahi a souvislosti mezi tématy jednotlivych predméti
bylo ponechano viceméné na samotnych ucitelich. Ti vSak jen velmi tézko mohli tento
problém sami uspokojivé fesit, nebot zpravidla neznali obsah jinych pfedméti. Pro
toto obdobi od konce 70. let do konce 80. let 20. stoleti je urcujici tzv. scientistické
paradigma, které ve vyuce prirodovédnych predmétt klade diraz na vysokou miru
abstrakce, zevieobecnéni, matematizace a atomizace (!Skoda, Doulik, 2009). Tento
pristup pravdépodobné negativné poznamenal zajem zaki o prirodovédné vzdélavani
a svou jednostrannou orientaci na kognitivni cile zfejmeé prispél i k malé oblibenosti
prirodovédnych predméti (zejména fyziky a chemie). Tento stav bohuzel pretrvava
u mnoha zaki i v soucasné dobé, coz dokladaji ¢etné vyzkumy provedené na nasich
Skoldch v nedédvné dobé (Kekule, Zak, 2010).

Od konce 80. let zacinaji vystupovat do popredi otazky trvale udrzitelného roz-
voje a problematika zodpovédného p¥istupu k vyuzivani ptirodnich zdrojt (*Skoda,
Doulik, 2009). Scientistické paradigma je postupné zatlacovano do pozadi a v sou-
vislosti s ménicim se klimatem ve spole¢nosti (rozvoj informaénich technologii, glo-
balizace, omezenost prirodnich zdroju atd.) dochazi k hledani nového paradigmatu.
V nasich zemich se tato problematika stava aktualni zejména po roce 1989, kdy do-
chazi k otevieni naseho skolstvi zahrani¢nim trendiim a kdy je dana odborné i laické
vefejnosti moznost konfrontovat cesky systém vzdélavani se systémy zahrani¢nimi
a tim lépe identifikovat kladné i zaporné stranky ceského skolstvi.

V roce 1991 byl vydan upraveny ,,Ucebni plan a osnovy pro zakladni skoly*, ktery
prinesl vyznamné uvolnéni zévaznosti ucebnich osnov. Ucitelé tak mohli provadét
upravu ucebnich osnov a plant, napt. s ohledem na Sirsi uplatnovani vazeb a vztahu
v ucivu.

V dalsim historickém vyvoji mé z hlediska integracnich snah vyznam zejména
ucebni program , Narodni skola“, ktery byl schvalen v roce 1997. Ten umoznil vyuzi-
vat jak tradi¢niho systému ucebnich predméti, tak i modifikovaného systému, ktery
zavadi integrovanou vyuku ve vybranych kognitivnich a psychomotorickych oblas-
tech (Podrouzek, 2002). Integrovana vyuka mohla byt realizovana prostfednictvim
integrovanych ucebnich predméti. Ty vytvarely v uéebnim pléanu tzv. bloky (napf.
blok ,,Poznavani pfirody* integroval ucivo prirodopisu, chemie a fyziky, blok , Tech-
nika® integroval ucivo z techniky, fyziky a chemie). Co se tyce stupné integrace,
bylo vyuzivano zejména konsolidovani uc¢iva (vnéjsi integrace). U nékterych témat
(napt. ,,Vzduch“, ,Voda v ptirodé“, ,Technika a lidstvo“ apod.) bylo vyuzivano
i koncentrovani uciva (vnitini integrace).

7 vyse uvedené struc¢né analyzy historického vyvoje prirodovédného vzdélavani
z hlediska vyuzivani integrované vyuky je patrné, ze jeji zavadéni na 2. stupni za-
kladnich skol nema u néas dlouhodobéjsi tradici. Ukazuje se, ze se v prubéhu vyvoje
objevovala spise jen dil¢i feseni této problematiky, ktera preferovala zejména vnéjsi
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integraci s vyuzivanim konsolidovani uciva. Pouze v 30. letech 20. stoleti (v obdobi
1. republiky) byla u nés vyraznéjsim zpisobem oteviena a zkouména problematika
sjednocovani uciva. Poté nebyla po nékolik desetileti integrované vijuce vénovana
témet zadna pozornost. Az v 90. letech 20. stoleti se znovu objevuji pozadavky na
rizné formy zavadéni integrované vyuky.

4 INTEGROVANA VYUKA V DNESNI CESKE SKOLE

Vyznamny pocin z hlediska zavadéni integrované vyuky predstavoval Narodni pro-
gram rozvoje vzdélavani v Ceské republice (2001), ve kterém je formulovan poza-
davek zavadéni integrované vyuky v nasem zakladnim skolstvi a jsou v ném for-
mulovana hlavni doporuceni umoznujici jeho realizaci, napi. tvorba integrovanych
ucebnich textt, nové formy vzdélavani ucitelt apod. Tato orientace na integrova-
nou formu vyuky se opirda jednak o angloamerickou pedagogickou tradici, ale mé
i vyznamné zazemi v nékterych asijskjch zemich s tradicné nejlepsimi vysledky
v mezinarodnich vyzkumech pfirodovédné gramotnosti (napf. Korejské republika,
Japonsko) (Paleckova, 2010).

Definice soucasného paradigmatu prirodovédného vzdélavani je dosud ve fazi hle-
dani, a to zejména s ohledem na probihajici zmény v ceském vzdélavacim systému
a také s ohledem na hledani novych cili a koncepci prirodovédného vzdélavani, coz
je zélezitost celosvétova (Held, 2011). *Skoda a Doulik (2009) oznacuji toto soudobé
paradigma jako multidisciplinarni, coz vychazi zejména ze soucasné multidisci-
plinarity (nejen) pfirodnich véd. S hledanim nového paradigmatu je neoddélitelné
spojena i problematika hledani klicovych pojmu a stéZzejnich témat, ktera by umoz-
novala propojovani, resp. integraci rtuznych vzdélavacich obsahti do komplexnéjsich
celkl, jeZ maji interdisciplinarni charakter (Pinté, 2005). Zaroven s tim roste du-
raz na rozvoj dovednosti pouzivat metody védeckého zkoumani (*Papacek, 2010;
Nezvalova, 2010).

Integrac¢ni trendy v prirodovédném vzdélavani a s tim spojené snahy o multidisci-
plinarni pfistup se stale vice uplatnuji i na irovni povinného vseobecného zakladniho
vzdélavani v ¢eskych skolach, a to jak na primarnim stupni vzdélavani (ISCED1),
tak i na niz$im stupni sekundérniho vzdélavani (ISCED2). Tyto tendence podpo-
ruji i noveé koncipované ramcové vzdélavaci programy. Multidisciplinaritu a integraci
podporuje na trovni ISCED2 zejména zavadéni prurezovych témat z RVP ZV do
osnov vyucovaciho predmétu, resp. vzdélavaci oblasti. Zvlasté environmentalni vy-
chova predstavuje oblast s nejvétsim prinikem uciva jednotlivych prirodovédnych
predmétii zahrnutych do vzdélavaci oblasti Clovék a piiroda.

RVP ZV tak mutze pro nékteré skoly a jejich ucitele pfedstavovat vyzvu pro za-
vadéni principt integrované vyuky do skolni praxe. Jednak mohou byt vytvareny
vyucovaci predméty prostfednictvim integrace vzdélavacich obsahtl vice vzdélava-
cich oborti, jednak RVP ZV téz umoznuje integraci vzdélavaciho obsahu na trovni
jednotlivych témat, tematickych okruhti, piipadné vzdélavacich obori. Pfirodovédné
predméty navic k integraci piimo vybizeji, nebot jsou si velmi blizké v metodéch
a prostiedcich, které pouzivaji ke zkoumani pfirody (pozorovani, méfeni a experi-
menty, pojmy, hypotézy, modely a teorie apod.).

Divodem k castéjsi frekvenci vyuzivani integrace miize byt i vétsi vzdélavaci
efektivita takto pojaté vyuky. Ta je dana vyssi mirou propojenosti poznatki, které
umoznuji celistvéjsi pohled na svét, a také zvySenim praktického zaméteni vyuky.
Integrace ucebnich predmétt miize tedy prinaset nejen efektivnéjsi vyuziti casu ve
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vyuce, ale i ¢astéjsi vyuzivani netradi¢nich forem a metod vyuky zaméfenych na
aktivni ¢innost zakid. Kromé ekonomickych hledisek se tedy uplatnuji i hlediska
vétsi efektivity vzdélavani a zvysSeni motivace zaku.

Na druhé stran€ je tieba uvazit i negativa, ktera jsou s integraci spojena. Jedna
se zejména o zachovani poméru kvantity a kvality predavanych poznatkt a informaci
v obsahu jednotlivych pfedmétti a o zachovani pfirozené celistvosti a propojenosti
riznych pohledi na studovanou skutec¢nost u jednotlivych témat. Vybér témat musi
byt radné promyslen a analyzovan, aby nedochéazelo k urcité povrchnosti ve vybra-
nych védomostech a dovednostech zaki, na které bude navazovat jejich dalsi studium
(Podrouzek, 2002).

5 PrirrAavA UCITELU v CESKE REPUBLICE

Z toho, co bylo uvedeno vyse, se mize zdat, ze zavadéni integrované vyuky do nasich
zékladnich skol nestoji témér nic v cesté. Prakticka realizace tohoto zpiisobu vyuky
vsak aktualné nardzi na fadu omezeni a piekazek. Jednim z klicovych problémii,
ktery je tieba v této souvislosti fesit, je pregradualni i postgradualni priprava uciteld,
kteri by byli dostatec¢né kvalifikovani pro tento zptisob vyuky.

Soucasny systém pregradudlni piipravy uéitelt spoc¢iva v Ceské republice ob-
vykle v dvouaprobacni specializaci. Odborné znalost pfedmétu, resp. predméti, je
bezesporu zékladnim cilem ucitelské piipravy. Casto je to viak spojeno s rizikem, Ze
se ucitelé soustiedi pouze na vlastni obor (resp. obory), coz vede zpravidla k rozt¥is-
ténosti vyuky a také k nékdy zbytecnému zdvojovani predavanych poznatkt v pred-
métech vyucovanych riznymi vyucujicimi. Piiprava budoucich ucitelt by proto méla
byt vedena tak, aby byl ucitel jiz od poc¢atku veden k tymové praci i k mezipredme-
tové spolupraci.

Také tradi¢ni pojeti oddélenych oborovych didaktik neodpovidda modernim tren-
dim ve vyuce prirodovédnych predméti, které zejména na tirovni nizsiho sekundar-
niho vzdélavani (ISCED2) sméfuji k integraci. V jednotlivych oborovych didaktikich
prirodovédnych predméti Ize nalézt velké mnozstvi spolecnych problémi, které spa-
daji do oblasti pfirodovédné gramotnosti, metodologie piirodnich véd, metod vy-
zkumu a evaluace ve vyucovani prirodnich véd atd. Zasadni roli také hraje vhodné
vymezeni klicovych kompetenci, které do znacné miry urcuji koncepci prirodovéd-
ného vzdélani (Held, 2011).

Aktualni se proto stava problematika konstituovani didaktiky prirodovédy jako
mezioborové didaktiky. Didaktika ptirodovédy by podle Trny (2005) méla byt ,me-
zioborovou didaktickou disciplinou, ktera zastiesuje skupinu piibuznych oborovych
prirodovédnych didaktik: didaktiky biologie a geologie, fyziky, chemie a geografie“.
Didaktika pfirodovédy by vsSak neméla byt pouhym sjednocenim poznani jednotli-
vych oborovych prirodovédnych didaktik, ale méla by pfinaset novou kvalitu, zalo-
Zenou na koordinaci, integraci a zobecnéni poznéani (Trna, 2005). Dilezitym krokem
je téz zarazeni didaktiky pfirodovédy do pfipravy budoucich uciteld, coz by mélo
vést ke zkvalitnéni a zefektivnéni vyuky na fakultach pripravujicich budouci ucitele.

S pripravou ucitelid na integrovanou vyuku u néas vsak nejsou témér zadné zku-
senosti. I kdyz na nékterych fakultach pripravujicich ucitele byly jiz podniknuty ur-
¢ité konkrétni kroky timto smérem, napt. na Pedagogické fakulté MU v Brné (Trna,
2005), Ptirodovédecké fakulté UP v Olomouci (}?Nezvalové, 2007), Pfirodovédecké
fakulté UJEP v Usti nad Labem (Hejnové, 2007), nejedna se dosud o ,standardni®
pripravu nasich budoucich uciteli.
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V tomto sméru se jako inspirativni jevi modely pfipravy ucitelti z némecky mluvi-
cich zemi (Némecko, Rakousko), které jsou ndm svou tradici blizsi. Nap¥. v Bavorsku
jsou ucitelé na univerzitach v soucasné dobé pfipravovani v troj- nebo i ¢tyrkom-
binaci, s moZnosti volby dalstho pfedmétu (*Bilek, 2008). Na 2. stupni zakladni
skoly (Hauptschule) je v Bavorsku vyucovan integrovany predmét ,Piirodovéda®,
ve kterém je zahrnuto ucivo fyziky, chemie a biologie. Podobna praxe je zavedena
v Némecku i v jinych spolkovych zemich (nap¥. v Dolnim Sasku).

6 VYZKUMY POSTOJU UCITELU NA ZAKLADNICH
SKOLACH v CESKE REPUBLICE K INTEGROVANE
VYUCE PRIRODOVEDNYCH PREDMETU

Jak vyplyva z vyzkumt, které byly u nas v neddvné dobé provedeny, sami ucitelé
se k moznosti integrace vyuky piirodovédnych predmétt stavi znacné rezervované.
V roce 2006 byl proveden dotaznikovy prizkum u vice nez 70 ucitelt prirodovéd-
nych predmétii z Usteckého, Libereckého a Moravskoslezského kraje (Skoda, Doulik,
2007). I kdyz nelze tento vybér uditeltt povazovat za zcela reprezentativni (nebyli
v ném zastoupeni ucitelé ze vSech kraji v Ceské republice), leccos tento priizkum
naznacuje. Vyplynulo z ného napiiklad, Zze 80 % respondentti pii vyuce prirodovéd-
nych predméti na 2. stupni zékladnich skol klade vétsi diiraz na mezipredmétové
vztahy, pfipadné integrovanou vyuku nékterych vybranych témat. Pro plnou inte-
graci se vyslovilo pouze 12 % uditeli. Vysledky dotaznikového prizkumu nejsou
nijak prekvapivé a jsou disledkem nékolika skutecnosti, které jsme zminili vyse —
pregraduélni priprava uciteltt ve dvou aprobac¢nich pfedmétech, dlouholeta tradice
vyuky samostatnych predmétii, absence obecné metodologie prirodovédného poznani
a absence vhodnych ucebnic i dalsich metodickych material pro ucitele.

Abychom zjistili aktualni postoje a potieby ucitelti ohledné integrované vyuky,
provedli jsme v druhé poloviné roku 2010 vlastni dotaznikovy priizkum mezi uci-
teli z druhého stupné zékladnich skol a nizsiho stupné viceletych gymnazii. I kdyz
vybérovy soubor také nelze povazovat za reprezentativni, a to jak s ohledem na za-
stoupeni uciteldt jen z nékterych krajt, zejména z Usteckého kraje, tak i s ohledem
na jeho rozsah (soubor zahrnoval 26 respondentti), ziskali jsme nékteré zajimavé
informace, které je mozné vyuzit v dalsich Gvahach o moznostech feseni stavajici
situace.

Dotaznik, ktery jsme zadavali, obsahoval 14 polozek. V ivodni ¢asti dotazniku
byli ucitelé struc¢né informovani o Gcelu prizkumu. Polozky dotazniku lze rozdélit
do tii c¢asti.

V prvni polozZce, ktera byla rozsahlejsi a tvorila prvni ¢ast dotazniku, jsme se uci-
teli ptali, jaké formeé integrace vyuky prirodovédnych predmétt by dali ve své Skole
prednost (bez ohledu na to, zda k tomu v soucasné dobé maji vytvoreny podminky).
88 % ucitelt (23 z 26) odpovédélo, Ze jsou pro zachovani samostatnych predméti
s vétsim didrazem na mezipfedmétové vazby a se zarazenim projektové vyuky. Vét-
Sina z nich (69 %, tj. 18 z 26 respondentti) by navic jesté zaradila integrovanou
vyuku nékterych vybranych témat. Tento vysledek tedy velmi tizce koresponduje se
zévéry vyzkumu, ktery provadéli Skoda a Doulik v roce 2006. I v nasem priizkumu
se vyslovilo pro plnou integraci pouhych 12 % respondentii (3 z 26).

Druhd ¢ast dotazniku zahrnovala 7 skalovych polozek s moznosti doplnéni i ji-
nych typt odpovédi, nez byly ty, ze kterych si respondenti mohli vybrat. Ucitelé
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své odpovédi ke kazdému bodu polozky vybirali ze ¢tyfstupniové skaly (,rozhodné
ne“, ,spise ne“, ,spiSe ano“, ,ur¢ité ano*). Tuto skalu jsme volili imyslné se sudym
poctem stupnti, aby respondent byl nucen k rozhodnuti, které se priklanélo k jed-
nomu z krajnich bodu $kédly. Do skaly jsme tedy nezafazovali odpovéd, kterd by
predstavovala neutralni rozhodnuti (,ani ano, ani ne“, ,nevim“ atd.).

Zajimavé jsou zaveéry, které z této druhé c¢asti dotazniku vyplynuly:

1. 69 % ucitelt (tj. 18 respondenti z 26, ktefi volili odpovéd ,spise ano“ nebo
Lurcité ano“) si mysli, ze by ucitelé pro 2. st. ZS méli byt v rdmci vysokogkol-
ského studia pfipravovani ve viceoborovych kombinacich (3 az 4 pfedméty —
Fy, Che, Geo, Bi).

2. 69 % (18 z 26) uciteld uvedlo, Ze nékdy uvazovalo o rozsifeni své aprobace
o dalsi prirodovédny predmeét. Protoze jsme se dotazovali zejména uciteld,
kteri méli ve své aprobaci fyziku, nejcastéji uvadénymi predméty byly biologie
a chemie.

3. 81 % (21 z 26) ucitelt by uvitalo kurzy (napf. v ramci celozivotniho vzdéla-
vani) zaméfené na integrovanou vyuku vybranych témat. Co se tyce predstav
o téchto kurzech, ucitelé nejcastéji méli zajem o kazdomeésiéni setkani, na kte-
rych by mohli ziskat informace o namétech na projektovou vyuku, o moznos-
tech a zpiisobech vykladu integrovani témat a o mezipredmétovych vazbach.
Privitali by také praktické ukazky integrované vyuky a setkani s uciteli, kteii
integrovanou vyuku realizuji (pfiklady dobré praxe).

4. 69 % (18 z 26) respondentii uvedlo, Ze jim pro integrovanou vyuku chybi
dostatek materiala. Ucitelé by privitali zejména ndméty na projekty, pracovni
listy, tllohy s mezipfedmétovou tematikou, materialy na interaktivni tabuli
a ucebnice pro integrovanou vyuku.

5. Odpovédi na posledni ¢tyTfi polozky ve druhé ¢asti dotazniku tizce souvisely
s tim, co ucitelé uvedli ohledné nedostatku vhodnych materialti pro integro-
vanou vyuku. Z vyhodnoceni téchto polozek vyplynulo, Ze pouze 12 % uciteli
zatazuje do své vyuky projekty vétsiho rozsahu (zahrnujici vice predmétii),
tlohy s mezipfedmétovou tematikou zarazuje do vyuky 54 % ucitelt, interak-
tivni tabuli vyuziva ve vyuce pfirodovédnych predméti 20 % ucitelt a uc¢ebnice
pro integrovanou vyuku (z nakladatelstvi Fraus) pouziva 28 % uciteld.

Posledni ¢ast dotazniku (5 polozek) byla vénovana zjistovani idaji o responden-
tech. Z celkového poctu 26 respondentti bylo 85 % Zen a 15 % muzt. 38 % ucitelt
spadalo do vékové kategorie 40-49 let, 27 % ucitelit do vékové kategorie 30-39 let.
Vybér respondentti tvorili ic¢astnici Letni Skoly ucitelit matematiky a fyziky (50 %),
dalsi polovina ucitelit byla oslovena prostfednictvim e-mailu nebo osobné. Vesmés
se jednalo o zkusené;jsi ucitele, délka jejich pedagogické praxe ¢inila v primeéru 8 let.
Vétsina respondentti (77 %) piisobi v Usteckém kraji.

Shriime nyni ve struc¢nosti zavéry, které z vyse uvedenych dotaznikovych Setieni
vyplynuly, a ukazme i néktera mozna teseni.

e 7 dotaznikového prizkumu vyplynulo, Ze ucitelé maji pomérné vyrazny zajem
o rozsiteni své aprobace o dalsi aprobacni predmét. Podobné zavéry vyplynuly
i z Setfeni, které provedli Bilek a Krélicek (2007). Protoze na zadné z nasich fa-
kult pripravujicich ucitele neni standardné mozné priprava ve viceoborovych
kombinacich, mohla by byt problematika nedostatecné pripravenosti ucitelt
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pro vyuku dalSich pfirodovédnych predmétii fesena napi. formou rozsifujiciho
studia, v jehoz ramci by si ucitelé mohli doplnit svoji aprobaci o dalsi predmét.
Mozné by bylo téz uvazovat o doskoleni dvouoborového ucitele v ramci post-
gradualni pfipravy na ucitele celé vzdélavaci oblasti Clovék a pfiroda tak, jak
a to zejména v téch pripadech, kdy ucitelé nemaji druhy aprobac¢ni predmét
z oblasti pfirodnich véd. Tato druhd cesta je vsak podporena vysledky rozho-
vorti, které provadéli s uciteli Bilek a Krélicek (2007). Vyplynulo z nich, Ze pro
tvorbu gkolniho vzdélavaciho programu ve vzdélavaci oblasti Clovék a piiroda
by byl nejlépe pfipraven ucitel s komplexnim pfirodovédnym vzdélanim (tedy
ne pouze ucitel, ktery je aprobovan pro dva ¢ vice obori).

e Ucitelé také postradaji moznost pravidelnych setkani (napf. cyklus seminait
v rdmci dalstho vzdélavani uditel), na kterych by si mohli v oblasti integro-
vané vyuky doplnit své vzdélani. Jako nejucinnéjsi podpora pro profesni rozvoj
uciteld by se v tomto pfipadé jevila viména prikladt nejlepsi praxe (akce typu
,vzdélavatelé sami sob&“, jak se o tom v podobné souvislosti zminuje >Papacek
(2010)).

e Ucitelé vyrazné pocituji nedostatek vhodnych metodickych materiali i uceb-
nich text pro integrovanou vyuku. Kromé série publikaci z nakladatelstvi
Fraus (v tomto pfipadé se jedna o preklad publikaci z nakladatelstvi Cornel-
sen, které byly vytvoreny v ramci bavorského projektu ,,Natur und Technik®)
nejsou na ¢eském kniznim trhu témér zadné ptivodni ucebni texty, ve kterych
by byla zpracovana vybrana integrovana témata, jez by zahrnovala i naméty
na projekty ¢i laboratorni prace (véetné pracovnich listlt).

7 ZAVER

Z analyzy, ktera byla v ¢lanku provedena, vyplyva, zZe v soucasné dobé brani zavadéni
integrované vyuky prirodovédnych predmétt do ceskych skol zejména pregraduélni
priprava uciteldl, jez je zpravidla zaméfena na dva predméty, chybici postgradualni
vzdélavani uciteld v této problematice, nedostavajici se metodické materialy a ucebni
texty, jejichz koncepce by vychéazela z integrovaného kurikula. K nepfiznivé situaci
prispiva i chybici dlouhodobéjsi tradice integrovaného pojeti vyuky a z toho plynouci
neduvéra nasich odborniki, uciteld a sirsi vefejnosti k této formé vyuky. Kromé toho
zavadéni integrované vyuky u nas neni komplexnéji a systematictéji feSeno jak na
vyzkumné, tak na praktické trovni (vyjimkou je pouze projekt ,Konstruktivismus
a jeho aplikace v integrovaném pojeti pfirodovédného vzdélavani“, feseny v letech
2005 az 2007 (“2Nezvalové, 2007)). Nepominutelny je v nasem skolstvi i nedostatek
financ¢nich prostiedkd, které jsou nezbytné pro realizaci vyse uvedenych zmén.

V konfrontaci s trendy v prirodovédném vzdélavani ve vyspélych evropskych
i zamorskych zemich se vsak jevi zména v nasem prirodovédném vzdélavani, i pres
vSechny vyse uvedené prekazky, jako nevyhnutelna a nezbytna, pokud mame v kon-
kurenci téchto zemi skutecné obstat. Zhorsujici se vysledky nasich zakd v mezi-
narodnim vyzkumu PISA tuto skutecnost jiz néjakou dobu signalizuji (Paleckova,
2010). Zéroven tento vyzkum také naznacuje, ze ispésnéjsi jsou v tomto vyzkumu
spiSe zemé s integrovanou vyukou (Strakova, 2002).

Ze zahrani¢nich zkuSenosti navic vyplyva, ze integrovana vyuka prirodovédnych
predmeéttt muze prinaset nékterd vyznamna pozitiva. Jedna se zejména o zvySeni
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motivace zakid k uceni a zlepseni jejich vztahu k piirodovédnym predmétim, jejichz
obliba je u nasich zaku stale velmi mala. Nepominutelna je tézZ mozna tspora casu
pii integrovaném zptisobu vyuky, nebot nedochazi k nechténému zdvojovani uciva,
jak tomu casto byvéa, pokud se vyucuji jednotlivé samostatné predmeéty. Usporeny
¢as by pak bylo mozné vénovat tolik potfebnému experimentovani (napf¥. badatelsky
orientovanému uceni). Zaci se navic prostfednictvim integrované vyuky neuéi izolo-
vanym informacim, ale mohou snéze dospivat ke skutecnému poznéni svéta, neboli
,veédéni“, které podle Liessmanna (2008) ,umoziiuje nejen odfiltrovat z mnozstvi
dat ta, ktera maji informacni hodnotu“, ale také k védéni jako formé prozkouma-
vani svéta — jeho poznéavani, chapani a porozumeéni.
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Abstrakt

Clanek seznamuje ¢tenéie s evropskou organizaci ERME, ktera byla zalozena v roce 1997
s cilem mapovat a do jisté miry koordinovat evropské vyzkumy v didaktice matematiky.
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psany védecké konference a akce pro mladé badatele, které Spole¢nost organizuje.

Kliéova slova: mezinarodni organizace, didaktika matematiky, ERME, podpora vyzku-
mu, vyucovani.

Meet European Society for Research in
Mathematics Education (ERME)

Abstract

The article concerns the European organisation of ERME which was founded in 1997 with
the goal to map and to a certain extent coordinate European research in mathematics
education. The Czech researchers have been active in this organisation since its very be-
ginning. Scientific conferences and activities for young researchers which are organised by
the Society are described in more detail.

Key words: international research organisation, mathematics education, support of re-
search, teaching, ERME.
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UvoDp

V kvétnu 1997 se v Osnabriicku konalo setkani zastupct Sestnacti evropskych zemi,
mezi nimiz byla i Ceska republika. Cilem setkani bylo dokonéeni piiprav zaloZeni
nové asociace, ERME (European Research in Mathematics Education, Evropskd spo-
lecnost pro vyzkum matematického vzdélavani), o jejimz vzniku bylo rozhodnuto na
zasedani evropskych didaktiki matematiky na ICME 8 v Seville v roce 1996. Zalo-
zeni ERME se pripravovalo nékolik let. Uz v roce 1995 v Osnabriicku v Némecku, na
konferenci Furopean Research Conference on the Psychology of Mathematics Edu-
cation, bylo jeji zalozeni silné podporovano. ERME meéla byt evropskou protivahou
IGPME (International Group of Psychology of Mathematics Education), ktera byla
v té dobé hodné orientovana na americky vyzkum a nenavazovala na evropské tra-
dice vyzkumu v didaktice matematiky. Hlavnimi inicidtory hnuti za vytvoreni ERME
byli francouzsti a némecti kolegové, ktefi vSak rychle nasli spolupracovniky v fadé
dalsich evropskych zemi.

Ucastnici setkdni v roce 1997 se dohodli na zékladnich tikolech asociace, kterjmi
byly:

a) organizace konferenci, seminéii, letnich $kol apod., koordinace s dalsimi své-

tovymi organizacemi pii poradani akci;

b) podpora rozvoji evropské spoluprace na spoleénych tématech;

c) zajisténi dostupnosti informaci (sité, webovské stranky apod.);

d) podpora doktorandského studia a zajisténi mezindrodni spoluprace pii pii-

pravé budoucich védct v oboru didaktika matematiky:.

V srpnu téhoz roku se v Podébradech konala pfipravna konference spolec¢nosti,
ERCME 97 (European Research Conference on Mathematical Education), kterou or-
ganizovala Pedagogicka fakulta Univerzity Karlovy v Praze. V programovém vyboru
konference piisobili vyznamni odbornici v didaktice matematiky z deviti evropskych
zemi. Program konference zahrnoval plenarni prednésky, t¥i tematické skupiny (Cul-
ture and thinking, Understanding and cognitive mechamisms, Information techno-
logies), t¥i pracovni dilny (Constructing knowledge, Methodology, Teaching units)
a posterovou sekci. ERCME 97 lze bez pochyby oznacit jako udalost, na niz ERME
opravdu vznikla.

Spolecnost vede tzv. ERME Board (Vybor), ktery je volen ¢leny Spoleénosti
na zakladé predem danych pravidel tak, aby kazdy region Evropy v ném mél své
zastoupeni. Funkéni obdobi ¢lenii vyboru je 6 let.

CiL,e ERME

V tvodu Manifestu ERME se zdtraziiuje cil asociace rozvijet ,tri ¢ (communica-
tion, collaboration, co-operation), tedy komunikace, spoluprace a, feknéme, sou-
¢innost v oboru didaktika matematiky. Tedy Spolecnost podporuje zejména ko-
operativni aktivity badateli na spole¢nych tématech s cilem identifikovat vyzkumné
otazky, které jsou zajimavé nad ramec lokalniho kontextu, snazi se dat dohromady
badatele, ktefi se tématim vénuji, a tak dospét k hlubsim vysledkim, nez kdyby
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byl vyzkum provadén pouze na lokalni tirovni. Spole¢nost se téZ orientuje na cile-
nou podporu mladych badateld. Dosahnout téchto cilti spolec¢nost planuje zejména
prostfednictvim svych konferenci CERME (konaji se kazdé dva roky), letnich $kol
pro mladé badatele, webovskych stranek a sborniki z konferenci.

ERME KONFERENCE (CERME)

Pocinaje svym prvnim roc¢nikem je védecky program konferenci CERME organi-
zovan netradic¢ni formou. Programovy vybor konference slozeny ze zastupci evrop-
skych zemi rozhodne o tom, které pracovni skupiny (Working groups) budou v ramci
konference organizovany, a oslovi piipadné vedouci. Ti si pak k sobé vyberou 2 az
3 spolupracovniky, ktefi s nimi zajisti recenzni fizeni, zorganizuji praci béhem konfe-
rence a nasledné pripravi prispévky do sborniku. Pfitom je dodrzovana zasada, aby
vedouci skupin a jejich spolupracovnici byli renomovani badatelé v dané oblasti,
aby bylo zastoupeno co nejvice zemi Evropy a konecné, aby se této prace tcastnili
i mladi badatelé.

Kazdy ucastnik si jiz pred konferenci zvoli, ve které pracovni skupiné bude sta-
bilné pracovat. V dostatec¢ném predstihu pak dostane vsechny ptispévky, které prosly
naroc¢nou recenzi, a predpoklada se, ze si je prostuduje. Béhem konference nepro-
bihaji klasické prezentace, pozornost se vénuje diskusi o pfijatych prispévcich. To
umoznuje skutecné hlubokou reflexi kazdého tématu, ktera prinasi nejen zpétnou
vazbu pro autora prispévku, ale zpravidla vede i k hlubsimu pochopeni zkouma-
ného problému. Tento zpusob prace, od prvni konference CERME c¢leny ERME
mnohokrat diskutovany a vylepsovany, odliSuje CERME od ostatnich, tradi¢néji
zaméfenych konferenci o didaktice matematiky.

Kromé préace v pracovnich skupinach konference obsahuji i plenarni prednasky
a panely renomovanych odborniki nejen z Evropy a prezentaci posterti.

Dosud probéhlo sedm konferenci CERME, druhé z nich se konala v roce 2001
i v Ceské republice, konkrétné v Maridnskych Léaznich. Ze vsech konferenci byly
sestaveny sborniky, které jsou k dispozici zdarma v elektronické podobé. Sborniky
slouzi jako zakladni referen¢ni zdroje pro kazdého badatele v didaktice matema-
tiky, ktery se chce orientovat v daném tématu a zjistuje, na co miZe ve své praci
navazovat.

Pro zajimavost se podivejme na seznam pracovnich skupin, které se konaly
v ramci zatim posledni konference CERME (viz http: //www.cerme7.univ.rzeszow.pl/):
argumentace a dtikaz, c¢iselné obory a aritmetika, algebraické mysleni, vyucovani
a uceni se geometrii, stochastické mysleni, aplikace a modelovani, matematicka tvo-
fivost a talent, afekt a matematické mysleni, matematika a jazyk, kulturni diverzita
a didaktika matematiky, komparativni studie v didaktice matematiky, historie a di-
daktika matematiky, pocatecni vzdélavani v matematice, matematika na univerzitni
urovni, technologie a dalsi zdroje v didaktice matematiky, rizné teoretické perspek-
tivy a pristupy ve vyzkumu v didaktice matematiky, od studia vyukovych praktik
k tématim v pripravé ucitelt.

YERME pAy & YESS (YERME SUuMMER SCHOOLS)

Jak jiz bylo feceno, Spolecnost vénuje velkou pozornost vychové mladych badatelt
v didaktice matematiky. Zakladnim prostfedkem jsou tzv. dny YERME, organizo-
vané dva dny pred konferenci CERME, a letni skoly YESS organizované po sedm
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dnt v 1été toho roku, kdy se nekona CERME. Podobné jako CERME, i zde je orga-
nizace programu specificka. Mladi badatelé, vesmés doktorandi, pracuji ve stalych
pracovnich skupinach vedenych renomovanymi badateli, pficemz se diskutuji primo
jejich vyzkumné projekty. Téchto akci se pravidelné tcastni i ¢esti doktorandi a vzdy
se vraceji s pocitem, ze diskuse a zpétna vazba jejich vyzkumy vyznamné posunula.
Pocet ucastnikti obou akci je omezeny, aby byly diskuse skutecné prinosné a aby se
kazdému ucastnikovi a jeho vyzkumnému tématu dostalo dostatecné pozornosti.

ZAVER

Clenem ERME se miize stat kazdy badatel, kdo chce pfispét k rozvoji evropské
didaktiky matematiky. Dalsi informace muze pfipadny zajemce ziskat na webu Spo-
leénosti (http: //www.erme.unito.it/index.php). Ucast na konferencich CERME lze do-
porucit kazdému, kdo se aktivné tcastni vyzkumu v didaktice matematiky.
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