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Issues and Challenges of
Science Education in Japan

Characteristics of Pupils and Students in Japan

Based on recent results from
International Education Survey

“Japan-Thai International Exchange Program through (T|MSS P|SA)
Science Education” ’
Pre-study Session
@Tokyo Institute of Technology 2016.08.29
Megumi Mizoguchi,
Science Teacher on Chemistry
Ochanomizu University Senior High School
1
. TIMSS:
PISA: . . . .
. Trends in International Mathematics and Science Study
Programme for International Student Assessment
1. International Survey on Mathematics and Science
1. Academic Achievement Test by OECD Education by IEA
2. Target 2. Target
First year High School Students 4t Year Elementary Students, 2" Year Junior High School
(15 years and 3 months to 16 years and 2 months) Students
3. Objective: 3. Objectives:
To measure the applicability of knowledge and skills to + To measure academic achievement of
solve problems in real life situation. (Mathematical/Scientific targeted students through international standards
Literacy and Reading) + To make comparison on academic achievement in
relation to learning environment/conditions on
participating countries/regions
3
Characteristics of Pupils and Students in Japan Characteristics of Pupils and Students in Japan
. . . . . ® After “PISA shock” in 2003 and 2006, International rankings
® High Achievement in Science/Mathematics on Mathematical/Science Literacy and reading skill have
come back to higher ranking
@After “PISA shock” in 2003 and 2006, International rankings
on Mathematical/Science Literacy and reading skill have come
back to higher ranking Dueto---
National Achievement tests focusing on
©0nl_y a few studentg fegls learning is interesting and valuable knowledge application skills in real life
to their life especially in higher school year. . . }
@ Few students think that it is necessary to obtain good situation had started since 2007
grades in order to have his/her dream job. . cross-curriculum on each subjects
and integrated studies.
5
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Characteristics of Pupils and Students in Japan
® Only a few students feels learning is interesting and
valuable to their life especially in higher school year.

Why?

% Students are required to improve their logical thinking skills.

As a results, they become hesitant to science and lose
interests on it.

% Students are excessively required to memorize knowledge
and to solve problems to pass entrance exams.

% Students can not recognize the relationship between real
situation of society or daily life and science lessons in

Survey on High School Students’ Views on Science
(National Institute for Youth Education, 2014)

e®Awareness and Attitude common to all countries (Japan,
USA, China, and PR of Korea)

v" All students recognize the value and importance of
science in social development.

v’ They realize that science can cure the diseases, and
also protect life on earth and its environment.

v They also feel that learning science is interesting and
would like to have hand-on experiments and
observation experiences.

schools.
1 8
Characteristics of Pupils and Students in Japan Characteristics of Pupils and Students in Japan
- National Comparison Between Japan, USA, China, and PR of Korea - National Comparison Between Japan, USA, China, and PR of Korea
®Students recognize the importance of science
®High interests on Astrology, Animals and However...
plants and low interests on Chemistry and
Physics. e it Iy o nothave e o coleck et o ey Y themseles, and
@Characteristics of pedagogy on Science - The number of students who independently study science
v Watch experiments conducted by teacher topics they are interested in is the smallest of those countries.
v Visit Zoos and Botanical Gardens * Few students think that they would like to have a job related to
v Low rate on self-led research, information gathering, science.
etc.
9 10
Characteristics of Pupils and Students in Japan Characteristics of Pupils and Students in Japan: Summary
- National Comparison Between Japan, USA, China, and PR of Korea National Comparison Between Japan, USA, China, and PR of Korea
®Students who have involved in field experience and
experiments increase interests on science and * Independent study on science is well conducted at
I . only elementary school level.
also on social issues such as environmental
pollutlon,.energy. However, the number of such - Students do not understand the linkage between science
students is very small. lessons in schools and daily life .
. N . . + Research learning, experimental learning and field
As a result., there !s a Polarization of SC|en.ce Education experiences are not so often in learning process in Japan.
- Super Science High School/Super Global High School: Yet these processes will increase the student's interests
Problem-based Learning through observations and on science and social issues.
hand on experiments.
- Majority of other high school: Problem-solving exercises Thus from now on, in the science education, aforementioned
) ; . findings should be incorporated.
to pass university entrance exams.
1 12
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High School Science:
Current situation and issues for each subject

® Current Curriculum

( ) ; Standard number of credits

underline; Ochanomizu Univ. Senior High School compulsory credits
*; elective credits for 3 year

Basic Physics (2 ) 2" year  Basic Chemist 2 ) 1styear
Basic Biology ( 2 ) 2" year  Basic Earth Science (_2 ) 1% year

Science and Our Daily Life ( 2 )

Advanced Physics ( 4 ) ( 5 ) * Advanced Chemistry ( 4 )
5

(5)~
Advanced Biology ( 4 ) ( 5 ) * Advanced Earth Science ( 4 )

Science Project Research ( 1)

Overview of Current High School Physics

» Current curriculum guideline: Select 3 subjects from
“Basic Physics”, “Basic Chemistry”, “Basic Biology”,
and “Basic Earth Science”

—Number of students who learns basic physics has
increased. Students who will major in social science have
opportunities to learn physics.

» Contents of “Basic Physics” and “Advanced Physics”
include Dynamics (thermodynamics), Wave motion,
Electromagnetics, and Atomics.

—The contents are equivalent to the learning contents of
International Baccalaureate Diploma Program (targeting 16-
19 years old students)

13 14
Challenges in Current High School Physics (1) Challenges in Current High School Physics (2)
. L W i -  Students never “conducted” experiments in Physics
* Science phobia is another words for “Physics phobia”? _ “Physics for university ent » is the main subject th
— In high school physics, students need to learn something that has not . ysics Tor unlve_r5| Y entrance exams" s the r_naln su je_c us
been experiences, such as “measure” the experimental value, “calculate” with a few exceptional school. Teachers sometimes have just learnt
Wltg fOT;nugﬁ, “Theoretically understand” the experimental phenomenon, “Physics for university entrance exams”, thus it is difficult to 1)
and so forth. . - .
— Physics will have close linkage with other subjects such as mathematics conduct experlments,z)'teach the knowledge to daily life physical
and Japanese language in high school. Starting from junior high school, phenomenon and relationship to other subjects.
students conceive physics as difficult subjects, compared to biology and
Earth Science. . L .
+ Students recognizes “Physics for University Entrance Exam” * Students may misunderstand that it is too difficult to study
is not equal to “Physics in Real Life ” cutting-edge of science in Physics and they became hesitant.
- Egrgs{%gggﬁg"fﬂ?\g?;{;iggtfahg’cseic:xi:r;tg be able to solve problems to — Cosmology, Elementary particles theory, Quantum mechanics are
— In textbooks from other countries, they explain daily life application of all theory based studies, the subjects tends to be difficult to
learnt knowledge, there is no such contents in textbooks and classes in understand.
Japan. — They think that they need to fully understand the knowledge on
physics so far learnt to understand the cutting edge physics.
15 16
Challenges in Current High School Chemistry (1) Challenges in Current High School Chemistry (2)
* Phobia
- Atoms, particles, and ions are all invisible » Few classes on experiments and observation
Thus it is difficult to understand the quantitative and unit . * + + Learning tends to focus on memorization of
(i.e. unit of mole (conversion), index calculation) textbooks and exercise for problems solving.
- Negative Image in Chemistry + Students think that Chemistry is not useful
. . . - - Poor linkage and usefulness in real society and
+ Cancer causing materials, chemical composition, Ny
. : . ) A ) everyday life.
agricultural chemicals, endocrine disturbing chemicals,
chemical substances.
17 18
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Challenges in Current High School related to Information

eMoral information knowledge and action
> Knowledge is not referred to action

e|nformation technology and Knowledge
» Students use PC and Smartphone in daily life
yet they do not have technical knowledge.

Suggestions for program in Physics (1)

®0Obtain and improve basic skills for
experiment

4 Combination of “measure”, “calculate”, and “derive”

@ Use items in everyday life to utilize for assembly and
disassembly. This way, students will be able to obtain both
various knowledge and basic skills necessary to learn physics

®-(i.e.) watch
v’ Compare common and different features of different types of clocks (Analog clock,
Digital clock, Atomic Clock, Spring Clock, Pendulum Clock),
v Observe motions of dismounted parts
v Compose different clock by assembling parts from different types of clocks.

20

Suggestions for program in Physics (2)

® Linkage between Physics and real life / other field of study
ORelationship between natural science and physics. Interdisciplinary/transition
materials to conceive physics as a close subject. Deepen knowledge through
discussion.

#Advancing physics: Image processing, Sound processing, observe and
measure particle movement.

@ Ethics in Science and Technology
v'Accident of Space Shuttle “Challenger”
v'Fukushima Nuclear Power Plant Accident

® Development of Research Methods in Cutting Edge Science
ONot only the scientific aspect but include stakeholder, capitals, social contribution
and conduct “role play”.
v'How to find the “second Earth™?
v'How to properly measure the size of cosmic?
v'How to measure gravity wave more properly?

Suggestions for program in Chemistry

e|ncrease the feel of usefulness on chemistry in everyday life
o Add some ideas to learned subjects. ~How can we make social contribution
v' Function of components in various materials in house: What are the
components which are effectively designed? What are components to be
revised?

v Make comparisons on cell efficiencies and discuss energy issues.

eChemistry as lifelong learning subject: Discuss about merits and demerits of
Chemistry
OLife of Fritz Haber (light and dark sides)
v What if | were Harver?
v" How the researcher’s attitude should be for scientist.
v Relationship between Science Technology and World Wars
v’ Effects of science technology to Society
DOMerits and demerits of DDT by Rachel Louise Carson
DOEnvironmental Pollution (i.e. Minamata Disease)
Share the individual thoughts and discuss

?

21

Other Suggestions for program

eMathematics (Physics):
OCompared to other subjects, those subjects have poor linkage between
learning and work/their career path. Thus they do not see the value of
study.
v'Programming education is effective to increase
the interests on STEM (Science, Technology, Engineering
and Mathematics. )
Example: Make robots or games on programming
- understand the meaning to learn trigonometric and motion equations

eTechnology and Knowledge about Information
Example: Understand the internet connection system and discuss the
proper selection of information in the era of globalization of a deluge of
information.

23
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