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Science Education in the 4th Industrial Revolution Era:

Designing a Makerspace for Science Class

Do—Yong Park
(Illinois State University; dpark@ilstu.edu)

1. Introduction

Despite the definition of what 4%®Industrial Revolution (IR) is still
debatable, it 1s hard to deny the fact that the current science education
entered the era of 4"IR. Thus, the current science class is challenged by the
swift change In each area of sclence, technology, engineering and
mathematics (STEM) day to day. In this paper, I operationally define the 4%
Industrial Revolution as the revolution of intelligence using data, which are in
digital forms. Human beings can correctly predict what would occur in the
future byusing intelligence based on whopping data. In the era of 4" IR, data
and intelligence become critical in making an informed decision in any area of
work as well as solving problems in our daily life. In this environment,
teaching science 1is challenged in many aspects Including instructional

approach, instructional material, and technological knowledge.

First, an instructional approach of science class in the era of 4" Industrial
Revolution receives a challenge in terms of the epistemological perspective of
how we see science teaching. Traditionally, we see science teaching as an
act of explaining scientific knowledge through experiments. We changed it to
inquiry—based instruction in which students are given an inquiry question,
conduct experiments based on procedures, and finally make a conclusion
based on results. Now, this method of science teaching is challenged by

virtual world, which likely become a popular method of the future science
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class. Virtual Reality gives us an epistemological challenge because VR is a
new perspective of thinking and method to use in teaching. For example,
when we use makerspaces in science class, the instructional time and its
methodsare challenged as it requires more time to teach, conduct, and
complete. Also, the standard of science education should respond to this new
way of teaching accordingly. Second, teachers are challenged by the advent
of new materials in science instruction. VR, for example, belongs to virtual
world as opposed to real scientific world. Also, unlike traditional science
class, a makerspace requires more items than we can ever imagine of what
we need in science class. Third, new knowledge and skills of technology
challenge teachers in science instruction. For instance, Oculus Rift is one of
the popular VRs. You can virtually travel inside the Pyramid in Egypt and
feel it through 3D environment. You may jump into the Nile River and fall
off the stiff cliff of a high mountain. Or you may travelto Kum Gang San in
North Korea and sit on a mountain peak and enjoy Kimbap. These are the
technological knowledge domain we have never experienced before. In
science, you may travel inside the human body in 3D manner or you may
travel the microworld of insects, human brain and neuron and synopsis or
travel through the electrical line to chase the electric current. These are the
new world that we never imagined and experienced. Moving toward teaching
science using this new technological knowledge and skills, science instruction

will be challenged in one way or the other.

Students and teachers are inundated with the great deal of information in
STEM fields every day. One of the outstanding examples of the 4" TR
technologies that are used in classes is a Makerspace. In a makerspace, the
following technologies are used: Virtual Reality (VR), Augmented Reality
(AR), Playful Learning, Robot, Arduino, Internet of Things, and so on.
Internet of Things (IoT) is a new material that is currently used to teach
science in classrooms as it is estimated to create almost 50 billion objects in
our faily life by 2020 (Evans, 2011) and the future market value for this
industry is around 19 trillion $USD (Kharif, 2014).
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There is various software commercially available for teachers and students
to utilize in class. For example, the Oculus Rift, one of the popular VRs in
education, is "a virtual reality headset developed and manufactured by Oculus
VR, a division of Facebook Inc., released on March 28, 2016" (Wikipedia,
2018a). 3DBear, one of the popular ARs, is another software commercially
available for teachers to use. 3DBear, developed in Finland, is a tool for
students to learn higher order skills using 3D design in augmented reality
(AR). The company provides lesson plans about STEM areas, coding, design,
computational thinking for K—8. The examples are engaging activities such as
creating a colony in Mars, redesigning your school, re—enacting historical
scenes, creative storytelling, learning about 3D math, coding a castle, creating

smart cities and learning social— and emotional skills in AR.

The above examples become available in science classroom sooner than
later and on one’sown desk at home. Therefore, science teaching needs to
get restructured for students to function as a scientifically literate person
and prepare for living in the 4" industrial revolution era. The science class
of the 4™ IR era is now called for providing students with meaningful
experience of VR, AR, Internet of Things, Artificial Intelligent (AI), big data,
cloud computing, mobile supercomputing, self—driving cars.

neuro—technological brain enhancements, genetic editing, and so on.

In the 4™ IR era, Science, Technology, Engineering, and Mathematics
(STEM) is an inevitable areato teach in school. STEM is an integrated
subject that teaches technology and engineering based on science and
mathematics (Bybee, 2010). Thus, in STEM education, you teach more than
two fields of STEM in an integrated way (Park, 2017). Most technologies
appeared in the 4"Industrial Revolution belong to STEM fields. Although
teaching STEM may not be as active as expected in actual science
classrooms across grade levels, the major science education reform
documents strongly recommend that STEM education should be taught at

K—12 levels. Teaching students in STEM contexts is newly initiated in Next
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Generation Science Standards (NGSS) (Achieve, 2013). The NGSS emphasize
the importance of technology and engineering education alongside K-—12
science curricula by including ‘Engineering Practices.’In 2013, the Next
Generation Science Standards (NGSS) were published with a goal that that
all students achieve College and Career Readiness by the time they graduate
from high school. They promote equity by ensuring that all students are
better equipped for the competitive world beyond school. Therefore, the
NGSS recommend that all K—12 curricula be aligned to the expectations of
colleges, workforce training programs, and employers. At the same time,
students are equipped with knowledge and skills for their potential careers in
STEM fields. During the K—12 school years, students are experiencing all
kinds of technologies that belong to the 4™IR era so that they are ready to
use without much training. STEM education supported by NGSS makes it

possible.

II. MakerSpace in the U.S. Classrooms

What is Makerspace?

Beside the Internet of Things (IoT), a makerspace is a popular idea being
used in the

classroom of the 4™Industrial Revolution era. Makerspace can be defined as
a place where students can tinker, craft, devise, explore, invent, make, and
complete an object, which is three dimensional, by using tools and materials
and digital technologies in subject areas including fine arts, science, and
engineering. Unlike the traditional concept of classroom space, Makerspace is
characterized as shown in Table 2. Some of the key ideas of the nature of
Makerspace  work are  tinkering, playing, exploring, prototyping,
creating,designing, making, testing and failure, retesting after revising, and so
on. Regarding the method of learning with Makerspace, several key ideas
include hands—on, students—centered, project based, and problem—based.

Some of the ideas of Makerspace activity, but not limited to, are cutting,
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bending, robotics, woodworking, soldering, circuitry, fabricating, networking,
hackering, coding, programming, etc. Concerning the learning environment,
Makerspace creates makerspace culture and atmosphere, community—oriented
collaboration, and sharing and brainstorming as well as self—directing
environment. Makerspace is using all sorts of tools and materials during the
process from tinkering, initiating, prototyping to making, testing, revising, and

completing a project.

Table 2. Characteristics of Makerspace

Category Example of Key Words

tinkering, playing, exploring, initiating, prototyping,
Nature of creating, designing, taking risks, crafting, making,
Makerspace Work | testing and failure, retesting after revising,

completing a project

Methods of hands—on, students—centered, project—based,

Learning problem—based learning

o making, cutting, bending, robotics, woodworking,
Activity of ] o o ) )
soldering, circuitry, fabricating, networking, hackering,

Makerspace ) ) o
coding, programming activity
makerspace culture and atmosphere,
Learning community—oriented collaboration, sharing and

brainstorming, self—directing environment

Formal education places for Makerspace may well be a school—classroom
which can be dedicated to Makerspace activities or that can be used as
within—classroom activity. Informal education places for Makerspace are
library, museum, and community office (Sheridan et al., 2014). We consider
three components when preparing a makerspace, which include (a) 3D
printer, (b) a computer program that operates 3D printer to produce an
object (as created and designed by students), and (¢) materials that are used
to make that object. Who would need a makerspace? Anyone who likes to
design and make would need a makerspace. Specifically, a makerspace is in

great demand for the following people including industrial designers, plastic

_55_



artists, dental school students who make a sample tooth of their own idea,
people who make the demo and prototype of an invention item. These

people highly likely would use 3D printer to make items in their work.

What is 3D Printer and how to use it in class?
3D printer is basically 3D representation, which is defined as

"three—dimensional model that displays a picture or item in a form that
appears to be physically present with a designated structure. Essentially, it
allows items that appeared flat to the human eye to be display in a form
that allows for various dimensions to be represented. These dimensions
include width, depth, and height" (BusinessDictionary, 2018). 3D printing is
Additive Manufacturing. It is a manufacturing process which builds layers to
create a three—dimensional solid object from a digital model. There are many
applications of 3D printing especially in the areas of entrepreneur, education,
fabrication, artists, research, and, more importantly, engineering. Specific
applications are as follows.

e Model creation

e (Custom prosthetics

e Rapid Prototyping

e Theory vs. reality/design concepts

e Parts production: auto, industrial, robotics, etc.

o Art & Textile creation

e Food - think of confections

e Medical & Dental

3D printing benefits many areas such as in learning, creating, and
tool/resource with the following.

e Fast - regarding prototyping

e Affordable

e (Custom

e Flexible — to changes
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3D printer needs a computer program that enables people to devise, create,
and complete.
Users typically use 3D printer in the following three ways.
1. Create + Print
2. Choose + Print
3. Choose + 3D Printing Service Fulfillment like Kinko’s of 3D printing

However, it takes time to master the computer program of 3D printer.
Because learning and mastering the computer software of 3D printer
programming takes time, people in general use the existing files of 3D
printer and modify them to their need and purpose in #2 manner. As
classroom resources, students and teachers use 3D printer in the following
manner. Simply put, they choose a file from the existing files, e.g.,
Thingiverse.com and download it onto USB and print it using 3D printer. In
addition, if users can createthe file on their own using Tinkercad.com, they
can create their own unique items and print it out. A couple of software
such as Cura and MakerBot are used to 3D printer. Below is a sample item

created by 3D printer for science class.

Table 3 summarizes some of the useful websites for classroom resources.

3D Printed Zika Virus Atomic Orbitals
source: Stratasys source: Thingiverse

On the other hand, the reason why the library becomes a popular place for
makerspace called ‘library—based makerspace’is that the library functions by
nature as a public place that helps the community people come in and print

out whatever they would like to create and invent freely using 3D printer.
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This type of idea best represents the service of a library to the community.
Recently, schools adopt a makerspace in the regular curriculum increasingly.
The ideas of maker class using a makerspace are literally anything that
learners think of and want to make. Several examples of maker class are as
follows: community gardening, laser cutting, 3D printing, robotics, clothes
making, jewelry making, soap making, soap making, mushroom cultivating,
smartphone repairing, woods work, joinery making, welding, coding, Arduino,
computer business course, green house farming, healthy food growing,
smartphone battery system building, multivibrator making, LED sign making,

and so on.

Table 4. Sample resources 3D printer useful for classrooms

Kathy Schrock’s
Guide to Everything -
3D printing in the

http://www.schrockguide.net/3d—printing.html

Classroom
Create Tinkercad.com
Choose Thingiverse.com
Choose MyMiniFactory.com
Choose Youmagine.com
News, articles,
. www.3ders.org
learning

https://www.makersempire.com/3d—printer—an
Makers Empire d—resources—for—science—laboratories—in—pr
imary—schools—2/

Using 3D Print
Models in the
Classroom

https://ctl.yale.edu/faculty —resources/instructio
nal—tools/using—3d—print—models—classroom

Practical Uses of 3D | https://bcscta.com/2018/05/30/3d—models—in
printing in Science Class | —science—classes

In addition, the use of a makerspace ineducation becomes diverse and
divergent as well, e.g., online makerspace, museum—based makerspace,
applying makerspaces into formal education at K—12 and all the way up to
graduate level (Litts, 2015; Peppler, Halverson, & Kafai, 2016). For example,
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Fig. 1 shows that college students test the prototype of a boat they created
and made using 3D printer.

Fig. 1 A boat that college students test in the water.
(Source: Krummeck, & Rouse, 2017).

In—service and pre—service teachers also use makerspaces to design and
make an object that they would like to make. Fig. 2 shows a Printrbot used

in the teachers’ workshop.

Fig. 2 Printrbot Play (https://printrbot.com)
(Source: Koole, Epp, Anderson, Hepner, & Hossain, 2017)
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In addition, interestingly a makerspace is being used in online classes with
unique perspectives. Offering online classes in graduate program become a
solid trend across the nation, and there isno reason not to use a makerspace
as part of the classes. On the other hand, unlike the online class, a
face—to—face class offers physical place and concrete materials during class.
Also, it requires countless discussions and face—to—face collaborations when
making an object. At the same time, there i1s no guarantee for a maker
project to be successful because it is a continuous process until the initial
idea comes to fruition and produces a final complete product. Many are
skeptical as to how online class embraces the characteristics of a
face—to—face class. However, Fig. 3 shows the final complete products of

online classes in a graduate program.

Fig. 3 Final products of maker projects completed in a graduate online
class: Circuit project — materials used and types of project
(Source: Oliver, Moore, & Evans, 2017).

A makerspace 1s also actively used in elementary classes across the
subjects in the United State. Fig. 4 shows some examples of maker items
that elementary students made through maker education.

Makerspaces are used as part of the regular curriculums at K—12 and all
the way up to undergraduate and graduate levels. Makerspaces are popular in
school curriculums because it is student—centered using hands—on activities
so that learners are actively engaged in and stay on tasks. Also, it creates

an environment in which students make something that they are interested in
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by using tools and materials throughout the class. Students can give it a try
to make an object out of their creative 1deas during maker classes.
Specifically, a couple of maker classes are introduced below, which are done

in a school located in Midwest, Illinois, USA.

Fig. 4 A makerspace in elementary curriculum.
(Source: Holbert, Thanapornsangsuth, & Villeroy, 2017).

The school introduced here set the goal of makerspace K—12. From
Kindergarten to 4"grade, the school provides a maker education with a focus
on ‘Designing.” In grades 5—8, ‘Robot Program’is the focus of a maker
education in the school. In high school from grades 9—12, ‘Engineering’ is
the focus. As one example of a maker education, one typical lessonusing a

makerspace is presented in each level — elementary, middle, and high school.
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Level: 4" Grade

Time: 45 min

Topic: Make a Wand - Engineering Challenge

Objective: Using the materials provided, can you create a magic wand that
measures exactly 11 inches in length?

Materials: chopstick, scissor, one white printer paper, ruler, knife, pom pom
per group

Activity: The teacher showed a 3—min video clip of Harry Potter that has a
wand featured to students so that they get engaged. The teacher picked on a
pom pom wand and asked the students to think about how to make their own
magic wand and let them discuss in pair for 5 minutes. The teacher
distributed a printer paper and asked the students to come up a guiding
question and write it down on the paper. The teacher helped everyone to
tinker, devise, create a pom pom wand in a creative manner specifically
focusing on the handle/grip of a wand and the shape of a pom pom as well
(5 min). The students then design their own wand and write the
characteristics of their design. In addition, the students recorded the
challenges and solutions they had when making their own unique pom pom
wand. After the designing phase, the students in group returned to their desk
with chopsticks and began making it by measuring 11 inches of a chopstick
and cutting and slicing. This activity helped the students to utilize
engineering and mathematical concept in which they design, test and retest
after revising through failure and success. They also add and cut based on
the measure of 11 inches of a chopstick (25 min). The teacher led an entire
class discussion regarding advantages and things to improve followed by each
group’s presentation ofproducts (5 min). Fig. 5—10 shows an example of the

maker education of elementary school in the United States.
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(’ - }' ) 3 “

u a0 2 AR
Fig. 5 Regular Classroom being Used Fig. 6 Students Watching a Video
as a Makerspace Clip of Harry Potter

Fig. 8 Challenge Rules of Making a

Wand

Fig. 7 Objective of Lesson

Studert Lab Sheet: Make a Wand Onarengs ~~ ———

Student Lab Sheet: Hale a Wand ohallenge o=

Il i Bttt T chaslenga? by o by mt?

Sk voen e st st pert of o chalerge® why?

Fig. 9 Student Lab Sheet Fig. 10 Student Lab Sheet of STEM

On the other hand, Fig. 11-12 present an example of makerspace
established in middle school. Fig. 11 shows a classroom type makerspace
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where class projects are conducted. For example, students learn coding,
Arduino, Mindstorms, 3D printing,and so on.  Fig. 12 demonstrates a
makerspace being used in middle school where students can tinker, initiate,
design, create, porotype, test and retest, and complete their project by using
tools and materials. In fact, makerspaces shown in Fig. 11 and Fig. 12 are
connected so that students design and make it by using 3D printer and tools

at the same time.

Fig. 12. e Makerspace of Middle School

In middle school, a focus is made on robotics whereas engineering is a
focus in high school maker education. Fig. 13 demonstrates an example class
of maker education in high school that focuses on engineering design of

which title is the "structural design" in engineering.
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For example, the teacher introduced the recent natural disasters to class.
Due to the natural disasters, thousands of people could possibly be living
without housing for a time short period of time. They have an immediate
need for shelter. The teacher then provided the maker class with the

following guideline.

|\
Fig. 15 The Makerspace of High School
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= Design a structure that could be quickly deployed as an emergency
shelter after a natural disaster.

» Create a /15 scale architectural model of your design.

=  Perform an engineering structural analysisshowing that your structure
can withstand all necessary dead, live, weather, and seismic loads.

= If possible, we will select one design and build a full—size prototype.

Following the NGSS’s three phases of engineering design (Archive, 2013),
the teacher provided a couple of design constraints and criteria for a
successful design for this project.

Phase [ '"Defining and delimiting engineering problems"
involves stating the problem to be solved as clearly as
possible in terms of criteria for success and constraints, or
limits. Phase II. "Designing solutions to engineering problems"
begins with generating a number of different possible
solutions, evaluating potential solutions to see which ones best
meet the criteria and constraints of the problem. Phase III
"Optimizing the design solution" involves a process of
tradeoffs, in which the final design is improved by trading off
less important features for those that are more important.
(Achieve, 2013, p. 2)

The constraints provided to students are
1. Be equipped for two persons to sit, stand, and sleep horizontally.
2. Provide 4 cubic feet per person of storage for personal belongings.
3. Have the ability to be completely sealed from the weather, including
a floor raised above the ground at least 1 foot.
The criteria provided to students are
1. Lightweight, to allow for air transport.
2. Small, at least when packed, to allow many units to be stored and
shipped in a truck or plane.
3. Durable and secure for at least 30 days.
4. Comfortable.

5. Usable in all seasons in any place in the lower 48 states
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Then the teacher used a model called, "architectural white model" in which
students could make their design of shelter from cardstock, wood,
foamcore,and other easy—to—work materials and build to scale with a scale
of 1/12" where 1 foot in real life equals 1 inch on the model. The shelter
does not need to be painted at this stage. After the teacher’s guideline and
constraints and criteria, high school students began working by coming up
with different shelter ideas and sketching them all on a white printer paper.
Then the students created a matrix given by the teacher, evaluated each of
their designs on each criterion, and selected one leading design (see Fig.
13). The teacher provided a list of materials so that students get an idea of
how to proceed with this project to completion. Fig. 14 and Fig. 15 showed
a makerspace in which a maker class was taught in a high school. As shown
in Fig. 14 and Fig. 15, several sophisticated tools and machines are equipped

for a maker education in high school.

However, there is not textbook in class. A maker class is being shaped as
a new type of class that adopts new classroom structures, new approaches,
new ideas in which students are freely sharing their fresh ideas and
brainstorming, prototyping, and completing the object that they newly
designed and that they have never seen before. This process of inventive
maker class embraces students’ creativity, initiatives, countless discussions
and conversations but one at a time, free talks but stay focused on topic,
building ideas of others but do not make judgment, encouraging tryouts, trial
and error, failures and challenges which all could contribute to an
ultimatesuccess. Sometimes in a makerspace, the class seems chaotic, fresh
ideas are crashed, and final prototype or product seem too remote from
completing. But the chaos could be constructive and team work. This is the
recipe of a makerspace for innovative education that takes place.
Brainstorming with one conversation at a time, encouraging wild ideas,
building on the ideas of others by bouncing off one another, staying focused,
and deferring judgment should be the moto of maker education. The teachers

of makerspaces in the fourth industrial revolution era are encouraged to apply

_67_



all the characteristics of a maker education described above into summing up
a solution.

Application of AR, VR, and Al in class

Virtual reality (VR) is "an interactive computer—generated experience
taking place within a simulated environment. It incorporates mainly auditory
and visual feedback butmay also allow other types of sensory feedback like
haptic. This immersive environment can be similar tothe real world or it can
be fantastical. Augmented Reality (AR) systems may also be considered a
form of VR that layers virtual information over a live camera feed into a
headset or through a smartphone or tablet device giving the user the ability
to view three—dimensional images" (Wikipedia, 2018b). Augmented reality
(AR) is "an interactive experience of a real—world environment where the
objects  that reside in the real-world are 'augmented" Dby
computer—generated perceptual information, sometimes across multiple
sensory modalities, including visual, auditory, haptic, somatosensory, and
olfactory" (Wikipedia, 2018c). VR and AR are currently applied into teaching
many subject areas in the United States. For example, VR and AR provide a
headset so that students can see and feel the3D virtual reality of a pyramid
in Egypt when they study the world history. Another example is that
students can observe the World War II in virtual reality. They even walk
through people and war places like a ghost without being touched or killed
while warriors are killing each other. VR and AR are applied to teaching such
subjects as  science, biology/anatomy, astronomy/space  exploration,
mathematics, game, social studies, history, fine arts, language arts—story
telling, tours, STEM, architecture, problem solving, and so on. While new
applications are being published every week, below are a few examples of

applications that are currently making an impact.
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2 THE BODY VR

:/‘ A

Body VR (Biology/Anatomy)
https://www.youtube.com/watch?v=

rrl5YZbIQFO

Body VR lets you travel through
the bloodstream and discover how
blood cells work to spread oxygen
throughout the body. Enter one of
the billions of living cells inside our
body and learn how the organelles
work together to fight deadly
viruses.

A

o> p
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VREXPERENCE /] M\
4 ]

L]

i
Apollo 11 VR (History)
—https://www.youtube.com/watch?v

=kVP2aN2J Mgk

Apollo 11 VR is the story of the
greatest journey ever taken by
humankind. This VR experience is a
recreation of the events which took
place between July 16th and July
24th 1969. Now for the first time
ever you get to experience this
historic event through the eyes of
those who lived through it.

Home — A VR Spacewalk
(Science, Space)
https://youtu.be/T1Wzgm8DkkU

Throw yourself into the void 250
miles above Earth in this
award—winning VR spacewalk
inspired by NASA's training program
and the astonishing experiences of
its astronauts. Home puts you at the
center of the story, taking you on
an emotional and personal journey
while delivering beautiful,
heart—stopping, and memorable
moments.

e |

Mars Odyssey (Science/Space
Exploration)
—https://youtu.be/ZAwOfFYsbKI

Mars Odyssey 1s a single player
VR simulator experience. Land on
Earth’s sister planet. Walk the
surface of Mars in your living room
and interact with full—scale, realistic
NASA Landers and Rovers. Learn
about the Red Planet, its history,
and its geography in this interactive
experience.
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Micro Cosmic Worlds
(Science/Microbiology)
—https://youtu.be/JskoDSIBU30

Micro Cosmic Worlds is a
discovery—based journey into
unseen worlds of the microcosmos.
Using the power of virtual reality,
you (the player) are transported
deeper and deeper into the worlds
of the infinitesimally small

g . VCTORVYVR

5th Grade Science Curriculum

5th Grade Science Curriculum
(Physical Science, Life Science,
Earth & Space Science, Engineering
Design)

https://youtu.be/sN2XWA4_Brw

Take a virtual field trip to
America’s first gold mine. Escape a
castle full of trolls with your
knowledge of Earth & Space
Science. Read a comic — in VR —
about the "First Lady of Physics"
Chien—Shiung Wu. Visit a hydroponic
farm with award—winning teacher,
Wendy Martin.

NGSS—aligned: 5PS — Properties
of Matter, bLS — Ecosystems,
5ESS — Systems of Earth, 5ESS —
America’s Lakes & Rivers, 5ESS —
Light & Shadow, 5ED —
Engineering Design: Process.

Nano—One (Chemistry)
https://youtu.be/1E3VZeaND6Y

Are you ready to build organic
molecules such as Carbon, Oxygen,
Nitrogen and Hydrogen? Nano—one
is the first molecular visualization
and modeling tool for today’s virtual
reality platforms.

g . VCTORYVR

8th Grade Science Curriculum

8th Grade Science Curriculum
(Physical Science, Life Science,
Earth & Space Science, Engineering
Design)

https://youtu.be/sN2XWA4_Brw

Take a virtual field trip to the
Redwoods Forest in California.
Increase your speed on our test
track by correctly answering
questions about biologivical
evolution. Learn about Charles
Darwin while reading the first of its
kind VR comic.

NGSS—aligned: 8PS — Forces &
interactions, 8PS — Synthetic
Materials, 8PS — Waves, 8LS —
Biological Evolution, 8ESS —
Atmospheric & Oceanic Circulation,
8ESS — Human Impact 8ED —
Engineering Design: Optimization.
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M. Suggestions for maker class in the 4% industrial revolution rea

As shown in the above, makerspaces are currently used in elementary,
middle, and high school classrooms and even in online graduate classes of the
United States. The makerspaces are used in a variety of modes on and off
school including online, dedicated makerspaces, modified regular classroom,
public library, museum, andscience center which are different from a typical
traditional classroom. The makerspace is actively used as part of school
curriculum because the modern society requires schools to provide a new
method of education that helps produce creative manpower who can
appropriately respond to the fast change in each sector of the society. The
examples shown in K—12 classrooms represent the current spectrum of U.S.
public education in order to respond appropriately and relevantly to the swift
change of STEM fields including science and technology. Currently more than
300,000 different kinds of scientific information are poured out every day in
the world. What is the most viable model of education that could
appropriately and relevantly respond to the needs of the 4" industrial
revolution era? The more we use makerspaces using 3D printer, AR, VR, and
Al Arduino, Coding, and so on in formal education, the less space we end up
with the traditional education. I believe that it is about time for all to
continue to adopt new ideas such as makerspaces and AR and VR, discuss,
brainstorm, decide, try out and evaluate a new model of teaching based on
consensus within each unit of education. It is suggested that this be the
recipe of developing and improving science instructionin the 4™ industrial

revolution era.
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Coding Education

I: *
1 o

(Illinois State University)

In this workshop, you will learn about coding education. A coding kit
called “EVERY KIT” is distributed and you use it to do coding activities.

The goal of coding education is (a) to develop a logical thinking, (b) to
change thinking to promote computational thinking skill, and (c) to help

students better understand the real world around them.

Definition: Coding is what makes it possible for us to create computer
software, apps and websites. Code is used to build internet browser,
computer windows and Mac OS, all apps on smartphone, Facebook, twitter,
and all types of website. Broadly, coding is a logical process of finding a
solution to any problems using the computer languages. Coding includes the
work of Simulating, Debugging and Compiling and Finding an Optimized

Solution, e.g., Apps Development.

In order for us to the work, a couple of coding processes are done. a
source code is translated into assembly language, the assembly code is
translated to machine language and the machine language 1is directly
translated into binary code.

The examples of activity are shown below.
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Coding Education & Computational Thinking
-Key ldea-
Problems -

Breaking into small problems

Promoting
Computational

Coding, Simulating, Debugging,

Compiling

Thinking
Finding Solutions i

STEM Education

Coding Technology/ Science/ Information
Education Engineering Mathematics Technology

Computational

Shinkine - Problem - Apps

Solving Development
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ACTIVITY 1
LED

—

&5 Logic EHE AL
Q ooe o (B R c:Be: B
LD (B R:Ec:Ee: B

2 mah

152/ varisble suse for W 1] second(s

W LED (B R: ﬁ'E.:E‘B:@_
- _.: n c g

8 Module teo (B r:Bc:§s:

teo (Bhr: BB §

= ce T n . -
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ACTIVITY 2
Temperature

-©- EVERY KIT

l‘\

Temp \i|
5';3 Logic
() Loop
¥ Math
147/ Variable
Text
[0 module

8 f

z LR Temperature (] ) EEE *c J
WO print |« [IEREEL=d”  on text print monilorn
Lo (B R:Gc: BB

else @ jf 1 bRA. Temperature () EEEEd C

(il print | «[3ER»  on text print monitor [ |

-
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ACTIVITY 3
HS7| HES

then [{J{3 )14 [e4]:4 |
147/ Variable smart plug (F) on: [

i 1 Congratulations! &)
= Lo (B rfic:Be: B

(0 Module Smart plug (1) on:

ISR Ty again [
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Science History Education on the Points of Contact
between the Big History and Astronomy

Cheol Cheong * Yunji Kim"
(Daegu University)

The study target of global history includes the time, space, and
scope and the subject and study areas of global history extends from
the big bang to the present to expand the time scale. It has
expanded in time, space, and subject to include contact, exchange,
and conflict between individuals and cities, and between regions.

In the sense that it covers the history of mankind from the big bang to
the present, big history is the attempt to understand, in a unified,
interdisciplinary way, the history of the cosmos, earth, life, and humanity.
Big history does not only mean time and spatial expansion and integration in
the scope of research in the field of history, but is a new concept of world
history that encompasses starting from the Big Bang, the evolution of the
universe, the birth of the earth, and the origin of living creatures and
mankind, as well as the development of the present civilization and its
transformation into the future. As the universe was born 13.7 billion years
ago at the origin of the universe, we are discussing the origins of stars,
planets, earth, life, humanity and society, and now ponder the future of the

universe and mankind.

Key words: global history, big history, science history education

This work was supported by the Ministry of Education of the Republic of Korea
and the National Research Foundation of Korea (NRF-2017S1A5A8020384)
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Perceptions about the Earth Scientists

as a Profession of the Pre-service Teachers

Jong-Geun Park * Yunji Kim"
(Daegu University)

The perception of scientists is related not only to the interest and
achievement of the learner in science but also to the career choice.
The misguided image that the learner internalizes of the scientist
lowers interest and achievement in science and negatively influences
career choice. Science teachers play an important role affecting
students' perception of scientists. This research is a study of teacher
factors directly and indirectly influencing learners' perceptions.

This study examined the perception of earth scientists using a
5—level Likert scale test and open—ended questions regarding a
general view of the earth scientist and linking them with a career for
pre—service teachers majoring in FEarth Science Education. The
pre—service teachers have fun in earth sciences, know mathematics
is needed, and perceive earth science as a trustworthy and proud
profession without religious or gender bias. In spite of this positive
perception of pre—service teachers, they lacked specific knowledge of
earth scientist's work and could not find an earth scientist around
them, showing limitations in linking it with an earth science teaching

job.

Key words: Earth scientist, Scientist, Earth Science, Pre-service
teacher, Teacher education
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