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Abstract

This study aims to develop a STEAM-Based environmental education program through the analysis of
elementary, middle, and high school textbooks and to verify its effectiveness by applying it to elementary
school settings. As the importance of climate change and carbon neutrality increases, the need for an
integrated and convergent approach to environmental education is being emphasized. The research process
consisted of three stages. First, environmental and energy-related content in elementary, middle, and high
school textbooks was analyzed to examine the continuity across different grade levels. Second, based on
the analysis results, an environmental education program incorporating STEAM (Science, Technology,
Engineering, Arts, and Mathematics) education was developed. Third, the developed program was applied to
sixth-grade elementary school students, and its effectiveness was verified through pre- and post-surveys as
well as individual interviews. The results of the study showed significant improvements in students'
environmental awareness, attitudes, and behavioral changes. In particular, there was a substantial increase in
students' participation and willingness to take action in solving environmental problems, along with an
improved understanding of scientific concepts and social impacts. This study presents an integrated
approach to effectively educating students on carbon neutrality and sustainable development within the
elementary school curriculum and suggests the possibility of broader application in various educational
settings in the future.
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<Table 1> Analysis of environmental content in elementary school science, integrated and social studies

textbooks.(Su: Subject, G: Grade, Sci.: Science, Soc.: Social studies, IS: Integrated Subject)

Su G Unit, Learning Elements, Contents
- Unit: Earth and Space(Solar system)
- Learning Elements: Solar energy
- Contents: The Earth's energy source is the sun, and the solar system is comprised of the sun
and planets.
- Unit: Kinetics and Energy(Temperature and heat)
- Learning Elements: Temperature, Heat movement
- Contents: Observe the convection phenomenon of liquids and gases, and the movement of heat occurs
through convection.
T Unit: Earth and Space(Weather and our lives)
) - Learning Elements: Temperature, Heat movement
Sci - Contents: The properties of seasonal weather can be related to the properties of the air that affect
our country.
- Unit: Life (Biology and environment)
- Learning Elements: The impact of the environment and pollution on living things
- Contents: You can recognize the need for ecosystem conservation and discuss what can be done to
conserve the ecosystem.
- Unit: Integrated(Energy and life).
6 Learning Element: Types of energy.
- Contents: Learn about the transformation of energy forms through examples of natural phenomena or
daily life, and discuss ways to use energy efficiently.
- Unit: Right life(Summer Country)
IS 1 - Learning Element: Energy conservation
- Content: Learn and make habits of energy conservation in summer
- Unit: Human environment and life(Production and exchange of what is needed)
- Learning Element: Wise consumption life
4 - Contents: The scarcity of resources creates a problem of choice in economic activity.
It explains economic activity of production and consumption centered on the market.
- Unit: Natural environment and human life (Our Country's Natural environment)
5 Learning Elements: Climate and topography of our country
- Contents: Explore the characteristics of our country's climate and topography.
- Unit: Natural environment and human life (Various life in the world)
- Learning Elements: Relationship between human life and environment
Soc - Contents: Learn about the distribution and characteristics of the world's climates and explore
the relationship between climate environment and human life.
- Unit: Sustainable world (Sustainable earth)
6 Learning Elements: Environmental problems of the earth, Sustainable future

- Contents: Investigate the major environmental problems of the earth, explore solutions, and learn

the attitude of a global citizen who cooperates in solving environmental problems.

- Unit: Sustainable world (Sustainable earth)
- Learning Elements: Environmental problems of the earth, Sustainable future
- Contents: We seek ways to actively participate as global citizens in the task of building a sustainable

future for humanity.
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<Table 2> Analysis of environmental content in middle school science and social studies textbooks
(Su: Subject, G: Grade, Sci.: Science, Soc.: Social studies)

Su G Unit, Learning Elements, Contents

- Unit: Ecology and Environment
1,2, - Learning Elements: Importance of biodiversity.
3 - Contents: Understand the need for biodiversity conservation and research and present examples of
activities to maintain biodiversity.

- Unit: Earth's Water
1,2, - Learning Elements: The Value of Water
3 - Contents: Investigate the distribution and use of seawater, freshwater, and glaciers in the water
domain, and discuss the value of water as a resource.

- Unit: Earth and Space
1,2, - Learning Elements: Disasters and Catastrophes
3 - Contents: Investigate materials related to disasters and catastrophes and scientifically analyze their
causes and damages.

Sci - Unit: *Earth and Space
1,2, - Learning Elements: Greenhouse Effect, Global Warming
3 - Contents: Understand the layered structure of the atmosphere and explain the greenhouse effect and
global warming from the perspective of radiative equilibrium.

- Unit: Application of Science and Technology
1,2, - Learning Elements: Science, Technology and Human Civilization
3 - Contents: Understand the relationship between science, technology and human civilization and explain
the usefulness of science.

- Unit: Application of Science and Technology
1,2, - Learning Elements: Science, Technology, and Human Civilization
3 - Contents: Design ways to make our lives more convenient by utilizing science and discuss their
usefulness.

- Unit: Environment and Humans

12, . ‘

3 Learning Elements: Natural Disasters
- Contents: Investigate areas where natural disasters occur frequently and explain their causes.
- Unit: Environment and Humans

1,2, . .

3 Learning Elements: Natural Disasters

- Contents: Explore case studies of the impact of natural disasters on the lives of local residents.

- Unit: Globalization and Sustainable Society
1,2, - Learning Elements: Global Environmental Issues Environmental Awareness
3 - Contents: Understand the variability of resource distribution and regional differences in resource
Soc consumption, and investigate competition and conflict between countries.

- Unit: Sustainable Development
1,2, - Learning Elements: Climate Change
3 - Contents: Investigate the causes of climate change occurring on Earth and the resulting regional
changes, and evaluate regional and international efforts to address them.

- Unit: Globalization and Sustainable Society
1,2, - Learning Elements: Global Environmental Issues
3 - Contents: Compare various opinions surrounding environmental issues in daily life and discuss
environmental issues.
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<Table 3> Analysis of environmental content in high school integrated-science and earth science I
textbooks.(Su: Subject, G: Grade, I-Sci.: Integrated-Science, ES: Earth Science I)

Su G Unit, Learning Elements, Content

- Unit: Power Generation and Renewable Energy
- Learning Elements: Solar energy, nuclear power, solar power, renewable energy, fuel cell, wave
1,2 power, tidal power, wind power
3 - Contents: Pros and cons of nuclear power, solar power, and wind power. Discuss ways to improve
each power generation from the perspective of solving global environmental problems caused by
climate change.

- Unit: Power Generation and Renewable Energy.
- Learning Elements: Solar energy, nuclear power, solar power, renewable energy, fuel cell, wave
1,2 power, tidal power, wind power.
3 - Contents: Understand the necessity of developing renewable energy technology for the sustainable
development of human civilization, wave power, tidal power, fuel cell, etc., and learn about the
efforts of modern science to solve energy problems

I- - Unit: Earth System
Sci 12 Learning Elements: Material Cycle
’3 - Contents: Learn about the interaction between the atmosphere and the water sphere, using examples

of how natural phenomena are the result of the circulation of materials and the flow of energy
within the Earth system.

- Unit: Ecosystem and Environment
1,2 - Learning Elements: El Nifio, Desertification, Global Warming.
3 - Contents: Analyze the impact of El Niflo and desertification on the global environment and human
life, and discuss various efforts to solve the problem.

- Unit: Ecosystem and Environment
- Learning Elements: Fossil Fuels, Heat, Energy

132 - Contents: Heat is generated during the process of using energy. Learn that energy efficiency is
reduced due to the heat energy wasted during the process of using fossil fuels, and explain what
social significance there is in increasing this efficiency.

- Unit: Changes in the Atmosphere and Ocean
12 Learning Elements: Climate Change
ES ’3 - Contents: Explain the causes of climate change by dividing them into natural and anthropogenic

factors, and discuss the environmental, social, and economic impacts of climate change caused by
human activities and scientific methods for resolving climate change issues.
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<Table 4> Analysis of environmental content in high school social studies, Social Studies,

World-Korea-Travel Geography, society and culture (Su: Subject, G: Grade, Soc.: Social
Studies, WG: World Geography, KG: Korea Geography, TG: Travel Geography, SC: society
and culture).

Su G Unit, Learning Elements, Content

- Unit: Natural Environment and Humans
1,2, - Learning Elements: Natural Environment
3 - Contents: Investigate past and present cases of the impact of the natural environment on human life,
and understand the rights of citizens to live in a safe and pleasant environment.
- Unit: Natural Environment and Humans
Soc 1,2, - Learning Elements: Solving Environmental Problems
3 - Contents: Investigate various efforts by governments, civil society, and businesses to solve
environmental problems, and discuss practical measures at the individual level.
- Unit: Future and Sustainable Life
1,2, - Learning Elements: Future Life
3 - Contents: Predict the future appearance of the Earth from various perspectives and discuss the
direction of your own future life
- Unit: Climate Environment and Human Life
1,2, - Learning Elements: Climate Change
KG . . .
3 - Contents: Investigate the phenomenon, causes, and consequences of natural disasters and climate
change, and discuss sustainable relationships between humans and the natural environment..
- Unit: Climate Regions of the World
WG 1,2, - Learning Elements: Climate
3 - Contents: Analyze the main features and factors of tropical climate based on a basic understanding
of climate factors and climate elements.
- Unit: Travel that makes both the destination and the residents happy
12 Learning Elements: Fair Travel
TG ’3’ - Contents: Find and analyze cases that provide meaningful experiences for travelers and economic
benefits, pride, and sustainable development for residents of the destination, and then apply them to
the development of our local travel products.
- Unit: Contemporary Social Change
SC 1,2, - Learning Elements: Global Issues
3 - Contents: Explore global issues and their solutions and have an attitude of working toward a

sustainable society as a global citizen.
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curricula.
U 2 asstn wabd Wl A Atk o] F A9 ArRe HEHowR A
[Fig. 2] =% 1edtu wdAe 4-oY  &aFH 5 A9 AL7HsAES Ao FHd
A, 2T, e, ASvbs 3 22 U wet SgeiA fvk A8 wakse] dhd st 3t
go] x3E wHEe wiA WEs AT A ARe AUATE AAAddUAR AdE
<Table 1>~<Table 4>5 EUZ Z-F 1w X, 37|, & olFc] 49 &%= 1A AT
-uHEE S Fo A FAo] TE WEAAN  2WEE Jhe BRI AE $4S A=Y o
AAES dEbd Zlelvh [Fig. 2]ol4 Fstolgt kAol AFRddte AAEE FREOR ol
#2718 AL g, ATHe 12 et 3 vk 2w deAs g A3} o] Fo
gtolg} sr)sklom, AbsEta E7)e AL AF ok & waEd waEe] AAA M= A3t
3], SAALE], AAIAY, A, oA, AF Hus g7} o] Fol Xt
Slwsks Sstol mUlslth dAAeR % sty e A3t shgo AAG, w3t
T st FHeeM e Aok deet i & w3 e AAEE Sl 54 FAlel el
Ao WgE g1 dom AsAE ATg2d o o] U 5T 7sE S EelA Alwdt
b, Adk-Afsl, 71 98st soll thdk AR dube] = ZoR kEt) [Fig. 219 o] Al A=l
Az e AL AS fF Ul v v A Este] AT dste)l 7|$HstE 43} o
i Slek ATt ol= SMEo] A& Fokert =gty
WIS AAAGI stuge] w2 AAGAA A @, Areds), gAFH, VFRHE 219

SR LA R
A, AES B F

P gl o8 1y = o+
7hA el ARE A Yo st

A
& 50 A5y delo) ole) Rope] A4S 5
o:l -

T A TAE ok



ZSSHUEE #E STEAM

Zlgt BEu| =2 JiEnt Mg

2 S8l SMSS o8t 8 m2I ol ol ANE, AT Fed AAon, BaE
THt %, oA ekl djgk A4 A, oA
7). STEAME mel@ 25w mapd Ay 09 °FF Flsis DEelth ofHw g

) 258w w47 & aLefstel STEAM 7IWh @7us Z2Rs
[Fig. 219 %% 158w 33, Als] #d ALsta, SPENA T2 WS g5 98

sl wAgE gl e wenee q 1 DPE ARSI Ew sl 1

F wg ago] ATae] dg Apes), o ool 9A4, BATH, ggegon b

T e, BN GEDe gEd Aey  TE BE EAs 4717 $elsh W olep]

B e B AN Ada g PP o A wAYe S 9

F g gyl ATE 87 BAY dd, A% © T ST S8R A[H Qe Ao

o Se A, AAA Addes asm  F ATUE ANt 49F 5 9= gl 8

£ mot a5 4 % A AnE wHNES 4TS
Heb B QpeiE ATE 84 Bag o <Toble el deasd.

EEEE Xl# FsAe o8 4 gl Abe) o) To ol e AR Aas Agee

Bel s Do o] Asla e AUAL] EEA o183} $32s30] EAe v

@ 7 9 T emew SASdA e w5 JEEF B 3 oliAs 487, 98

A ARG ey ] 4 T EEA SRR A Uge ATHE

Mol A el @4eiAE afe 4 A O R ATE @8e8d W

Sbe s AR BAQ BAY pAw gy T HAE AU B @G meE s

A GorE qmas ouls Hgsel qx  FALEH Else @ o), A

4 evie] Ale Agow duel e EEOE ATHRLL. 2eln Al A%

a7 BA Sdn o8 KE/sAe A o 7he st AR s A Eel| YERE thekst

<Table 5> Restructuring the curriculum for an integrated survival together program (Su: Subject, Sci:

Science, Soc.:

Social Studies)

Su Unit Activity contents Reconstruction contents
Energy and . - Discuss energy saving methods to prevent
. &y - How can we use energy efficiently? gy 8 . P
Life global warming and pollution
. - How does environmental pollution affect . . .
Sci . .. . - Learn of the relationship between pollution
Biology and living things?
. - . and the ecosystem.
Environment - Creating a campaign tool for ecosystem .
. - Make a campaign tool.
conservation
- The current state of global warming and
Soc Sustainable - Learn of the various environmental issues pollution.
Global that are occurring globally. - The relationship between pollution and the
ecosystem.
Promotional . . .
Art Design - Promote your love for friends - Do a campaign to live together.

Math

Addition and
Subtraction of
Decimals

- Let's try adding and subtracting two-digit

decimal numbers.

- Calculate your carbon footprint.
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<Table 6> STEAM elements applied to the

program.
STEAM Contents

- Understanding global warming

- Relationship between environmental
S pollution and ecosystem

- Discussion of ways to prevent global

warming and environmental pollution
- Making a plan and promotional tool to

T.E prevent global warming and
environmental pollution

A Drawing or designing campaign and
promotional materials

M - Calculate your carbon footprint
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<Table 7> Activity contents of the integrated
program based on the STEAM
education learning standards
framework(T: Time) .

STEP T Activity Contents
- Learn of the seriousness of
global warming and the message
Presentation that informs us of the dangers
of the 2 to the Earth.
situation - Learn about the relationship
between environmental
pollution and the ecosystem.
- Discuss energy conservation
methods to prevent global
. warming and environmental
Creative .
desion pollution
& - Calculate carbon footprints
- Plan a campaign to live in
harmony with nature
- Conduct a campaign to live
. together at home, school, and in
Expression .
the community
and 2
abpreciation - Present what you felt and
PP learned while conducting the
project
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<Table 8> Lesson plan for presenting situations in environmental programs, LO:Learning objectives, LC:

Learning contents, LS: Learning Step, SE: STEAM Elements

STEP Present of the Situation SE S
LO Learn for the seriousness of global warming, Learn for the relationship between Time 1~2
environmental pollution and the ecosystem
LS Detailed Activities Leaming S trategles and
Considerations
- Wamning from the Earth ‘Present the problems caused 'by
. global warming and destruction of
Open  -Phenomena due to global warming .
. . the ecosystem to students using
‘Problems due to environmental pollution . . .
visual educational materials.
- Learn about global warming
‘Investigation of global warming. ‘Even if students have heard about
‘Investigation for the causes of global warming global warming, teach them clearly
-Imagine what will happen if global warming continues what it is and what causes it.
LC Activ - Relationship between environmental pollution and ecosystem ‘Teach students about climate
ities  -Understand the difference between weather and climate change, which has recently become
‘Understand the phenomenon caused by climate change a global concern, and teach them
‘Understand the impact of environmental pollution on the about the causes of climate change
ecosystem and environmental pollution.
‘Make an electric car that takes the environment into onsideration
- R ize th i f global i limat .
ecognize the seriousness of global warming and climate Ensure that the next learning
change . . s
Orga . . period links activities to reduce
. ‘Recognize the need for countermeasures against global .. .
nize carbon emissions and increase

warming and climate change

-Anticipate and decide on project direction

ecological awareness.

- 615 -



gt =
-l o

=
=2

<Table 9> Lesson plan for Creative Design in environmental programs, LO:Learning objectives, LC:
Learning contents, LS: Learning Step, SE: STEAM Elements
STEP Creative Design SE S, TEAM
LO Discuss energy saving methods to prevent global warming and pollution, Time 37
Calculate carbon footprint, Plan campaign activities
LS Detailed activities Learning Strategies and Considerations
- Attack of Carbon Dioxide ‘Let's think about the causes of
Open -Find out the cause of global warming carbon dioxide emissions through
‘Find out the cause of carbon dioxide generation video materials.
- How to Reduce Carbon Dioxide Emissions ‘In order to approach carbon
‘Find out how to save electricity to reduce carbon dioxide footprint and carbon reduction
emissions activities, it is necessary to
‘Find out why reducing tap water usage reduces carbon understand why carbon is a
emissions problem.
LC Activ " Calculate your carbon footprir}t . -Carbon Footprint
ities -Find out what a ga.rbon‘footprlnt is -The total amount of greeghot}se
-Check your electricity bill and calculate your household gases, especially carbon dioxide,
carbon footprint generated by an individual,
-Plan a campaign company, country, or other
-Organize ways to reduce carbon emissions group through the entire process
‘Decide on a slogan and rules to use in your campaign of producing and consuming
‘Make an energy-saving advertisement activities or products.
- Share the campaign poster ‘It makes you think about how
Orga !
nize -Talk about what you felt when you saw your friend's poster to use the poster so that you

-Think about how to use it in the campaign

can use it in an actual campaign.
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<Table 10> Lesson plan for Aesthetic Sensibility in environmental programs, LO:Learning objectives,
LC: Learning contents, LS: Learning Step, SE: STEAM Elements

o Aesthetic Sensibility SE S, A

-Running a campaign to live together at home, school, and in the community
-Looking back at the entire project

LS Detailed activities Learning Strategies and Considerations
-Since students may feel embarrassed
about campaign activities, teachers
teach them that active participation is
a meaningful activity.

Time 8~9

-Planning how to run a campaign
Open -Select a campaign location
‘Decide on a route and message depending on the location

- Campaign activities at home

‘Inform your family about the need to save electricity
‘Make a commitment to practice at home

- Campaign activities at school

-Guide families and schools to connect
by setting a practice promise for
saving electricity at home.

LC Activ . . . ‘Look at the campaign activities of
» -Conduct campaign activities during lunch hours . L
ities . environmental activists in the news
‘Hold an energy-saving song contest . o
. . and learn that our campaign activities
- Campaign activities in your local area .
. .. are no different from those of
‘Look at examples of environmental activists . ..
. AP . environmental activists.
Conduct campaign activities in_your local community
- Finishing the entire project
Orga -Sharing what you learned while working on the project ‘Ensures that energy savings continue
nize -Strengthening the will to practice energy conservation in in everyday life.

daily life
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<Table 11> Present of the Situation(PS), Creative
Design(CD), and Aesthetic Sensibility
(AS) student results
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<Table 12> Pre- and post-program surveys on the cognitive,

students participating in the program

affective, and behavioral environments of

. Pre Post
Domain Survey Contents M SD M SD t p
1. Attitude toward environmental improvement 246 82  4.08 .75 11.6 .000
Affective 2. Attitude toward environmental issues 233 78 4.60 .62 17.34 .000
3. Environmental ethics 1.95 .63 445 71 20.49 .000
Total 225 74 438 .69 16.26  .000
4. Causes and solutions to environmental pollution 238 73 458 .70 16.79 .000
Cognitive 5. Need for ecosystem conservation and methods 208 53 454 51 26.02  .000
6. Knowledge of eco-friendly behavior 1.87 .70 4.61 J6 2076 .000
Total 2.11 .65 457 .66 20.05  .000
7. Participation in solving environmental problems 191 .74 461 40 2444 .000
Behavi 8. Environmental management 229 .69 4.62 .55 20.98 .000
€havior g “perguasion and recommendation for practice 206 .63 452 .76 18.50 .000
10. Decision making for resolving environmental issues 2.08 .60 3.79 .78 13.50  .000
Total 2.09 .66 439 .62 19.85  0.000
oS 50|, Kim et al.(2016) Z%8tw wdhd 29 1 &8 7FsAd e oladL dF &
SAES dde® 7$Hs pSsEEIRS A WA gk A4S Abdeds o] Al “Ha S
3 A3, APAEARSE AFSERALIA S o EFeluA Izt FEled Aol <ol
Sk 1A W oEjEs} Bso] foulaAl FdE 2 A7F lew Algte] A& HA # ¢ dsdHk
O® UetEth o5 A7 A AT 2ta ¥gkd g5 dth
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<Table 13> Comparison of pre- and post-interview results of students on energy and environmentstribution

according to number of participants

Question

Pre-interview student responses

Post-interview student responses

1. Tell me about the

energy you know principles of energy.

-Students only think that they need to conserve -Energy improves the quality of human
energy without understanding the scientific

life, and humans can use energy to
move machines, objects, etc.

2. Tell me why we
need to save

energy itself pollutes the environment.

-Students know about the causes of global
warming, but they believe that electricity

-Students know that energy has a direct
economic impact on us, such as in
electricity bills, and that energy produced
by humans using fossil fuels pollutes the
environment.

3. Tell me about the

i tal . . .
ezﬁizzr;enoi regarding environmental pollution, they had
Enow Y only fragmentary knowledge about the causes

Although students had learning experiences
and ecological experiential learning experiences

-Students understand environmental
pollution by dividing it into soil, air, and
water quality, and they also know that
these affect each other.

of environmental pollution and pollutants.

-Students had heard about carbon neutrality
4. Tell me about the and carbon emissions through mass media,
but they did not know how carbon affects

carbon you know
the Earth.

-Students know that carbon contributes to
global warming and that carbon
emissions must be reduced to prevent
global warming.

5. What would you
like to know or
do about carbon

neutrality? what it meant.

-Students had heard of the term carbon
neutrality, but did not clearly know

-Students are interested in carbon neutrality
to prevent global warming and know
active methods such as planting trees.
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