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Abstract. With this paper we want to discuss possibilities and problems for pupils to learn science. Ex-
ploratory studies have been carried in science classrooms. The science lesson exists in a context of its own
but classroom interaction reveals parallel discourses and many research studies show that pupils have great
difficulties to move from an everyday discourse into a science discourse and to acquire the special language
of science and the special ways of seeing the world.
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Science — a culture within a culture

Throughout the centuries, people have developed cultures with different sets of ideas, values
and knowledge. Knowledge is stored in various discourses, linguistic contexts, and acquires
meaning and significance only in these contexts. [.Markova, (Markova, 1982) describes this
connection in the following manner: “Different social realities provide different experiences. They
lead to different ways of seeing the world and consequently lead to different beliefs concerning our
apprehension of the world. “(p.2). Words and terms which are used acquire meaning in the contexts
where they are used. “Language use and the constructions of meaning are always social processes
dependent on people who interact, and meaning is always relative to options and constraints that are
present in social situations®. (Sdljo, 1996, p.85).

The relevant perspective within a sector is decisive for how a question, a problem, a statement
is to be interpreted, what is interesting, pertinent and objective. The sectorisation of society has led
to different professional groups and institutions acquiring a professional language of their own. The
institutionalisation of different concept worlds is conducive to a continued formation of knowledge
within the sector but at the same time leads to difficulties of understanding between sectors (Agar,
1985; Lemke, 1990; Linell, 1988; Fairclough, 1994). In this way learning and development become
ways to learn concepts and gain knowledge, which is being developed and has been developed in a
special culture. Seen from this perspective, science could be viewed as a specific culture or indeed a
group of sub-cultures, which have developed over a long period of time.

Within these sub-cultures distinct ways have evolved for perceiving and understanding reality
and for thinking, speaking and using material (Sjeberg, 2000). A scientific discourse contextualizes
reality in a way, which differs from a more everyday way of reasoning, and the essential meaning of
words and terms here is different. Here, moreover, communication works with the aid of various
concepts and terms, which can be foreign to our more everyday language (Lemke, 1990). In a
similar way a set of specific practices has grown up around science subjects and other subjects
taught in schools, and it would be possible to see school subjects as sub-cultures (Siskin, 1994;
Aikenhead, 1996; Bruner, 1996; Hultman, 1998, 2001). The teaching of science in schools is an
example of a social and cultural activity, which exists between the professional knowledge cultures
and the everyday ones (Andrée, 2002). O.Eskilsson, (Eskilsson, 2001) calls this knowledge culture
a project-world, and views it as a reconstructed world with elements from both the reconstructed
world of scientists and from the everyday world. Learning science is about being a participator in
activities, which offer a scientific way of thinking and acting. But this is not easy and perhaps not
even possible in a school context. The pupils must in this context cross over certain discursive, lin-
guistic borders. G.S. Aikenhead (Aikenhead, 1996) calls it border crossing. “If students are going to
cross the border between everyday subculture and the subculture of science, border-crossing must
be explicit and students need some way of signifying to themselves and others which subculture
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they are talking in at any given moment“(Aikenhead, 1996 p.17). But the distance between the
everyday world and the scientific “world” of the school is often so great that the pupils cannot
benefit from the teaching (Jakobsson, 2001). Learning science means, according to Lemke, learning
to control the use of scientific language. It also means learning to use this specialised conceptual
language in reading and writing, in reasoning and problem solving, and in guiding practical action
in the laboratory and in daily life. It means learning to communicate in the language of science and
act as a member of the specific practice (Lemke, 1990 p.1).

By using language in a special way we construct a picture of reality, which dovetails with the
traditions, which apply, and with the needs, which exist in a certain activity. Language is an
important tool for creating understanding and for being understood. But it is also a way for
individuals to converse even though they are in different worlds and understand things differently.
We may even misunderstand each other (i.e. teacher versus pupil) and this remark becomes
important when we see schools and school subjects as subcultures. It is not easy as a student to
discover what the teacher wants you to discover. It is obvious to the teacher but not to the pupil
(Bergquist, 1990).

L.S.Vygotsky (Vygotsky,1986) was of the view that each individual’s ability to think and
learn is dependent on the activities and social contexts, which he/she is a part of Learning means
when you take a sociocultural perspective, that you gradually increase and intensify your
participation in the discourse. The person who is learning appropriates and develops knowledge and
skills, which are useful in a specific culture. By participating in various activities with social
relationships the learner gradually creates a general idea as to what practice is and he/she learns to
master the discourse. The school as a special culture has been discussed by among others I.
Carlgren (Carlgren, 1999) where she emphasises the differences between schools and authentic
practices. Understanding science means also not just to know what the concepts mean but also how
they are connected to each other and what is relevant to talk about at this given moment, J. Lemke
(Lemke, 1990). To learn science means among other things, therefore to acquire scientific concepts
and to know about their communicative opportunities and to be able to use them in functional con-
texts, i.e. be a master of the scientific field both as regards content and form. In order to be able to
take part in conversations with scientific content it is necessary to know how the scientific terms are
connected to each other and which terms are relevant for use in a specific situation. An important
task for the teacher then is to help the pupils across this language barrier and into the world of sci-
ence, which the school is offering. In this paper we have chosen among other things to illustrate
how the pupils learn a mastery of materials and scientific concepts and how they use those concepts
in conversations about different scientific phenomena. We now turn to an introduction of the school
development project that we use as an arena for our reflections.

NTA - a school development project in Sweden

The school project NTA (Natural Sciences and Technology for All) started in 1997 and is
owned jointly by the Royal Swedish Academy of Sciences and the Royal Swedish Academy of
Engineering Sciences'. It is being carried out in collaboration with Swedish local authorities and
free-schools. The objective is to improve general knowledge about science and technology as well
as to persuade more young people to choose a career in the sciences and technology and in a
profession focussing on these fields. To help them the teachers in question have at their disposal 14
thematic units with materials and guides for both pupils and teachers. The units cover a large part of
the syllabus goals of the compulsory school but not all. Within the NTAs project there is also a
basic training module for teachers within the selected theme unit where it is possible to familiarize
oneself with the working material. This article is a description of some of the results, which have up
to now become available from the research project “Science in the compulsory school — the content

' This is a Swedish version of the US-project Science and Technology for Children (STC)



ISSN 1648 - 3898 Journal of Baltic Science Education, No. 2 (6), 2004-10-30; pp. 22-33.

and form of teaching”. In this we follow pupils and teachers work within the science classroom. In
this way the project will be a natural experiment and the results of which will provide valuable
knowledge about learning science. The aim is to extend our understanding of how learning and the
interplay within the teaching of science take place.

Method

The chosen groups of pupils are from seven different schools in three municipalities and
represent grades K-6 in the compulsory school. The collection of data for this study has been
carried out with the help of observations and video recordings of lessons, interviews with pupils and
pupils’ notes. Some of the groups have been followed over periods of time, 5-6 weeks. The study
contains 32 classroom observations (Table 1).

Table 1. The observations.

Grade Theme Number of visits
Electric circuits 1

1,2 Soils

Solids and liquids

2,3 and 4 Soils

Chemical tests

Plant Growth and Development
Electric circuits

Electric circuits

Motion and design

Electric circuits

Floating and sinking

Floating and sinking

Motion and design
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All the interviews were carried out in school, with an interview-guide, in the form of conversa-
tions (Hultman, 2001). The interviews are qualitative in a half-structured format. We have chosen to
present our data under certain headings, which have developed during our work. Much of what we
present is not specific to the NTA-project but should rather be seen as general issues pertinent to the
teaching of science in schools. In the present study we have mainly focused on how pupils are
introduced into the “science arena” and how they learn to realise what science is about.

To learn to observe

The excerpt below illustrates how important it is for the pupils to get an opportunity to engage
in reflection when they have carried out their tasks. Doing and making notes is not enough. The
teacher gave the pupils the following task:

So the group will look at their vehicles and you’ll turn the side like this and then you’ll spin the
large wheel and all three of you will pay particular attention and see if you notice anything while
you’re spinning. You are to hold it straight like this and look carefully. Don’t say anything until the
group has had a chance to talk about what it can see.

The aim of the task was that the pupils were to discover that the wheel stopped spinning after
a while and that you could in this way approach the concept of friction. One group of pupils was
quickly finished with the task and we had the chance then to discuss with these three boys. (Jan
stands for the researcher).

Jan: You were supposed to hold on to the grey rod.
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Erik: Yes, that’s what we did.

Jan: What did you see?

Erik: That the wheel came loose.

Jan: But was that what you were supposed to be looking at?
Mattias: But that’s what we saw.

Jan: That’s right.

Magnus: What we’re saying must be right.

As can be seen investigative approach does not necessarily lead to scientific insight. For
these pupils the experiment did not provide insights into the concept of friction. The job of ob-
serving what takes place can often be difficult. The person formulating the task knows what he/she
is looking for. A task, which is, formulated in such an open way means that the pupils can see many
things, both that which is relevant to the task in hand and that which is not. After such a task it is
necessary to have a clear summing up by the teacher where all the results are presented and can be
discussed. But summing up as we have noticed in our studies can be tricky and there was not any
summing up after that task. During our lesson visits it became apparent how important it is that the
pupils will be given opportunities to learn how to define the situation. What are we looking for?
What is the focus, what is the background in the task?

The pupils must not be left on their own. If the approach is to have positive effects the teacher
must help the pupils so that they understand the purpose and the aim of the task.

This can also be seen from the interview excerpts below. The conversation is about a task
where the pupils in grade 4 were to get a chrome-nickel filament to glow by passing a current
through it. The pupils were then supposed to draw parallels to how the filament in a light bulb
works.

I: What did you learn today?
rida: I didn’t learn anything. I couldn’t do it.

I: You couldn’t?

Frida: No, we had a filament, which was supposed to glow, or I didn’t know if it was supposed to
smoke or glow or burn and ours just smoked.

I: Why do you think the filament would burn?

Frida: I don’t know. Current came from the battery maybe.

I: That’s right. Current came from the battery and you were supposed to see how a light bulb
works.

Frida: But I didn’t understand anything because it didn’t glow. But in this it talks about the aim

(points to a notebook) and we’re supposed to write up the aim of the task. Then we know
what it’s all about and what we’re to do. Was it you who wrote these books?

From our observations it is possible to draw the conclusion that the teacher must help the
pupils to gradually become familiar with the way of working in the science classroom. The first is
to learn to observe and the second is to learn to describe.

To learn to describe

Pupils are expected to become more and more familiar with the scientific area of knowledge.
They are expected to learn to observe, to describe and document, learn to apply a scientific method
to cope with certain concepts and terms. It is in this perspective very important for the pupils to
learn to describe what they see. Below there is as we can see a good example where the pupils learn
to describe what they see.

T: What happened when you touched the different liquids? What about you, Lisa? Which liquid
have you chosen?
Lisa: This one, the soap. It feels smooth.

T: Did everyone think it felt smooth?
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Jonas: No.

T: What do you say, Jonas?

Jonas: It felt like slime.

T: Like slime you can play with?

Jonas: Yes, but a little smooth.

T: Mattias?

Mattias: The glue felt smooth.

T: Can you say anything else about the glue?
Eva: Smooth but sticky.

T: Another fluid? Viktor?

Viktor: Corn oil felt a bit thin, weak.

T: Anything else to say about the 0il?
Erik: It was slippery.

T: Slippery or slippy, Hanna?

Hanna: Everything except the water was yucky.
T: What do you mean?

Hanna: They were uncomfortable.

T: In what way?

Hanna: They were sticky and smelled nasty.

T: Can you describe how they smelled?
Hanna: It’s hard to say. Smell yourself and you’ll see.

The final comment is interesting and deserves more consideration. What questions do the
teachers ask and why do they ask them? What do the pupils think of the teachers’ questions? The
questions are not always seen by the pupils as supportive of learning but rather as indicators of
learning or as check-questions in order to see if the pupil has carried out the task in a correct way.
During their work with this theme the pupils learn to describe the properties of various substances.

Words and terms from science

Learning and progress in science mean that you acquire concepts and knowledge, which have
been developed during a long period of time in cultures with specific terms and rules. In this
perspective learning can be regarded as the individual increasing his/her familiarity with the words
and terms within the area of knowledge.

When some of the pupil groups had finished the main tasks about friction they got an extra
task to apply their knowledge of friction. The task was formulated as follows by the pupils’ book.

Select a technical invention where the inventor had to take friction into consideration when he or
she constructed a machine. Was the inventor forced to solve the problem of friction or was friction
of help to the inventor?

Lina: What?

Jenny: An invention.

Sara: Who invented the car?

Jenny: The fridge, I know.

Lina: Cars, does it have to be cars?

Sara: I don’t know. It says a technical invention. So it can’t be the fridge.

Lina: We can find out who invented the car in a book. Look for a book.

Jenny: Ann (T), where can you find an invention?

T: You can find that out for yourselves. Select a technical invention where the inventor had to take

friction into consideration when he/she constructed the invention. Was the inventor obliged to
overcome friction or could he/she use friction? Think about where in everyday life you can find
inventions where friction was of use or where it should be as small as possible.

Lina: As we said before, a toothbrush.

Sara: We’ll have to get paper and write this down. Should we have a sheet each?
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Jenny: Yes.

Lina: So we write down inventions.
Jenny: With friction.

Lina: That sounds better maybe.
Sara: Friction (spells word)

Jenny: Toothbrush.

At an earlier point in a whole class discussion they had mentioned brushing your teeth as an
activity where friction is useful. When they were going to solve the extra task they got stuck on the
toothbrush once more. It would have been useful here to have time for a discussion with teachers
and classmates in other groups in order to progress with the concept of friction. Friction is more
than just rubbing. As a student you must get opportunities to “fill” the term friction with more and
more experiences. Then it will become a scientific concept. But very often it ends as a word for the
pupils. But a discussion was not possible in a class of 30 pupils and with material, which was not
functioning, as it should.

Interviewer Camilla

It’s exciting, I don’t know why.

Really, is it exciting to work with it? Yes, you learn new things.

Can you say something you’ve learned from NTA? I’ve learned lots of things.

What? ----

Can you say something? I’ve learned that liquids are not all as fast.

Can you say a fluid, which doesn’t run fast? I think it’s oil.

That’s true. You’ve learned that. What’s the difference | You can hold a solid in your hand without its

between a liquid and a solid? running away, but you can’t do that with a
fluid.

How can you describe a fluid? You can drink it and you can be in it and you

I see can put it in a car rather like petrol. Then
things can sink in it or float.

The group summing in the class is important but difficult to carry out in such a way that the
teacher gets all the pupils on the same wave length. It is important that the pupils have an
opportunity to learn, discover and describe without feeling the pressure to use scientific concepts.
Camilla in the excerpts down is a good example of this. The teacher in this instance had devoted
time to teaching the pupils to discover and describe. The excerpt from the interview with a pupil
called Camilla in grade 2 demonstrates. The interview was carried out some months after they had
finished the theme Solids and liquids.

Camilla in the interview above shows that she has learned quite a lot about fluids and knows
that they have different properties.

The pupils give evidence of fragmentary knowledge. But he needs help to put the pieces to-
gether. Each theme must be rounded off with a summary and discussion so that the pupils can get
the help they need to process their knowledge. We can see here a great potential for development.
How can the interaction between the pupils and between the pupil and the teacher be developed so
that relevant learning situations can be created? Language and language use are thus important in
science teaching. Many of the pupils’ difficulties in the face of science arise because schools have
not had an opportunity to use scientific concepts and terms in functional contexts.

To be on the science arena

The next excerpt comes from grade 1 the theme Electric circuits. The pupils had learned a lot
about the subject. That gave evidence of knowledge, which greatly exceeds what you could expect
from pupils in grade 1. One reason why these pupils had such a good grasp of the subject was that
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the teacher devoted a lot of time to introducing the theme, the groups worked well together and the
teacher was at all times present, although not too present, so that important conversations could be
conducted between pupils and between pupils and the teacher. The following interview with Lisa
grade 1 illustrates this.

Lisa: I’ve learned how light bulbs should be connected. I’ve learned that if you have a light bulb
and two batteries the bulb glows very brightly.

I: If you have a bulb and only one battery?

Lisa: It glows weakly.

I: Do you have to think about anything special when you’re connecting bulbs and batteries?

Lisa: Yes, you have to do it right.

I: What do you have to keep in mind?

Lisa: You have to think ... (draws a diagram) that this is a bulb and this is a battery. A round

ring with a cross is a bulb and a line is a wire and you put a wire here and a wire here.

I: If you cut this what happens?

Lisa: Oh, well then the bulb can’t glow because the wire to the battery is gone and the current
has to go round.

These pupils could draw circuit diagrams with symbols for electrical components. They
understood the concept of a complete circuit and in the lesson they easily solved problems with so-
called “electrical puzzles”.

To learn science is a slow and demanding process for the learner. Many pupils in our study
demonstrated that they have learned science and become more familiar with scientific words and
terms. On the subject of the theme Plant Growth and Development some pupils have the following
to say:

I have learned that there are many parts to a flower.

Can you name some parts?

Pistils, stamens, petals

You were talking about bees before, why are you doing that just now?
Because bees can help the flowers to propagate. (Girl grade 3)

I’ve learned that a flower has to receive pollen to be able to go on.

Do you know anything about the parts of a flower?

Yes, petals, stamens and stigma and pistils, stalk and these, for example, are seedpods.

(The conversation is conducted with the help of a wild turnip in flower, which is on the table.)
Why are you drawing bees today?

I don’t know ... oh, it was because we were working on pollination. (Boy grade 3)

When teaching concepts meet classroom context

The NTA concept builds on a constructivistic view of learning which is evident in many ways
and brainstorming is one way of working. But it can also be seen in the working methods where
pupils are to make hypotheses and achieve understanding. Sometimes the hypothesis has no
function, however. If the pupil is unfamiliar with the theme or with a concept, the hypothesis or the
initial question becomes mere guesswork. Our view is that it would sometimes be better to avoid
these questions and hypotheses. When it comes to NTA’s application of a constructivist view of
learning we feel that time for reflection and language use is not sufficiently emphasised. All student
tasks require discussion and reflection.

Practical, experimental work has today an important place in science teaching as well as in
NTA. In our studies we focus on among other things on the experimental task as a possible forum
for discussion where concepts and terms are used in a functional way, i.e. in a situation where
pupils have an opportunity to use and familiarise themselves with terms and expressions from the
sciences. But it is not so often the case that pupils use scientific words and terms and it is perhaps
not even possible.
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The example down is from the theme Motion and design. The teacher first presented the task
and then gave the pupil groups the observation card they should follow.

What is the job of the tan hub connector? Turn the vehicle on its side and hold the grey rod. Spin the
large wheel. Time how long it spins. Do this several times. Now remove the large wheel and its tan hub
connector. Turn the wheel over. Put it back on the axle so the small hole on the wheel faces out. Put the
tan hub connector on the outside of the wheel. (Connect it to the small hole of the wheel.) Now spin the
wheel again. Time its spin. What do you observe? How did the wheel spin differently each time? Why
do you think this happened? (Remember to return the tan hub connector to the inside of the j wheel
when you are finished.).

The excerpt below shows pupils working with that task.

Martin: First it was 1.60. 1.91, 2.27, 2.46 and lastly 2.30. Maybe we can begin with observation card

no. 2 now.
Gustav: There was something else we were supposed to do here?
Johan: Take away. Do you understand what we were to do?
Martin: Take away the big wheel and its tan hub.
Johan: Were we supposed to take both of them away?
Martin: Both of them!
Gustav: Jesus, then the whole thing’ll collapse.
Johan: Doesn’t it say somewhere about pulling these things out?
Gustav: You can’t do that.
Johan: You can’t pull them out further.
Martin: Rubbing friction
Johan: They have to be warmed up a little.
Martin: OK; 1.2, start.
Gustav: Check if it moves a meter.
Johan: Look, it can’t, it can’t spin!
Martin: Have you tried turning over those brown things?
Gustav: What?
Martin: But we have to check things to see if we can change it.

The most important thing for the pupils was to understand what to do, how to solve the
problem purely practically. There was no room for using scientific words and terms. The prevalent
classroom situation can be an obstacle to working with the NTA concept. We elucidate this below
with some examples of difficulties, which teachers and pupils can encounter but which could be
avoided if the teacher is conversant with the material and is familiar with the framework of the
school. There have been difficulties for teachers in carrying out certain tasks during the NTA les-
sons when pupils, for reasons of space, have to be spread out to various areas in the school. It is dif-
ficult to support and help all the pupils in this case. There is also a risk that work in some groups
comes to a halt.

Once again the role of the teacher is highlighted. The teacher who helps the pupils to break
down the described work-progression into sub-tasks will succeed better. We feel, furthermore, that
it is necessary to point out to teachers, among other things on training days, that in certain themes
the most important thing is not to understand a certain scientific concept. It is sufficient that the
pupils learn to observe and describe what they see. The pupils need to be able to discuss what
they’ve done in order to be able to make a whole unit of knowledge out of the different pieces. If
that doesn’t happen the pieces remain fragments. Finally let us consider some general conclusions
regarding our results.

Conclusions
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First we want to emphasise the role of the teacher. During our visits it became obvious how
important the teacher is. The slogan in schools has been that the pupil should seek knowledge
him/herself and that the teacher is only a tutor. But according to our results there has to be a teacher
present who not only provides the pupils with material but also is an important interlocutor who
helps the pupil along and who realises what problems the pupils might have in interpreting
questions and tasks. We agree with R. Sélj6 (Séljo, 2000) when he says that it is not reasonable to
assume that the activities of pupils will lead to their discovering and acquiring scientific knowledge.
Solomon emphasises the teacher factor by writing as follows, “teachers need to help students
change what is seen into a vivid illustration of scientific ideas with the capacity for further action”
(Solomon, 1999 p. 68). Experimental-material with “hands-on kits” and activity books is no self-
sufficient material. It requires a teacher who is active, knowledgeable and sensitive and who will
lead the pupil on the path to new knowledge.

Often the pupil tasks in our study were too much about “doing” and left too little time for
reflection and discussion. Therefore we conclude that the pupils must be given time to reflect upon
what they have done in the science project, to discuss their tasks The teacher must give the pupils
opportunities to use scientific words in the science classroom. Vygotsky underlines the teacher’s
role and the use of language in all learning. What he calls effective instructions (teacher helping
pupils with the solution) lead the pupil further. He says that the scientific concepts evolve under
conditions of systematic co-operation between the child and the teacher (but systematic
corporations in Swedish schools today are unusual). It is in interaction and discussions that we
become familiar with the functional characteristics of terms and concepts, i.e. how they are used in
order to carry on a conversation in a given discourse (Lemke, 1990; Séljo & Wyndham, 2002). But
in our data another picture emerges. In a busy science classroom the pupils or pupil groups are often
left on their own and the conversation with the teacher becomes infrequent.

Some teachers testified that they have changed their way of asking questions and talking to
the children in the classroom. They now give more open-ended questions and tasks. A question of
general importance is whether this method provides a “arena” for the development of concepts. The
picture of the pupil as the little researcher who on his/her own finds knowledge through his/her
experimentation is not wholly accurate and at variance with our discoveries in the classroom.
S.Sjeberg writes “if the goal of teaching is to acquire the concepts and theories of science, it is
rather doubtful if practical work is particularly effective” (Sjeberg, 2000, p. 394). It is stimulating to
ask pupils questions or to give tasks which the pupil him/herself is to find the answer to. But it is
not easy to discover what the teacher wants you to see and discover. It is obvious to the teacher but
not to the pupil (Bergquist, 1990). It can even be the case that the teacher wants the pupil to
discover something, which the pupil thinks, is obvious. Here we feel we must advise caution. We
noticed that too open-ended questions and instructions can be very confusing to the pupils and we
find it is essential that the teacher is present and can support and sum up.

Many pupils give evidence of fragmentary knowledge and science for them science seems to
be a collection of words and terms which as such have an explanatory value. The pupils need help
to put the pieces together. That’s way the teacher must be present as a discussion partner with the
pupils and supports them in various ways in their work and helps the pupils create a whole from
their fragmentary pieces of knowledge. In this perspective the teacher can be seen as a everyday
“researcher”, trying to understand pupils learning and understanding, which is a much more active
role than that of passive tutor. Each theme in the material must be rounded off with a summary and
discussion so that the pupils can get the help they need to process their knowledge. We can see here
a great potential for development within the NTA project.

When the pupil works on a theme it is important that every task contributes to an under-
standing of the central content of the theme. Each task should always be related to this central idea.
But this doesn’t always seem to happen in the concrete school situation. Several of the pupils we
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talked to have difficulty in understanding why they are supposed to work with a specific task. Nor
do they see how the task fits in with the whole.

That’s way the introduction of the theme is important. At this stage the pupils learn what the
purpose of the work is. The contexts, which the teacher creates for the pupils’ learning process, are
important. A great deal of the everyday work of the school is about pupils acquiring knowledge
they are not especially motivated for. An important part of the teacher’s work, then, is to create
contexts, which give the pupils motivation and a desire to learn. Meaningfulness lies often in a
larger whole than is usually covered in specific teaching situations. For this reason we think it is
important to place the theme in a larger context and link it to the community outside school and to
organise the teaching situation so that the pupil sees the whole picture and what is meaningful.

Learning and progress in science mean that you acquire concepts and knowledge, which have
been developed during a long period of time in cultures with specific terms and rules. In this
perspective learning can be regarded as the individual increasing his/her familiarity with the area of
knowledge. This is a slow and demanding process for the learner. But in a science classroom with
30 pupils and one teacher this is rather problematic. The teacher has not time to help every student
to go further into the science “arena”. For many pupils the experimental work ends up with the fact
that the pupils learn the method and how to handle the material but get no opportunity learn more
science.

In conclusion we must say that the result of the work in the science classroom depends on the
combination of pupils, teachers and materials. The pupil, the teacher and the material are not
components, which can be described separately. They are variables, which affect each other and at
the same time form a whole, which is affected by the surrounding milieu.
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Pe3rome

HHPEIIOJABAHUE ITPEJMETOB ECTECTBEHHOHAYYHOI'O [IUKJIA B
IIKOJIE - KOI'TA KOHHEIIINN OBPETAIOT KOHTEKCT

An Wyan, I'nen Xyarman

B nmanHOW cratbe OOCYXXOAaroTCsi MPOOJIEMBI M BO3MOXKHOCTH TEX YYCHHKOB, KOTOpPbHIE H3y4aroT
IpeIMeThl eCTeCTBCHHOHAayyHOro mukma. OO0oOmaroTcst pe3ynsTaTel mpoekta Ecmecmeosunanue 6
00513amenbHOl WKoae — cooepiicanue u opma ooyueHus, KOTOpbIe MOIyUCHb HA NaHHbIM MOMEHT. M3ydeHa
paboTa CTyIeHTOB M y4eHUKOB 3aHAThIX B mpoekre HTB (Hayka m Texnomorus mist Beex). HTB -
COBMECTHBI oOpa3zoBarenbHbIM TpoekT llIBexckoit KoponeBckoit Axamemun EctectBeHHpix Hayk u
IlIBenckoii Koponerckoit Akanemun Mmkenepusix Hayk, koTopsrii Opi1 Hagar B 1997. llemsamu mpoekTa
SIBJIAIOTCSA KaK TIOBBIIIEHHE OOIIMX 3HAHWHW YYEHWKOB O €CTECTBEHHBIX HayKaX M TEXHOJIOTHUAX, TaK H
yBeJIUYEHHE KOJIMYECTBA YUEHUKOB, BEIOMPAIOIINX €CTECTBEHHBIC HAYKH U TEXHOJIOTHU CBOel mpodeccuet,
WM BBIOMPAIOIINX CIIEHHATM3UPOBAHHYIO €CTECTBEHHOHAYYHYIO IIOTPaMMy B CpeAHEH LIKoJIe.

llenpto wuccnenoBaHUA SBISETCS Jyd4lllee TOHMMaHHE, KaK IPOUCXOAMT TMpolecc O0OydeHus
€CTECTBCHHBIM HayKaM W KakK IIOJlyueHHas pa3po3HEHHas HaydHas MHQOpMalus B3aUMOJACHCTBYET MEXKIY
coOoif. Yuammecs 6-pix (K-6) kimaccoB o00si3aTenbHOW INKONBI W3 7 pa3HBIX IOKOI B 3 pa3HBIX
MYHUIMNANTBHBIX obsactelt IlIBenuy y4aBCTBYIOT B 3KCIepUMeHTe. MaTepHaibl S9KCIIEPUMEHTa — 3TO BUIEO
3aMycH, HaOIIOIEHUS YPOKOB, MHTEPBBIO CTYAECHTOB U UX 3aIlHCH.

B TeueHun HaOIIOOEHUS CTAT0 OYEBUAHO, HACKOJIBKO YUHUTENb BaXKEH B Mpolecce oO0ydeHus. MHorue
LIKOJIBI CYMTAIOT, YTO YYEHUK caM [OJDKEH HCKaTh M (OPMHPOBATH 3HAHUs, B TO BpPEMs KaK y4HUTeEb
SIBJIIETCS] JIMIIb KOHCYJIbTAaHTOM. HO pe3ynbTaThl HaIIMX HCCIEAOBAaHUI IOKA3BIBAIOT, YTO YYHUTEIh HE
TOJIKO JIOJDKEH NMPHCYTCTBOBATH B KJlacce, HO U SIBJIATCSA TEM UEJIOBEKOM, KOTOPHIN MOMOIaeT y4eHHKaM,
[IOHUMAeT Te MPOOJIEeMBbI, KOTOpPHIE BO3HMKAIOT B IpoOlecce MOHMMAaHHUs YUYCHUKaMH 3amaHuid. MHorue
Y4YEHUKH 007agaroT (parMEeHTaJbHBIMM 3HAaHMSAMHU M €CTECTBO3HAHHE KaXKETCs COOpaHHEM TEPMHUHOB,
KOTOpbIE caMHd MO cebe OOBSICHAIOT (peHOMEHBI. YUCHHKH HY)KIAIOTCS B MOMOIIU Ui OOBEIMHEHUS STHX
3HAaHUH. YUHTENb TOJDKEH MPUCYTCTBOBATH KaK MapTHEP B IUCKYCCHSIX M IIOMOTaTh YYeHHUKaM OOBbEIUHUTH
MOy YCHHBIE 3HAHUS.

Mpl Takke MPUIUIM K 3aKIIOYEHHMI0, YTO Ype3MepHas KOHIEHTpalHs Ha «JIeHCTBHM» MeIIaeT
OCMBICIICHHIO. BBIBO/ 3aK/Ii04aeTcsl B TOM, YTO JIOCTATOYHOE KOJMYECTBO BPEMEHH JOJKHO OBITH OTBEACHO
IUISL OCMBICIIEHHSI TOTO, YTO OBLIO IPOJENIaHO BO BPEMS HAYyYHOI'O IPOEKTa M OOCYXKIEHMA 3ahad. YUuTelb
JOJDKEH TIO3BOJIUTH YYeHHUKaM MOJIb30BaThCAd TEPMUHAMH BO BpeMsI 0OBSICHEHHI.

OOyueHne u mporpecc B HayKe 03HA4YalOT OCBOCHHE TEPMUHOB W 3HAHHMH, KOTOPbIC OBLIHM MOJyYeHBI B
TEUEHUH JOJIroro BpeMeHH. B 1aHHOM KOHTeKcTe 00yueHHE MOYKHO PaccMaTpHBaTh KaK WHAWBUAyaIbHOE
YBEIWYCHUE 3HAHWW B ONPEIEICHHONW 00JlacTh. DTO CIOXKHBIN Tporecc, W B Ooibmux Kiaccax ¢ 30
yYalIUMHCA U JIMIIb OJHUM YYHUTEIEeM TaKoe OCBOCHHE CTAHOBUTCS MPOOJIEMATHUYHBIM. YUHUTENb HE MMEET
JOCTaTOYHO BPEMEHH, YTOOBI K&KAOTO MHANBUAYAIBHO IPOBECTH HA «apeHy HayKu».
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s MHOTHX yYE€HHKOB HEHHOCTh IKCIEPUMEHTA 3aKIII0YAaeTCs JIUIIb B TOM, YTO OHU BBIYUHBAIOT, KaK
oOpamaTbCcsi ¢ MaTepualioM W KakK IPOBOJUTH SKCIEPUMEHT, HE JiaBasg UM IIaHCA y3HATh MOOOJIBIIEC O
HayYHOM ITOHMMAaHUU ()EHOMEHOB.

B 3akiroueHnH MOKHO OTMETHTB, YTO PE3yJIbTaT pabOThl 3aBHCUT OT KOMOMHAIINY YUYHUTENS, YICHUKOB
U y4eOHBIX MaTepHajoB. DTH COCTABIIAIONINE HE MOTYT pPacCMaTpUBATHCS OTAENBHO ApPYT oT Apyra. OHu
BapualeNbHbI, W KaXK[as COCTABILIONIAS BIUSET Ha BCE OCTaJbHBIC, W SBISIFOTCS HEOTICIUMBIM IIEJIBIM
3aBHCAIINM OT IPOYUX OKPYKAIOIINX YCIOBHUH.

KiroueBble cjioBa: ecTeCTBEHHOHAYYHOE 00pa30BaHUE, IKCIIEPUMEHTaNbHAs paboTa, KyJIbTypa IIKOJIBLHOTO
€CTECTBEHHOHAYYHOTO 00pa30BaHusl, padoTa ¢ MPOIKTaAMH.
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