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 [Abstract]
     Two to three hours per week are allotted to the Period of Integrated Study that was recently introduced to all of schools, while the contents of all textbooks are almost 30% reduced. If we fail to foster higher ability, such as self learning ability, creativity, expression, etc, Japanese education is hopeless in future. The practical researches mention here are the trials to avoid such crucial situation. 
 In Study 1, the student teachers developed a special lesson to induce pupils into deeper understanding for 'Mechanisms of Flying.'  They conducted special lessons for 6th-graders, after prepared a flying simulation apparatus and explanation charts. Judging from the questionnaires and impression of the lesson, it is convinced that the pupils reached deeper and broader understanding of it. They also attained deeper and broader understanding of it, in the sense they could manage the lesson very well. 
    In Study 2, the students made cars that can run to the windward. In addition, they got the teaching skills for Integrated Study in which many themes related to making a wind car can be developed deeply and broadly.  
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 [Study 1]
The Practices of Student Teachers that Facilitate Pupils' Understanding
of Flying Mechanism Deeply and Broadly
1. Background of research 

The education of Japan is now in a big turning point. New subject, ‘Period of Integrated Study’ added to the curriculums, from 3rd primary to 3rd senior-high school. The frequency of it is 2-3 hours per week. Each student find a topic in environment, social-welfare, international understanding, etc, and investigate it in and out of the school. This kind of learning may make the pupils fascinate. Pupils go out from the schools and come into their community and begin to learn beyond learning in the classroom. It may be called “Construction of Knowledge" or “Creation of Knowledge.”

 However, while Period of Integrated Study is introduced, the contents of almost all of textbooks reduced thin about 30 percent. Many academic and real world people were anxious about the fall of academic ability, and claimed Ministry of Education to intensify the Basic and Foundation of the subjects. Accepted the claims, Ministry of Education made an appeal that “developing true basic and applicable abilities to the students.” 

If the pupils learn the textbooks reduced in 30% and fail to obtain a sufficient academic ability (new academic ability required for the 21st century) in Integrated Study, the education of Japan will commit a big fault. In order to avoid the worst result, it is necessary to carry out rich Integrated Study. The practice research reported here is a trial approach which is going to show clearly how it is possible to foster the student teachers who have high ability to lessons of Integrated Study. 

2. A deeper understanding and multiple thinking

 (1) Why a deeper understanding and multiple thinking is needed? 

Same as Japan, the fall of the academic ability to science has been a problem in the United States. When the students of the top level of a high school or a university face to the problems like “the force which works for the coin which is turning over in the sky” "the reason why the temperature differed in summer and winter", and "the ballistic trajectory of the bullet discharged from the cannon", their answers to them were same as the answers of young beginners. Also in another area, the students showed much difficulties to solve the problems which are little far from textbooks. Seeing actual condition, Gardner (1998) deplored the discrepancy between the contents that were teaching in the school and the contents that are required in the real society, and presented the following comment.

“From my perspective, any educational system should have as a primary mission the enhancement of student understanding, within and across the disciplines. As a result of their education, students should secure a better understanding of the physical and biological world, the social world, the world of the arts, the world of self. Though rewarding in itself, such understanding is not pursued only for its own sake-rather, it should allow students to become productive adult workers, thinkers, and members of their community. But such understanding will never come about through the pilling of facts. It can only emerge if students have the opportunity to tackle authentic problems; to use their skills appropriately in plausible settings: to create project, alone and in cooperation; to receive feedback on their endeavors; and, ultimately, to become willing, productive thinkers.”

The higher academic ability demanded in Japan's Integrated Study may overlap greatly the academic abilities for which Gardner proposed.

  (3) Authentic Problems example (Brown University homepage) 
    Mathematics:  How is geometry used in real world? What is the role of the geometry in design, agriculture, construction, etc.? 
Science: Is light a particle or is a wave?  What could science give to society or us?  Is evolution in the fact or theory? 
 Language: How could we learn about life from a creation thing? What is a good composition? What do you want to obtain from reading? Why the man writes?

3. Purpose of the research
 　(1) The reason which the research theme is set up
    A student of a special education school who had first flight to Hokkaido in her school trip had asked me, "Why can an airplane by which it is heavy, large, and many passengers have ridden fly in the sky?" This research was started in order to reply to the question. 
(2) The purpose of the university lesson about this theme
 The student teachers acquire the theory and skills to develop a lesson to the 6th graders who can be convinced about “flying.” That is, through the lesson, they make the 6th graders not only understand the flying with the head, but also make them realize the flying concretely and satisfactorily.
4. Research method
 (1) Lecture and Teacher Students
 “Psychology of Individualization & Creativity” → 3rd grade: 12 students
 (2) Process 
The students had a 90 minutes lecture (1 lesson), self-teaching (1 lesson), a half lecture (0.5 lesson) about this theme (Flying). They were divided into two groups, and the lesson plan was discussed in each group. Outer the regular lessons, they had several meeting repeatedly, and made up teaching designs. They taught the lesson of flying in two classes in February 2003. 

(3) Teaching materials
  (a) 2 balloons

  (b) The diagram which explains mutual approaching of balloons when we blow the center of the balloons (student teachers made)
 (c) 2 Model airplanes (one is an ordinary plane, the other is a plane with flat wings: Fig1.1)
(d) The apparatus that demonstrates the Theorem of Berunui (Fig. 1.2)
(e) Simulation equipment for flying (a wind tunnel and a wing model : Fig. 1.3) 
(f) Poster of an airplane
 4. Self-Learning task.

 The student teachers summarized the knowledge acquired from the Internet and books for the flying.
          In addition, the following task is allotted.
<Task>
In order to complete the lesson of "Why an airplane can fly in the sky?", please read a copy, consider the following questions and write down the answers to the blank.  Please write clear answers that the sixth graders can understand.
(a) What is the theorem of Berunui?

(b) How cm mercury go up when the inside of a long pipe is vacuumed? How about in case of water?
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 (c) If we blow the middle of 2 hanged balloons, how the balloons move? Why does it occur? 
(d) How water surface change when we blow off at the top of small pipe that is fixed in water?

(e) We hear that the flow speed of air differs at the top and the bottom of wing. Why does it happen?

(f) Explain why a lift of wing occurs using by the Theorem of Berunui.

(g) How is a ball curved near the batter when a right hand pitcher throws it?

(h) There is a theory that insists the mechanism of lift is depended on the generation of whirlwind.　Explain and argue this.
　
 (5) Lecture topics
    (a) Balance of force for flying airplane (gravity and lift).

(b) The flow velocities differ between the top and the bottom of the wing.

- Why does the flow velocity on the top faster than the bottom? 
- A top air is free, while lower air is supporting the weight of an airplane. 
(c) When the flow velocity becomes fast, the pressure pushing the side will become low.
 - The power (pressure) in which molecule push the circumference is distributed when gas flows.
(6) Manufacture of experiment equipment
(a) Two model airplanes (one is an ordinary plane, the other is a plane with flat wings: Fig1.1).      As shown in Fig.1.1, two model airplanes, red and white, were assembled. The red airplane assembled by the usual method can glide through the floor of a gymnasium, and can take off. On the other hand, a white airplane can move on floor with the force of a propeller, but it cannot take off, because of the main wings are made in flat. The student teachers assembled these planes.
(b) The apparatus that demonstrates the Theorem of Berunui (Fig. 1.2)

The apparatus was made of using two sorts of pet bottles that the diameters are differed, and the cleaner. By pouring dry ice into the bottles, the difference of flow velocity in small and large parts can grasp at a glance. The pressure difference is indicated as a difference of height of red and blue water. Yumino made it.

(c) The simulation equipment for flying (a wind tunnel and a wing model: Fig. 1.3) 

It is an equipment that the cross-sectional part of a wing was hung in the transparent box. The model of wing moves up and down and changes an angle of it according to the strength of the wind which was blown by the electric fan into the transparent box. Yumino made it.

5. Special lesson at an elementary school (2003. 2.25.)
(1) Pupils, Student teachers, and School hours
 In front of 60 sixth graders, the student teachers and Yumino performed the special lesson of “why an airplane can fly in the sky.” Teaching time was about 1 hour. 
(2) Development of the special lesson
 The lesson proceeded as follows.
(a) In order to raise the motivation to the lesson of “flying”, we passed every child a sheet of paper and asked to make a paper airplane. Pupils flied it freely in a gymnasium. 
(b) A student teacher told the purpose "why can an airplane fly?" to pupils.

(c) After saw the gliding of 2 planes, the pupils confirmed that one of 2 planes could fly, while the other could not. They guessed the reasons why one could, other could not. Several pupils touched the main wings of the 2 planes, and noticed the difference of the shape, one is rounded, and the other is flat. They learned the importance of shape of the wings for flying. 
(d) The pupils guessed the movement of 2 balloons that were hung, when we puffed the middle of the two. Most of pupils expected that it moved to outside or back. The one of pupils puffed actually between balloons, and they confirmed that the two approached mutually.
(e) The pupils guessed the cause why the two were approached. Accepting into the comments of the pupils who showed the correct answers, the student teachers gave a hint that the difference of the air pressure that pushes internally and externally the balloons generate a movement of the two.
(f) Seeing a flow diagram of balloons and air, most of pupils convinced that "faster air moving weakens the force pushing around."
(g) The pupils were asked to guess the movement of a sheet of paper on the desk when it was blown. It was demonstrated actually. 
(h) By using an analogy of above explanations, the pupils understood the cause of lift of wing.

(i) Using Berunui apparatus, it was shown that fast flow weakens the pressure that pushes around (in case of airplane, it means the pressure on top wings).
(j) They convinced that a lift appears in airplane was occurred by the difference of the flow velocity of the upper and lower sides of a wing. Concerning the cause of difference is explained that upper flow on a wing is free, while lower flow supports the weight of more than 350t.

(k) They confirmed that a model wing up and down according to wind velocity that was demonstrated by a simulation equipment for flying (Fig.1.3).

(l) They were asked how to do when it needs lager lift force in slow flying. Unfortunately, it was no answer. So, Yumino demonstrated that we could get a lager lift force when we add small aid wing, and curve a flow greatly. They understood that it is effective to bend air downward. 
(m) They were given homework, “can an airplane fly in turned condition?” 

(n) The pupils who showed a deep interest touched a model wing in Fig.1.3, and experienced to realize a lift.
(o) A student teacher summarized today’s lesson using Fig.1.4.

6. Had the student teachers and pupils reached deep understanding for flying?

Before the sixth graders received this special lesson, most of them did not fully understand about why an airplane flies. It is certain to have reached a deep understanding through this lesson. However, since it was the lesson of the short time for 1 hour, the pupils did not necessarily reach a deeper understanding with own trial-and-errors. Probably, cautions will be required when dealing with this theme in Integrated Study. 
Furthermore, for the student teachers, they could reach a deeper understanding for flying. In the first stage of the lecture, the student teachers stayed a shallow understanding of it. Through a series of lecture, home work, discussions, the thinking experiments, assembling model planes and practical teaching in the school, they might be reached a deeper and broader understanding for flying. As shown in the questionnaire of the pupils, the lesson was a pleasant and intelligible lesson. 

      This research was conducted as a part of regular lesson in a university. Compared with a usual lesson on which a teacher gives a lecture, the student teachers learned earnestly being conscious of teaching in front of the pupils, and had also done self-teaching himself.
7.  In order to raise a deeper understanding and multiple thinking
At the last of the lesson in an elementary school, we left the question "Can an airplane fly in reversed state?" Some pupils described about it that they want to investigate it in detail. To foster a deeper understanding and multiple thinking for flying, such questions are important. The examples of such question for reaching a deeply understanding are follows.
<Understand Deeply> 
(a) Why does a "lift" occur at the wing which is flying in a level flight?
(b) Can an airplane keep flying in reversed state?
(c) What role does the aileron (extra wing) which comes out at landing situation?
(d) Is the theory that the whirl flow on the surface of wings generates the lift right?
(e) Can the Theorem of Berunui explain all of a lift that generated in flying?

(f) Is a principle of an airplane flies the same as a principle of a kite flies?
(g) Why can a paper airplane fly, although wings are even? 
(h) How a helicopter and an insect fly?

    The following questions are important in order to make understand broadly a phenomenon.
<Understand Broadly>

(a) How had an airplane progressed?
(b) How the development of airplane affected on our life?

(c) When an airfield is made in some city, how does the industry, the education, and culture grow? 
(d) In order to fly safely, how is the airline company endeavoring?
(e) How are the airplanes loading on weight on the environments?
   As the children’s exploration to the world become higher with age, it is required to explain an event and phenomenon by using academic concepts that appeared in the textbooks that are written in adapting to their development. In case of flying, they are gravity, a lift, the center of gravity, viscosity, balance, a Theorem of Berunui, duralumin, honey cam structure, and a jet engine, etc. By relating an Integrated Study that intensify the experiences of pupils with an ordinary academic learning, the meaning of learning for each child may increase, and simultaneously it leads to a deeper understanding of the contents of a subject which become higher and higher according to grade. It is certain that children's creativity can be extended where the teachers have such knowledge and skills stated above. 
[Study 2]
Fostering Higher Teaching Skills through Making a Window Car

1. Introduction
    People know that a windmill is rounded by the wind, and using its energy, powder can be ground or a stone can be crushed. Moreover, they, including young children, also notice that a yacht is using the energy of the wind. However, people may surprise greatly when they hear a car can be run toward the windward using the energy of wind. It is because that everyone had experiences of forcing back by the strong wind. In such reason, for people, it is hard to image the car without a engine going up to the windward. In fact, it was the recent event that people could sail the ocean freely regardless of a direction of wind. 
2. The purposes of the lectures and practicum
    (a) To make a window car that can be run fast toward the windward. 
(b) To understand deeply the two principles that governs the movements of the window cars. 
(c) To acquire the skills for designing and manufacturing a window car in trial and error.

 (d) To get the teaching skills for Integrated Study in which many themes are related to the learning of a wind car can be developed deeply and broadly.  
    (e) To understand why a yacht type car runs against the wind.
3. Name of the lecture and students

 -Fostering Creativity in Integrated Study.

-3rd and 4th grade students.
    -70 students: They were grouped in 11.
4. Procedure

    (1) Instruction: “Please make a car which runs to the windward (use 2 fans as a source of 

the wind).  Cost of parts is less than 3,000 Yen.”

    (2) Total hours of the lectures and practicum.

            It was 360 minutes. Adding to the hours, each group of students used more time to  make the car. At first week, they designed their cars. One of them was “yacht type” car. The others were “propeller type” cars.  
5. Products 
      One yacht type car and ten propeller type cars were made. The designs of all cars are very well. However, 4 cars, including one yacht type car, can only run to the windward. The others failed to run against the wind. 
6. Learning from the failures
      The students were asked to guess the reasons why some cars cannot run to the windward. Some students could guess the reasons, while the others could not. Yumino asked each group to guess and discuss the cause of the failure, and to identify the faults of the cars. This kind of thinking is very important for fostering creativity of the students. After that, Yumino presented a succeeded car near the failed cars, and asked again to guess the reasons why some cars could not run against the wind. In addition, it was required how to improve the cars. 
The Relationship between a Deeper and Broader Understanding of 
a Phenomenon and Creation.

 The history of scientific development is the history of a pursuit of the scientist who tried to understand things deeply and broadly. When a scientist meets a phenomenon which cannot be understood, he questions himself “why” or “how”, and forms the hypothesis about the event and the phenomenon, and finally proves the cause of such phenomenon using various methods. Sometimes he may consider that "how a result will change if this kinds of conditions are put into", and examine precisely the influence of the conditions on the phenomenon. When an understanding of the phenomenon progresses exceeding the conventional theory, it may be judged that the creation occurred. Thus, it can be said that the process which a person understands an event or a phenomenon deeply and broadly is the "creative process" itself.
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