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Abstract  
Over the years, it has been a problem in Japan that students do not actually feel the significance and 
usefulness of studying Science compared with another country. However, the school hours for 
experimental training in Science and Technology will not be increased. The number of teachers for 
Science and Technology has not been increased. Therefore, effective science educational materials 
have been required. Junior and Senior high school students are interested in space anatomy, space 
technology, rockets and so on. Pictures of rockets are commonly included in a Japanese Science 
textbook to stimulate interest towards Science.  Therefore, a rocket is considered to be a useful tool in 
increasing the motivation of a student studying Science and Technology. In this study, a small hybrid 
rocket was developed as an educational material using conventional materials such as a carbonate 
plastic bottle, polyethylene, aluminum, steel, and nichrome wire. The rocket can be launched in a 
science classroom regardless of weather.  

Japan Society for the Promotion of Science (JSPS) supports many scientific programs. “Hirameki, 
Tokimeki, Science” (HTS) is one of such outreach programs held by JSPS.  HTS introduces university 
scientific researches and a fascination of science to the students between 5th and 12th Grade (10 to 
18 years old) students.  Our educational hybrid rocket was demonstrated in HTS. The title of our 
program is “Excitement of a Real Rocket” (Rocket outreach program for tomorrow's study). The aim of 
this study is to validate the effectiveness and problems of the utilization of hybrid rocket as educational 
material in an outreach program such as HTS program.  As a result, the utilization of the educational 
hybrid rocket was very effective not only in order to evoke the interest of engineering and science but 
also in order to achieve the purpose of HTS. However, we have to try to shorten the assembling 
process and to simplify preparations equipment. 

Keywords: Rocket, Hybrid Rocket, Education Material, Outreach Program, Junior High School 
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1 INTRODUCTION  
As a school year rises, the ratio of student with the interest in science decreases.  The ratio of student 
who recognizes the importance of science decreases as shown in Fig.1[1].  Over the years, it has 
been a problem in Japan that junior high school students do not actually feel the significance and 
usefulness of studying science. 

 
Figure 1. The Consciousness for Science of a Young Student[1]. 
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It's said that substantiality of empirical learning is important in order to let a student recognize the 
significance of studying.  However, the school hours for experimental trainings in Science and 
Technology will be reduced when it's imaged from its circumstances of the past courses of study as 
shown in Fig. 2[2], even if the courses of study of a junior high school will be revised by the Ministry of 
Education, Culture, Sports, Science and Technology in Japan. 

 
Figure 2. The School Hours of Science and Technology[2] 

Furthermore, in order to improve a student's individual skill and volition, teachers have to understand 
the personality of each student further, and find the time for students to face each other, cooperating 
with an organization outside of the school.  However, it is difficult to conduct time-consuming 
experiments and trainings in a public junior high school due to extra costs, extra works other than a 
regular lesson and teaching and so on[3], though most teachers have high volition and consciousness 
for the education in a school. Therefore, effective science educational materials are required. 

As Junior high school students are interested in the space anatomy, space technology, rockets and so 
on, pictures of rockets are commonly included in a Japanese Science textbook to stimulate the 
interest towards science.  Therefore, a rocket is considered to be a useful tool in increasing the 
motivation of a student studying Science and Technology.  Therefore, a hybrid rocket is considered to 
be useful for an educational material. Outreach programs have been held in many places to evoke the 
interest to engineering and science. Japan Society for the Promotion of Science (JSPS) supports 
many scientific programs. The aim of this study is to validate the effectiveness and problems of the 
utilization of a real rocket as educational material in an outreach program supported by JSPS.   

2 METHODOLOGY 

2.1 Rocket as an Educational Material 
In a rocket, the heat energy occurred by a chemical reaction (combustion) of fuel and an oxidizer 
increases the pressure in combustion chamber, and changes to kinetic energy.  Therefore, 
Technology about Energy Transformation in the subject "Technology", Force and Pressure, Movement 
and Energy, and Chemical Change in subject "Science" are related. Types of educational materials in 
a rocket are a balloon rocket, a plastic bottle water rocket, an alcohol rocket or a model rocket using 
explosive.  A balloon rocket and a bottle water rocket are safe as an educational material.  However a 
chemical reaction is not used to produce the thrust force. On the other hand, an alcohol rocket uses a 
chemical reaction because the combustion of premixed gas of alcohol and air produces the thrust 
force.  However, the combustion finishes almost instantaneously and the flame is difficult to see.  A 
model rocket with explosive is similar to a real industrial rocket and is more powerful. However, the 
engine is not allowed to be modified or taken apart by students. However, the engine is not allowed to 
be modified or taken apart to produce more thrust force by a law. In addition, caution is necessary for 
handling and safekeeping because an explosive similar to a real rocket propellant is used in a model 
rocket with an explosive.  In addition, a bottle water rocket and a model rocket with an explosive 
cannot be launched in a science laboratory. 
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Practical rockets are divided into two types.  One is a liquid propellant rocket, and the other is a solid 
propellant rocket.  Recently, a hybrid rocket was developed to move private citizens to space such as.   
"Space Ship I and II" manufactured by "Scaled Composites" [4].  A hybrid rocket is simple in structure 
compared to a liquid rocket.  A hybrid rocket doesn't use gunpowder, so it is safer and lower in cost 
compared to a solid rocket. Furthermore, as hydrochloric acid isn't included in exhaust gas, so a 
hybrid rocket is gentle to the environment.  

In our laboratory, a small hybrid rocket was developed as an educational material using conventional 
materials such as a carbonate plastic bottle, polyethylene, aluminum, steel, nichrome wire and oxygen 
gas as shown in Fig. 3.  The parts used for the small hybrid rocket are shown in Fig. 4(a).  The parts 
were combined as shown in Fig. 4(b). Total mass is approximately 130g.  Minimum Assembly time is 
about 15min. The experimental apparatus is shown in Fig. 5. The oxygen gas was supplied with the 
pipes of Fig. 5. The air in the bottle was exchanged with the oxygen.  A nichrome wire and 12V direct 
electric power were used to ignite the rocket.  The resistance of the nichrome wire is approximately 3 
ohms. 

 
Figure. 3 Schematic of Educational Hybrid Rocket. 

   
 (a) Parts  (b) The proposed Hybrid Rocket.  

Figure 4. The Parts of Hybrid Rocket. 

 
Figure 5. The Experimental Apparatus 
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2.2 Science Class for Hybrid Rocket 
Outreach programs have been held in many places. Japan Society for the Promotion of Science 
(JSPS) also supports many scientific programs. “Hirameki, Tokimeki, Science”(HTS) is one of such 
outreach programs held by JSPS.  HTS introduces university scientific researches and a fascination of 
science to the students between 5th and 12th Grade (10 to 18 years old) students.  The emblem of 
HTS is shown in Fig. 6. Our educational hybrid rocket was demonstrated in HTS. The title of our 
program is “Excitement of a Real Rocket” (Rocket outreach program for tomorrow's study). The 
objective of the class was to make and launch a real rocket which a student recognize, and to relate a 
principle of a rocket to a usual study in a school. 

 
Figure 6. The Emblem of HTS. 

We held the same program two times last summer.  The each program was conducted in one day with 
lunchtime rest. The age of the students were 10 to 18 years old.  Many students attend far from our 
university.  The number of participated students was 17 in the first class, 18 in the second class, and 
35 in total.  The percentage of junior high school students was large as shown in Fig.7. The number of 
girls was approximately 20%. Fifteen undergraduate university students cooperated as teaching 
assistants. In our program, the history, the structure and principle of a rocket were first explained 
briefly as shown in Fig. 8. After lunchtime, the rocket is constructed as shown in Fig. 9, and the rocket 
was launched inside of the building as shown in Fig. 10. One student assembled one hybrid rocket.  At 
the end of the class, we summarized today's lesson and encouraged to study. Spontaneously 
questionnaire survey was conducted to the enrolled students.  The questionnaire items are 
“Impression of the program”, “Interest of science”, “Interest of research in a university”, “Participation 
reason”, ”Participation number of HTS”, etc.  These items were given from JDS. 

 
Figure 7. Ratio of Participated Students. 

  
  (a)  (b) 

Figure 8. History, Structure and Principle of Rocket. 
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Figure 9. Construction of Rocket. 

   
Figure 10.  Rocket Launch. 

3 RESULTS OF QUESTIONNAIRE SURVEY 
The results of “Impression of the program” in questionnaire survey items are showed in Fig. 11.  The 
student bored by our program did not exist.  The most students enjoyed the class. Figure 12 shows 
the participation number of HTS supported by JSD. 70% of students were not first participation.  The 
students of more than five time participation were 34%. This survey conducted by no name.  
Therefore, these show our program should has good impression on the students.  

Figure 13 shows whether the program was easy to understand.  As Figure 7 shows the number of 
elementally school students existed 17%, only 3% of the students were the program was difficult to 
understand.   This results suggest that our program was appropriate for the students by teaching 
assistants.  

Figure 14 shows whether the students became interested in an academic science study after this 
program. More than 90% of the students were interested in an academic study.  Though this result 
was expected before, our program did not have bad experience and influence for the students.   
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Figure 11. How is the impression of the program? 

 
Figure 12. How many times did you participate in HTS? 

 
Figure 13. Was the program easy to understand? 

 
Figure 14. Did you become interested in an academic science study? 
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Though several students had a trouble in the assembly of the rocket, all of students could fly a rocket 
once or twice. In the program, it was found that fitting parts used in oxygen orifice and a soldering 
method for the ignition wire are specially required to improve to shorten the assembling process or 
make it certain.  

The students looked that they were impressed and moved by a real hybrid rocket. Parents of the 
students wrote in the free description column of the questionnaire survey that “I think the explanation 
of mechanism was also orderly.”, “I think that the child struggled with interest.”, “The interactive tuition 
was good.”,” I was surprised at the plan in which a high school student could  have an experience of 
hybrid rocket making with the same principle as a real rocket.", "It was the force beyond the 
imagination.”,” I let my son participate and think that it was really good.”  These evaluation showed 
that our program was good. As a result, the utilization of the hybrid rocket as educational material was 
very effective not only in order to achieve the purpose of a science lesson but also in order to evoke 
the interest of engineering and science. In addition, after the program, two students made the contents 
from the rocket developed into independent research.   They got a prize from a school or school board.  
These were the other results from the program. 

4 CONCLUSIONS 
The rocket could be launched in an outreach program such as HTS program regardless of weather.  
As a result, the evaluations of our program by the participation students and parents were supposed to 
be good.  The utilization of the hybrid rocket as educational material was very effective not only in 
order to achieve the purpose of a science lesson but also in order to evoke the interest of engineering 
and science. However, we have to try to shorten the assembling process and to simplify preparations 
equipment. 
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