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Abstract

Science taught in school is for both students becoming scientific professionals and non-science
professionals. The latter is important to develop scientifically literate citizens and the society. Basic
knowledge and skills of science are necessary for everyone to understand science-related issues and
problems in personal, social and global situations and make own decisions as a responsible citizen.
Keeping interested in and motivated for studying science is especially important, because science-
related issues and problems are rapidly changing in real world and the knowledge to understand them
continuously expands.

Japanese grade 10 students showed their unusually low level of motivation to study science in 2006
PISA (Program for International Student Assessment by Organization for Economic Co-operation and
Development). Many of them do not value science study compared to other subjects in the beginning
of upper-secondary school. If they graduate secondary school without the motivation to keep study
science, the future society must have more problems in communicating with less scientifically literate
people. This study aims to clarify the situation of student motivation to study science at grade 12, 10,
and 9 and to explain the process of motivational change during the secondary school system, and to
discuss the possibility to improve the situation of science education for developing science
communication society.

Randomly selected 6410 grade 9 students in 197 lower-secondary schools and 18053 grade 10 and
18098 grade 12 students in 267 upper-secondary schools participated in the questionnaire survey as
a national representative sample in September 2011. The questionnaire covers variety of questions on
interest in and importance of studying subjects, academic orientation, future career orientation, factors
influencing their decision making, etc.

Results showed that the most of grade 12 non-science course students, who are the majority of future
citizens, do not positively value science study for their life. Studying languages (Japanese and
English), social sciences, information technology, home economics, and health and physical education
are highly valued subjects. Grade 9 and 10 students also showed lower level of importance to study
science than other subjects. Most students select science or non-science courses during grade 10,
and the non-science course students become less accessible to science study.

In order to change this process, school science should become more relevant for all students. Making
science be interested, important and useful and become more accessible for all students throughout
the secondary school is needed.

1. Introduction

Science education primarily aims to cultivate students’ scientific literacy as the key competencies to
actively engage in today’s scientifically and technologically developed society and to act as a
responsible citizen to keep the world sustainable. PISA (Program for International Student
Assessment) conducted by OECD (Organization for Economic Cooperation and Development) in 2006
measured not only students’ cognitive performance at 15 years old but also their attitudes toward
science as a component of scientific literacy [1].

Japanese students performed a relatively high achievement of scientific literacy in the cognitive test [2].
However, the levels of attitudes toward science in many indices were unusually low among the
participated countries [3][4]. It was, for example, only 42% in Japanese students who agree or strongly
agree with “I study school science because | know it is useful for me”, while the average of all OECD
countries Was 67%. More than half of Japanese students did not think science as a useful subject.
They are 10" graders and belong to the first year of upper-secondary school. It is usual to choose and
learn either science focused or non-science focused course at grade 11 and 12. If they do not value at
all to learn science at grade 10, they may not choose the science focused course at the following
grades. Furthermore, they may not be interested in learning science after graduation. This makes
science communication more difficult in the society where many important decisions by the citizens
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are made for science related issues such as building a nuclear power station, living in a low-level
radioactively contaminated area, deforesting to expand residential area, and so on. Keeping interested
in and motivated for learning science is highly important for science education.
Students develop their career expectation during the school education and decide what to learn for
their career choice. There are a wide variety of jobs that uses science in modern society. If career
education is properly presented, students can ea5|ly recognize the value of learning science. In the
PISA in 2006, the proportion of students at 10" grade who agree or strongly agree with “Studying my
school science subject(s) is worthwhile for me because what | learn will improve my career prospects”
was only 41% the lowest among OECD countries, while the OECD average was 56%. Japanese
education has not put emphasis on teaching the value of learning science for the purpose of career
choice. If students chose non-science focused course in upper-secondary school, their career choice
also become non-science related. It is expected that students’ career expectation is developed before
they choose the science or non-science focused course in upper-secondary school.
Figure 1 is a model of how a student becomes a citizen in science communication society by
accomplishing the developmental tasks of science learning.

& New Perspectives J” ma natlonal Confem \\\
in Science [r 5] VE .

| Science communication society

Science Non-science Scientificaly,
professionals || professionals || technologically

literate citizens
Higher education (keep learning)

Developmental tasks —
5. Career choice

4. Lifelong motivation to learn | Upper-secondary school (grade 10-12) |
3. Course selection 1/\r

2. Career expectation

1. Value to |§am | Lower-secondary school (grade 7-9) |

Fig.1. Developmental tasks of science learning to become a citizen
in science communication society

2. Questions and Objectives
The questions in this study are:

a. Do Japanese students at grade 10 or younger value science learning?

b. Do they have clear career expectation before course selection?

¢. What students do select science focused or non-science focused course?

d. Do graduating students from secondary school have lifelong motivation to learn science?

This study aims to explore these questions by conducting a questionnaire survey to students at grade
9 in lower-secondary school, grade 10 and 12 in upper-secondary school.

3. Method

Randomly selected 6410 grade 9 students in 197 lower-secondary schools and 18053 grade 10 and
18098 grade 12 students in 267 upper-secondary schools participated in the questionnaire survey as
a national representative sample in September 2011. The questionnaire has a number of questions
asking the level of liking and valuing to learn variety of subjects, science or non-science focused
course to belong, clarity of future career expectation, etc.
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4. Results
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4.1 Do Japanese students at grade 10 or younger value science learning?

Figure 2 is grade 10 students answer to the question “How much is it important for your life to study”
by subject and gender.
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M Very important M Important  ® Not much important B Not importantatall ®n.a.

Fig.2. Grade 10 students answer to “How much is it important for your life to study”
by subject and gender
It is apparent that learning science subjects are much less valued by grade 10 students than language,
English, mathematics, and citizenship. As for Physics and Chemistry, there are large gender gaps.
Three fourth of female students do not think these subjects are important for their life.
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4.2 Do they have clear career expectation before course selection?

Figure 3 shows the answer of grade 10 students to “How much clear is your expectation of future job”.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
arade 1omeie TN T N I T T
Grade 10Female  |IECTIN I e et e
H Veryclear ®Clear ® Notmuchclear B Notclearatall ®mn.a.

Fig.3. Grade 10 students answer to “How much clear is your expectation of future job”

For the half or more of students, career expectation is not much clear. Many of them have to choose
either science focused or non-science focused course in this situation.

4.3 What students do select science focused or non-science focused course?

Answers of grade 12 students in science focused course and non-science focused course were
compared. Science focused students liked science and mathematics both in elementary and lower-
secondary schools, while non-science focused students are less liked these subjects than science
focused students in elementary school and further less liked in lower-secondary school. It is possible
to explain that the science focused students are those who experienced any good science education
in elementary and lower-secondary schools so that they could have kept high level of motivation to
learn science.

4.4 Do graduating students from secondary school have lifelong motivation to learn
scie nce?

Figure 4 is grade 12 non-science focused course students answer to the question “How much is it
important for your life to study” by subject.

Physics content - Non-science

Chemistry content - Non-science

Biology content - Non-science

Earth Science content - Non-
science

Language - Non-science

English - Non-science

Mathematics - Non-science

Citizenship - Non-science

® Very important ™ Important = Not much important  ® Not importantatall ®mn.a.

Fig.4. Grade 12 non-science focused course students answer to
“Ho w much is it important for your life to study” by subject

Non-science focused course students are the majority of future citizens. It is serious that the most of
them regard science as less or not important subject to study. Only 16 to 18% of them thought that
learning Physics and Chemistry are important for life. Science communication society will be
threatened by the majority of poor scientific literate citizens, if this situation was continued.
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5. Discussion

This study clarified that the most of grade 12 non-science course students, who will be the majority of
future citizens, do not positively value science study for their life. It is a serious situation in order to
develop science communication society. It needs to be changed.

The model in Figure 1 can be used to design this change. Firstly, values of learning science should be
taught to students by grade 10 so that they can select science course or non-science course with
better understanding of relationship between science and society. Career education by grade 10
should also be emphasized. Science is embedded in wide variety of works that is not easy for
students to imagine how science can be used in wide variety of jobs. Science teachers or science
communicators are expected to act as interpreters for them. If students understood these values, they
may be able to keep their access to science learning even they chose non-science course.

The curriculum for non-science course students should focus more on scientific literacy that closely
related with real life situations so that they could realize the value to learn science directly. As the
scientific literacy framework of PISA [1] emphasize, “context” of the problem requires scientific literacy
is the key. Personal, social, or global issues or problems can be the context of learning science.
Standard “science curriculum” in upper-secondary school is decontextualized with a weak or no
connection to students’ real life. There is a need of “scientific literacy” curriculum. UK'’s “Twenty First
Century Science” [5] and “AS Science for Public Understanding” [6] are both good examples of such
curriculum.

Teaching method should also be changed, especially for the non-science course students in upper-
secondary school. School science should become more relevant for all students. Making science be
interested, important and useful and become more accessible for all students is needed.
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Science Scores in the past TIMSS (8t grade)

Science Average Scores of 8th graders in the TIMSS
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Japanese achievement level have been sustained by
nationwide actions and reactions

* National reactions after achievement drops in TIMSS
1999 and PISA 2003
— National Curriculum Revision in 2002 (in effect)

— Guidelines for teachers on what should be taught

* Changing exceeded constructivism (spread too much autonomy on
learners, and not teach what should be acquired)

e Emphasizing formative evaluation and careful instruction
* Nationwide workshops and intensive discussions for
educational reform (curriculum revised in 2008)

— Emphasis on both acquired knowledge/skills and their
application skills (thinking, decision making, expression
through language) as well as willingness to learn

— More time and contents for subject learning
— National test of math and language for 6t and 9t" graders

Science Scores in PISA 2006 (10t grade or 15 years)

Mean

score SE
Finland 563 (2.0)
Hong Kong-China 542 (2.5)
Canada Q534 (2.0)
Chinese Taipei 532 (3.6)
Estonia 531| (2.5)
Japan 531 _) (3.4)
New Zealand 530 (2.7)
Australia 527 (2.3)
Netherlands 525 (2.7)
Liechtenstein 522 (4.1)
Korea 522 (3.4)
Slovenia 519 (1.1)
Germany 516 (3.8)

USA 489 (4.2)
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Attitudes towards science in PISA 2006 (10t grade)

Questions for Instrumental Motivation

> A) | study school science because | know it is useful
for me.

> B) Making an effort in my school science subject(s) is

worth it because this will help me in the work | want
to do later on.

» C) Studying my school science subject(s) is
worthwhile for me because what | learn will improve
my career prospects.

» D) | will learn many things in my school science
subject(s) that will help me get a job.

» E) What | learn in my school science subject(s) is
important for me because | need this for what | want
to study later on.

Percentage of students agreeing or strongly agreeing with the
Country following statements average
A B C D E
Mexico 86 86 85 79 82 84
Portugal 84 75 81 76 78 79
Turkey 7 86 69 79 75
United States { 77 78 70 > 70 683 73
Canada 75 73 T2~ 69 63 71
Poland 73 68 73 66 71 70
Italy 76 66 72 63 64 68
United Kingdom 75 71 71 65 54 67
New Zealand 71 69 68 66 56 66
Ireland 73 67 68 67 54 66
Greece 70 65 63 58 61 63
Australia 69 66 64 62 55 63
Spain 66 66 63 62 54 62
Iceland 65 62 60 57 64 62
Denmark 67 64 61 54 60 61
OECD average 67 63 61 56 56 60
Hungary 66 69 53 53 55 59
Sweden 62 62 63 52 55 59
France 67 59 61 48 52 57
Germany 66 58 55 50 48 55
Norway 60 56 59 48 53 55
Luxembourg 61 57 54 49 48 54
Slovak Republic 62 55 56 52 43 54
Belgium 57 56 55 48 48 53
Netherlands 62 54 56 44 46 52
Czech Republic 62 50 49 47 52 52
Finland 63 53 51 48 43 52
Korea 55 57 52 46 45 51
Switzerland 60 54 49 41 44 50

Japan at 9th grade 51 47 43 48

E-_

Japan at 10th grade 42 42




Science Scores have been relatively high, but
Levels of attitudes toward science and

STEM is LOW

e More than half of Japanese students at grade
10 do not think science as a useful subject.

 Small percentage of Japanese students expect
science related careers compared to most

other countries. (Question :What kind of job do you
expect to have when you are about 30 years old?)

Science-related Careers
(based on ISCO-88 classification)

(A) PHYSICAL, MATHEMATICAL & ENGINEERING SCIENCE PROFESSIONALS
— Physicists & astronomers, Meteorologists, Chemists, Geologists &
geophysicists, Mathematicians, Statisticians, COMPUTING PROFESSIONALS,
ARCHITECTS, ENGINEERS, etc

(B) PHYSICAL & ENGINEERING SCIENCE ASSOCIATE PROFESSIONALS
— Biologists, botanists zoologists, Pharmacologists, pathologists,

Agronomists, Medical doctors, Dentists, Veterinarians, Pharmacists,
Registered Nurses, Midwives, etc.
(C) LIFE SCIENCE & HEALTH PROFESSIONALS
— PHYSICAL & ENGINEERING SCIENCE TECHNICIANS, COMPUTER ASSOCIATE
PROFESSIONALS, OPTICAL & ELECTRONIC EQUIPMENT OPERATORS, SHIP &
AIRCRAFT CONTROLLERS & TECHNICIANS, SAFETY & QUALITY INSPECTORS,
etc.

(D) LIFE SCIENCE & HEALTH ASSOCIATE PROFESSIONALS

— LIFE SCIENCE TECHNICIANS ETC ASSOCIATE PROFESSIONALS, MODERN
HEALTH ASSOCIATE PROFESSIONALS EXCEPT NURSING, NURSING &
MIDWIFERY ASSOCIATE PROFESSIONALS, TRADITIONAL MEDICINE
PRACTITIONERS & FAITH HEALERS, etc.
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Proportion of students who expect any of four types of

science-related careers in their age 30 in PISA 2006

(A) PHYSICAL, MATHEMATICAL & ENGINEERING SCIENCE PROFESSIONALS 35%
(B) PHYSICAL & ENGINEERING SCIENCE ASSOCIATE PROFESSIONALS

(C) LIFE SCIENCE & HEALTH PROFESSIONALS

(D) LIFE SCIENCE & HEALTH ASSOCIATE PROFESSIONALS
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Average Japanese students expecting science related careers
perform HIGH achievement, but their proportions are LOW
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Average American students expecting science related careers
perform NOT HIGH achievement, but their proportions are HIGH

650.0 - 300
American Students Career Expectation and Science Score in PISA B Mean Science Score

2006 (Ogura,2013) —@—Proportion

600.0

550.0

500.0 |
- 10.0

450.0
- 5.0

0.0

Average Canadian students expecting science related careers
perform HIGH achievement, and their proportions are HIGH

650.0 250
Canadian Students Career Expectation and Science Score in PISA s Mean Science Score

2006 (Ogura,2013) ~—Proportion f

20.0
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- 5.0
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(C) LIFE SCIENCE & HEALTH PROFESSIONALS

M (D) LIFE SCIENCE & HEALTH ASSOCIATE PROFESSIONALS

Implications for STEM education

There are three important factors that each country should
consider in developing STEM:

— (a) proportion of students who expect science-related
careers in the country,

— (b) proportion of students who perform at a top level in
achievement,

— (c) population size of youngsters.

Even if lower percentage of students performs at a top level in
science, countries of large population like USA and Russia can
develop a large number of “Top performers” in science.

The number of Japanese students who are “Top performers”
and expect science-related careers is the second largest among
countries participated in PISA 2006.

Japanese science education needs to improve (a) and (b) factors,
while the (c) factor is rapidly shrinking for next decades.
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It is apparent that Japan needs to

increase proportion of students

who are high achievers and expect science-
related careers

Japanese Government
Science and Technology Basic Plan __ g

The 2nd Basic Plan

(FY2001~FY2005)
The 1st Basic Plan

(FY1996 ~FY2000)

A

Basic L

(established i

The Séienée an

\

The 4th Basic Plan
(FY2011~FY2015)
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Current Major National STEM Projects  nttp://rikai.jst.go.jp/eng/

Developmquf Progriims for Gifted
Studenm___,i'n Universities (MEXT*)

; | Supporting Student
Sﬂpehr Sctl‘en?e ~& / Contests in Science
igh Schools and Technology
Fostering
" Next-Generation
Scientists

Science Partnership Project

Science Education Assistant Allocation Program

* *
Providing schools with better science facilities (MEXT*),

Development and provision of digital materials for science
and technology(JST) **

* Ministry of Education, Culture, Sports, Science and Technology

Making difference?

proportion of students
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** Japan Science and
Technology Agency
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who expect science-related careers

82



Grade 10 situation in 2011 is not different from that in 2006

100%

90 - raul

80% -

70%

60% -

40%

30% -

20%

10%

w (14) OTHERS

w (13) NO ANSWER

= (12) VAGUE

= (11) DO NOT KNOW

= (10) HOUSEWIFE

® (9) ELEMENTARY OCCUPATIONS

® (8) SKILLED AGRICULTURAL & FISHERY, CRAFT AND
RELATED TRADES WORKERS, PLANT & MACHINE
OPERATORS & ASSEMBLERS

m (7) CLERKS, SERVICE WORKERS & SHOP & MARKET
SALES WORKERS

® (6) LEGISLATORS, SENIOR OFFICIALS & MANAGERS

m (5) TEACHING PROFESSIONALS, TEACHING
ASSOCIATE PROFESSIONALS

Grade 8 Grade 9 Grade 10 Grade 12

m (4) LIFE SCIENCE & HEALTH ASSOCIATE
PROFESSIONALS

m (3) PHYSICAL & ENGINEERING SCIENCE ASSOCIATE
PROFESSIONALS

m (2) LIFE SCIENCE & HEALTH PROFESSIONALS

m (1) PHYSICAL, MATHEMATICAL & ENGINEERING
SCIENCE PROFESSIONALS

Japanese Grade 8 students expecting science related ‘professional’
careers perform HIGH achievement, but their proportions are LOW
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Grade 8 students (TIMSS population) showed similar career
expectations of Grade 10 (PISA population)

650.0 -

600.0 |+

550.0 |+

500.0 |+

450.0 [+

Japanese Students Career Expectation and Science Score in PISA s Mean Science Score

2006 (Ogura,2013) =BG

Conclusion

There have been a number of actions carried out

to improve science and STEM education in Japan.

But,

The situation in 2011 of small percentage of
students who expect science related careers was
not changed from that in 2006.

Grade 8 (lower-secondary ) students showed

similar career expectations of Grade 10 students.

There needs more effective national, local, and
institutional initiatives, and efforts by individual
science educators at lower and upper secondary
school levels.
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