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6. Investigating Improvement of STEM Education in the USA

Nurul F. Sulaeman??, Yoshisuke Kumano!

!Dept of Science Education, Shizuoka University, Shizuoka, Japan
2Dept of Physics Education, Mulawarman University, Samarinda, Indonesia

Abstract

Science-Technology-Engineering-Technology (STEM) education become one of approach that initiated by
the USA and spread all over the world. Due to the its’ significant role to science education, investigation
about improvement of STEM in the USA is needed. The aim of this research is to observe the improvement
in science education and STEM in the USA during 2018/2019. The observation focused at Association of
Science Teacher Education (ASTE) conference, STEM research center, department of science education,
formal education and informal education institutions. From the analysis, there are several important
findings. First, the trend of STEM school and the improvement were existing in the USA. Considering the
diversity in the USA citizen, some social issues also discussed such as equity issue in school. Second,
science education concerned in the improvement of teacher pedagogical content knowledge (PCK) with
various professional development activity. Specifically, in Minnesota State, the new science curriculum
standard has been designing with some part of the standard is adopted from NGSS. In real practices, STEM
is observed at STEM school in elementary and middle school level and also in the science museums.

Keywords: STEM, science education, practices, the USA context.

6.1 Introduction

As one of the biggest nations in the world, the United States of America (the USA) has been concerning
their education sector carefully. The spirit of Equity is easily transformed from their education slogan, “No
child left behind” since 2002. In line with this spirit, the needs of technology for better future is
continuously increase. In line with the society development, the urgency of STEM Education is crucial for
any country. Because in the beginning STEM initiated at the USA, investigating the improvement is always
interesting. This improvement could be seen by observation at several activities and institution in the USA
that could be seen at Figure 1. First investigation is at Association for Science Teacher Education (ASTE)
that held January 2-5, 2019. This conference is an annual conference that has been held for facilitating
researchers in science education field. Investigating at this conference become one of key part to
understand the trend of research and development in science education and especially STEM education.

After broadly the improvement in the USA as a country could be investigate at ASTE, the detail
investigation for one of state in the USA has been done. This year, 2019, is the year for developing new
science standards for science education that initiate by Department of Education, Minnesota. In addition,
for having comprehensive understanding of STEM education, observations at the implementation of STEM
at real school are needed. The best practices of STEM could be seen at STEM School around Minnesota
State. Observations at elementary and middle school are done which the school were McKinley

19



Elementary School, Crossroads Elementary School, Owatonna Middle School. The last observation was
investigation at informal science education that has massive support to formal education issue. The
science museums are The Works and Bell Museum.

" RecentTrendin
Science Education
{ASTE) _

e

Focus of STEM Education
Research at Minnesota
STEM Education Centre

Issues of Science Education

Palicy at Minnesota State
/ Best Practices of STEM \

| Formal Education | | Informal Education
Elementary school level Middle school level The Works ‘ ‘ Bell
\ / \ ) . Museum | | Museum |

Figure 1. Framework of STEM Education Observation at the USA

6.2 Association for Science Teacher Education (ASTE)
Description of Event ; January 4, 2019

https://theaste.org/meetings/2019-international-conference/

Hyatt Regency Savannah, 2 W. Bay Street, Savannah, Georgia, USA, 31401

This conference is an annual conference where all the region of the USA an international researcher
in science education gather and share their ideas. In 2019 conference, the general topic was “Building
Bridges and a Presence within a Climate of Change in Science Teacher Education” and special general
session about “Re-examining Bridges in Today’s Climate of Diversity” that was delivered by three panelists
(Dr. Meg Evan, Dr. Alexandra Reyes and Dr. Brian Williams). The general session emphasized the important
of equity, diversity and social justice in education. In case of the USA, as a huge country, multiracial and
multiethnicity issues are still become a critical issue. Another equity that discussed was about gender
equity such as women in science program. Interesting discussion also held about the children from
immigrants’ parents that most of them did not use English as their major language. For science teacher,
the awareness of equity in their classroom become important. The perspective of current issues related
to diversity implicit bias, and inclusivity in science education and teacher preparation was discussed with
valuable best practice experience of the panelists.

Beside the general session, ASTE provided 12 major topics that discussed, which are:
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g)
h)
i)
j)
k)
1)

College and University

Policy and Reform

Curriculum, Pedagogy, and Assessment
History and Nature of Science
Equity/Diversity

Educational Technology

Preservice Science Teachers

Informal Science Education

Science Teacher Professional Development
STEM

K-12 Student Learning
Ethnoscience-Environmental Science Education

During the limitation of observations, this report will focus on three topics which are teacher
professional development, pre-service teacher preparation and STEM education.

6.2.1 Teacher Professional Development

During the teacher professional development sessions, three observation was done for the following
research:

1.

Becoming a Teacher: Reflective Practice as a Way of Exploring Secondary Science
Teachers’ Beliefs and Practices

Preethi Titu, University of Minnesota, Gillian H Roehric, University of Minnesota, Joshua A Ellis,
Michigan Technological University

Abstract

Knowing that teacher’s beliefs and practices toward teaching vary widely in education and have
significant classroom impacts, this study investigated the beliefs and practices of in-service
secondary science teachers toward teaching as a classroom teacher.

Science Teachers’ Perception of Their Increasing Use of Professional Noticing During
Instruction
Lauren N Stewart, San Diego State University , Meredith Houle Vaughn, San Diego State
University, Donna L Ross, San Diego State University
Abstract
This study examines five secondary science teachers’ perceptions on the growth of their
professional noticing skills over time and how their teaching practices are influenced by noticing.
We found that teachers perceive that noticing influences teacher moves, helps to elicit student
thinking, and to no longer focus on correct/incorrect answers.

The Effects of Extended Action Research-Based Professional Development on the
Teaching of Climate Science

Allan Feldman, University of South Florida
Molly Nation, Florida Gulf Coast University; Katie Laux, University of South Florida
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Abstract

This presentation reports on the use of extended action research- based professional
development for climate change education. Results indicated teachers changed their practice to
incorporate discussion and argumentation, decreased their concern about the political aspects of
climate change, and increased the place-based nature of their teaching.

From the three researches, the trend of more qualitative research about professional development
has been seen during these presentations. The belief that a teacher has will related to the teaching
practice. This issue is important for professional development of in-service teacher. Another crucial issue
is how teacher notice during the learning process. The analogical of mechanic see the car machine will be
suitable with teacher see the student and learning process. A professional in some job will have different
point of view with novice. Moreover, the important of action research to improve specific topic is still
needed especially in the global issues such as climate change.

6.2.2 Preservice Science Teacher Preparation

4. Focusing on the Formative Assessment Skills of Pck: How Does Science Compare with
Other Licensure Areas in State- Mandated Performance Assessments , Julie S. Kalnin,
University of Portland, Patricia D Morrell, University of Queensland; Richard Christen,
University of Portland; Peter Thacker, University of Portland
Abstract
Formative assessment is a strong contributor to effective teaching. We examined how two
candidate performance assessments—before and after state-mandated adoption of edTPA-
shaped the purposeful implementation of formative assessment, and the impact content area
(science, mathematics, social science, and language arts) had on those practices.

5. Preservice Teachers Learning Formative Assessment Through Formative Assessment
Stephanie Hathcock, Oklahoma State University, Toni Ivey, Oklahoma State University;
Drew Gossen, drew.gossen@okstate.edu

Abstract

This exploratory study examined introducing and showcasing formative assessment by
formatively assessing elementary preservice teachers and reflecting on the experience. We were
seeking to determine (1) content gains, (2) how they viewed the process of being formatively
assessed, and (3) their perceptions of the experience.

6. Strengthening Preservice Science Teachers’ Understanding of Nature of Science: The
Role of an Embedded Research Experience in Teacher Preparation
Julie Angle Angle, Oklahoma State University
Abstract

This session shares the development of a science methods course that provides secondary

preservice science teachers with a mentored research apprenticeship as a lens to strengthen
their understanding of nature of science. The course outline, rationale for course assignments,
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and student products are presented.

7. Exploring (Mis)alignment in In-service and Preservice Science Teacher Mentoring
Relationships with Respect to Standards- Based Reform
Alison Riley Miller, Bowdoin College, Brooke Whitworth, University of Mississppi; Laura

Zangori, University of Missouri; Mandy Biggers, Texas Woman's University;, Michael D
Walsh, Bowdoin College

Abstract

This qualitative study explores how mentor science teachers are selected across programs in two
states, and characterizes pedagogical alignment, or misalignment of mentor and preservice
science teacher (PST) pairs with respect to the NGSS. Findings indicate that PSTs and mentor
teachers need greater support around this crucial mentoring experience.

8. The Impact of Cooperating Teachers on Pre-Service Science Teachers’ Pedagogical
Content Knowledge

Kayla R Norville, North Carolina State University Soonhye Park, North Carolina State
University

Abstract

Pedagogical content knowledge (PCK) is a specialized body of teacher knowledge required for
effective teaching. This study explored the impact of cooperating teachers on pre-service science
teachers’ (PSTs) PCK during the student teaching experience. The findings of this study provide
implications for both PSTs and teacher education programs.

The discussion about pedagogical content knowledge (PCK) in science education become major
discussion in Preservice Science Teacher Preparation session. This issue is related to the transformation
proses in teacher preparation program that has a challenging work to shape the future teachers. Another
issue is about how to improve assessment skills in pre-service teachers. The problem in the relation
between student teacher and in-service teacher also was discussed. The enhancement in the teaching

practice for pre-service teacher is complex issue that need cooperation between university, school, in-
service teacher and pre-service teacher.

6.2.3 STEM Education

9. Navigating Integrated Stem in Small Group Activities: A Gender- Focused Case Study
Jeanna R. Wieselmann, University of Minnesota; Emily A. Dare, Florida International

University; Elizabeth A. Ring-Whalen, St. Catherine University; Gillian H. Roehrig, University
of Minnesota

Abstract

To better understand how gender may relate to participation in small group STEM activities, this
study explored the experiences of four students (two girls and two boys) as they participated in
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small group portions of an integrated STEM unit. Additionally, it explored differences in student
engagement between science and engineering lessons.

10. Life Changing: What Happens When We Stemify Our Schools
Thomas F Meagher, Owatonna Public Schools/University of Minnesota

Abstract

This study explores student perceptions of science, technology, engineering, math and the
environment of over 500 students in grades 4-8, for five years. Findings from how students
perceive STEM learning, and significant differences in academic test scores, provides evidence for
a definitive model of integrative STEM teaching and learning.

11. Rethinking Structures of Instructional Time and Space in the Middle School Stem
Classroom
Meg Gardner, Colgate University
Abstract
This presentation focuses on how one integrated STEM model redefined instructional space and
time. The researchers found that the team pooled instructional minutes and shared one student
roster. Halls, atria, and green spaces were considered part of the instructional landscape. Teachers
expressed feelings of collective ownership of the model.

12. Reflection on the Aspects of an Effective Stem Integration Partnership: A Collaborative
Action Research Study
Justine N Kim, University of Minnesota, Corbin Rice, University of Minnesota; Gillian
Roehrig, University of Minnesota
Abstract
A school-university partnership engaged in collaborative action research to develop STEM
curriculum as part of a year-long professional development model. The process of implementation
was documented and analyzed. This study makes recommendations for future partnerships to
promote successful STEM integration for in school spaces.

In STEM session, the discussion was divided into two categories. Some researches focus on the STEM
in widespread subject such as in a state or a school or set of curricula that change into STEM schools. The
collaboration between school and university to design sustainable STEM school also needed. On the other
hand, some others focus on enhance STEM class in specific ways such as related to gender. The trend of
STEM school in the USA is growing recently.
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6.3 Minnesota STEM Education Center
Description of activities

Address : 1954 Buford Avenue, 320 Learning and Environmental Sciences Building, St. Paul
MN 55108

Website : http://www.cehd.umn.edu/stem/

Email : stem@umn.edu

Interviewees : Prof. Gillian Roehrig

Date : January 7 -10, 2019

As a STEM education center, this institution actively conducts various researches that related to STEM.
Prof. Gillian Roehrig is one of the active professors in this institution that has research interest in K-12
STEM integration, STEM teacher induction and STEM teacher preparation and professional development.
During this period, the researches specifically focus on two major project which are STEM evaluation
protocol (Figure 1) and Science teacher professional development (Figure2).

STEM Evaluation Protocol

Evaluation of RTOP (Reformed Teaching

Observation Protocol)

Prototype |

Start September 2018

Both for pre service and
. . Expert Judgement
in service teacher

< Z
ProMpe [l

Summer 2019 Final Version

Figure 1. STEM Evaluation Protocol Development

Measuring STEM evaluation protocol is quite challenging for researchers. The pedagogical content
knowledge (PCK) of a teacher will be related to STEM PCK. Prof. Gillian mentioned a basic research
guestion about this issue as below:
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S(PCK) + M(PCK) + E(PCK) # STEM(PCK)
S+ M+ E+??=STEM (PCK)

The equation tries to formulate the reality in a teacher that have STEM PCK. The terminology of STEM PCK
is stillincomplete because the research is trying to find the other factor that in reality play significant role.
A simplification sample is if a teacher has science, math and engineering skill, she or he still need another
skill that makes her/his STEM PCK completely. This discussion is very interesting to be many possible
researches in the future.

Science Teacher Professional Development (PD)

Needs of improvement in teaching

science

Real example how to implement NGSS

Problem with former PD

2 week in the summer Online classes by using Canvas

NS

All the participants could learn from each others

Upload video in YouTube Video analysis by using Ant

Figure 2. Science Teacher Professional Development

Both of researches in Figure 1 and 2 have related each other. The protocol that developed by first
research could be use in the second research. Those researches are funded by various funding such as
NSF Grants, University of Minnesota, St. Catharine University Minnesota and others.

Cooperation project is carried out with some educational institutions. One of the projects with NASA
used “How to get to Mars?” as context question. This project was 10 days workshop for junior high school
students and for 1 week all the learning activities at that school was used NASA as the general theme.
Another grand from NASA is related to Climate Change issues | Cedar Creek ecosystem that focus on
finding the evidence of the effect of climate change on diversity.
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6.4 Minnesota Department of Education
Description of activities

Address : | 1500 Highway 36 West Roseville MN 55113

Website : | https://education.mn.gov

As a state, Minnesota has right to has standards in education with considering the national standard.
Every academic year has specific goal of what subject that will be revised. This academic year, 2018/2019,
is the year for science standards. The major concern is in what extend Minnesota science standards has
to be change toward Next Generation Science Standards (NGSS) that become national standards since
2013. The former Minnesota science standard was developed based on National Academy of Science
because it was developed at 2011. The process of this revisions could be seen in Figure 3.

Review of Draft of new
i ) Ask for
science science feedback
standards standards
Final draft Adjustment

from feedback

Figure 3. The Process of Science Standards Revision

6.5 Best Practice of STEM ; Formal Education

In the level of formal education, the implementation of STEM education is challenging, and dynamics
based on the situation in those country or specifically in that area. The challenges around Minnesota area
is vary from the multiracial background to the need of science education to keep up with the improvement
of advance technology. In this level of education, the STEM education is facing the most challenge.

McKinley Elementary School

Address : | 1050 22nd Street NE (6,092.64 mi) Owatonna, Minnesota 55060
Interviewees : | 5senior teachers
Date : | January 9, 2019
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This school is one of the STEAM school for elementary level (Figure 4a and 4b). This school serves the
northeastern neighborhoods of Owatonna, as well as the entire community through the district STEAM
programming. This school is a K-5 school with around 600 students with high the diversity and uniqueness.
Through the observation, the equity for each student is strongly adapted. Students at McKinley STEAM
have a choice for the first time to learn through STEM; a philosophy embedded in literacy and focused on
science, technology, engineering and math. This opportunity allows students to approach learning from
integrating content while emphasizing problem solving and collaboration. Students spend time observing
and wondering about how the natural world and human society interact. In this context, engineering is
how we design and build solutions to problems and improve the world we all live in. The STEAM is
integrated in the learning processes through several key concepts, which are:

o Collaboration
The students collaborate with each other and the outside world.

o Integration

Their curriculum is integrated with literacy serving as the foundation of all learning.
o Student Ownership & Inquiry

The teachers serve as the facilitator, giving students the power to own their learning.

o Real-Life Learning-
The learning is connected with the outside world. Through simulations, partnerships, and
problems, our students experience real-life learning on a daily basis.

In addition, this school has unique open class concepts were the class is located around the library
(Figure 4c and 4d). From the interviews, we found that the teachers collaborate each other for designing
STEAM lessons. Most of the teachers have experience in STEM certification program or STEM education
in master’s degree. Focus on the integration for art part, this school has several art teachers that also has
STEM license. The
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Figure 4. McKinley Elementary School

6.5.1 Crossroads Elementary School

Address : 543 Front Ave, Saint Paul, MN 55117
Interviewees : 2 senior teachers and students
Website :  https://www.spps.org/crossroads
Date : January 10, 2019

This school (Figure 5a) is quite unique elementary school because it has two section of the
school which is Science School and Montessori School. In the science section, the school design
science as integrated subject to into all core subjects and is the foundation for reading, writing
and math. At the heart of this school, there is a one-of-a-kind Inquiry Zone — a fully-equipped
science lab (Figure 5b), staffed in collaboration with the University of Minnesota’s Bell Museum
of Natural History, where students can build machines and design and conduct hands-on
investigations.
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Figure 5. Crossroads Elementary School

Another interesting part is the aquaponics laboratory (Figure 5¢c and 5d). This lab will allow
5th grade students to study systems and how living organisms and systems. They will have
opportunities to explore and observe how organisms use their structures to meet their needs.
Students will also be able to explore natural systems and how removing or changing a part can
affect the whole system. Moreover, investigation of different variables that affect plant grow
such as water, light, grow medium and temperature is available. 3rd graders will be able to
observe and investigate the functions of different structures organisms have. This system will
also allow students to grow plants in one year. Each classroom in grades 3-5 will have their own
plant grow bed to monitor, explore, plant and harvest. 5th graders also build mini aquaponic
systems in groups of 3 out of 20-gallon aquariums. These small systems will enable students to
become experts on the system and how all the parts work. The tanks will have goldfish and the
plant beds will have peppers, sun flowers or lettuce.

This aquaponics system is mostly from Science. It is connected to Engineering with the mini
systems because students work out how to construct them and make sure all the parts in the
system are working. The connection to digital Technology is through using digital probes to
monitor temperature and pH with an iPad, organizing data and researching aquaponics.
The Mathematics connect is through data collection and analysis.

6.5.2 Owatonna Middle School

Address : | 500 15t Street Northeast Owatonna, MN 55060
Interviewees : | Katie Coudron, M.Ed (Teacher on Special Assignment)
Website : | https://www.owatonnajhs.portal.rschooltoday.com
Date : | January 9, 2019
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This middle school was one of the STEM middle school that has 1110 students (grade 6,7,8) and 135
staff members. The school’s hours start from 8:10 am until 2:40 pm. The students must take essential
classes that could choose electives classes. As a STEM school, majority of the teacher has been taken STEM
certifications program. The STEM teachers will discuss the curricula from the standards, the topic that

related to STEM and try to “Stemify” the learning process.

In one of the elective class, the forensic class is open (Figure 6a, b, c, d). This class is very popular
among students. The teacher itself has an experience in STEM certification and special training by real
police detective. In this class, real life problem that related to crime scene could be seen. For examples,
the problem with human shoes print or the mysterious problem related to drop of blood. The teacher
used fake blood for basic science experiment to understand the characteristic of blood and blood print

and made kind of criminal case to solve.
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Figure 6. Owatonna Middle School
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6.5.3 The Participatory Process of STEM School Improvement

One of the most common question is how to design and improve an effective STEM lesson or STEM
school. In case of these three STEM schools, we observed a common collaborative atmosphere among the
principle, STEM specialist, teachers and staff. This is a key point of STEM school in real practice. In case of
Japan or Indonesia, the STEM lesson usually designs as several activity in one lesson such as Physics or
Chemistry. But the idea of a whole school curricula change into STEM has different challenges.

In case of McKinley STEAM School, the process of collaborative work to design the integration is
strongly observed (Figure 7). From the interview, we could conclude that in the beginning of school year,
the discussion of how this school will be run and what are the goals for this academic year was held. In
case of Elementary School, the core competency toward literacy or reading is commonly used. The
discussion about new academic goal is prepared from teacher, STEM coordinator and principle with
considering the phenomena in last academic year (Figure 8).

Figure 7. McKeinley STEAM Intgration Work
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Figure 8. The Process of School Academic Goal

6.6 Informal Education (Science museums)

In the level of informal education, the implementation of STEM education in the USA increase with
the support of community and company around that area. We observed two science museums that each
has its own uniqueness to arrange their museum. The first museum was “The works” that focus in
engineering part and the second was “Bell” that focus on natural history of science.

6.6.1 The Works

Address : | 9740 Grand Ave. S. Bloomington, MN 55420
Website : | theworks.org.

Email : | info@theworks.org

Interviewees : | Kit Wilhite (Senior Director of Learning Experiences)

Museum has significant role for supporting education, likewise in science museum. While commonly
museum has bigger fix collection area then small part of hand-on activities, this museum focus in
engineering activities. The name of this museum, “The Works”, its self is emphasizing to describe that this
place design to support active learning. The entrance of this place could be seen in Figure 9a. The concept
of this museum gives opportunities for the visitors to learn new experience by doing. The works museum
also supports by qualified staffs that provide various activities.
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Figure 9. The Work Museum Entrance and Collection

The senior director of learning experiences, Kit Wilhite, explained that they have various activities such
as Camp (school break, summer, pre-k summer), workshop, fieldtrip and teacher professional
development. Detail activities could be seen at their website.

From many collection and section at this museum, Figure 9b, ¢, and d show a replica of harp that
design with string of light. The visitors could play with the harp and listen the different sound that produce
by this instrument. If we look more detail, we could see the part of the instrument that have sensor. In
the top of the instrument, some explanation is given. This instrument is stimulating curiosity for any age
of visitors.

Beside the collection, the interior of The Work is appealing for the visitors. Many interesting sentences
that relate to science and engineering practices such as at Figure 10a the sentences “Engineers make
things faster stronger easier and more fun”. While the visitors observe the wall, they could have insight
about engineering and science from many famous artist and scientist. Example of another hands-on
activities could be observed in Figure 10b and ¢ while the visitors have opportunities to try to solve some
problems through designing something. In Figure 10b, the visitors ask to design the sticks to block surface
and make the ball not falling. In Figure 10c, enormous possibilities could be designed from brick replica.
Both of this part are possible to play personal or team or family team. Therefore, the museum also
facilitates the team work building during hands on activities.
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Considering that children visitors has unique and varied characters, the museum also provide some
space that tend to be quieter. Figure 10d show a corner where visitors could write or draw or read

something. For some visitors like quite students or parents, the museum provides this kind of spot for
them to enjoy the museum more.

c d
Figure 10. The Work Museum Decoration

6.6.2 Bell Museum

Address : 2088 Larpenteur Avenue West Saint Paul, MN 55113
Website : https://www.bellmuseum.umn.edu

Email . bellaccess@unm.edu

Date : January 10, 2019

As a natural history museum, this museum is quite unique. Newly renovated in 2018, this museum
provides new fresh look impression to the visitors. Well prepared visitor guide is prepared for all the visitor.
After the renovation, this museum located on The University of Minnesota’s St. Paul campus and have
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several famous wildlife dioramas and outdoor learning experiences. All the facilities at first and second
floor could be seen at Figure 11 and 12. The new facilities are:

a)

b)

c)

d)

Curiosity shop

This facility provides some souvenirs that related to science

Whitney and Elizabeth MacMillan Planetarium

The planetarium makes the visitors have opportunities to experience the cosmos and learn
which stars and planets. From our observation, the young visitors are enjoying this facility
much. The science communicator also has great support to make the exhibition more
interactive.

Minnesota Journeys Exhibition

This exhibition explores the origins of the universe and the diversity of life on the earth
which include world-renowned wildlife dioramas.

Ruth and John Huss Observation Deck

From this deck, the visitors could enjoy panoramic views of St. Paul campus as well as the
sustainable features including pollinator-friendly plants, rain gardens, pond and geology
specimens.

The idea of “citizen science” is also observed in some collections. This museum tries to engage
citizen to be more concern in science and environmental issues such as “Global warming” and
“Biodiversity”. The museum also has special event such as Saturday with a Scientist, Minnesota
Skies, Winter Circle, etc. These activities increase more visitors to come and involved with science

activities.
First Floor
v
“ “"’b
temad] o
\ :
-
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Figure 11. Bell Museum First Floor

Second Floor

‘5_'\1

Figure 12. Bell Museum Second Floor

In Figure 13a, the visitor guide that share to every visitor could be seen. Another strength
point of this natural science museum is some exhibition possible for visitor to have interaction
such as in Figure 13b. Beautiful and informative diorama also made this museum makes natural
science in almost real creatures such as shown in Figure 13c and d.
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Figure 13. Bell Museum Collection

6.7 Conclusion

As conclusion, the trend of STEM school and the improvement were existing in the USA. Considering
the diversity in the USA citizen, some social issues also discussed such as equity issue in school. Science
education concerned in the improvement of teacher pedagogical content knowledge (PCK) with various
professional development activity. Specifically, in Minnesota State, the new science curriculum standard
has been designing with some part of the standard is adopted from NGSS. In real practices, STEM is
observed at STEM school in elementary and middle school level and in the science museums.

38



2.7 FHFklC

OiiEES
PN =)
@RI
R
@ HE

201943 A5 H (k) ~

@HHY

RFHC & 5 R O IR
SEOHE |

& STEM #H

FERERARL 2L

Hl A AR

201943 H 9 H (+)

ZDOWNWTC,

5t (B) Offihazic kv T&HIC
T2 ENETHED, OFV, KEE

155 STEM #HE

BT 25 NGSS

? STEM #HEUWHEDOFEITH T DB ONTHE, oL, BEET 570
DT =2 ZWEST D ENRAN LD,

=
EES) RE ik N
3H5H|18:00~ HE - HEA~EIE,
3H6H[9:30~11:30 | FHEHEKF BHEKRFICBITD
STEM #H 122\ ¢,
3H 6H |14:00~15:30 | HKSTP (F#FHE:E) STEM #H L v ARy
FLFEEICEAT LY
— 7 a7 DORE,
3HT7H|9:30~12:00 |STEM #HEE ¥ — (8| ZiFRFICR SN
T B 0E D) TwW% STEM #&E+
‘/&H@ﬁ%
3H7H |14:00~16:00 | SLEmE & w2 BERIC BT D
(J3E4, : Christian & STEM #& 0);'%@*%1}37
Missionary Alliance Sun | [ ® 75, %2, K
Kei Secondary School) HEE LG E D
STEM #(F D FEE,
3H8H |14:30~16:00 |#ERKETHTE RFE | T 2K I2B T 5
4, : Lok Sin Tong Yu Kan | STEM # & ® £

39



Hing Secondary School) | i ® 7.5, FFIC, R
METRERELESA
O STEM #(E D FEE,

3H9H|10:00~ FHEAE 5 - IRIE,

®-1 3H6H (14:00~15:30) HKSTP (F#FHH[E)
:STEM#HE L ARy FEFFRICEAT LIV —27 v a v 7O RS,

HKSTP (FH#AHEE) 13, FEHMNICH S BAOREREO L 5 2 ik T, =
OWiFz|c37 5 STEMEE L v Ry hLREEZHLE LT —2 v a v 7ORSE
BT ote. REELEMRANICE, L2778y 2 2d0 L STEM & D7 H 0
B, £ L CHBERRENIE-TWE (B1, B2),

(X1 EBra) (X2 #FEIRE]

RELEV—7 v ay 7ORNFE, vavay s THESREZIT—LF v h—
2Ry b (L= education U —X) o> T, R—r & X ViR L0 ITH
T 7eoicix, FoXksRry¥FaricdndiunnrasgEZxsuriy NTFEE
STEM BB & A& O T-NETh o7, FMEFIL, TADFLK 25 4 ThoTe,
— NOHEED NN, E=X —%flioT, adhy hOT—ALDE S LREHD
BRe, =4 —DHERL — 4 —DFEOHAGDLEZBHHICEE T %
ipad D7 T I T EMEER LR S, @EHAZ LTV (B3), %%
H2X, {1 >Foad— kv h—mRy b (L3 education U —X) @
Yy hE, HEEFREED ipad 0T BT T IV THEMBIB SN TN, O

40



ipad D70 7T I U THEMIL, T—FXyh—mRy NEHEBILTEY, £—
X =D —H—DaEI E 2T 07T /&?5 LT, Fom@mhon
RNy FOEIEEZEREEE LTWe (B 4), il MGETEE, aia=r—v
arEEVRNL, FROBEEZBRET LI OO T T I 7 EFITL T
oo TR T I IVTIZONWTHT LIZEZ DM Z 5 2725 L 1%, Bz
— ¥y h—nRy hEERALT, IR —NEIT—VIIAND T — L%
LT, R—ILOFEHEIL, Vo ARSE, GATR—)L, TAAFa2—T (7 A

For8l), REFAEL N, I LDZTOF =L RELTWER, R—
NEFRIET Z LI TETH, T AND Z EITER L TV AR TRE AT,
FTo, BENL, BEO R Wa 7 ) — MUDIRE BEEO R EWZEAIZONT,
Wiz LTz (H5),

Zoftiict, HKSTP (FH#EHLE) T, ANES — L%k L= STEM #5E
1okt do7z (B6), £/, Lok H>v—2rv 3 y7°&i HKSTP (&
HRHRE) NICWS D LHBESNTWD LD T, fREF L2898 7=61120 A
At DEMZTEA L, FEMDPFRRFETOR —7 —32 3 T, %\‘7*7‘/5 v 7
DR B E AT,

HKSTP (F#RHELE) 121%, 20X 5 1Tkkx 22D STEM HE sk 23 79 L
TEY, ¥Rz, WRENGE LV —27 v a vy FIZNEANTWD Z EBRHEZ
72

[ 3 #EmdEieA) (K4 TO535325 DH%F])

41



(K5 BEEADEZENZDNTOREN]

(6 ANES—LZEEMLI- STEM HE DHF]

®-2 3HTH (9:30~12:00) STEM #E&Et > % — (FFEBHEE L)
P RIS OFR STV D STEM Rt v 7 —D AL,

A L7 STEM #HEt o % —iX, FHHTNICH 2EGNEBHEERL LV D
EfiE b LI RZCFR SN TV DR ThH o 72, HIFRFEIFREINT
WHZEHHY, ZDOSTEM#HBEL L X —TlX, £EMR 3D 7V v X —%
ENRN D, THA ), THENEB N EEZ DD XD REFERRENE S TV
Ly o1cEmA (BT, £72, 20O STEM#HE L Z—Dk s LT, #ETZ
T TR BEPHEMOEA S SM LT, ZilAEIHEET 2 H 8 H -7 (K 8),
2017 2D STEM #HEE L X —NEN LT2Z L b dH - Th, o 3D 7V
VA — L ZOHEN, BARRRRERAEFIA LY YA 2 VORI, 7o ERFEE
LTWwWe= (B9 B10), Z0 STEM#BEE L #—1%, 4 >OXMTHERENT

42



BYFHND, OFT 4 AByvarxz 7, @7 AT 47 OAIH, PC O%E &
PC ZiEH LIZFHII= Y 7, @3D 7V v Z—p C o=V 7, @ T/Ex= ) 7,
Tholz, B STEM HEF L ¥ —DRNAFREE LM->TW@mbh, F&
22 Dfi%iX, STEM ZHED-DDO—FOFRE LTHEELTWD LD Th-o
77

i

(X8 ER, K RWTOHEREILSHEGEARF]

43



(K9 Zi#EZ#74 3D T24—]

(K10 P/l mDEIH]

®-3 3H 7H (14:00~16:00) AEHEE G LA (JEFE4 « Lok Sin Tong
Yu Kan Hing Secondary School)
C PEARIZERT D STEM BB O FERGH O Ry, R, RyeLdE# Lz
%6 @ STEM #H D,

FUB S E G T L B (B384 : Lok Sin Tong Yu Kan Hing Secondary School)
1%, STEM #E #HET 2 HF#KD 1 >THY, Krlo, KRFLEE L7 STEM

BaHEL TR Th o7, BRRFRPNTCES T AR 22T
%, PERANORTFEZRFET 52N TE,

ZORFRITRF L@ L CSTEM BE2HHEL T D2 b0, ikl

44



KORENEARL - TEY, ERESHENOE YR E b RBETRIL SN
Tz (B11), WETIEET, B, b5, AWoER=E2RZNI T, by
DFEBRETIX, RPNV OEmPREINLTWEY (B12), Ao EER=ET
1%, AREROFBA L & LKl CIC L 2EEHOEERALNT (B 13),

Tul I I TORELRFTH LN TE R, £ 2 TlE, Yok HKSTP
(FHERHHE) ov—2r g v 7 THALILIZL T education vV — XDFALL
ERWRNG, EITEOT 077 I T EiTo TV AETREZ (B14), =
DHEITIT, THRREEEZITORENESTEY, 3D 7V ¥ —72 EO&KH
DI ORE L 2 bz (B15),

PN O R P % —8 0 &2 721, Yk e CHEET 5 STEM #HE 12D
WTCOT LB T—varBdholz, STEM #HE ZHET D125 7= - TORE
DL RIEHIEBDIEF ICRIZNOBHINTEBY, S%OEMLE® (B 16),
STEM #HE kT 2N BEL R E Uz, RFEL#E#EST S5 2 & T STEM
BEIKT 2 TENREADCERESSVBRETHZ DAY v FHIK U,
WL R CHRSEEIL, BRO X D ICHGEIC L 5%, STEM HE2%1F T
WATEAIM, HROZNE T 2 LR 0@ L)L TAMEBERN TEX T
DD TIERWINE BB DO L)L DE ST,

(K11 ERATOREICKDR]

45



[X 15 TZEMLBHEIR

BDFREE]

46



[ 16 STEM HE D= D O<Y, LHEE, SEORE]

®-4 3H7H (14:30~16:00) EEAEITIIFE (3554 : Lok Sin Tong Yu
Kan Hing Secondary School)
D PERIC T D STEM #0E O FZ KRS O Ry, KRS, SR E TR
L7234 ® STEM #5 D FEE,

Sl a5 R (35554 © Lok Sin Tong Yu Kan Hing Secondary School)
1%, STEM #E A HEMET 5D 15 TH Y, o, FEhE T STEM #%&
ZREAL, BEELTWAFERTH o7, O EHEEGELRTEITIRFE L
HEE L CSTEM #EEZHE L TVl E bV EFETORERY, I r/a—
FVIRLE R R T2, SEER AT P B TR T STEM HEHEED 720
WCLRZESL L TWAZ END, AROZERHFIZRBIT S STEM #E DE A -
el 2Bl s B2 LN,

FEER N O REZEORNS, 4% BT 5 STEM ZEICHOW T O 7
LT —varRNhotz, FOTLE T — g O T, 6E Learning |2
DWTOKEDOIHER (Barry, 2014) Z5[HLTW5Z & (E17), 4C » 21 i
A ZA X UZONTER LTS Z E (B 18), B STEM - D STEM
EB LD STEM OFEWIZOWTEL LTS Z &, RENFEHTH-o- (K
19), £7-, B4 CoO STEM iGE), AlHEREIZHEANTEY, STEM #E
DIDDAR =1 E DN TWND Z ERbhoiz (E20),

HEEN O B TETENSNIZON, Al 72 & OREMOTERBIZ2 B0 A

47



Ni=x D STEM #HMBNEREN T2 ETh D, FlzxiE, v bR 1o
SR, INADEIERFE A DD D N A, LN ORRESF D T2 ODBERBFEY AT
L, ERBoT (B21), £, AEROREEZER L KHEELRT 77V Y
LiFEH HIL - T (K122), 51T, BeZHEBNICIE, BIAlEx A% T 5
NTEY, £TZTIESTEM Z24EJEDOHR TR UL Z LN TE DA 2 TRPED
SNTWe, ZOEIAMERIZHIT DRRMICIE, AU v/~ Ay K, ay
R EOHERATERIC T 1 7T U TSR E I D1 7o STEM Bkt 2342 <
HY, ZNDIEFTRXTYEZEPFROELEDT AT 4 TICL > TR SN b D
vy (E23),

SR DR ITIE, Y% ERICEB T D STEM ZHE DD ORI EEFER LTz,
OXFORD M6 RS TW 5D STEM HEES Y —XZ2HAWTEY, TOHF
1Y, PEELEGEICHIS LTV (B24), FILEND EREETHEATE S
ZOHEREFEL Y =L, DR T SRR ENRINRDE B O STEM
MR SN TV T, BAROFERIZIEIT S STEM #E OEA - HitED7-
DIZHBBILRD EEZ LN,

[51H - 2530k
Barry N., B. (2014). 6E Learning by Design™ Model. 7The Technology and
Engineering Teacher, 14-19.

(X 17 KE®D STEM HZFE BT HXED5IA]

48



C

EREATIVITY

[ 18 4C M 21 tH#ZE X )L) [ 19 BE&mEL\E STEM]

[ 20 STEM#EHBD=HD AR H—]

49



(X 23 EiAEREEEMNRBILLT=- STEM ##1]

50



(X 24 EEZRAEPHPETHERASN TS STEM HFEE]

DB LIRFE

ZDEOFE~OHIEX, KEZEZFLE LT STEM HESEDOREL A
HZEIWZBWT, IEFICEVHL LD ER T, ffmN b5 &, FUITKE
b L7z STEM HEREDOEEL L3I TNDHEEFR D, T, fi
21X, SEOFEHETHERLE, V—2 v a vy 7RERICBIT LA
education >V — XD, TERICEWTOXKEO LEEZZEIZ L7 STEM
HE OREME K E kD STEM #HELEDOMH, 7 ENEMfTTCND, £, 4
[ OFEHEHIEREZE LT, FHEO STEM #HE O L~V IEFIZE N L-ULZ
HDHZLENEZTZ, STEM #HE D= DEF O (3D 7' v % —=<° ipad 2
M7 L), STEM #HE D7D DEBREXEENE-> TE Y, HAEIZE VT STEM

HEHZ T NETULICEESEAEZDOE v "RBEELBEN TV LKL 5,

Fiz, TNETL R STEM #HEAH#HMET 272D121%, Zhi v oFE&E%T 5
VERH Y, TELTHERERHZ < STEM OMAOIEITIAD D L 5 78S <
DRIERICEHETH D EARIOFEBHEIZTEZIEONZ, RLT7 T DHE
L LT, B STEM #HE 1L, BNEOEREE ICBITSH STEM ZHEDEA -
HEHEIZ RWDNZB BT D 2 b oT,

51



HEIE
W4 HE O STEM BB

52



ST BRIANF—ZHEME L TERLEEFERBFOREEE
— B - TEOIISTORHBAE STEMKEDOEEICET SERMARE —

FATE ", PR
U FRFH T, 25 FRIAILTERSBEAL

[(E#] STEM #E T, BHY - Sl E2 80 & L0 - BB EoEA
7Rl BNEGRhE 72D, LL, ZNHERENICESH Y 2T 2 E2/THDIL,
BRI SSH (A== f U ANA 2T =)L) 72 &, —HOFRIROND.

Z ZTABIZETIE, TR TCOER TIThbN DB ORI - Hiffi - B - 57—
HEEPI B OBEREALIANTE 2, TR F— - BBEICHET 28R L HEE O
OB Z 2B L RELRE L. ZOME, IR ETIRLE—R
FZBAT 2 NAICHR A R HATA & QAT M Z LA TE, HFONEIZ
ONWTHEBFENRM ET 22 LR ERHLNTR- T,

(¥—7—F] =xUF—REHE®T, @, 20F B, A%k, G

1. BEDOMRE

STEM “#8Tlx, B2 - Hiflie E2 8k & L% - 8RR OB RSB NEh &
2%, BE, FHEETRE/ AL S OBEOMENEND, TRV X BB TOAMER, T7%
ODHLBEEORERBEMENEHR SN TS V. =3 F— - BEER L OFritt 28481, STEM
PRI LT —~ LD 20, ZRLX—  REEEE Y, BRSO A SR AR F
HELUEHESNTE0E, TRAENZRFEORR] NETH o750, il TIEEFF
FHORMEZEHL ORI —REZLEHRENERIN>2HD 7. @EEROHFC
AT 2008 UCTITER, HBEARE, FERREDFZTONDS. Znb0HEFTIX, ¥8
T2 HITIC B ORN T 3L X —REEHE ONERPOIVER SN TWD 910, F72, X—
PR=YP A Y ANA A7 —)L (SSH) FER 72> TV HEEFRLH Y, FMEE Ui h
U a7 AOMRSCIEEMZEICER Y flTe/e &, LV HEMEOFHWVEBEN 2SN TV D 2K
4 & B 10-13),

V4R, A TR T, FROBESCAFEOERICL Y, ERICHEELRBEZITV, k2T
T BES~OIY TR LI TR Z1T 5 BLABEHEOBEARED SN TS, &
TSR R &2 (BLF, B mER) T, RAMZRTE ORI ITE B AKRER )
5 OEBHEE L KAT, S HICEFCHBICHTZmENCH HE AN TS, 207,
TRFX—BEEA STEM %8 & LT, H-cf423 T CEATADITHE LY. = Ok
HEDO1-OL LT, oA OEEdT HESRLE L THAALZ ERETFON5. FHS, BT
BRI ZRBIREBE I 2 2 & C, #ET 28O L0, BENRED Z L0 TED
BEHTHY 19, mRX VX2 2T —<IC L/ STEM & LTOEANZEL WD,
PO RN —REAFT2EHL TWDHE LT, SSH fHER TIIFHRICHRBEL THDH K
B SFNE M, BEDBHWON DR ERET DIES, B 77V 7 M2 HWT

53



U & BRI DR 24T 5, KArRERIEZ W2 [EEAARDIRFE DR O & 78§ 22T,
R KT D BRI I OB Z LN > TS, ZO LI ICHARBRIZBIT 25 FON
MAMEEFZEHTOREZIT o TVLF L H D W19, Lavl, BAESICT L F —[ES
BRELEICOWTOREZ IR AR, HETH O SIREGIERNE 207 L oz, @ O+
DHEITEOF T WA TFlTI RS- 600, 22T, SEIT= RV — - RBEFED S b,
TRNF—=DONFIER L, HEOREOEAIMS TE R LWz RT, EREICL ) FiEn
Bz "9 2 & THRICRTT 2k 25 S HE 5 2 & 2 B, RENE OREEE K OHH B
FaATolz. MAT, RELFML, 77— /M7 X @b GHEiZT - 7.

2. HEDA®
B 112, EHBRIZOWTRT 1017,

Wi ORECHELERE, gHEoy ERORX TEROANERE |
et . N OBA DBA x
/jéﬁ‘qj/b@x_fa? D ﬁ)%&fié %\_TJ—EP)\ Eﬂﬁ@‘fig Iﬁiﬁﬂﬁﬁﬁ%—r’& L
HRO3 I 2 THBEEFONEDHED AHORA > b EEnEL LR T
TRAR—RREOT —< o TV |@ast - E9HER ®Eﬁ? g E
. WEE%E)\ g)\fﬁ&'ﬂ?‘._ﬂ& ﬂ
5. ZOBEE, FER, t2fcrEH BEREERE B*T 57 THHA -
L7ENAE & O E 2 Ei%k L TR T 5. T | QEM2
3 1 il
SR TR LT N A b & LT sy
@HBRE | =
W & LT, B L R D R o e
EAT5 2 b CAROERORkE x  (OFEED | oIt
12 X HBET S, ElomEass
frEgsE kv, EEORET, K, H1 BEORhOLE

FHNFEZ IS L EBIFHICHESE
L, ERCEABOAHELTF LA TEREE O DM EOMEERR 25T, BmAICHY
WCBMTEL L5 TRTS.

TARNNX—BRETFE A M Lo, TH@a R L GREZ T2 &n
STISHABEE Y bD &7 D, ZDld, BFOHEA LITFREDTETVnD, A2 - 34
DOAEfFEERIGE LT, BFL), BUFN) o720 CTEM L. EhiE, k2 641 Al
AR S S PR ER R 27 T ATH D, BRI TATIEL DI NEENET L
LTV, EREEREEENSE N0 357720, TESIEFIT ORI A
PRVING ] EWOIBBRTETFEE WS EFRIRIZIY A T AL A=V ZF S TV D AEEDNE
FTAND 7 TATHD. FHLTCODEREL, AR TEmEeEI ), TEmEeFI ) 1®
Thn. EEREITo-HTIE, [ERES OB B, [EBRSE ), =A%k 77 7,
(BIBDOMBIR ), TWAWAZRBEOER%), M), ERROIGH] 1T25.

3. EESOEMBHLGER] THFDHFEEFH 10

ARFITEBEM O OKRKIZ, FEOORMELTHlE LT, 1z, EEDOXE
7R OERZ/RT. MEOWIULE T, AIRFE TIZHE L T2 ERES OFHR O
FEEETS. XL, AMR 1 BICH6ERT R VX —BE2 PHEIES. AT 1 F4
THREBZBEL TS, BMEFEHOEE LHEICHI-D. 1T AT - K FEhth

54



@ /
N

DT X)X —8 % B [keall TR L,
IR ~DZE L L ToEFE Y &
4.18 & F, S HIT 24%X3600[s] T
EY, 1 BOFEHENW]EZRD S+
5. BT, ZHUTEARANFERIE
LTSz L¥F—DBL* 10
SO 1 THDHIEERL, BFETH
Fe T KU — L L U CATE Cff
ALTWAZRLX—=RNE N L%
R S 5. IIZHEBIOEE T, B
#EH[WhlicoWTHERT 5. B/
2 AT AZEE L T DTz
W, ROEKRIZOWT S EEEDOHE
e D, WIZRERrE R C e A R
HLTWLEHEOFEMOHERD 7
T T EHRT . DT T TG, FEIR
FERATFICL DEHEOELIZON
THRT 5. 72, BLRGOE
WZOWTHIZRL, ﬁﬁ%@k%é
WZOWTHERT 5.

B2z, RETHEHLZMB Y
Y ho—E#ERT. 1 BICHERIETHE
HLTWaAENEOHED T Z 7T

h

A D
 AABOADEA
pa8IRCDT Bp L

1 EBRIPOEMBNLEEKR] OBEEE
FEED BEDBE A -5
RE| ERAOHEOL | wGo#-ER
FEHERTS. EREICETETES D
o g | BRENTBCLE | AREEZEDRANZLO
2| BIRLF— AR | TRELGIRLF—ILTEHIE
7O A1BIZHEALTLY | +200 kealfBE. HEBITHT
BIFIILX—ITD | BEAIRILF—OKRESIC
THRTS 1EBSES.
EEmEER, BT - PR
AL b, | BEFROEBESS,
FAOLTIZZ | k@m0
tﬁn:b\?—é- =, te—=— SRS
B WIS WIODRE *EIE\- ?aa:(_bfrh\o'c
xS, TUUMERATESD.
pAIsRORLE | FEEALHMOHENS
ADEHEIZONT MR DHRMNEES
sy BHOXDOERETST7ED
i BRICOVTREILEA SR
4 53 Y 5.
é T33O0, BHEEEE,
) HEENTERTD
| B R BEEEES OROHE
O pg AT S.
7 Q| pIELMEES S (BB
BB CERY A TS O
KRS 5.
1% BB DITITEEDAEEIC
0F| & BOWTEDEILTREEN
55| EEeHeozEd | L 0C
RS EEREES OBFRN
BEETEH.
1 HiCHEHETERLTW S EHR
HiTiERA YO LI OBEHEEMNL TV S OH?
<2013 4= 12 H 13 H (&) >
E T
1200F- aaa,ﬁamf’ﬁ“% ]
‘59005—&_ —
R 6005 3
e
300E g
0" (IJ 6 12 18 24_
BrfA (BF)

B2 TEESOEMTIDFEREIZLZIEEDS
BEHENT 7,

] %ﬁﬁ

FDEREA ;
(B) V5 7%FERALEEES DN

| Iﬁ

fh

() 1BIZRETHEALTLS

% (ORILES HP).

EWEHEAUIVERY, F4 1K, &%
LT 24 B4y ofafn 2R o8 5.

BARTRDLERMIC

F o TROOENDED OEIEND, HEIZ

SOMIRROE L LT, A RO ST, %
ZZT 1 ASOEHKWIEERM]ORE, >F9 HELY

55



KDODZEICL > TENEKWH RO OND Z L 2MHERTH. 6, KEEHESOXD
BERZRDO LEDbECHNT 5. BRICHEBEOMEMEL X, JEEEZFTEA L TREDK
fEET D, ZOEPOHEITLIZONWTY, Hur TRV INELEDLY 0b 5 X —BREE
DR EHBMIL LT, FETH2HENBGEHFET 5 BT, mWA~AEERY — L L7 o5T
WHZEERFRIET, BFOFEERN EIZOR0N 5 X9 ITRELHERT 5.

4. TEEBREH ITHT5%2EH 1D

AFERETIL, BFORETITH L0, KB OFHE 2 A AN D Z & A3 A e BTz
OV, EBREBL T T 7ERREITTo 0D, —fHlE LT, #2112, MEEEN o
REOTFEHEMEZ AT, RO LT —HEK & AR XL X —ZONTHRW, FEED
L BRZOWTHEET L. SENIWHEIEHECTFE L, EHERAHIZEE L TED 720,
MBROFANERIHEH L T0H 3T H{E v, =X —U OFETE) 2/ S'5.
NIRRT ERR I OFRETITo T2, ZRAF 2O T Hfli, KIJFEEDO L HIZHONT
FRAEBELTA A=V IHD. ERTIE, BERZMT 72— a8k Zim08 L, L—/ &g
N IEH TR OME Z 54 5. B30 AAD hiZHBI L TREL 25 (U=mgh; mE X, g:
EAONMGERE) . BEELR 2B E L dniE, SRERB L — 285030 385 72K X1,
L— LD & h OIEPRRIS L 70 % . FEBROBAXZ K 312, EENHE LT —2 K OZEN

ZRAWTHI W7 7 7 2R 41277,

#&2 IEEEY OBE=XE

wE | rEnS L sgorEED B LOBER B e R

5% (Al | mEERESBEROTS | HUETHEM Exst | BEFEONH
AEORNOER | JONEHEHMULEALH | B, TLOHZEMER | M- B
HETOHE (RT3 BT 5. RIEEEZ LN

105 | [EB] | BADIRLF—FAT | EXHROBNENE | <BEL-EXK
BADIRILE— |BHoTLDA. LERRSES. KECELTNBIER
BEORER | EREROBHEEETS [ZDWCTHEEILTHE

| DTHRT 5. (EBILER nTES

' 5t) ERFBAICERLT, £ | *BEl-BX

L BERIRLE—LEAL. | DESHERIRLE—A EDREEMHLT
VAFETHASATVSHEAL | S0 EIFEE5. BEVOER-M#zH#
LR ILE—(E T BIBIENTED.

543 (EBI2] | BRIRLF—0FTLK | BERAVTKOBEES | *N#-ER
KNEBOLLS | ARBITDNTHELURS.  |A—C#3. BEEEEHAS .
KBFEDIRILE | kOB OIRILF—

— BB ENICERT
LR ILF—

205 | [EFA3] D SEFHEIRLY—LE| EBEEFAT ABFHERAEZ S

RBLTHES (BIRAF—HBEES |1 . OXDSEE | ELHERHTEHD
| ERETEIL—LTEO |2
|EE(Ly = m[:t;é_ (EHEE) DX EEME w8
| EAE—ELETE 3. AlELIESETY- EEEBDISIER
| mEREIA DOERICEASHE, FEOT | FoepTEIA.
[ SORAET S BSMDBE | yprsimayz, mmm
gﬁfm“@mﬁ®777§ BNILBEDERETS.

105 | [Fed] I BRIRLE—DAYNEE

A BEFELEHFEORE
| REERIEEABECAT | HERORTEEDATY
HEHN TN BOLEHRIED.
DUV RIREEEC

56



€ HELTALED 3 ARSI RIS = AL W = ¥ ||I‘.'. %) i (miz) A . I..- 5) ol x

o@ V:voh :
'- W i
A : 1

0.10

" S EEHER

mroymesen E@RE :E::
M3 TREEN OREOWET U - I
LRREE
5. BRLEEE
REEEB T, BEORBIHERNT L N ST
A Lf:@fg%%*ﬂ@ Lf:%)@%‘{kﬁ:i—\“ﬂ—. O 0.05 0.10 0.15 0.20 h(fﬂ) 8
N - NSRS VAR, >
O Hils 2 2 HRORECRHUOTTE gy rmmwm) opgcEssERLE
RO THBRZ R > TR TE 72! RBLUVIST

O HE LRV OEBXREHESTND E
B OTHIBREEZNATY 2 TT.

O 1HOEBNENSHEHEBS ~ORN ST EXTRILELE. oL HEO T THEE
EOIIERTELOTIERVW AR BNE L.

O FoOHERHLHEWIEODDE TWNWALITRBLELAWVWEE 7.

ZD XD, WL E D RERICHR 2 R oA, thEE L ORE ISRV TR AEN
WL B ORRETIE, WEDSREMRIBIC /2D EERNRYIN D AEESS, BooOBBE
BINDTERNWERO DT TLEIEMEDB VD H, L BEH 42 7R~3 2 & TS
TOHRPUREEM SN Z EDNRBEND. £, TRAF—ZONTEZDIEE LT
ZEBHERD.

®3 (Al OPTRFDFRER

(D HEEHE | DA g 2 DB F R ®4 YR OIMTR EOFER
QI 7ML~ | DEHREBAL
2 2
@%H%+§:wﬁ%%ﬂﬁﬁk (DBIRy 2 — L} ORI TN T IRIDE
2
(DR DIEFDEEREREH SR TNZAURIDK Q) DRSO AR &

AR S N
rvees | | MR o o | EE || | ey | ma| me | Doy | mos |
M2g | 61 A] 10A] 5A| 174 =] 803% M2m | BN 1TAT 26N 123 & | 598%
@1 | BA| 1T7TA| 4A| 031 m| 197% @28 29N 8A| Al 080 & | 315%
@2m | OK[ 2K TA[ 171 =| 843%

@2 || 8BA| 1BA| 10A| 158 m=| 699%




£ 312, FHAD/NT A NOFERETRT. FEHORELIToTEEIC THIgEME] & T7—
F~A L= OFWEZRM S /N7 A NE, MO, e R 2/ 5 /07 X M1,
FEOEFIZRBIT 5T RV F —BREEM OEAOEEHRAE L. (3)TIXHMHOE X
IRESHTL WA OALEIT 83 A 70 AT, EfERIT 84.3% L7 o7-. (A TIIFEH O K
&Rl - Bl A RS S WSO AEIE 83 A 58 ALY, EfREE69.9% & o7z,
R4, BWBRO/NT A N OFERERT . BUDRR O TIIREDOBEANIZ T 2L F — BB
FIZHWT, lHE OB EICIN - TR ELTT-> TV 5. i & /s OB 2 KR S8 % i
BTIL, FEMDOIEMEZR 84.3% Th V), B D IEMESR 31.6%I1ZH~T, £ < OAENEIR A
MR$ 52 ENTE TS, F, EREHERD D VIXER - Al 2 ko 5 MEIE, 5HHEG
ERANXITE DN, EH00 520N EER L TROLIBETHS. FHOEREE
fif - FIEHTIEMREE 69.9% TH Y, WM OER L HEROEME 59.8% Tholz. ZHHDH
HHO/NT A MEROEN, EMRITEN. COXICEFORELHKTH L, =2 LX
—BRE C X OB OFHAENEMR CE HANE, FEARBRNALFOEHWRELTL S
LT, FHOEEE IR LD EPREIND.

6. £&H

TRVX —BREREE OWNE % BRECFEOENEHITE Y Ad, BT FETESE
27 & OEFELAT O REL TR Uz, REOKIRHCRA SRR, RERMOKT, F
BIAT 12T o —h X0, ARIOREITELOFE KT 2 BRSCER O UGEIT RN
bDHZEPHZ T AR LENEET RMSC, 77 7 AT 2w e, EEOER
ERIEMTOND X OREERT D LN, SHORELFECORND Z ERhol-

[5IFAXAR]

1) REEA . TBREER SO EROMME R OREHE OHEEIZEE T 2 BRI 8t ), BREA,
pp.13-18 (2004)

2) —FEENEN B TR X—REAEERE Y — [V —REBETA N T A
22013, —fFEREAN B - TRV F—REHAEHERE ¥ — (2013)

3) FEFBENERELZES BB RNE), —4H%, pp.47-49 (2014)

4) fERAAEARNEREZBS B NE], =%, p.183(2014)

5)  REEFESY ¢ UNVERR - HERERR KO AN BB 2 = X VX —BREHE I
T2HE, HABRTFEETFSMRESWME, Vol.23, No.5, pp.43-46 (2009)

6) ARG« B - RITE T - LD - GRS - SRR T - THIUgGEEE 2 TR L7
INERRETFEA T ROV X BRI 0 7T A L B OBRE , B A, Vol.127, No.4,
pp.205-211 (2007)

7) SRR TR E S E A PR R EER ), FEEUHIR, p.14 (2009)

8) EIAZZE - WHHET « HREE « 2 Kot - AT - BOREA - HRILTE - T aff
R EHE - I T — Ak - B - 2T —~ & LICEM B RO
H—HEmE 2T —0fFEH B DLIEEaryT o ——), BRKFPHET
HRACEL (FERT), Vold4, pp.29-34 (2010)

9) EYkE - KBEE— - EEBFEE - WLl - [0 RS - $9RE - AFUE - B O - oo

58



10)

11)

12)

13)

14)
15)

16)

17)

18)

19)

20)
21)

Dz - BREFEA - PARER - ATHETET © [EERVEE IR 5 =3 L X —REEHE N8,
DB¥E ], INSS JOURNAL, Vol.17, pp.44-59, (2010)

JINRD - 2 AT T3 « =M - B « THGN 2 @93 - IEH 35 128 T5
~HUEERIZ F3 T 2 FR A AR L 7o = RV X — BRI HE OB Ml ~], AARTZFILF—
HEFRE T B eEREFTE, pp.46-47 (2012)

RN — « REUREE © [RA— % — W =2 A A7 —/L (SSH) (ZH1F 2 HFER O
DALADRLR L FRE ), RBBEERFAE, $59%&, 15 (A - 1) (2010)
AR AR S AL - MR AR TR 22 RERRE A — =P A = AN R
— VAR FEBR R SR A E 5 3 APk, TR ARG ETFEL, pp.10-17 (2013)
TNERIE « SRS « EEE - 49U - M ESS « T & 88 U7 = 1L B — R E5E %
HOEE, =XVF—REHENIE, Vol6, No.2, pp.35-40 (2012)

VINHE « TRET 2807, =% —7 1A - (2013)

s RN S = @ L 0 TR 23 FERRE AR —/— W A = AN 2T — VRS
BAR SRR ST 1 4R, A TR = S5, pp.40-44 (2012)

PR « BT —  THUROBE D L2 # & Lo =3V X —BREEHE O B S5 2+
TORR, T\ A, 135, 630-635 (2015)

R - MRS —  [TEX TR VX —%2 8 & U TIEH Lo @& PRI T O EME,
TR —BREHEMIE, 9,51-57 (2015)

RRHER « PR —5 « i —4R « HEIEE - MEES - R E8AT - KER - LREIEF -
e REE - PR Z « TR - KIEEF - HREM - R E - S HIER - FEHEL -
TERS—BR - DErfm ey ), EF i (2012)

BRI« KPGFNSE » SLHZEDR « /ANEFERRR « AR HEA < S REZS < JEHFIFN - Ay -
Bl - ARRAEN - FHHET - DIrE o0, Wi (2012)

JEARTPERER - TEBLICTh 285, AikEIE, pp.183-197 (2004)

RRHER « PR —5 « T —4 - HEIEE - MEES - B E8AT - KEOR - LREIEF -
Ve REE « PR Z « TR - REEF - ZREAH - KR E - S HIERE - BT -
TERS—BE - THETHmECFIL, B (2012)

(AR ; &%)

O

AT 3L X —BREHE SR X LD TOTZ R X —BREHE] (@A —, 6 72
DN s LOVEE CO T RV F —BRIEHE OEE & Z DR, pp.91-122 ; 32pages
BHE), THRAX—T 3 —T L, 2016.7.27

(AR ; X - HE]

O

O

BRI, BABSH TOBLRT RV —OEEMNH, AT X LX —BEHETF2E
11 [EREKE, 1502 (RFHEE), pp.5-8, FLIEANLILOF/IFE, FLIE, 2016.8.9
BTG —, FHEE L LR A b 31 BURHER R R O & K, 5 64 [BISH
VBT AN S, 2016 AR RICHE B AR RAER, 2111 (BFERE), seK
%, flif, 2016.8.21

BATE—, WOTHLEZTHY AT 2 R SR 2 S5 & LR 2 b 311 ]

59



BPRHE 7077 A% EEE, 64 BISAWHL 2 E TGRS, 15p-423-4 (18
FERE) |, NV T 0 R, Bk, 2017.3.15

BTG —, BEET 7 X~ OREKEST COFM & 2o EBESE, AARR T ¥
TSGR 2 9 RS 2 IR NS (FRMFEEIE), JhimE Ry, FLIR, 2018.2.19
A=, WOTHLEZTHY A = R JRl - ZHBEHE A L & Lo A b 311 &Y
BHPEE 7 0 77 ARG &2 OFEE, SEMHECSRS R ES (e ey
A L HEE S MIKAHME SR v h U — ) (BERAER), RS T RAERT L,
&4, 2018.7.26

EARTE—, B BRICBIT 5 T - BERHE COEBERE, BARAT VX —BRIEHE
AW 13 MIAEKS, EERMESSAEm Y vy, 2104, [WERE, W,

2018.8.10

EARVE—, BRTEOEHRICE (727 V P27 Vo VHE] 2 EALERAD, Tk
30 FEREEGH T 4+ —T7 A, 0S17 \x5—FE), AHEKY, 4 HE, 2018822
EARUE—, EAKENSBHCOEEL - I A~ OEERMN, AAMREE RS R
533 SRR (BEAEEE) , WNFHNESAE, BN, 2018.11.17

BRI —, Society 5.0 #Eilk L7z = R /LF— - BREESE O - ZUREE, A ARWEEH
BYRFALSGH 5 33 Bt ke (EHRERE) , 5 66 MG AW E TR
2 (AL B ORMEE S VARV T L TRE - =X VX — 2Bl LB E 25
25), (BEFHEE) ,10a-W935-1, HR T K, HiL, 2019.3.10.

(AR ; B

O

L, AR, EEERE, BTHEE -, MRS, A, BT, H)IE, 7
TV xrv=7 ) 7HEORR - TEENE OO DR G—, Ko TERFE
PRI, 265 54 5, pp.16-20, 2017.11. (&Fide L)

(R 28

O

O

O

EATE—, HROPIZEBEDHR AKX ST RINNXT —HE O LS, HERMNE
(ERARISERFT) |, XERRIZE, 2016.4.20

FHRERG SR, AT —, =R AX—REHE L BRI LB & L @S RBr o3k

REF, BRI E iR U3 A E (IEEJ Excellent Presentation Award) , #5574, 2016.9.5

PHRERG S, mATE—, BT R F—2 8 & U CIEH L@ S P DR M,

BRPEFAL SIS E i SCE, BRTFE AR, 2017.4.18

(R AT« 7HE]

O

O

A, BHEEN AR 2 AR RERY [=xHEFOEH L mAER (BT
w1, AaFAA, 20 (RINHRE), 2016.5.8

AT —, BHRBRERRE  ETFRD3AKRKERE (DX LX—HEFICH], B2FH
W, 241 (fh2), 2016.5.14

AT —, FEBR, TERLAZRIALX =25 BlrmidA X~ BFEHR, 21 @ (M
%), 2016.7.26

AR —, TR X—OBEBEMEERK; b L CLBREREE, HTHA, 141 (),

60



2016.7.29

A —, P mAN— HROTRAVX—HTE, IBC 5FHk (o240 =
7], 2016.11.8 (18:55~18:58) ik

BT —, FLWRBEE E R T A 2 2 kxR~ E D D KR
%26%W§%m evgiE @ s, 8 m, 2016.11.15

EATE—, EEOMMAAES M /T —2Y, mERH, 8m (\Wbx),
2016.11.21

BTG —, ERRE LAMRIED D M N R X —HEFERT O, WX RH,
2017.5.17

A, EFRLABRFES WO OMM /HE, wmERH, 2017.5.19
AT —, BROME o7 G TN - =X wmERK, 2017.5.19
AR, BHRICRL, 2 EROTME  WEMNREYE, A FHH, 15w (),
2017.7.16

AT —, B, T/ER LA =25 BlrmifA X~ SEFHHR, 26Hm (H
fk ; REE), 2017.7.17

mAE—, b Eb - EDE~VEIR, NHKKRETLE  THEIX XS5BT, 2017.7.28
(7:45-8:00) iz

ARG —, BBy L DRAOARERE ; KEETT7 =7, HF AW, 2210 (Husk ; #&kH
k), 2017.7.30

FAIE—, SUN b, TBS7 L& THWEN A%, 17 :30~18 : 00, 2017.9.10
EAE—, VA2 T ERESES (EE5bhd) KEBRITIENTLLEY 2, 7L EH
H 17y R!®E—=27), 7:35~7:45, 2017.10.13

AR —, TR X —ETES  PREHUN HMFEEEE, mERM®, om (Wb
x - HHES), 2018.7.22

AR, TRAF—LRE, MESORRTES  PREHN, EERA, 2018.7.25
EAE—, B, BFEERR, Y —T—T X AEV S, BETFHHE, 1, 2018.7.23
EARVE—, KR SE —MBAKH, TLEEERE [=2—2x7F 21 0Wb T, 18:15
~18:54, 2018.7.28

B, [REBEAH BRI[7 =7/ &F- K, IBC AFME [=a—2Axa
—, 18:15~18:55, 2018.7.28

AT — R[REFE L KEBRTANY b, AFH®, 21 m (g ; &I,
2018.7.29

ARG —, BRBFEME ECAKEAM ; EVEROKREREE ; HEFKE ; 7T AL
Atk b, BARREEHTE, 27 W (Hik ; JLRSHE), 2018.8.17

AN, TxoTHatT “BEXR”, HK BETLE ITHEAF1, 8:15~9:54,
2018.12.17

EARTE—, EEOEEMNIK ; BREARKR BTAER, T/E SFAA, 14 mH (ft
£), 2019.1.16

(AR ; REFED]

61



BN —, 1 X T R, BHEHANE B A R v LV FEERIER, KT & B RRE,
160 A, 2016.4.24

AN —, THOKBR~ BRT RNV —LZOREFRH~, SV T7ilHS, 2 4
BSR4 7 TR 147 4, BRI ZEWEETR, 2016.4.26

ARG —, MRV 77— AP, RER—E RS, 2 FEEE 40 4, KR —m
WBLSEER=E, 2016.4.28

BN, BT ORI « ik A M CIE T, TR & o BIR L T3 S R ek e
o ey MELIRIY—2 Y a vy, 208404, BRIATERETFK, 2016.5.2
AN, MRV 7T o— (WRIREHEIfERL, SEBRSEN & iET), KRyt I —, F
FRIFST Z AR B2, 1455 64180 4, 2016.6.9

EARNE—, WY 7 72— AM~BFTE &3 i ~, FAa 28 AERE THEET | 55 2 Bl A
T AJEEESEIE, SRR YLERL, 1A 240 A (6 7 7 R), 2016.7.14

AR —, TRAFX—RBRE Y —TF—TF X T, AT E BRI AREER (T4
b B AETEERELE), JEEE 32 4 ((REHE 30 4), db BiiARETE B2 —, 2016.7.24
AW —, RV T T —AM, ZEMERT AT IvIA 2 —rry 7, 2FHR
30 4, S FREFVESME, 2016.7.27

AR —, P TERE=E 1V —F—F %), BIRBETF 772016 (B 2—R) (F
ffe 5 FIRTTHTA IR B R EAIMEAE), D 27 A Dk, 4844, 2016.7.30

AR, EBRITEHAE REB b b, K7 £ 6B #iE K7 SPECIAL!, R[]
Tz EHFREEE, 574, 2016.8.13

EARYE—, ERTAEEE [V —F—F %), T+ £ b B2 k% SPECIAL!,
BT Z &b BHFAE, 84 44, 2016.8.14

ARG, ERRTAEHE =&, BT+ &b R 2 k7 SPECIAL!, 7]
iz EHEAAE, 43 44, 2016.8.15

A —, Y T —AM, BRERT T I v I A0 B—r vy, 1 2457
%, ETREFETAE, 201693

EATE—, CELRINO 7= D O MAHRZE  BER> TRIZ? ~FRDI v a &k, 0
BIR &L, HFE T (52) ZobRWEid~, KFEHAGER, EREK 142344, 6
RERE, 2016.9.9

AN —, L% - BPROFO - Bl WETA XA, FLIEREK 1438 44, #L
MR R L, 2016.10.27

AR —, THORR ~BR TRV — L ZOEEEH, RS A 5 A, FLIR
EAER 1 - 242254, FLBREEE SR, 2016.10.28

ARG —, BROFOEEZMA D, ME N FRSFE TEXNERNT ), 54F
WEE 424, 10:30-12:00, AF[EEE /PR, 2016.11.4

EARUE—, I FUERLS 1200501 27—/ CTHEER, BT & bRFAAE THE
AR, BT SRR, K180 44, 2016.11.27

ARG —, Bl TR LDRFRRE (B ERAE], Pk 28 FEHFEFE ADLDL
MABRDEZ 3 Z % 9 | BN E ¥ (T EEFILEFVELZROE, HFKRT),
A FRFELE, Bl 604, 2016.12.4.

62



ARG, BAFE RERBR LT LY —, HAEE (RMENEK 6 Fie5E
1~ 4AHF ;5 854), RIAVNFK, 2016.12.19

AR —, o ThZIT; BH LARIFEREE, ZiH - B 1L X HERIED) 5215
e (Bl A= 2] (F  BEITHELZESR), 134, ZHARE, 2017.1.9
FARME—, V=2 ay? ER [mxoa&7Friieh ], WoTRBEIET =
7 2017~ k9 RSk~ (T B IEWD TRESH), (4T —L%
i, #J304, 2017.1.28

ARG —, U= vav 7 ER TWAALRTRVX—KER - TIEH=], Wb TR
BB 7 =7 2017~2721F & 5 Kke~~ (Ff WL IEWbTRESH), 14
VRN, K40 44, 2017.1.29

mAYE—, RV 77— AF (WFFEETHEIERR, SEBREN & f#tT), Rk 28 FEEEAFZE Y
77— ANPREEE, PRERIC o — AL | AR 37 44, BRI =, 2017.2.14
A —, YA = X a— T I U E, BHrBEAinE R A~ v VIR,
RERITH Z &S B, A9 180 A, 2017.4.23

ARG, LFEORBR~ BT VX —LZORELRH~, MRS, 2 4
BSR4 7T A 1554, BRSNS ZEEETR, 2017.4.25

EARNE—, BT b OB « ks M CE T, R & o BRI T3 R ek
ey MELRY—27 v a vy, 34404, BRALEREFE, 2017.4.26
ARG —, RV 7 7 o— AP, KR —E R, 2 FEER 40 4, KR —m
WERSLEREE, 2017.4.27

ARG —, BRBELMT S, GRS N4 - 5 TERDNERMT ), 488
40 N, S5AERE 36 A (GH76 N), HME /R, 2017517

FARTE—, =X — L HERIARRAL, 7 B/ 6 4F T — & #ERIER L |,
6 0 E 95 N, 4 /R, 2017.5.17

ARG —, MRV 77 v— (WFZEGTEfER, FEBREH &), RFPEEE I —, F
FRIBST ZARKESE20E, 5 #0140 44, 6 FH40 44 2017.6.15

EARNE—, =X — KBRS, b Eir b BAR ORI, A RS LA,
14740 44, 2017.7.7

ARG —, RV 7 7 > — AP~WF5E &I fm o ~, PRk 28 AR THEE 1 | 25 2 [l o
T ASEMEREIE, SIRKH TR ER, 1FEFE210 N (67 7 A),  2017.7.13

B, TRALX—RBRE Y —TF—TF U H TN, B E LB (T
b ETAIREREEE), WEE 41 4 (FREE 31 4), L ETHRRm 7Y, 2017.7.15
A —, IV ER, BRRT = TREM 2017 (GEf KRS ER), 505 A,
RE T ]G R, 2017.7.29

BARE—, IRV T 7 —, ZEMERT I T I v I A 2=y, 2 3% 13
4, B FREVFSME, 2017.8.7

EARIE—, RERTAEHE X RoNeR), KT 7 &b B2 E k7 SPECIAL!, R[]
iz EHRFAE, 5944, 2017.8.11

AR, ERITEHE REB b b, KM £ R PR K7 SPECIAL!, 7K
iz EHEEEAE, 56 44, 2017.8.12

63



A, ERIEHE VY —F—F 7, KT+ £ b R2EE B k7 SPECIAL!,

RER T Z &S BHFAE, 8244, 2017.8.13

BAE—, V—2vavy” [mxxa&7FnHR) ER), Wb THRERBLIE Y =7

ntrikeyy—trx— (F  BEEREIEVDTRESH), BLhrikeyy—

X —, 1004, 2017.9.23

B, L TEOE, BHRICBIT 2 EROBEEN, AEEREMEEZIICT D

Fik, BHERES DEEGEE TR & ARIATE ), &K =&% —REE, 1594287 A
(727 72A), 2017.10.2

BRI —, B I TV & X aDREEEARBIGR, WAk 29 FFEER H E AR A R

FHERPREELRE, SRARE 528 A, 2017.10.21

ARG, L5 B RO - W, WETA XA, FLIERERK 1433 4, #L

WRRE R R, 2017.10.26

AR —, THORR ~BR TR NVX— L ZOEEEH, FHETA %A, FLIR

BRIl - 24F 22 4, FLEREES SIFE, 2017.10.27

A —, P A = Ay a — LBl TAEHE, § 4 B0 W RS (1

WIRETHEZBS), FR/AFK, Bl 214, 2017.11.4

AR —, I TV EFBEBESLEMCAALTED LITENLTTAHRE Y, 55 S LA !

KARZWEE inlwate 2017 (F : 55 Z EFER | KRS inlwate EITEER - 553 &

WhTAER#ES), RFZEEBL LA | —HTE~0F - (EH: AFxy bU—7

VAT L), BHFRF, K254, 2017.11.19

EAME— HIFUERLD 12004501 A — /L CHER BEMTTZ &b RIAAE THE

A =R, BT E SRR, K180 4, 2017.11.26

BTG —, RAEFE BERBREF R LX —, HAZE RMB/MAAE 1 -4 K,

6 £ 954), RMH/NFL, 2017.12.20

ARG, TRAX— (BETRALX =7 L) 2O\, il 2EiGEES, 05

KRR =, 2 74 29 4, 2017.12.22

AR —, FoThZIT; BH LARIFEREE, ZiH - B 1L X HEIRILES) 525

BE TR EL 7 77 Blr A o U A= (T KB ERESR), 264,

J NZARSE, 2018.1.10

ARG, RV 77— A (WFSEEHEIVERR, SEERIN & fghT), Mgt 77— A

FHREIE, SRH 22— A 1 4E 42 4, B =&, 2018.2.14

EARNE—, 272 b OHEN - Fak A il CIE T, TR & o BRI T3 m i sk

o7n 7 MEIRIY—27 Y a v, 3404, BRI TERK, 2018.4.19

B —, P4 AT a— T I L8R, BHEHEIE B A~y v VIR,

RERT 2 & RVFAE, K 180 A, 2018.4.22

AR, THRORBR~ BRIV —LZORERH~, RS, 2 4

H%R 4771434, BRI SEWEETK, 2018.4.24

ARG —, R 77 o— AP, KR m R, 2 FEER 38 44, Bk —m

WERSLEREE, 2018.4.26

ARG —, R 77 v— (WFSEEHEIfERL, EBREENE & fRbT), KRFPEEEI - —, &

64



RIEST = AKRERE, 5440 4, 6#4H 4044, 2018.6.7

EAYE—, R OMED FIZONWT, METZ R, FARFSARTH &, 2 4 SSH 7
7 A 40 4, 2018.6.13

AN, R Y T T = AP ~AFZE &I ~, R 30 4R THEEME T | 25 2 [l o
T ASEMERE I, FKHRSIAKHE PR ER, 1 FF 210 A (6 7 7 Z), 2018.7.12
AR, BREIRAX—LZOHMM, 2WIETH 7 = 2018 (T : EEAT), 24 -
g 65 4 (K204, MK 44 4, WP 144), FRIEAT= 3L X —BREEIREREE < X
9, 2018.7.15

ARG —, BRTRALX—LZOHM, BETE ImXAX—BRETE), WbhEilisz
FIREHUNERE, 6478 4, 54FE 7644, 2018.7.19

A, TRLX—RBRE Y —TF—TF X TR, B EHBRE RS (T
b ETTARTEEREEE), B 42 8, db EiARETE B2 —, 2018.7.22

BN —, BV IR, BRA T = TR 2018 (4 BT K& R, K500 A,
e KRG, BT, 2018.7.28

EAME—, MRV T T —, BERERT T I v IA v F—r vy, 2 F85% 13
4, HFREVFSME, 2017.8.7

EATE—, ERRTAEHE REB b 6, KT & & FHFAE B IR SPECIAL, 48 4,
RS T &S BHFAE, 2018.8.11

ARG, ERIEHE [V—F—F %), Ehli+ bR FAEE k7 SPECIAL,
72 4, BERET & B FEE, 2018.8.12

EATE—, EBR TAEHEE [ X/ oeds ), BT 1 & b FH#iE 5 IR SPECIAL, 52 4,
&M £ b EFAE, 2018.8.13

A, PA =RV T T — AR, HAMRSE oM, 2 FEARRARE 102
4, R e ERE, 2018.4.24

ARG —, B L TROEND, ikl 2 ERoO BTN, AERREMESERICT D
ik, BHEREE IEAGERE TR & AR, R =&E - REE, 194287 A
(7277 A), 2018.10.1

ARG —, WISV X aoRERERBER, REFEK ; BIL-S5< Vi, PEARE
1054, KREF&EZ, 2018.10.3

A=, T = Ay a — LB TAEHE, 645 B00WT A ess (F4
WIRHTHEZER), FRETSLOHER, B 2240, 2018.11.3

AN —, VA =AY g — BEER THIEKIER (LS R L X — (oW TMmHH |,
W TR 7 = 7 indb b (8 - BB LB Wb TIRESH), 187 a v E
v 7' Z—PAL, K204, 2018.11.4

EAME— HIFUERLD 12004501 A —/LCHEER BEMTTZ &6 BT TH R
A=A, BT Z EBFEEE, K130 4, 2018.11.18

AT —, TRV F—BRELE~ZXNVF—RELI-bORKE~ [BRE2ELIEA
S VRIAL & D, HAHRE (RIMBVMEEGFHE 1-4 KK ; 6 4 96 41), RTTHUNFAL,
2018.12.19

BAE—, TXLF =0 HERLE XL — ~FOLLENbA ALV F
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T~), EWET 2018 A = X7 U AT AXy 7 (M EiET), 44 HBE 10
4, SRIEHT = 0L X —BREEIRERAE X X T, 2018.12.22-23

AR —, o ThZIT; BH LARIFEREE, ZiH - B 1L X HERIED) 5215
B TR EL I 77 BT A= U AEE) (T REMBELZESR), 354, H
J OARAE, 2019.1.7

AN —, MRV 77— AP (WFERHETER, EBRFEH & ), HEY 77— A
FHGHEE, SRH =t— A | 4F 44 4, FER =15, 2019.2.13

ARG —, JeindfFgt & VX —BREE, AT, EHMLTR 2441 4, EEEES
¥, 2019.2.14

AN, TR X —FTHEOBUK & IE, FRaEEs (G - AU, K40 4,
REMH AL i v % — ~ U A&, BN, 2019.3.8
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3.2 FEICEITHPF STIMBEHEOS T

IR Se e
] R AT e 2 - AR

BEFENZ D N D, mE BRI A A A Lf:,ﬁiio:u\‘f\ ,Elf ifiyi&iiﬁfi
L7eBERERA LTS, BIfE, HEICBWTY ﬂEM%@ﬂf@k.;.& }:E%%L
@%%%ﬂé:&?\MﬁSKMLkEﬁ@SEMﬁE%E%T%é%@,:®%m
5o$ﬁ?m\if\é%@¢%ﬁ§%ﬁmﬁmf@%éhf@§S@gﬁimaé
%Eéﬁ%#5°Og“‘mwimé%ﬁ%ﬁﬁgﬁﬁﬁéﬁéwmbiﬁi
BORML] (231) 2IRELT# O RS & F55E STEM R E DO Hrfs Rz #E 7 5,

3 Fhe Rl dde )~ o E o R
1) HWOPEFRICK T 5 STEM #HE ) o
| XIZ};%M 43 A 8 H. Lok Sin Ton Kan Hing Secondary School id_}ﬁjjﬁnﬂbfio HT)«’C,
I, STEM V7 7 > —% [HIHE72 MIE % B L %@F‘n‘ﬂ%’i’ﬁ?ﬂ%ﬁ“:< %%ﬁiii%
V\ B - 85l - L% - By ol cs e L, WAL, a3 28 LERL
V‘}Co R DWW T, THSRIIC ) & T 2 AR Th o 72,

EEE STE

£ -

M
=

A common definition of STEM literacy is:
—————=HON ot STEM literacy is:
“STEM literacy is the ability to identify,
s . 2Pply, and integrate concepts from
R ?}L, science, technology, engineering, and
e mathematics to understand complex

problems and to innovate to solve them”
(Balka, 2011, p. 7)

BEE1 STEMUT SV —DER

%@i%%&%%%&%%ﬁ#étwm\%ﬁmmmﬁyﬁ2%% Z;$i3?
il B9 5 /KFl ., VR/AR/MR/Makers Labs & #1925 S v 7 1 B it 5% 23 Vi z
(BEHE 2),
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ITERBER RBEE FRA

Ty Maker LAB'
A 415 8 VR/ AR/ MR

FEH2 FEOHRFHEFRICET 5 EimeEEHER

21%t Century Skills -- 4Cs? 5Cs?

WHAT ARE 21 ST CENTURY SKILLS? THESE 4 C’s.

c Cc
Winds o/ . THINKING

Sharing thoughts, Working together to Looking at problems in Trying new approaches
questions, ideas & reach a goal. Putting a new way and linking  to get things done equals
solutions talent, expertise, learning across innovation & invention
and smarts to work subjects & disciplines

FEE3 21 XX ILDER

FE3ZHDH IO, FARTIEH, NRIMALAF L] L LT, 40 s BREINATWH
Tco T0H, aIa=br—var ) @, (7070 rx0r7), TRl
M ThoT,

FZIZIE, KRIEBR S AT MM XV ENE 2 E CHlax N H 0, EEEICEME L TF
D, IEENZEMA L7 STEMEEZEE L CWARERER T (BHE4),
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BEE4 KBERVATLA

FIR 72T TR < BHEEO STEM #HE & o ¥ — gk TH B Ic A EEIC, L
— W= Z—=NhHo7=, BROLDOEH o7, BEAR—A R EMEBIIINTENT
W72 (BES5), 3D 7 U U XT3 _RTOFHRIEICRRE STV,

FES L—Y—hvs—

FHEG6, FETIORT IO, ARTIESTEM #AFAHHEL Ty, FHEOEESZH
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T5HE, HELWHERREEZERE L T,

FE6 HROAE

FEE7 2RANZHS STINKEHELZ TS ER

(2) BFHEFBITE X BUNZEE RTERR® [STEM #E OfREL]
2015 12, FHEFRRTEIXBURFZE R2MER L7z TSTEM #E OIREL] 121X, 6 5D
RELGHPARINTWD, Tbb,
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el B - HilF - 20%#0EF O KLAs (Key Learning Areas) O 58T
FE# 2 AEoFEIEHOSEk

FEE3 FEM. B o

FE 4 A L AT OB R oW

Ti#t5 A a=T BT LEERT LA ¥ — L ok
Tigt6 HEREROLE2—LER

FEt5ichEbND kol FREEZ T T, ISTEM H[EA] & LT STEM #E 2 HE
HTDHHENE LI TNDDOMN, FEOKM TH-7- (X 1), Zodhmit, FnEO Tt
DTN HERE] L —REBECL2LORH DL E N L9,

EDB and
Curriculum

Institutions Secondary
Schools

Education

. Community
on- Professional
Government Bodies (e.g.
Organisation A\ HKASME,
S f Other \ HKTEA, HKIE)
. Government \
Departments /
Government-
related
Organisations

Partners in the STEM Community

1 STENa X a=F s DS
[Hi#8] Curriculum Development Council(2015):Promotion of STEM Education — Unleashing
Potential in Innovation,16 1 0 #534,

(3) FHHIZIIT % 55 STEM Rt E D4 HT

Alal, FPEIZIIT S [New Mastering Science Hiifi iR ] (Oxford University Press 4
HEREZHRE) © STEM #HRE 4 itz AF3 52 LN TE DT, WA, Rahic
FRERKROZ DR EEZ#E T 5, 2O DERFIZT TR TH Y | AfaTidES R
LTV, FAFETVWFhs, A EHNAE THRELPEFETENINLTEY GARIZR > TN D,

1) PEHERK
[FIEREONERMIE, & 1TIRTHY ThoTo,
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=1

EEBIZHE T 5% STENHHEORNEERK

BREL 58 HRESMIZLD
TE—ARA T
1 Science DIY | 1 #HGt. « N AF 2 STEM {EE)
2 FL UV REOBEH EENHHZZ DL DS
3 HLOAE < VIZHFZISHT %
4 PET R hVEASE s U—7 3 — |
5 RS HREFICHD
6 WiEZA~— CFRAMEEN AN S 2 STV
7 MioET IV %)
8 LA
9 Txv MEER—
10 Thumb Piano
(EHHE HVY )
11 R gk
12 Bk
13 CD77
14 FEEDF
ML AV —TF—TF TR
2 Design and | 7% A 7 rE=R *STEM Ym ¥ =7 |
Make IR ER A AR TS O R RE % gk

1 MEERET D

2 FRIRRZE T LA VA N —
RTTD

3 EFNAEDLS

4 T ANULBGET D

5 WELHTTAT5
EEELES

M DF = > 7 U A K
X7 N H—F

1 MEERET D

2 RIS E T LA VA h—
RUTTD

3 ETNVEDLD

4 T ANLKGET S

5 ELHTYAT5
fRER

i DF = > 7 U A K

% STEM A L&A FEMNIE
M35
CFEMR T — 7 v— b
HREFIZHD

- FRERENH D
CcAETIT A TIRT T
AIEEN DB D

3 3D Printing

1. 3D 7V >k &iHan

CHEWFEDR D D
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Guide 2. 3D 7V hDIGH « 3D 7'V > b AT FLhE
3. 3D FU U HIFEDLHIT | - fHEIZ3D BT VEERK
< T 5051k
4. 3D 7V X DIEET R ‘STEM (23175 3D 7'V
FUHNID ETFTNEARET | T4
% <Rl 3D Y v T —
STEMIEENZHBITH3D TV v | XD =TH A FU A L
& —

4 STEM in Life | - Fidget spiner - B ATRICR T 5 B
(FEHFHEANV FAEF—) | W STEM ORG DI
CWEERA—T U= N EZEE
BRI INTT 4 ip

# 2 \KHEIFILE DR ER 2", AT EDP RIS ETFE L 7> TO D R0

v,
=2 KEWHNEEDHEEERE

240 77 (K16 =2+)

IRE[H

10 %> HA
DT R ETN—TI3T D
s T U A EEFEITHNTD
s KOBEHEDOKY) S &2 AFEIZEEY DT D

10 5y MEZ R ET 5
- AEFEICENOKEE AW S T HIEZREIE D
PR (BB DICHERY AR DOKERIEE A T A L To< B) ZAEEICET

30 43 Ny 2 7T Rk
- AR OKEREE A HE ST D
BRI O DFE 2 B R

30 43 T A VA M= X DRRRR
cKEFPEEDEBEZ E T LA VA M= T L5, AEICHONT D
HRLIVHOEES

50 57 T NVEDL D
I EDREE O DEMEBEZ S D, FICHDIMEEHER L, RO
BETHERIZRF-TL D L2127 5,
- IN—TMREITET VERAET D L 9T, EEICKRD D,

20 5y T AN LIRGET D

BFEICIEEEZT A ML, TOMRE2TF = v 7 SED,
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30 4y KELHTA

B A WFET HIIEICONT, AETEHR ST,

60 53 HEHR

KT N—TIZHIWEY, TAEOMER, &EOFHER Ex 7 7 A2\ TRES
'3,

B2/ 50, STEM HE I IHRAERTICHEE S TV D, FO—flE LT, REIZRBIT
5 STEM BB #7925 (F£3),

#3 (KBICHBIT D STEM HE

AR— (RIS STEM® it

e Edis | 7 s T IR T 4=V RTELDL=a— b DOERD
T RLX—R 1EHI
oL - EEEEELE. REREEEEICBIT A= LX—R
P51 AR, OV BT PR OFRERRE A Rk

?é%%ﬁﬁ

KK EIER: - K%< T2z [Ellsdh A
AW s VIR DT R — A5
TRV —RAT | - AKHF DK EHLORE%

NEIY s N RI VM BIT LD =a— hOEROE]

k> £ i PR E T T AT v 7 v MUTEIT DR OE

BT ) < )y TOREEDNE

[H#] The Government of the Hong Kong Special Administrative Region Education Bureau 7> 5
ik, (FEFEH : 2019453 A 17 A)

https://www.edb.gov.hk/en/curriculum-
development/kla/pe/STEM_Education_in_PE/index.html

UL b, FHICEIT 2% STEM BE 2 s Lz, JAZ DY | Engineering |[$A#TIX 1T
) ERENTEY, S8R EZERL TS, HAGED 115 L3RR EREY
ALTHE0b LT ARIIUINR T 7 e —F BRETH A 5, iz, FIOH% STEM
BREIL, AT FSEANTHRD TEWARINT T 1) BMREEMATEYE LTV 5,
eSO 5 STEM BRI FEISRY T2 AAOIR 20+ 25 2 & Th, AAD STEM Eb D
BEAEDBKD ZENTE I LT, SBOMEOEREIHIFRF SN D,

(Eira|
Lok Sin Ton Kan Hing Secondary School ™ /&4 (2 i%&%ﬁ TRANWTEE | RRE BN
A (T RFEER) 123, EERBRZFOME L RV 72n T, {Qgﬁgﬁﬂ L k5,

(518 - 25 3CHK]
Curriculum Development Council(2015):Promotion of STEM Education - Unleashing Potential in

Innovation
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33 BADONFREHOEXTEDLSISSTIEEZERT 50
—30IKY&ETRTFIIVT—

[224]

BFEE & STEM 208 OEWIA)y, STEM HEZ O b DIZLERIEN H D DT, [ ICE
THETHH D STEMEFIZE £ D SH Science Wb HHEHIEET 2 #F & 3,
SIZT @ Technology., E ® Engineering, M® Mathematics & ZBHEfTHIT A Z & &R T
WHDMN STEM HE L WH ZENTEH7EA9H, HTH Engineering @ Practices (3,
Science @ Practices LFBMMENF <, MEFBZXHL LR O AU HIZFETED 2 LD
RPmMWEEZLND, BARO/NERTOHBHIBWTIZ, THD-3 V| PALEMT S
NTnsd, L3 YDOHFTX, Engineering @ Practices & 1 fit7- H TP 2 < (KR X
HLIENTE D, 20D, P 20 FEROFUTOFAEFBEEETICE TS b0
KV JATDWTHRL 2T FEFATOHRZFEZ 08 LT k2 ek 29 FFEROFE R EEHEIC
BIFD 603K 0] #EDXIICFEML TN DRI WME STEM HE LWV IHBLED
"ET D, £2. D25V EiF TR, /IWFROBR OREICREEMT TR 7 Z
SUTEEERMOAND ZLIZLoTh, K[E STEM HEOBE 2 K L7z HARIZKIT %
STEMBEZ S LT D LICENDLLEEZD,

[F—TU—F] STEMZEAF., /ML BREE, bo3<0, Trr7 v 74l

(1) IFL®HIC

AARD/NFROBRIZIT T3 BuBMTFTLOATVWE, DD
KV IOMEMTIEZ, FR20FOFRFFERFEHFOZR D ITB W TIE ()
AEBLEOMEZZBEL, bOISK VR EFORZENREBRLTEIRARE
HEBEELEARKBROREZR DL IICT D] &3 Tz, T 3<
D1 ERFERREBREVOBAPDBEBFHAINTE, BENRER S VD OX
ROV FEVWARKRBITHY . FR 20 EHERONFERFEEFEEHE (LU
BT EBEEHELTT) BV TH, bH2BEMEZBERICHMROTE S L0
S E N B o T,

— k5. XWRFE (2017) O [FERFEHBEEEEMAERKE] 20
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kuman
タイプライターテキスト
3.3

kuman
タイプライターテキスト


T, THRZREL., T LCHIE T2 L 0o/ BEX HFITESWIBE.
EBEL, bOSKWoOF#HoEEEK -7z 2 s Ty, THHOD
—mﬁjrn+{E”Jrﬁ§U1ﬁﬂka\9 Engineering ICHBEREERNLNPARIN T WD,
COZELEIF LD VIZERTHIETHARIZEBIT D STEMBE 217 5 #
MAPAEE-TEHRDZIENTEDHIEAD,

(2) BZMEREREI DT IHMEBEEKX
1) kEIZEBIT S STEM #Z F & practices

STEM (Science Technology Engineering and Mathematics) & & W\
STH, PRVIBENVERRIHRDALLNLD DT, ZTOFLITH W TIE Jo
Anne Vasquez 52 X % [Stem Lesson Essentials] (2013)icid & 7= N

WESWitbD LT 5,

KETIE, KERFZET AT I —, kKEBRZEREHGS., BPEEEHS R
oW, 7F—7 (BEBAEOIEFHAMK) OLEEFHED L & NGSS
(Next Generation Science Standards) N{E S 7z, Z ZI@RENT
WOLHEBHBFICEBNTSH STEMAFFNEHRL I AL TS, NGSS 2. 32
OMERHY, EniTOa 7 &, @Scientific Practices (B0 72 £ %8
CREBULSELIBEVOFE T, BT TREMREKRIRE] EAAETIIKT) -
Engineering Practices (=2 V=7 UV V7R BROEHIHE VO E T, LL
Tl vy=7 Vv 7RBR] ELARETIEKT), OFEKBKHESTH
Do THNHIEIWROBBOEE TIEANAT AT RSN, FHFMIDONT
balxlCFfisn TCEcm2nd 52, NGSS TixEhbama L TITo 2
COBEEMENPRINTWVD,

ZZTiE. 3o {lm »— >, Scientific Practices * Engineering
Practices (D> WTHH T 5, NGSS TiX. practices & FEIEH 5 B %1 7
TRIEHLT V=TV ITHREAREESZ T2 2 EPEHRINATND,
EBICHRZESLFZOMBEENIToTWNDLI T et A2 KBTI 5158 2N EHH
SNTVLI2HERICFT THLHEEBOEMELELLZFEHIEHIC EY@%HU:
ETHABITEIVEVARESSE] D LW ZERERBEREOMAIC
STHLENZR > TETWDLINL ThH A D, practices DL, &1 DO &
ITCTHDL (EFR) AZELERFPERS V=T P EELITOBREDO 2L —
2R HLBENTH D, STEM%&@T&& BFEICBTLI2HRAEOBBENL T T
B2y =7 7B 5RERROMNABIELITLTHRLTHD DN
%@T%éoﬂ%%&?ni§%®¢®ﬁﬁ®ﬁwkﬁbxiVV:?U
YIZBBRBRITIMEICHTLIEROBREL DL, ZTOLOIT, WEHED
practices 1% . JEI/\EJ?&)Z) bEONRBRDLIBPEERSLH DN, AEH L LT
DIWEHEVOFANLE LTO_BERD LV, HH D practices Z g L 7¢ M3
5., KBRIT25 2 &L TENEFNLD practices DFHEMOAKE R LMD & W H =
EMEHRINTWVWDE EEZXD I ENTE S, £7-., practices . KBEA O
BY#HEL2ERNLEbDLEELZIALONDZ ENDE, ZFRORNLTH D FH

76



A7V EEHRLTCVWDLENW) Z b HARND, ZORFEH - = Y=
TV TR E B2 D practices A a7 MEASCHEI B EE S 2 E L E
HEEERROHERBEBAFICFFEZ2IE TV ZENKRTAEDOTH D, D0
ik, Fpk 29 FE RO ERFEHEE (LT, iIFEBEHEELTT) ©
HmEEE Ny —HFLTWHWT, BATO STEM#E & b HERS L WVWEF X
bbb,

% 1. Scientific Practices & Engineering Practices @& LY

Scientific Practices < F %872 #& | Engineering Practices < = > v =
5 > TYU YRGB K>

1. flwao< % 1. ME GRE) 2E£45

2. ET NV EHOSL o THED 2. 7NV EDSL 2 THED

3. M ZEE L TEITT D 3. M ZEE L TEITT D

4. T—=F2 =0 L THRT 2 4. T—=F2 =0 L THRT 2
5. HrrHw, Bl EE2 35 | 5. HErrsHn, B REZET 5
6. A HEET D 6. MErRGEETIFALA LT D

7. FEMLIZE SV TEWm T D 7. FEMLICE SV TEWRT D

8. Ewe/H T, FEMiLC, 5x 2 | 8. H#HhE=HET, FML<T, 5125

MTFRITEZICL D, <BEWARE>L<zrV=7Jr 7HWABK>
L TR DY R R,

(3) BOXETHREEBEICETSH 2L DD Y
MFEEEEHEICBTIDLD2LDO SV E STEM HBFITMHENLEZE 5T
HHN, BT FEEEEHICB T 203K VI ok icfmbhTnd
A, BT EBEEETICH DL 27T BRITO B ARKOHF O HF
E5HDOLD IS VOB EFHFIZoWTHANE, —BlIZLEZOoORKR2 T
bbb, 2D [STEMABFTFLOME] BWTIE, UTOoO~@DH AT
SEERAETWD,

(D Technology : Rt FDFE 2 i o THEICHELEINTWVWE H O E ERE
WCHRIEL CTARD, BRTRATWHWLZZERHEODEDbYo®BIZED X
FIICHAHENRTVWDLIDEEKTE D,

@ Engineering : fEV 728 (L@, LhmE<, Lvwpo-<0)
L EICHETLS, COWMBT, BEXSHELIT) VB ANEET
HDH, I, T2y X VI d ] R EOHIBENANDGTNEDE W
TutvRiZhbrBEbnnd, LVELS, EVECEWVWION - FaRk
Olzxt LT, #fEiE, flxiXEECHNITHHE 15mEvoit k9T,
SFVHESCEWVWIBALELVDSLL D EWVWIBAONFmMERHRS> Z &IC
RHMNBLThHDH,

QOB AERBA AR L TCWVWIREICKBREZM O, LAl bm-o T
THRBLTOWTEHRLEVIBLORRELTNWDLIENDHD, KBRAAR
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®2. FRIFHTOLHEICETHLDIKYDHEL

PE |FEEOEHOEE ;41(H27¢) STEMBESLOME B4t (H27F) STEMEE ZL DS
e N FLNY I ERR—ILD  |engineering . . )
3FE BT LDEE N Jﬂ@ﬁﬁé(:&éﬁ@]ﬁﬁ%ﬁ AE(MhE<CHE) eng!neermg
N s - engineering N s - engineering
BALLBARMED scpmpmmpiotns | B AERTMEED | T gaeisnl
EVSHIEBASTLNS HEEL
(BRd+4) RE technology
LD N TEHM T LD [technology AN AhTHEREEL LT . .
ASEER-E BEEF~DER %, BTEHKEIY engineering
FOHE (BHV—39vh— technology (e 4) 85D F A - Bs{technology
%_ﬁ*4) ALK TRERD technology
A5 LHE DT (&FH) BEFat technology
MEFE (BE X
BROEYE RAYFIKY technology 2 yFIKY technology
*I=RAUR ENDEAR[EZFHREDEEN. LD
2L KSYIRITF—L, | DKYEERLTESHTY
CoAltAT—L o
MAEOMEE FEDD R FBNDH) technology (BHHEDD R technology
g}%iﬁ?ﬁ-/<_:_|:(% technology
*IEPELT, ESKRE. o . i .
Sl L) A HEFREOBEN, LD SN ¢ s |EEEEOBEN. LD
R JVERELTRLTL XTSRS | S e L TR TL
F—1s ° °
EhLiEy *EE(D%@’JYU {RER ~ AZER5N
AZE | BEROBE JaRsh— engineering ;%_gﬁl,_f%%;ﬁ%; engineering
(BH)FHTOXREM |technology KEMTESE engineering
mEM., DA )LT—IL [technology ;ﬁfﬁﬁf:ﬁi}\:ﬁg{?;:}?u technology
EREKDEE Tk EkTE - E R gk Aa engineering K §5 5 - 22 T Sk lengineering
(B ZERAN, Ruk, technolo (BH)ZERAN. KA
BwE i BTN
FARyMRMLAS YR engineering K EREHE oK%
2B K. ERERE [V—F—/L—Y technology (DR technology
1D IKYEE
5% |BiREHMR ;Eiﬂ;ﬁf_l/;;;bli'g technology BB AE DD engineering
KIANIWE—E—%ESS |KER
(BH#)) = 7E—F—H—|technology (AXH)ZEFEE—SF— |technology
MoBETH SayN\vOIO—F Z3
RYFDEE) 1RAYTEDLBS engineering
(&) IRYFrET technology
XRDE
HDIKYESE ig;ﬁ;é}r engineering
624 | TomEEI FEBIEAY engineering =HIEMY (BMEYD E X [engineering
= technology *E5) technology
(ARCH) EmEh technology
BREED A ﬁ’&{'ﬁ;fﬁé:5 {RER
BROFA BERDYE— AER 5@.7]% BREETHSE technology
;fxf_i,,{:;:/{:,__x technology
ErDED DY LEE
1D IKYES
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*ENE, [BHE0 IOBHROBRNVED  XEIE, HE-REALGIOIY

C#t (H274F) STEMAEZLNDREE D4t (Ho75) STEMAEZLORE  [IEt (H274) STEMAE Z L DRYE
B TE<E engineering zg)ﬁqﬁl‘j\);fb&ﬂ'\UZ:fl/ engineering ggﬁﬂ'\—}btgﬁﬁd)mﬂ engineering
engineering = s N engineering = . N engineering
S LTHCE XBTIEDHLENSHIE |7 2P VOBTA e ot rssicing ) 7T VORIL  hagomTinaiins
ZEA EVSHIEILRLTLNS ARSI TLNS
x A DHDOET = TORS | EEREDEED. ©D |(BF) IOANT-REBD
0—J9zA SYEEPLTEDHTLY iﬁ;ﬁﬁj 5 AL SR Eas
c= s o HavTRE. EVRY [EEREOBEED,. L0
7ANTTHKETY  |engineering Ok, JOASH— | SCYEEBLTEHTL
() BEF (FORT) [technology e Y ) BIEODWYR {48 technology
(& #) B A% ERE DEAA Ytechnology gﬂgi':;_gm‘ BEAR
*BEEPSUR(ERvE
'7%‘/[‘73—\ Jﬂ;ﬂ?}#ﬁ;
T (R) ~Uohb S5 _— 5 =0 o S5 y
P o |EEREDBED, L0 s ys . EFEREOBEEN, LD K IESH. /bh— ph [EEREDOBEN, LD
R EECEMCCIR IS mmLTrp Tl [XETE MY OX IS maml T TL [ BB, SuF T IR (EE [SUEERLTEDTL
) KBLBLRAITA, HIE S — L Cxalcy)
GelUeso9¥, oY |2 ° ! °
aO—F—. HF2IIYF
(R / BSHARI4X)
< |EEREOBEEN. LD W F
* ENKAER, ARIYS—LA SUEEDLTEDTL EVES HEOER
_ CABREIYHT ABR
:E@f_ﬁ_ engineering E—A—DEEREE engineering E—A—DEEREE engineering
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Introduction

During Shizuoka STEM Academy project, the main purpose is to engage the students (5 to 13
grade) to STEM learning that was done as extra-curricular activity. Moreover, for the pre-
service science teachers (PSTs) that involved in this project, the whole STEM academy activity
is professional development (PD). In order to develop science teacher with sufficient
understanding in real classroom teaching especially in STEM, teacher’s candidates need more
professional development (Gjedia and Gardiner, 2018). This activity facilitates teacher’s
candidate to be engaged in a process of discussion, modeling, practice, and reflection (Zhou,
2017). This research aims to discuss the steps of STEM academy become Shizuoka STEM PD
for PSTs.

Methodology

This research was conducted through observation, group discussions and interviews.
Participants for this research were 9 pre-service science teachers which 2 master students in
science education and 7 undergraduate students in science education from Shizuoka University
that held during September 2018 until February 2019.

Result and Discussions
STEM Stages and Shizuoka STEM Academy 1.5

The integration of STEM can be done in different ways as STEM 1.0 (single discipline),
STEM 2.0 (two disciplines), STEM 3.0 (three disciplines) and STEM 4.0 (four disciplines) in
creating the STEM curriculum (Bybee, 2013). All stages could be observed at Figure 1. For
example, in a basic STEM 1.0 program, the disciplines would be taught independently; there
would be a math class, a science class, engineering would be taught as a club after school,
technology may be seen as a robotics competition.

Shizuoka STEM Academy was designed in two steps which were STEM 1.0 and STEM
1.5. The terminology of STEM 1.5 in Shizuoka STEM Academy means that in this stage our
project tries to bridge from STEM 1.0 toward STEM 2.0. These crucial steps need more support
from many sectors such as students, parents, school partner, senior teachers, researchers and
pre-service science teachers.
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esingle dicipline (one dicipline of science or
STEM 1.0 technology or engineering or mathematics)

etwo diciplines (for example: biology and
engineering) throungh problem based learning

STEM 2.0

ethree diciplines (for example: physics, chemistry
and technology) through problem based learning

STEM 4.0 | efourdiciplines

Figure 1. Stage in STEM Education
(Adopted from Bybee, 2013)

STEM 3.0

Shizuoka STEM Professional Development

During the around 6 month, 9 PSTs participated in this project with detail framework
in Figure 2. Minimum requirement for participants were 3 grade in science education
undergraduate program that have taken courses related to STEM such as teaching methodology.
During the process, one senior professor, one associate professor, one assistance professor and
four Ph.D. candidates in science education were involved to develop this professional
development. Moreover, three experts from Minnesota University were also invited to build
comprehensive understanding about STEM and modelling STEM into real classroom situation.
After involved in experts’ sessions, PSTs collaborate to design STEM lesson Plan. For example,
one of participant developed a STEM lesson that combined biology concept of ecosystem with
new technology that used underwater camera drone. From the experience, PSTs also had
opportunities to consider the learning situation such as safety issue when the learning process
better to be outside class room. In the implementation, while one PSTs become a teacher for a
session in Shizuoka STEM Academy, the other participants could observe and play a role as
teachers’ assistance.
Participants Perspective in STEM

From the interviews, the involvement of PSTs in Shizuoka STEM Academy was highly
influence PSTs perspective about STEM. Comparing with their initial perspective about STEM
that more theoretically, their perspective about STEM education has been increased. In general,
this project has great potential to develop as professional development project especially for
PSTs. Due to the limited STEM Academy lesson that only 4 session per month, participants
did not get many opportunities to practice and take turn as teacher or assistance teachers.

During this activity, 3 PST participants that 4" grade undergraduate students also
develop their own STEM learning activity in real school context as their thesis research. This
additional activity become another evidence that the Shizuoka STEM professional
development is beneficial for the participants.
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Figure 2. Shizuoka STEM Professional Development
Conclusion

Beside students, PSTs that participate in Shizuoka STEM Academy received valuable
insight to increase their knowledge and skill related to STEM Education. The steps of STEM
academy become Shizuoka STEM PD for PSTs consist of 6 steps that include program
overview, STEM modelling, STEM practice and reflection.
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