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Abstract

This study examined scientific processes in the science portion of the Course of Study of
Japan. Also, a comparative study of scientific processes in the US and Japan was conducted
among Japanese models, BSCS models, Yager's model, NGSS models, and other models. In
particular, the study focused on the W-type problem-solving model developed in 2009 in
comparison with other models. Results suggest that when science lessons approximate the
activities of scientists, the W-type problem solving model is one of the most appropriate
model. Long-term scientific inquiry by students can also be conducted using the W-type
problem-solving model. However, we should develop simpler models such as the US models
in everyday science lessons. Thus, the W-type problem-solving model describes important

issues for the revision of Japan's Course of Study in the next framework.

1. Introduction

This study not only reveals that Japanese elementary and middle school science
curricula are strongly affected by the scientific literacy developed in OECD/PISA studies,
but also reviews scientific processes in science education, especially in the US, focusing on
the history of BSCS in terms of scientific processes (2006) and the National Science Education
Standards published in December, 1995. Furthermore, the NGSS (Next Generation Science
Standards) developed in April 2013 specify new frameworks and models in all areas of
science and engineering. In this paper, up-to-date models of scientific processes are discussed
through a comparison of how science has been taught according to core documents of two
countries, Also, we investigate the emerging needs of STEM (science, technology,
engineering and mathematics) education, and compare these with the new W-shaped model
recently developed by Goto and Kobayashi (2009). Our principal purpose is to clarify the
scientific process model for future settings. ’
2. Methods

This study conducted in the following way. First, an analysis was conducted of website

' Shizuoka University Graduate School of Science and Technology, Graduate School of Education
? National Institute for Educational Policy Research
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and journal papers published from 2006 to 2014. Second, an interview examination was
developed in the US from September to December 2012, supported by the Fulbright
Researcher Project and Grants-in-Aid for Scientific Research (B), No. 23300283. Third, a
questionnaire was administered to undergraduate second-year university students.

We conducted qualitative research on 80 undergraduate students of a science education
methods course in December 2013 and 2014. The students were all second-vear students
preparing to become science teachers at the middle- or high-school ievel. They were all
Japanese students in the faculty of education, Shizuoka University. They were instructed to
compare traditional and modern models of natural science translated into Japanese
(Palmaquist, et al, 1997). Also, they were asked to compare NSTA position statements on
natural science. However, the students were not told which was right or wrong. They were
asked to identify the W-type problem-solving model developed by Goto and Kobayashi (2009).
In the questionnaire, three variables in the development of clouds were presented, and
students were asked to design scientific hypotheses in order to develop experiments to find
scientific evidence for cloud formation. The main portion of the questionnaire asked

respondents whether their hypothesis was the same as that developed by scientists.

3. Outcomes
3.1 Japanese Contexts o

The current Course of Study has been greatly influenced by the definition of scientific
literacy and the results of OECD/PISA, as shown in Figure 1. By examining scientific
'literacy as defined by PISA focusing on the processes of science, we can clearly see that
learning about natural sciencé is very important, in addition to an understanding of individual
concepts from all areas of science and technology. Also according to PISA, an understanding
of science and technology among not only the scientists and engineers but also non-experts is
essential.

Furthermore, there are three major components of scientific literacy, namely, the ability
to pose scientific questions, the ability to explain phenomena scientifically, and the ability use
scientific evidence. ‘ ‘

When we analyzed these processes in the Course of Study for elementary schools in
Japan, we found that “to investigate natural phenomena by comparing” was addressed in the
third year, “to understand natural phenomena by relating them to various variables in
nature” was addressed in the fourth, and “to investigate natural phenomena related to
various factors,” as well as “to carry out scientific processes in terms of regularities” were
addressed in the fifth year. Also, processes of sciénce “to understand the rules or
characteristics of natural phenomena by inferring causes or regularities, or by predicting

relationships” were found in the sixth year.
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/ Scientific Literacy in PISA \
Knowledge on and about science
Scientific knowledge
Situations and context relate to and concepts

the application of scientific knowledge
and the use of scientific applied.

Situations and .,

abilities
context
to identify questions \ .
to acquire new knowledge Attitudes; awareness
to explain scientific phenomena And willingness
to draw evidence-based
conclusions To have willingness to engage
about science-related issues in science-related issues and

with the issues of“scimce,
. as a reflective citizen

Figure 1. Scientific Literacy in PISA of 2006 (Summarized by Kumano)

In junior high school, scientific processes do not break down by year. Instead, it was
found that “to cultivate scientific perspectives and scientific ways of thinking,” and "to
analyze and to interpret results” were addressed in all middle school years. Basically, the
teaching of junior high school science begins to approximate the inquiry of scientists. As a
result, it becomes more difficult to break the curriculum into several pieceé from the
perspective of scientific processes when science lessons are conducted.

In high school science classes, inquiry activities are strongly recommended in all
sciences when conducting scientific expériments, and the new subject rika kadaikenkyu
indicates that scientific research has developed. '

Based on the W-type problem-solving model (Figure2), which was originally developed in
- Japan as an anthropological exploration model, Goto and Kobayashi developed five detailed
models. These five models seem similar to the NSTA position statement that there is no one
exact approach in scientific processes. This model was especially developed for scientific field
work. Also, this model is divided into two areas: thinking level and experience level.
However, the W-type problem-solving model can also be identified as a basic model for
science education, including question posing, data collection, observation, sorting and
arranging, summarizing, integrating, developing hypotheses, planning of observations and
‘experiments, setting tools for observations and experiments, carrying out observations and
experiments, processing data, collating results, inquiring, making generalizations, and making

applications to everyday life (Figure 2).
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Figure 2. W-style Problem-Solving Model (Goto & Kobayashi, 2009)

These scientific processes hold that students can develop scientific hypotheses and other
scientific skills that are just like the process of hypothesis-forming and other skills used by
scientists. On the other hand, when students conduct scientific research with a scientist, the
W-type problem-solving model becomes very important for conducting scientific inquiry over

the long term.

3.2. Analysis of Questionnaire Results

In Table 1, A shows that about 70% of the students were able to determine that the
hypotheses developed by the middle school students were different from those developed by
scientists. Onlyv 28.8% of students answered B that the hypotheses developed by middle
school students were exactly the same as those developed by scientists. Finally, only one
student explained that he/she could not decide whether students’ hypotheses were same as
scientists’ hypotheses.

Also, the questionnaire asked the reasons why respondents took position A, B, or C.

Table 1. Student Results for Hypotheses (2013 and 2014)

Students Number Percentage
A 31+25(56) 70.0 %
B 7+16 (23) 28.8 %
C 1+0 (D) 1.3%
Total 80 100
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Table 2. Students’ Reasons for Choosing A, B, or C

Types of Samples of Reasons
Reasons
Al Hypotheses of scientist always concern ideas that have not been developed by the scientific
community, whereas the hypotheses of students always concern ideas already investigated by
scientists, and for which all science teachers know the correct answers.
A-2 This time middle school students are asked to develop a hypothesis about three variables that
affect cloud formation. They are asked to develop a hypothesis for which the results of the
following experiments are already known by teachers, but not by students. However, hypotheses
developed by scientists are those for which the scientific community has no real results.
B-1 Students’ hypotheses are exactly the same as scientists’ hypothesis. This is because both of them
generate hypotheses based on their curiosity about natural phenomena as a result of their
experience or knowledge.
B2 Scientists can generate hypotheses for their scientific questions using scientific knowledge and
facts that they already have. These hypotheses generated by the students regarding cloud
formation are also quite similar to those generated by scientists. Therefore, we can say that they
are the same.
C1 Only one student could not decide whether students’ hypotheses were same as scientists’
hypotheses.

These results show that most of the students, who were in the second year of an
undergraduate major in science education were able to identify the differences in the
hypotheses between scientists and middle school students. In the Japanese context, this does
not reflect the average understanding of science teachers in elementary and junior high
schools. This is because most of the methods courses in science education do not cover the
nature of science in detail. Also, there are many science teachers who do not write real
scientific papers. Thus, it can be suggested that there are a lot of science teachers in Japan
who would respond in ways similar to Type B or Type C.

3.3. The US Context

On the other hand, a review of the development of scientific processes in the United
States, for example “Origins of Contemporary Instructional Models,” shows that the 5E
Model was developed as an initial BSCS process in scientific learning. The theoretical
background of 5E was originally based on Dewey’s Science in General Education {1938), the
four models of Herbert (1901), as well as Dewey’s How We Think (1910) and Democracy and
Education (1916). Heiss, Obourn, and Hoffman (1950) was the first study cycle (learning cycle)
that began using the term. The contents were subsequently refined, and this led to the
teaching models of Myron Atkin (1961) and Robert Karplus (1967). The SCIS (Science
Curriculum Instruction Study) then appeared, and continued to be studied by many
educational psychologists and science education scholars. The BSCS 5E model appeared in
the 1980s as a culmination of these studies (Figure 3).

In 1996, Lochhead and Yager described specific activities useful for constructivist
learning, as follows:

1. Encouraging and accepting student autonomy, initiation, and leadership.

2. Allowing student thinking to drive lessons. Shifting to content and instructional
strategies that are based on student responses.

3. Asking students to elaborate on their responses.
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Allowing wait time after asking questions.
Encouraging students to interact with each other and with you.

o o A

Asking thoughtful, open-ended questions.
7. Asking students to articulate their theories about concepts before accepting teacher
" (or textbook) explanations of the concepts.

8. Looking for alternative concepts of students, and designing lessons to address any
misconceptions, (Lochhead & Yager, 1996, p. 31)

Then they developed the four steps of the constructivist strategy, namely, invitation,
exploration, proposing explanations and solutions, and taking action.On 2000, the NSTA
(National Science Teachers Association) developed a position statement on scientific inquiry
that was influenced by the National Science Education Standards developed in December
1995.

¥igure 1. Origins and Devel of Inseor 1 Models
Historical Models ' Contemporary Aodels
Herbart (Eardy 19003 . Atkin apd Karpius BSCS 5E

Pxep&mion 1000z (1980s)
Presentation
Generalization

icani Engagement
Applu:anon 7 Exploration

Pewey rCica 19305
Sensing Perplexi N . .) Exploration
Clarifying the Problem i
x T H; i : = -
2 TP e e s ..,.< Tnvention ™ Explanation
Testing the Hypothesis : {Tern Intoduction)
Revising Rigorous Tests i
Acting on the Solution ) Elaboration
Hetss, Obourn, and Hoffman (Crea 195021 /
N . Discovery - R

Exploring the Unit B oncept
Experience Getting e
Organization of Learning
Application of Leamning

Figure 3. The 5E Teaching Model of BSCS and its Historical Relation to Other Models
(Bybee,R.W, et al: p. 13, 2006)

This position statement states that the BSCS 5E learning cycle is one approach to the
learning of scientific inquiry. At the same time, the statement‘acknowledges that there is not
only one stable model of scientific inquiry because scientific processes are mostly different
depending on the area of science. According to the statement:

“There is no fixed sequence of steps that all scientific investigations follow. Different
kinds of questions suggest different kinds of scientific investigations.” (NSTA, “Scientific‘
Inquiry”) ' ‘

In 2003, the Coupled Inquiry Cycle was introduced as an interesting model (Figure 4,
John A. Dunkhase, 2003).
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Figure 4. Coupled Inquiry Cycle (Dunkhase, p12, 2003)

In coupled inquiry, there are two parts to inquiry. One is teacher-initiated guided
inquiry, and the other is student-initiated open inquiry. Also, coupled inquiry includes five
steps, namely, questioning, investigation, evidence, explanation, and presentation. This model
is a much more practical model for most science teachers. Here, it is clear that most of the
models do not use hypotheses. Instead, hypotheses might be included in questioning or
investigation.

Furthermore, regarding the nature of science in the NGSS (Next Generation Science
Standards), published in April 2013, the chapter titled “Science Models, Laws, Mechanisms
and Theories Explain Natural Phenomena” described the middle school stage as follows:

* Theories are explanations for observable phenomena.

» Scientific theories are based on a body of evidence developed over time.

« Laws are regularities or mathematical descriptions of natural phenomena.

* A hypothesis is used by scientists as an idea that may contribute important

new knowledge for the evaluation of a scientific theory. |

»  The term “theory” as used in science is very different from its common use outside of

science.

This description suggests the necessity of understanding certain theo;ies, laws, and
hypotheses for scientific research among scientists but not for every school science lesson.
The NGSS officially declares that design, as the most important feature of engineering, should

be taught as a part of the school science curriculum (Figure 5).
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Figure 5. The New Framework 6f American Science Education

In this context, whether we should introduce features of engineering in science lessons
or not will become an important issue in many discussions related to changes in the content

of the National Curriculum Standards of Japan.

4. Discussion

So far, we have roughly summarized the recent development of scientific inquiry in
science education in Japan and the United States. In this section, we would like to compare
the teaching of scientific inquiry in the US to the W-style problem-solving model‘developed
by Goto and Kobayashi (2009). v

The W-style problem-solving model is quite unique in that it includes the scientific
processes of fieldwork and laboratory activities. However, these processes are so complicated
that teacher training is very much needed. On the other hand, it can be said that most US
models are much simpler and practically adaptable. |

In the Japanese context, there are many sentences using “hypothesis or prediction” in

~ the teacher’s guidebook for the Course of Study especially in the elementary schools. Many’

teachers use these terms, but in most cases, they do not have exactly the same meaning as a ‘
scientific hypothesis. In the middle school guidebook, there are fewer uses of the term
“hypothesis.” There are some arguments that this term should only be used by real scientists

or by students engaged in scientific investigation with real scientists.

5. Conclusion
This study has examined the scientific processes in the science portion of the Course of
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Study of Japan. Also, a comparative study of scientific processes in the US was conducted of
Japanese models, the BSCS model, Yager's modeyl, NGSS, and other models. In particular, the
W-type problem-solving model developed in 2009 was focused on in comparison with other
models. The results suggest that as science lessons approximate the activities of scientists,
the W-type problem-solving model is the appropriate model. Long-term ‘scientific inquiry by
students can also be conducted using the W-type problem-solving model. However, the terms
“problem-solving” and “hypothesis” are not synonymous in Japan and the US. However, the
W-type problem-solving model can inform important discussions regarding the revision of the
Course of Study of Japan in the next framework. '

In the Japanese context, more and more emphasis is being placed on conducting real
scientific inquiry as part of science education both in and outside of school. Now is the time
to develop a better system in which everybody enjoys doing science in their everyday life in

Japan.
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