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The Effects of STEAM Program Based on SDGs Class Participation Behavior,
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The purpose of his study was to study the effect of the SDGs-based STEAM program on the class participation behavior, class interference
behavior, and science academic achievement of students with underachievers. The subject of this study was three underachievers in B middle
school selected by convencience target sampling, and the experiment was conducted in the baseline, intervention, and maintenance stages by
multiple baseline design across subjects among the single target research methods. The effect on scientific achievement was examined by
conducting pre-tests. Classes applied to the SDGs-based STEAM program were conducted four times a week for a total of 12 weeks, and
each session was conducted for 45 minutes during each science class and science-related topic selection time. The results were as follows.
First, the SDGs-based STEAM programs showed a positive effect on the underachiever’s participation in the class, and the total incidence of
the undertaking’s participation on the participant was increased and the intervention effect was maintained. Second, the STEAM program
based on SDGs had a positive effect on reducing the incidence of class disturbance behaviors of underachievers. Third, the STEAM program
based on SDGs had a positive effect on improving the academic achievement of underachievers. After the intervention of the SDGs-based
STEAM program. The above findings suggest that the SDGs-based STEAM program should be applied to science-centered curriculum
classes of under-achieved students because the SDGs-based STEAM program has a positive effect on students’ learning behavior, class

obstacle behavior, and science achievement.
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Society
<Figure 1> The proposal for a structure of science education for fostering responsible citizenship

source: Son, Y. A. (2016). A Suggestion of the new construction of science education stressed social responsibility and the education

strategies to integrate education for sustainable development into science education. Journal of Education & Culture, 226), 293.
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<Table 1> General characteristics of study participants

Seperation Participant A Participant B Participant C
Sex Female Male Male
Age 13 years, 7 months 13 years, 3 months 13 years, 10 months
Intelligence Test: K-WISC-III 97 99 90
Korean 47.2 30.7 43.9
Basic Education Math 20.8 30.7 274
Diagnostic Test English 34 24.1 40.6
Science 30.7 274 37.7
Reading 68 64 68
3R’s checks Writing 68 64 60
Numeracy 52 40 44
- Math: 98.53%, Bottom 3% - Math: 97.06%, Bottom 3% - Math: 97.06%, Bottom 3%
- English: 97.06%, bottom 3% - English: 97.06%, bottom 3% - English: 94.12%, bottom 10%
Basic Education Diagnostic Test Results - Korean: 95.59%, bottom 5% - Korean: 100%, bottom 3% - Korean: 98.53%, bottom 3%
(Subject Degree Percentage and sub) - Science: 95.59%, bottom 5% - Science: 98.53%, bottom 3% - Science: 95.59%, bottom 5%
or less, Achievement Level E or less, Achievement Level E or less, Achievement Level E
(score below 60) (score below 60) (score below 60)
2. A7t =4

N AR 9 SAH=TF
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<Table 2> Construction of academic achievement questions

Components Number of questions Question number Reliability
Knowledge 5 1, 6, 7, 11, 13 .845
Understanding 8 2, 4,5, 9, 10, 12, 17, 18 .828
Apply 2 3, 14 819
Interpreting data and generalization 3 8, 15, 19 812
Finding and solving problems 2 16, 20 816
Total 20 .824
2 FA=T

AFhgo] A

A

H e 20199FE 202037HA] s 3sHdofAT@e] STEAM A EgtuolH, AFAs 20199 %
FE STEAM HEZ St&5a5a 3S|YOF STEAM ZZ 138 735ttt 20173 HE YGA A T3] oA SDGs
718 T2 WS AFEaL ol H_3FH T SDGs 7]HF STEAM T2 713 71 3H4-& <Figure 2>} 2T}

[ Designated as a STEAM Leader School by the Korea Science and Creativity Foundation ]
-

[ SDGs-Based STEAM Literature Review and Global Change Unit Analysis ]
<L

[ Developed program prototypes with two teacher research council advisors J

[ STEAM Professionilimi:g ]4— ,[ YGA Ci%acher Study Group ]

[ Revised and refined program prototype with 2 teacher research council advisors ]
-

{ Two research councils finalize SDGs-based STEAM program with advisors ]

<Figure 2> The process of developing an SDGs-based STEAM program

‘STEAM AEA a5F5AS} YGA WA A7 olze] 7o) 214 EFS 93 Team & Team NGO THA| 4%

Z23 NS Y AEAYS TSI 27 A A7 AR 8- 27 Ak
g 15d o) wALRA ZRIOYL FASA BYgste] ATEA g A3 o) 22
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SDGs 7|8k STEAM A|=%F8| o= <Table 3>3 T}
A To] M3} Ao A SDGs AlF- ZEE 7o 2 /U3 STEAM T2 7| 8E <Table 4> 9 2t}

<Table 3> SDGs-based STEAM Map for Global Change Unit (example)

Practicing a Sustainable Earth System

Lithosphere
Vertical garden to remove fine dust and build a particulate meter with Arduino
3.9 Reduce the number of diseases caused by air, water, and land pollution and contamination
SDGs Goals 11.6 Reduce per capita negative environmental impact in cities by addressing air quality contro

13b. Promote climate change-related mechanisms, 15.5 Stop biodiversity loss

) o 1. Explore the components of Earth’s system and find ways to live in sustainable cities.
Learning objectives ) ) ) ) o
2. Take active steps in the life to prevent climate change and its impacts.

o Can we build a device to remove and measure particulate fine dust in the classroom for
Present the situation ) .
sustainable urban living?

Understand the air, geosphere, hydrosphere, hydrosphere, and exosphere that make up the
STEAM Teaching
Earth’s system, design a vertical garden device to remove particulate fine dust for a sustainable
Creative design
Earth, build it from recycled materials, explore the principles of a particulate fine dust meter
Learning Criteria
using an Arduino, and measure and compare classroom particulate fine dust.

] ] Students will use the device to measure particulate fine dust in their classroom for one week,
Emotional experiences ) i . i ) . )
present their findings, and share their experiences with sustainable practices.

Lessons Contents Detailed goals STEAM Elements Related subjects

Explore the components of the Earth
S, E : Earth system components, climate
system and climate change risks, SDGs3.9
Lesson 1 change risk fine dust survey
research and present the sources of SDGs13b

) A: Presentation of research findings Science
fine dust and its harmful effects

S: Plants and fine particulate fine dust Math
Design a vertical gardening device to
SDGs11.6 association
Lesson 2 remove particulate fine dust, creative
SDGs13b E: Vertical Garden Design Art

produce with recyclables )
A: Create recycled junk art

Details E, T: Exploring the principles of dust Technology

Particulate fine dust sensor principles measurement sensors, connecting sensors and
Lesson 3 ) ) SDGs13b ) )
and Arduino coding Arduino Social

M: Coding the dust measurement sensor

Build a vertical garden wunit and E: Install a vertical garden Select a topic
SDGs13b
Lesson 4 measure  particulate  fine  dust SDGs15.5 S: Measuring fine dust concentration and

s15. .
concentrations after installation growing plants, recording observations Reconfiguring

integrated

S, M: Analyzing fine particulate fine dust 8

Graph the results of measuring fine reconstruction

SDGs3.9 concentration
Lesson 5 dust concentration, analyze the cause,
SDGs11,6 A : Presenting a mind map of actions for a
and present action plans
sustainable global village

) Observational assessment (participation, presentation), output assessment (blueprints, finished product), student assessment
Evaluation methods
(self-assessment)
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<Table 4> Overview of SDGs-based STEAM program of Global Change Unit

Intermediate SDGs specific
STEAM Programs STEAM Elements Lessons
lessons goals
S: Exploring the connection between plants and fine
Practicing a  Sustainable  Earth
3.9 particulate fine dust
System-Exploring sources of fine dust,
11.6 T: Arduino Dust Sensor Principle
investigating  hazards, and  the 5
13b E: Connecting a dust sensor to an Arduino
effectiveness of vertical gardens to
fre d 155 A: Create recycled junk art
S f remove fine dust
rructure 0 M: Coding for Arduino Dust Measurement
lithosphere
Implementing  Sustainable  Learning S: Exploring lithosphere structurel and climate change risk
Opportunities - Using Sound Sensors 3.9 T: Arduino Sound Sensor Principle
to Warn of Climate Change Risks 4.7a E: Connecting a sound sensor to an Arduino 5
and Build a Three-Dimensional Model 13.3 A: Create a three-dimensional lithosphere
of the Structure of the lithosphere. M: Coding the Arduino Sound Sensor
63 S: Explore the rock features that make up the Earth’s crust
Sustainable water and sanitation-using 2 T: Arduino Temperature and Humidity Sensor Principle
12,5
rocks with temperature and humidity 4 E: Connect the temperature and humidity sensor to the board 2
14.1
sensors to clean up polluted water 155 A: Create polluted water cleanup artwork
’ M: Coding an Arduino Temperature Humidity Sensor
S: The relationship between minerals in rocks and peace
Sustainable Peace - World Peace 5.1 T: Exploring the Principles of the Arduino LCD 1602
Composition of
N Campaign Using Minerals in Rock 12.2 E: Connecting the LCD 1602 to the Board 3
earth’s crust
and RGB LED Sensors 16.2 A: Creating LCD 1602 Artwork
M: LCD 1602 String Coding
S: Exploring the recycling of coffee grounds
Sustainable Agriculture - Fertilize the
] 1.5b T: Arduino dot matrix principles
land T live on project (coffee grounds
2.1 E: Connecting Dot Matrix and Arduino 6
recycling  garden, dot matrix
15.3 A: Designing an Arduino Garden Sign
information board
M: Coding the Arduino Dot Matrix
Sustainable and inclusive society - S: Explore volcanic zones, earthquake zones, and geothermal
Volcanic and earthquake zones for power
Movement of the blind and visually impaired, 4.7a T: Arduino manual buzzer principle 3
lithosphere Using manual buzzers to create a 7.1 E: Connecting a manual buzzer to an Arduino
three-dimensional globe and explore A: Creating a Three-Dimensional Volcanic Plate Seismic Zone
geothermal power M: Arduino Manual Buzzer Coding
Total 24
3. g7 ZExt
£ 9ITE SDGs Z1W STEAM ZEIgo] SRty Sl T +ualdE @ Hekse) g o]
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<Table 5> Procedures for SDGs-based STEAM programs

Learning Understand the air, geosphere, hydrosphere, hydrosphere, exosphere, and biosphere that make up the Earth’s system, and be able to

objectives research and present the sources and hazards of particulate fine dust in relation to the Sustainable Development Goals.

Step Lesson (activity) courses STEAM Elements

> Check out the previous lesson: Presenting a comparison of the 3 elements of sound

> View the learning objectives for today’s lesson
Introduction
> Open and share own thoughts S. E: Investicate Farth

(7 mins) > &

- Watch an introductory video about the Sustainable Development Goals (SDGs) and share own system components,

impressions climate change
> Explore 1 risks, and fine dust
- Reading 5 Components of the Earth System in the Textbook Content in Action sources with
- Recording and presenting the features of each component on a learning activity sheet smartpads

- Identify and present Sustainable Development Goals (SDGs) that are linked to the current risks faced

Deployment by Earth system components. A, T: Design a piece of
(30 mins) > Explore 2 junk art
- Investigate fine dust sources and hazards with smartpads M: Understanding the
- Graph explored findings graphs about causes
- Design a piece of anti-pollution junk art that relates to the five components of the Earth system and harms of
based on the group’s research. particulate fine dust

Organizing > Organize Today’s Lesson: Organize Exploration 1 & 2 Results
(8 mins) > Next Up: Designing a Vertical Garden Using Recyclables

A5 42 AT ST 712 AAlCl 3 ARIZISHOE HANIEE = =
JHze AN st el 712, FA, A GAlA vebd Azl tis) AR, B, 44
H] &(Percentage of Nonoverlapping Data: PND)& AR&-3t FAje] G#/dE A A8k ThScruggs & Mastropieri, 2013).
HISEH &S 72403 SA @A Atolold SEHA 3= A5 FY H&ES Arletd 83 3718 Ilshes W
Hog s=d gre W9l 9% o1de FA A F 70%~90% T AT AR, 50%~70% AolE A AR,
50% ©|sF 37} gleow v‘i‘%’é}ﬁi@anda & Therrien, 2008; Scruggs & Mastropieri, 2013) BlEEH]-&2] A4H &
3 2k

Number of data points intervention phase higher than the highest than the highest data points in baseline phase

X 100 = PNIDX%)
Total number of data points in intervention phase

2) FEFAY T L PN AT =23 o

gt A, B, €9 Sl E 2 AU e AT ZHS 8] FHolg, 27 (Choi & Kim, 2018)9]
FAFAYFT g E e 227 HE 7|2E B A9 EFd wnE £ - BYste] AMEsY, 232
7 A o= <Table 6>3 2T}
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<Table 6> Operational definitions of class participation and disruptive behavior

Target behaviors Operational definitions

When a teacher asks a question or asks for a class-related activity, respond verbally or perform an

Follow instructions L
activity in 5 seconds

When a teacher is speaking or presenting information to the class or an individual, remain seated and

Class participation Attention ) o )
] look at the teacher, class-related materials, or the teacher presenting information for more than 5 seconds

behavior
When given a task to perform independently, asks a teacher or peer questions or for help to complete
Task performance the task, e.g, “Is this the answer?)- Asking a teacher or peer, “What's the answer to this?” when

unsure of an answer

Task non-participation ~ Saying or doing something unrelated to the class activity

behavior e.g.,.) Saying or doing something unrelated to the assignment or looking away during a class discussion.

Class disruptive Lying down on a desk for more than 30 seconds without doing an activity when asked to participate in

) Lie down o
behavior activity

Touching other Touching or holding a peer’s pencil case, ballpoint pen, eraser, etc. for more than one minute during

people’s belongings class.

Source: Reconstructed for the purpose of this study by referring to the criteria of class participation and class disruptive behavior by Choi, A. R,

&Kim, E. K. (2018).

A dAE 2F3 AA TA 7] AR T 25%5 AR Addste] 3
Batth 1 A B 925%F UERRTE #EAT A EE

oo
k)
.
o
)

N

Reliability(%) = (Frequency of agreed / Frequency of agreed + Frequency of disagreed) X 100

<Table 7> Inter-observer agreement mean and range(Units: %)

Separation Baseline Intervention Maintenance Average
Student A 92.2 92.6 923 92.4
(Range) (93.3-95) (91.8-94) 91.7-95.7) 91.7-95.7)
Student B 91.7 93.0 93.4 92.7
(Range) (88.3-98.3) (91.7-96.7) (91.7-100) (88.3-100)
Student C 92.3 92.2 93.1 92.5
(Range) 91.7-95) (93.3-95) (88.2-100) (88.2-100)
Total 92.1 92.6 929 92.0
(88.3-98.3) (91.7-96.7) (88.2-100) (88.1-100)
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<Figure 3> Change in total occurrences of attendance behavior
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(Jin & Shin, 2016; Moon & Shin, 2018).
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