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1 INTRODUCTION

Increasing students' motivation has always been a challenging task for most
teachers. Some find it easier, some more difficult, but everyone agrees that it takes
a lot of time and effort to be able to present a material in a clear, interesting and
exciting way.

The motivation lack problem can be approached from at least two
perspectives. Every material has got a structure and a content, therefore, the first
perspective is restructuring the way we present the material, and the second is
broadening the context of the analysis and the perception of the material's content.
Both may give us a key to a more successful and motivating instruction.

In this paper we would like to present possible techniques of dealing with
motivational problems, considering the perspectives mentioned above.

The structure of a lesson has a significant influence on its efficiency [1].
According to the Theory of Probabilistic Prognosis [2], [3] probabilistic prognosis is
the ability to predict the events based on the previous experience, i.e. information
stored in memory and prior conceptual knowledge, and the real actual situation,
i.e. new information. Using probabilistic prognosis one can create the scenarios or
mental model relating to the immediate future: what will most probably happen in
the nearest time. Probabilistic Prognosis Theory assumes that the human emotional
reaction is to a large extent connected with the fact of actualization or non-
actualization of the probabilistic prognosis in the oncoming actual situation. The
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greater the discrepancy between the prognosis and the reality, the stronger is the
resultant emotional reaction. Trying to apply this method in a classroom by
providing an immediate correct answer at the stage of preliminary test, we can
obtain different reactions of the students depending on the correspondence their
answers with the correct one. The reaction of the student whose answer does not
correspond to the correct one is quite different from the reaction of the student
who answers correctly. If the answer is correct, the students gets the pleasant
feeling of satisfaction (“Good for me!”), he can relax, his attention can even be
somewhat distracted, since, in general, his understanding confirms with what is
being studied. If the student realizes that his answer is wrong, this results in a
quite different emotional reaction. This reaction also appears because of the
discrepancy between his answer and the answer provided by the teacher
immediately after the test. The student whose answer was wrong, from one side,
feels hurt “That can’t be right!” and, from the other side, tries to understand with
interest and curiosity: “What is really happen here? Where is my mistake?" This
state makes the student concentrate his attention on this very part of the lesson. It
makes him follow the discussion of this very problem, when the corresponding
material is being delivered. Thus, his attention, unlike that of the student who gave
the correct answer, will be concentrated at the “right moment”.

Thus, a “self-tuning” of each student takes place according to the level of
attention concentration. The student’s attention is attracted just to the problematic
place! It is substantially important that the check up is anonymous. This eliminates
the feeling of discomfort in the case of a wrong answer. At the same time, the
student’s attention is mobilized at the moment when the corresponding part of the
material is delivered.

As to the material's content, as we already mentioned, our principle is to
broaden the context of instruction. The issue of multidisciplinary knowledge
versus single-subject knowledge has been discussed multiple times by
psychologists and educators. "Interdisciplinary learning is characterized by the
integration of multidisciplinary knowledge across a central program theme or
focus. With repeated exposure to interdisciplinary thought, learners develop more
advanced epistemological beliefs, enhanced critical thinking ability and
metacognitive skills, and an understanding of the relations among perspectives
derived from different disciplines"[4]. School education has traditionally
developed in a way that a pupil can consider knowledge consisting of independent
subjects. Sometimes, a pupil interested in biology can find a course of history, for
example, boring and unnecessary (and vice versa). Should these subjects really be
so divided [5] To create a world outlook of a modern man, we need to develop his
understanding of the world's unity, and shape his feeling of connection between
various subjects learned in school. It is one of the most important aspects of school
education and interdisciplinary approach that can be applied in high school.
However, there is another aspect of the interdisciplinary approach: different
people have different interests. Some are interested in physics, some in biology or
languages, and some in games, etc. It depends on the age, on the environment, or
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on a vocation. Telling students that they should learn the material because it might
be useful for them in the long-term future is not efficient. It seems really important
for a teacher to be able to make the first step towards the existing interests of a
student. This step has to be well-planned, as its final goal is to create a link
between these interests and the studied material. The more involved is the student
into the learning material (i.e. the higher is his/her task-orientation), the higher is
his/her inner motivation to understand the subject [6]. In order to help the student
to learn more about the issues that interest him/her, the teacher also needs to
explore this field together with the student. Thus, the teacher becomes a colleague
rather than a lecturer. The role change creates the situation of "active learning"
described by constructivist theory [7], [8].

In the following sections of the article we are going do discuss the above
theoretical principles on the examples from the school practice.

2 THE LESSON STRUCTURE: THE THEORY OF PROBABILISTIC
PROGNOSIS AND THE SELECTIVE MOBILIZATION METHOD (SMM)

The discrepancy between the students” opinion (in the case that s/he is wrong) and
the correct answer, according to the Probability Prognosis Theory [2], [9], causes
the student to have an emotional reaction, increases his attention and mobilizes his
cognitive and metacognitive functions and motivation. It happens precisely at the
time, when the teacher begins his/her discussion of the matter that was
misunderstood by the student. The cognitive mobilization method is based on the
emotional explosion. In order to create it, our task is, first and foremost, to retrieve
pupils' pre-knowledge about phenomena that is supposed to be studied on a
lesson, and juxtapose it with the teacher's explanation.

2.1 Alesson planned according to SMM

First, the students get the initial multiple-choice test. To be able to obtain as much
information as possible from the test, it is important that the answer options
include (alongside with the correct one) the students” misconceptions related to the
subject studied. An experienced teacher is aware of these notions and
misconceptions either from his own experience, or from relevant publications.
Second, the students have to choose a corresponding answer. The fact that the
wrong answer options contain most typical misconceptions is crucial. Third, after
the student made his choice and discussed it with his/her neighbors, he is
immediately provided with the correct answer. It seems that knowing the typical
misconceptions, gives a teacher a very powerful tool for activating the pupils
emotionally. Then, during the rest of the lesson the teacher is supposed to correct
the new ideas, taking into consideration any appearing misconceptions regarding
the new material that need to be corrected in order to prevent the transfer of wrong
ideas to the long-term memory. This process can be referred to as the selective
mobilization of attention, which is evoked by the discrepancy between the
expected and provided answer. Finally, 10-15 minutes before the end of the lesson,
a test is given to determine the comprehension of the given material by the
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audience. The test is methodologically similar to the one at the beginning of the
lesson.

Thus, the pedagogical strategy - SMM directs a student’s attention on his/her
prior knowledge, and mobilizes emotional, cognitive and metacognitive abilities in
real time. What is essential is that a student concentrates his/her attention at “the
right moment”.

2.2 The pre-knowledge test
We believe that the preliminary test must be both effective and informative. To be
effective, the questions of the test must be presented in a way that it might yield
students' answers within the shortest possible time, be it a textual test or the one
including graphics [10]. Let us consider an example of such tests.

The following test was modified for a teacher audience, and includes typical
responses.
What do you think: is it worth for teacher to know in advance, before the lesson, the
students alternative views on the lesson’s subject?

A) No, it is not useful for a teacher in general to know students
misconceptions.
No, it is a waste of time since the teacher cannot know all students' views.
Yes, the teacher can use these views as an emotional factor.
No, since wrong answers chosen by a student may confuse the teacher.

E) Yes, this knowledge may help the teacher to prepare the coming lesson

better.

From our point of view, the answers are C and E.

Our next example shows a test aimed at a student audience in the beginning
of a course of optics. The answers consider the most typical prior knowledge
misconceptions of the students [11].

go=

THESE ARE TWO POSITIONS OF THE EARTH IN ITS ORBIT AROUND THE SUN
NOT TO SCALE).
WHAT SEASONS EXIST IN THE POINTS A, B, C, D IN EACH POSITION?

winter

sorina

Figure 1 Typical test for the student misconception investigation: the answer B is correct
and answers A and C are typical misconceptions.
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Using color cards to indicate an answer allows seeing the opinions distribution in
the audience.

Thus, the test takes no more than 3-5 minutes and does not depend on the
number of students, while the cards color provides the teacher with immediate
general view of the ideas prevailing in this specific audience and indicates the
misconceptions that are characteristic of this specific group of students.

To sum it up, SMM allows creating a lesson structure that positively affects
students' memory processes and motivation processes, helps eliminating the most
typical students' misconceptions, and lets a teacher to be more aware of the
audience's level, thus helping him/her to have more control over the situation in
the class.

3 THE LESSON CONTENT: INTERDISCIPLINARY CLASSROOM

Between-subject collaboration requires a lot of work from all teachers participating
in it. We'll give a brief overview of the work stages and then will illustrate it with
examples.

The preparation of an interdisciplinary lesson involves the following stages:

1. Paying attention and keeping record of students' questions that pop while
they're learning your subject, but step beyond your subject area, and
marking those topics that interest you as well.

Creating some clear links between these questions and your subject area.

3. Making some independent research of the topics using resources that are

available to you.

4. Getting in touch with people that are competent in the subject area that
you want to learn more about.

5. Presenting your questions and getting the answers.

6. Planning your work in class adjusting the explanations to students' level
and emphasizing the link between your subject and the new subject area.

7. Making list of key words that the students need to know so that they
would be able to understand your explanations.

8. Doing some pre-work with the students that includes learning some
necessary concepts and the key words that you picked out. This has to be
done well in advance.

The work involves:

1. Making sure the students know and remember all the key words and
concepts.

2. Reminding the students on the question that interested them and tell them
that you want to try to answer it. (It should be emphasized that you're new
to the area, just as they are, and you would like to learn more about it
together with them).

3. Presenting a related problem or a question that has a seemingly obvious
answer and letting the students express their opinion. (Don't say if they're
right or wrong).

N
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4. Proceeding with a story or a hands-on experiment or both. That is
supposed to shed light on the question.

5. Making some interactive stops when you may ask something or the
students may ask you.

6. Letting the students answer the initial question/s again, and checking if
they have understood their previous mistakes.

7. This work doesn't need to be graded, it has to be fun. In fact, according to
motivation researchers [12], [13] intrinsic motivation is NOT stimulated by
grades, but rather by constructive feedback. The purpose of work is to
cooperate with the students in the learning process (you're actually
researching the topic together with them, and not for them). Therefore,
your role is rather supportive than evaluating.

The following are the examples of physics experiments that were taught using the
interdisciplinary method.

3.1 Physical Structure of Electrical Toy Car
The physics knowledge consists of different areas: Mechanics, Electrodynamics,
Thermodynamics and etc. Students learn these disciplines separately and they
perceive these areas as different sciences. But if to consider some well-known and
familiar phenomenon carefully, it is possible to see the manifestation of the laws of
different areas of physics altogether, as if they are a spectrum reflected in a water
droplet [14]. Therefore, it is mandatory to conduct interdisciplinary lessons in the
framework of Physics. Students should understand that they can explain many
phenomena of the surrounding world using physics notions and laws that they
study on the lessons of Physics, and that are related to the subject's different areas.
These notions are to be applied together in order to understand any particular,
special phenomenon.

In this section we are going to discuss some unusual properties of a little
electrical car according to the laws of mechanics and electromagnetism, such as:
Newton'’s Laws, Kinetic friction, static friction, and Faraday’s Induction Law.

Forces influencing an Electrical Toy Car Let us make a simple experiment in
order to clear up what are the forces that influence a car. If to put a little car on the
same-sized moving electrical car, what result do we expect to get? According to the
Momentum Conservation Principle, the velocity will decrease by half. In fact, as
we can see in the observation, it does not change in our experiment. The
Momentum Conservation Law is “broken” in this case because external forces
influence the car motion in the horizontal direction. The sources of external forces
are the air and the road.

The air resistance is a non-important factor, which also influences to the car
motion. A little car velocity is smaller than the normal car velocity is about
hundred times. As the law says, the air resistance force is quadratic to a car
velocity. This is the reason why the air resistance force is negligible in case of the
little car. There are two kinds of forces caused by the road which influence a car:
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the sliding friction force, which acts in case the wheels slip, or the static friction
force which works in case the wheels roll [15].

Sliding Friction Force Measurement Let us turn on the motor, but to hold the rope
which connected to back part of the car. The car does not move, but wheels spin
and slide. If we slack the rope, the car begins to move. The sliding friction doesn't
stop the motion, but, in contrast, it causes motion of the car. In order to measure
this force, let us to connect the back part of the car to an end of a calibrated elastic
spring. The other end of the string should be fastened hardly. If we turn on the car,
it moves for a limited distance, because the sliding friction force balances the elastic
force.

Slide Friction as Function of Weight
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Figure 2 The sliding friction increases if the car’s weight increases.

If we put additional loads on the car the sliding friction force will increase and the
elastic force will increase consequently, as shown on the Fig. 2.

The diagram shows the linear dependence between the sliding force and the
car's weight. The graph slope represents the sliding friction coefficient.

How does the static friction force work in the rolling wheel motion? According to
The First Newton Law, the static friction force is equal to zero, if the little car is
moving with a constant velocity and the air resistance is negligible. When the car
changes its velocity, the static friction force begins to influence the car. In the case,
when a rotating driving wheel rolls down the road, the static friction force is
determined by the torque, which the motor supplies to the wheel. Let us consider
this question in detail.
The forward car motion is described by the Second Newton’s Law

ma = Fstat - Fext : (1)
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The difference between a static friction force Fq.: and an external force Fex, which
is directed against the car motion, supplies the acceleration a to the car of the mass
m.

The rotation motion of wheels is described by the equation, which is similar to
the Second Newton’s Law. But the moment inertia is used in this equation instead
of mass; the angular velocity is used instead of velocity, and the torque instead of
force:

Jo=7—Fgr . (2)
The condition for rolling without slipping is described by the formula (3):
v=ar . 3)

The constraint condition (3) allows to except the angular velocity in the equation
(2) and to connect the equations (1) and (2). The result is represented by the
following effective equation:

(m+L2Ju=£—Fext . 4)
r r
It describes the car as a point body with the effective mass m + J/r2. The effective
force 7/r is proportional to the supplied torque. In spite the effective equation (4)
does not contain the static friction force we can express it through Fex and 7/r:

] mr?
Fstat = 2 + 2 Fext . (5)
J+mrcr  J4+mr

The effective equation (4) is derived by the same method as the equation
describing the dynamics of two weights hanging from ends of a non-stretching
rope passing over a pulley (the Atwood’s machine). Here the effective force /r is
similar to the big weight in the problem of the Atwood’s machine, the external
force is similar to the small weight, and the static friction force is similar to the
tension rope force and the constraint condition (3) to the non-stretching rope
condition. It is difficult to keep the uniform motion in the Atwood’s machine
because the absolute forces balance is impossible. According to the above, the
motion of our car with a constant velocity is impossible. Let us check this
statement.

Does the car velocity change during its motion? In order to measure the car
velocity we connect the rope to the back part of the car. The rope passes over the
Smart Pulley, which is connected to a computer and there is a weight that hangs on
the opposite end of it. The weight rises when the car moves away from the edge of
the table. The weight represents the set of rings on the hanger.

The main result of this experiment is the following: the constant velocity of
the car is conserved during the motion in spite of the rings' mass. The typical
velocity magnitude is about 0.2 m/sec. If the rings' weight is less than 1.8 N we
have the linear dependence between the velocity and the weight. The typical result
is showed on the Fig. 3.

The rolling conditions turn into the sliding conditions if the rings weight is
more than 1.8 N.
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Velocity as Function of Load
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Figure 3 The car velocity decreases if the ring weight increases.

Obtained results contradict with equations (4) and (5). If the car moves with
constant velocity it means that in the system there are forces that depend on car
velocity.

Let us consider the principle of work of the DC-motor.

The electrical DC-motor dynamics Generally, the electrical DC-motor represents
the wire frame which rotates in the magnetic field [16]. The frame can rotate if the
electrical current flows in the wire. The torque is proportional to the electrical
current, which is proportional to the voltage across the wire. The voltage
represents a difference between the Electromotive Force of the battery and the
Induction Electromotive Force. According to the Faraday’s Law the Induction
Electromotive Force is proportional to the angular velocity @ of the frame spinning.
It means that the torque generated by the motor consist of two parts. The first part of
the torque 7max is constant, and its source is the battery. The second part of the
torque relates to the Electromagnetic Induction. It is proportional to the angular
velocity and has an opposite sign to the first part. The full torque may be
represented by the equation:

o (6)

max

If the frame does not spin, and @ = 0, the torque is maximal. It is easy to measure
the magnitude of the maximal torque 7max . But it is impossible to measure the
maximal frequency @max , because the generated torque should be greater than the
internal friction torque, which always exists in any mechanical system. The angular
velocity may be approximate to @max , if the operating condition of the motor is the
idling.

The substitution (6) and (3) to (4) leads to improved effective equation

<Tmot0r> =Tmax — @

(m + LzJa = Tmax _ Tmax g, F. - (4a)

r r T Wmax
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New effective viscose force is contained in this equation. This effective viscous
force is proportional to the car velocity and it is created by the Faraday’s induction
effect.

First of all, let us determine the stationary velocity from the equation. We
need to put the acceleration to zero. The velocity is expressed through the external
load Fext

U:MTJ(TH‘&_F‘EXtJ . (7)
Tmax r
The similar dependence was obtained in the experiment. From the diagram Fig. 2
and from the equation (7) we can extract the information about electromagnetic
motor parameters:
Oy © 8356 ~0167 .
It is important to mention that these parameters are obtained by the mechanical
experiment only. These magnitudes will help to determine the acceleration time.
The effective equation (4a) is able to describe the velocity stabilization effect in

the car motion. It is similar mathematically to the capacity charging equation

o Tmex (o) ®)

Tmax

dt  (mr? + ]) Opax
If we put a little car on top of the same-sized moving electrical car, the velocity of
the system will decrease by half in the first moment. But, the torque (6) will
increase. According to equations (4a) and (7), the effective force accelerates the car.

Despite the impossibility of observing the acceleration process, we can
estimate the acceleration time, according to the equation (7). The factor before the
parentheses in equation (7) represents the inverse time of the velocity stabilization:

_ (mr* + o

to X~ 0.015 sec .

Tmax
It is impossible to observe the car's acceleration because the acceleration time

constant is very small.

Conclusion  The little electric car is a very useful device for a school physics
laboratory. It may be used for demonstrations and laboratory works on Mechanics
and Electromagnetisms.

3.2 Electrical toy car on a lesson of English as a foreign language

On the basis of the same experiment an interdisciplinary physics-foreign language
lesson can be made. What are the benefits of such a lesson for a foreign language
teacher? Let us analyze this question on the example of a lesson plan.

The grammatical purpose of the English teacher on this lesson is to teach the
children how to integrate the comparative forms of adjectives in their oral speech.
There are five comparison forms that can be learned on this lesson: comparative
and superlative forms of short and long adjectives and an "as...as" form.

First, up to 15 words are pre-taught to the students so that they would not
have problems understanding and discussing the material. Second, grammatical
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rules are pre-taught. Later, the experiment with the cars is presented to the
students gradually, i.e. they are supposed to compare the cars and predict the
results before each step (cars without a load, cars with a load, cars on a surface and
in the air). Thus, they are encouraged to apply the grammar and vocabulary they
have just learned. They have to compare such parameters of cars as their size,
weight, and power. Finally, at the end of the lesson, the students are asked to fill in
an experiment report form. Here they need to demonstrate their retelling and
summarizing skills. During the whole lesson questions and thoughts (formulated
in English, of course) are highly encouraged.

Figure 4 The electrical toy car is useful instrument for English Teaching.

Inventing a topic for a discussion is a great challenge. Students often find it
difficult to develop a decent conversation, as a result of the lack of words and
language tools. Introducing a curious phenomenon on a lesson provides a topic for
a discussion. It serves an emotional trigger for beginning an interactive work with
the students. In the process of an interdisciplinary lesson the students learn up to
15 new words; exercise such language skills as listening comprehension, speaking,
writing; operate with grammar functions, such as question formation, comparison,
drawing a conclusion and reasoning; and get introduced to physics phenomena
(such as, for instance, friction), which they might be interested to explore in more
detail in the future.

As the students reported at the end of the year, they were highly satisfied
with the laboratory lessons, and some asked to make more of them. The
"experimental lessons" evoke interest in pupils and English lessons and physics
issues gradually become more attractive to them.

3.4 Origami frog as a physics object

A simply-made origami frog may also become an interesting object for a physics
lesson. If we make two frogs, a big and a small one, which one is going to make a
longer jump? After some experimenting, we can see that the competition ends with
the small origami frog winning, and the big origami frog losing. Is it an accident or
a manifestation of a physical law? Just as in the previous example, there are
various perspectives that can be used on a lesson in order to analyze the results of
this simple competition.
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Let us see how an origami frog experiment can enrich a physics lesson and try
to research and discuss the origami frog jumps using the elementary physics
methods.

It is difficult to establish what factor is superior and what is inferior. Even if a
physics explanation of our experiment exists, this explanation is not related to the
elementary physics. Does it mean that using methods of elementary physics, we
cannot investigate origami frog’s jumps? Of course, the elementary physics cannot
guarantee the accuracy of measurements and strictness of calculations. The famous
physicist of twenty century R. Feynman had wrote in his Lectures on Physics [14]:
“Anyone who wants to analyze the properties of matter in a real problem might
want to start by writing down the fundamental equations and then try to use such
an approach, these people are the failures in this field; the real successes comes to
those who start from a physical point of view, people who have a rough idea
where they are going and then begin by making the right kind of approximation,
knowing what is big and what is small in a given complicated situation.” The
elementary physics is a powerful instrument of research. Thus, it is possible to
imagine general picture of the competition using elementary physics, estimate
order of magnitude and separate the important from the secondary. We just need
some attentiveness, logic and fantasy.

The factors that influence on the origami frog jump are:

1. the origami frog mass
the origami frog size
the air resistance
the elastic property of a paper
the finger pressure power

6. the quality of a table surface
We can see that the first factor and the second factor are not independent, because
the origami frog mass is proportional to the paper area or it is proportional to its
size in power two. This fact means that it is possible to reduce the number of
factors from six to five. Instead using the two factors we will use only one: "mass-
size". We can remove the last sixth factor, because hard surfaces of tables are hard
as compared with paper. Therefore, we deal here only with four independent
factors.

O W

Is air resistance an important factor for the origami frog jump? There is a notion
of the characteristic velocity. It is a very useful notion, which helps to establish
conditions, when the air resistance is an important factor and when the air
resistance force is negligible. If a moving body has a velocity, which is equal by
order of magnitude to the characteristic velocity, or it is greater than the
characteristic velocity, then the air resistance factor is important. In the opposite
case, when the velocity of a moving body is much smaller than the characteristic
velocity, the air resistance force is negligible. The air resistance force is quadratic in
velocity. If a body drops from a big height and near the Earth surface, and the air
resistance force balances the gravitation force, then this body drops with
characteristic velocity. The characteristic velocity is proportional to the mass of a
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body and it is inversely proportional to the area of its cross section. The origami
frog’s characteristic velocity does not depend on its size, because magnitudes of
mass and cross section are proportional to the paper piece area. According to our
estimations, the origami frog characteristic velocity is about twelve - thirteen
meters per second. The origami frog’s jumping velocity is not greater than three
meters per second. This means that the air resistance for origami frogs is negligible.

To prove the latter, we can perform a simple experiment. The little and big
origami frogs, and the heavy metal coin drop from a small same height. This height
is about one meter. We take only one meter, because in our experiments the jump
length and the jump height are not bigger than one meter. The metal coin serves as
a standard, because the air resistance force, which acts to the coin, is negligible in
this case. Our experiment shows that three bodies arrive to surface approximately
at the same time. Differences are not important. Distinctions are not visible. This
experimental result confirms our theoretical predictions. It means that the third
factor of the air resistance can be removed from the list of factors.

What important information derives from this conclusion? If the air resistance
force is negligible, only the gravitation force influences on the origami frog’s jump.
In this case we can apply the laws of the kinematics, which are studied in a
secondary school, to the frog’s jumps. The origami frog’s jump represents the
projectile motion. The dependence between the jumping length and the initial

velocity is quadratic. It is described by the mathematical formula:

v

L=2sina cosa — . ©)
8
The height of jump is quadratic in initial velocity, also
2
H= 1(sirwt)2 % (10)
2 8

Let us construct a logical chain.

1. If the air resistance force is negligible, then the jump length is quadratic in
initial velocity.

2. If the jump length is quadratic in initial velocity, then it is proportional to
initial kinetic energy and inversely proportional to the mass.

3. If the jump length is proportional to initial kinetic energy, then it is
proportional to initial elastic energy of the compressed origami frog. Our
finger supplies the elastic energy to the origami frog.

4. We claim that the jump length and the jump height are proportional to
initial elastic energy and are inverse proportional to the mass.

The main result of this logical chain is described by formula:
L,H o Z’Ielast (SiZE) .
M(size)
It is known that the mass is quadratic in the size. But we don't know how the
Elastic Energy depends on the origami size. The answer to this question goes
beyond frames of the Elementary Physics. There are theoretical models which

(11)
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describe a dependence of the elastic energy on a size. The theoretical result is the
following: the elastic energy does not depend on the origami frog size and a little
origami frog is the competition winner because its mass is smaller than a big one.

The physics experiment with the origami frog can also become a matter of
exploration on an elementary school math lesson, as we are going to demonstrate
in the following section.

3.5 Origami frog on a lesson of math in elementary school

The acquaintance with elements of geometry in junior classes may start with
making funny paper toys - origami. They can be stars, birds, ships and jumping
frogs. Young students encounter basic geometrical notions, such as a straight line
and a straight angle by bending a piece paper. It is possible to prove that the bend
line represents a straight line and the angle between the straight edges of a piece
paper and the bend line is straight if edges coincide [17], [18]. The continuation of
this acquaintance leads to new notions: geometrical shapes, such as triangles,
squares, rhombs, their identity and similarity. The described above approach to
geometry teaching has some advantages comparing to the traditional teaching
method.

First of all, it is easy to turn paper origami-shapes and to put one shape on
another in order to check their identity. In contrast, it is very difficult to make these
important mathematical procedures by drawing geometrical shapes in a school
notebook.

Figure 5 Young students research geometrical shapes by manufacture of origami frogs.

Another advantage of this approach is that the geometry lesson is conducted in a
form of a game. Pupils apprehend the origami frog manufacturing as an
interesting game. They get free in the game and their creative abilities develop. In
order to memorize better the new names of shapes and their properties, young
investigators write a special "passport" for each of them. A passport of a simple
shape is a paper sheet which contains the name of a shape, its drawing and the
description of its main properties. In order to create a passport for a paper toy, for
example, for an origami frog, it is necessary to collect several sheets, each of them
being a passport of an elementary shape contained in the complicated origami. At
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the end of a lesson, when origami frogs are constructed and their passports are
created, the teacher arranges a competition to find out which origami frog jumps
farther. The purpose of the competition is to make the pupils realize that they
make an interesting physics experiment. The teacher helps the young learners to
find some features of the frog that influence the jump's length. They discover that
the jump length depends on many physical parameters: the origami frog size,
mass, thickness of paper and its strictness. Pupils need to open a new page in the
origami frog passport for describing its physical properties. The list of physical
properties includes the listed above physical parameters, as well as the maximal
jumping length.

Interdisciplinary lessons (studying the geometry through physical
experiment) can be efficient also on a higher level as demonstrated by Feigenberg
J., Lavrik V. and Shunyakov V. [19]. The game form of interdisciplinary lessons is
most efficient in junior classes. In any case it is important that the students on an
interdisciplinary lesson get information about some object or phenomenon from
different points of view.

4 CONCLUSION

In this paper we tried to show various ways of dealing with motivational problems
in the classroom. SMM on the one hand and the interdisciplinary approach on the
other hand can provide a teacher with powerful tools for effective instruction.

We analyzed some examples of experiments that can be used in an
interdisciplinary project. In fact, there exist numerous other examples. Their
variety depends on the fields of interest of the students and the collaborating
teachers.

If an educator defines his/her goal as developing critical and analytical
thinking as well as motivating and encouraging students to get involved into
creative work, using our structure-content method may serve as a comfortable
framework to achieve it.
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