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Messages from Organizers

It is my great pleasure to welcome all of you to the Science Education Forum in
Hiroshima 2016. I would like to extend my deepest gratitude to Mr. Yoichi Kiyohara of
Ministry of Education, Culture, Sports, Science and Technology and Dr. Hsiao-Ching She
of National Chiao Tung University for their outstanding contribution to this forum.

In the rapid change of our society, the science education is expected to play significant
roles but they are highly diverse and complicated. I am sure that some advanced
approaches in the science education will be presented and discussed in this forum.

Finally, I would like to express my thanks to all of those involved of this forum.

Shunji Takeshita

Course Director, Department of Science Education, Graduate School of Education

On behalf of the Project Research Center on Science Education for the Next-generation,
I am very pleased to announce that the Science Education Forum in Hiroshima 2016,
the first science education forum organized by the Department of Science Education at
Hiroshima University and the Project Research Center, will be held on October 16 a
whole day. Presentations will include an international seminar, a plenary session, and
oral and poster sessions.

Our Project Research Center aims to conduct scientific and practical research on science
education, focusing on developing the multidimensional competencies of students who
will become scientifically literate citizens.

We hope that all participants will have an opportunity to share and exchange knowledge,

experience, and insights on science education.

Tetsuo Isozaki

Head of the Project Research Center on Science Education for the Next-generation
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The Impact of PISA 2015 on Science Education: The Potential Advancement of Science Teaching,
Learning, and Assessment

Hsiao-Ching She
Chair Professor, Institute of Education, National Chiao Tung University, Taiwan, ROC

Scientific inquiry has been considered one of the major goals of science education since the 1960s
(National Research Council [NRC], 2001). The National Science Foundation (NSF, 2000) defines inquiry as
an approach to learning that involves a process of exploring the natural or material world and that leads to
asking questions, making discoveries, and then rigorously testing those discoveries in the search for new
understanding. Inquiry has demonstrated a very important and efficient strategy for promoting students’
science learning (Chen & She, 2015). Even though scientific inquiry was identified as the central process of
science in the Programme for International Student Assessment (PISA) (Organization for Economic
Co-operation and Development, 2006), none of the national and international assessments can actually
measure students’ abilities to generate hypotheses, identify dependent and independent variables, design
inquiry experiments, actually perform such experiments, and then reject or support their hypotheses based on
their experimental data.

PISA 2015 defines scientific literacy as consisting of three competencies, namely, the ability to explain
phenomena scientifically, the ability to evaluate and design scientific inquiries, and the ability to interpret
data and evidence scientifically (Organization for Economic Co-operation and Development, 2016). All of
these competencies require science content knowledge, procedural knowledge, and epistemic knowledge.
The advancement of PISA 2015 is in its capacity to evaluate students’ abilities to design scientific inquiries
within the computer-based simulation environment, which allows students to manipulate independent
variables, visualize the changes of dependent variables, and then to confirm or modify their hypotheses. The
other improvement of PISA 2015 is in how it combines procedural knowledge and epistemic knowledge with
scientific inquiry, which allows students to judge whether appropriate procedures have been used to ensure
that claims are justified. Epistemic knowledge includes an understanding of the functions that questions,
observations, theories, hypotheses, models, and arguments play in science.

For science educators, this PISA 2015 computer-based science assessment indeed sheds light on future
science instruction and science assessment. The PISA computer-based assessment uses animation to show
students’ the results of inquiry experiments, a feature which sets it apart from traditional computer-based
assessments; however, it is still rather different from real and authentic laboratory work. My recent studies
were able to combine both online inquiry with authentic laboratory experiments, a combination which indeed
demonstrated great potential to enhance students’ science learning and inquiry performances. Moreover, we
have undertaken efforts to study how would metacognitive strategies impact on students’ online scientific
literacy assessments with the support of eye tracker, and the results of those efforts have demonstrated that
the use of metacognitive strategies indeed facilitate students’ online scientific literacy performances (She,
Yang, Tsai, 2016).

Key words: PISA 2015 scientific literacy, Explain phenomena scientifically, Evaluate and design scientific
inquiry, Interpret data and evidence scientifically, Epistemic knowledge

References:

1. Chen, C. T., & She, H.C. (2015). The Effectiveness of Scientific Inquiry with/without Integration of
Scientific Reasoning. International Journal of Science and Mathematics Education. 13(1), 1-20.

2. National Research Council (2001). Inquiry and the National Science Education Standards. Washington,

DC: National Academy Press.

NSF (National Science Foundation). (2000). An introduction to inquiry. Washington, DC: Author.

4. OECD (2016). PISA 2015 Assessment and Analytical Framework: Science, Reading, Mathematic and
Financial Literacy. Paris.

5.  OECD (2006). Assessing Scientific, Reading, and Mathematical Literacy: A Framework for PISA 2006.
OECD, Paris.

6. She, H.C, Yang, T. T., & Tsai, P. Y. (2016, Aug. 26-28). Use Eye Tracker to Explore Science and
Non-Science major Students’ Online Scientific Literacy Assessments. Paper presented at the
EASE2016 Conference. Tokyo, Japan.
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A Multidisciplinary and Comprehensive Science Teaching/Learning
and Promotion of STEM Education

Nobuyoshi KOGA
Department of Science Education, Graduate School of Education, Hiroshima University

KEYWORDS: Science education; STEM; Instruction material; Pedagogical design; Teacher training

Abstract

Successful promotion of STEM education is continuous subject for realizing the sustainable
development of the world with aids of scientific and engineering innovations. For promoting STEM
education, science education should play an important role in connection with its multidimensional objects.
When the educational objects; involving the trainings and acquisitions of scientific concepts, knowledge,
methodologies, skills, logical thinking, and science ethics; were sufficiently achieved as the results of highly
motivated student inquiries, the teaching/learning activities in science education can be the core for linking
different STEM subjects and promoting overall STEM education. For science education, many distinguished
materials and phenomena applicable for introducing different topics at different learning stages are available
in our neighborhoods. Using those instruction materials, strategically organized inquiry activities for studying
science can be designed by arranging different types of scientific inquiry processes. For the success of science
education, systematic organization of the multiplicities of the instruction materials and pedagogical designs
in science learning programs and curriculums appears to be one of the keys.

In this talk, a possible strategy for realizing such a multidisciplinary and comprehensive science
teaching/learning in secondary schools is discussed by reviewing our research-based educational practices in
STEM-focused schools. First, the next generation science teaching/learning is considered on the basis of the
present status and issues in science education. A possible curriculum design is then proposed with an
emphasis of the requirement of storylines of science learning for students. A storyline is constructed by a
series of learning programs with different styles of inquiry-based laboratory exercises applied at different
learning stages and situations, which closely links everyday science learning based on content-based learning
and periodically introduced inquiry-based learning. Instruction materials utilized in the learning programs
can be found in elsewhere. Focusing on chemistry teaching/learning, the learning programs using household
materials [1-4] and thermochemical phenomena [5-12] are introduced by describing the multiple faces of
these instruction materials and pedagogical logics and by reviewing our educational practice in schools. The
multifaceted feature of the instruction materials links length and breadth of the different learning topics in
chemistry, the different subjects in science education, and further the different STEM subjects. At the end,
ability being required for science teachers for promoting STEM education is discussed by introducing the
know-how of pre-service and in-service teacher trainings accumulated by daily practices in Department of
Science Education, Graduate School of Education, Hiroshima University.

Acknowledgement
The present work was supported by JSPS KAKENHI Grant Number (25242015, 25350202, 25350203,
26350235, 16K00966).
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Reasoning as a Way of Problem Solving in Science Class

Takuya MATSUURA
Graduate School of Education, Hiroshima University

KEYWORDS: Scientific Reasoning; Induction; Deduction; Thinking; Problem Solving

Abstract

Most of us recognize the need for science lesson that enhance not only students’ science knowledge but
also skills and/or abilities that contribute to solving the scientific problems. For example, reasoning skills are
major contributors to academic and everyday life success [1]. But, performance of scientific reasoning is
influenced by scientific theory and/or prior knowledge [2]. So, previous study that administered to university
students in Japan analyzed relationship between the theory of buoyancy in liquids (Archimedes' law) and
scientific reasoning. Although they described the theory of buoyancy, some university students can’t perform
scientific reasoning well at the other context [3, 4]. On the other hand, Schraw et al. (2011) described four
components of Higher Order Thinking Skills as follows: reasoning skills, argumentation skills, problem
solving & critical thinking, metacognition [5]. This study proposed the focusing on scientific reasoning as a
way of problem solving in science class.

This study treat three aspects of reasoning in problem solving: 1) analogy, prediction about scientific
phenomenon; 2) deduction, prediction of result; 3) induction, consideration from results. 2,234 students
(G4:347, G5:336, G6:361, G7:406, G8:399, GI:

385) were administered to paper & pencil test Table 1. Results of reasoning test (Bayes, HMC method)
that include three aspects of reasoning with Analogy Deduction Induction
context of scientific problem sqlvmg. Percentz.ige EAP psd EAP psd EAP psd
of correct answers were estimated by using
Bayes statistics (HMC method) and R with G4 0582 0027 0212 0.022 0.172 0.020
RStan. Table 1 shows the results of EAP point G5  0.677 0.026 0.249 0.024 0.246 0.023
estimation for each grade and reasoning. And, Gg 0664 0.025 0256 0023 0375 0.026
the results of cross-sectional study indicate o0 230 000 0260 0.022 0409 0.024
positive development of analogy and induction

skills of Japanese students. On the other hand, G8 0711 0.023 0229 0.021 0417 0.025
that indicate the difficulty of development of G9  0.762 0.022 0.313 0.024 0.473 0.025
deduction skill.

It depends on the type of problem or step of problem solving process, which type of reasoning we should
use. Based on the results of this analysis, we need to consider how to enhance students’ deduction skill in
science class deliberately.

Acknowledgement
The present work was supported by JSPS KAKENHI Grant Number (25242015).
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KEYWORDS: ILDs, Introductory Physics, Active-learning, FMCE, PER

Abstract

The Interactive Lecture Demonstrations (ILDs) is known as one of the most successful approach in
Physics Education Research (PER). The ILDs has developed by Sokoloff and Thornton [1]. They focused on
fundamental conceptual issues by means of demonstrations in which computer-assisted data acquisition is
used to quickly collect and display high-quality data. In order to get the students actively engaged, each
student is given two copies of a work-sheet to fill out during the ILD, one for predictions and one for results.
Totally 25 sets of ILD are put together in their Text book, in which various subjects are covered e.g.
Mechanics, Waves, Thermodynamics, Optics, and so on. Each ILD sequence goes through a series of
demonstrations illustrating simple fundamental principles.

In this talk, we report on our practice of the ILDs in an introductory physics course. The practice is
performed only on the “Kinematics 2” in the ILDs for the first grade students at Hiroshima University. In
order to evaluate the educational efficiency of the practice, we perform the pre and post-test analysis using
the FMCE. The Force and Motion Conceptual Evaluation (FMCE) was also developed by Sokoloff and
Thornton [2]. In addition to the dynamical issues, the FMCE addresses student difficulties with kinematics.
It has 47 items in a multiple-choice multiple-response format. We evaluated the normalized gain g, which is
<post test[%]|>—<pre test[%]>

100— <pre test[%]>
between interactive engagement and traditional teaching method types are investigated by Von Korff et al.
[3]. In their results, courses taught using interactive engagement methods have higher normalized gains, g =
0.5~0.6, than those taught using traditional lecture, g = 0.1~0.2.

The FMCE is structured into clusters of questions associated with a particular situation. From the recent
study by Smith and Wittmann [4], the FMCE questions are categorized into 8 clusters, which are “Force
Sled”, “Reversing Direction”, “Force Graphs”, “Acceleration Graphs”, “Newton II1”, “Velocity Graphs”, and
“Energy” clusters. The figure shows the FMCE pre and post test results for our practice. The details are
explained in our presentation.

definedas g = . For example, recently, differences of the FMCE normalized gain

Pre/Post FMCE
100.0
90.0
80.0
% 70.0
= 60.0
§ 500
5 40.0
o 30.0 4
20.0
10.0
0.0 1 Total | Total | Force | Rev. | Force | Accel | Newton | Velocity Energy
(37) (33) Sled Dir. Graphs | Graphs 1 Graphs
aPre-% 78.4 77.3 82.0 68.3 76.4 87.0 61.3 98.1 87.5
mPost-% 844 83.7 90.0 825 85.7 93.5 63.3 925 90.0
0Gain 0.28 0.28 0.44 0.45 0.39 0.50 0.05 -3.00 0.20
Cluster

Acknowledgement
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An Experimental Activity of Organic Chemistry Using 2-Methyl-2-Propanol
with Combination of Substitution, Elimination, and Addition Reactions

Kiichi AMIMOTO#, Masahiro SASAKIB
Graduate School of Education, Hiroshima University”; Faculty of Education, Hiroshima University®

KEYWORDS: Chemical Education; Teaching Material; Organic Reaction; Elimination; Addition

Abstract

Several types of organic reactions such as substitution, elimination, addition, rearrangement, oxidation,
and reduction are introduced in the organic chemistry course of senior high school. For students in order to
grasp knowledge and understanding of lesson content, a number of the verification experiments have been
performed as parts of individual lessons. On the other hand, an inquiry-based learning cumulative to multi-
step modules with different conceptual aspects is expected as a high-level activity to sophisticate each
knowledge and understanding and to develop the ability of thinking and judgment. The exploration of
teaching materials and the development of the learning program for understanding the concept of organic
chemistry is one of the research missions in our laboratory.

Among numerous organic functional compounds, alcohol can promise a key compound suitable to
construct an inquiry-based learning, because alcohol can transform various organic compounds through
substitution, elimination, and oxidation reactions. Students learn that diethyl ether as Sx2 product and
ethylene as E2 product can be formed respectively when ethanol is treated by acidic condition. And ethanol
is oxidized to produce acetaldehyde followed by formation of acetic acid.

We present an inquiry-based learning for various types of organic reactions of alcohols through students’
experimental lab-activity. In this work, we focus on 2-methyl-2-propanol (trivial name: tert-butyl alcohol) as
a substance for teaching material. Figure show the practicable lab-activities of organic reactions using 2-
methyl-2-propanol. Among these, the lab-activities related to substitution reaction using 2-methyl-2-propanol
(SeAr and Syl reactions) have already appeared in the textbook [1]. The main work is concerned to El
reaction of 2-methyl-2-propanol and Adg reaction of 2-methylpropene as the elimination product from 2-
methyl-2-propanol [2]. When 2-methyl-2-
propanol was heated with sulfuric acid, 2- ' seAr reaction
methylpropene was generated as gas. And ! ‘
the successive addition reaction of 2- | ' Sy1 reaction |

. . HaCO OCHs | \
methylpropene ~ with ~ bromine  water | 3 |
produced 1-bromo-2-methyl-2-propanol as | >FCI

major product (> 98% GC yield). The ‘ooeooeoiiiix il g e 3
qualitative approach coupled by the H3C04©70CH:\ /Hzo, H*
oxidation reaction using KMnQO4 and Lucas

test can be applicable for detection of this >F o

major product. Students can discuss 2-Methyl-2-Propanol
Markovnikov rule as an empirical rule for

regioselective addition of asymmetric MeS0s |
alkene on the basis of the experimental

findi : {Bra, Hy0 | OH Br
maings. : \ .
gS : \F :————-—-—-—43-:- Br%—/ + HO>—/ :

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure. Practicable lab-activities of organic reactions using 2-
methyl-2-propanol.
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Biodiversity Education

Ko TOMIKAWA
Graduate School of Education, Hiroshima University

KEYWORDS: Biodiversity, Evolution, Conservation, ESD

Abstract

Biodiversity is the variety of living things in nature and how they interact with each other. Biodiversity
is very complex and is often explained as the variety and variability of genes, species, and ecosystems. We
benefited from the biodiversity service in various aspects. However, the effect of human activities has greatly
reduced biodiversity at a rapid rate [1]. It is therefore important to promote education to protect biodiversity.
Biodiversity education links the central ideas of environmental education and education for sustainable
development (ESD) [2]. In Japan, the current Courses of Study (school curriculum guidelines) also focus on
biodiversity education and some contents of biodiversity are described in biology textbooks [3]. However,
aside from explanation of terms, there are few biodiversity education programs.

Amphipod crustaceans constitute a conspicuous and important component of many marine, freshwater,
and terrestrial ecosystems. They comprise one of the most diverse crustacean groups, and more than 9,600
species have been described; however, this number is expected to reach 25,000 when undescribed species are
included [4]. From the fact that this group has rich species diversity and various habitat environments,
amphipods are suitable material for understanding biodiversity.

In our laboratory, new resources of education programs that are potentially useful to understand
biodiversity have been investigated using amphipods by means of morphological observation and molecular
phylogenetic analyses. In addition, we aimed to contribute to foster high quality teachers who acquire skills
in teaching biodiversity by means of both basic and advanced experiments. So far, the following case studies
representing the concept of biodiversity have been conducted: 1) species diversity [5], 2) genetic diversity
[6], 3) habitat diversity [7, 8], 4) marine biodiversity [9, 10], 5) freshwater biodiversity [11], 6) groundwater
biodiversity (cave stream and river bed water) [12, 13], 7) biogeography and speciation of freshwater species
[14], 8) biodiversity conservation, and 9) conflict between native and introduced species. From now on, these
data is expected to be utilized as education resources to learn and discuss conservation of biodiversity.
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