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<ABSTRACT>

In this study, we developed the STEAM integrated teaching materials using solid crystal structures and examined

the effects of this class on the learners. The STEAM teaching materials were developed based on the PDIE model

as follows. First, through the preparation process, the subject was selected and the curriculum was analyzed.

Second, the curriculum proposal, multimedia materials, and activity sheets were produced through the development

process. Finally, the preliminary class and the main class were executed twice to evaluate the learners and the

instructors. As a result, it was found that the learners were satisfied with the program with 4.68 points in the

preliminary class and 4.80 points in the class, out of the total score of 5 out of 5 points. In addition, even in the

case of the instructors, the satisfaction with the program was high.
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| Process

- Requirements Analysis-Topic selection
Preparation | - STEAM Curriculum Analysis
- Selection of Learning Criteria

- Teaching and learning materials
development

Development| - Develop a course plan

- Develop multimedia class materials

- Development of learning activity
Implemen- . .

. - Lessons and project learning
tation
- Evaluation
. Evaluation by learner, evaluation

Evaluation

by employer
- Modifications and improvements

[Figure 1] PDIE step-by-step detailed procedure of

the procedure model

III. Materials and Methods

PDIE RE&eo] ZA3 14 5

STEAM €3 w§ g9 FA14e /Meage v
53 2.

1. Preparation

1) Topic Selection

AR
2 ARG, FAE wAe A4 Txo BAd

Brain, Digital, & Learning, 9(3)
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<Table 1> STEAM program: content area classification

Domain Content

Molecular structure, Types of chemical bonds,
Features of Mineral

Idea concept, Creating a light lamp, repeating

T
structure use
Principle of LED lamp
A Practical design, Making a sculpture

M  The volume of the sphere, Periodic characteristics

2) STEAM Curriculum Analysis
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2. Developement

1) Topic Selection

g7 #aso] AgdE STEAM Z=71
A A e us

8 THoE AAE g5 & W STEAM

Zo gHAl <Table 3>3 o] STEAM +A&%

A=kt ol FAE NGRS

2 FWE 23 9Fd TAZ Sds Uk 934
[e]

N
& ASE 5 A=S ARHAL,

o] WE UYL QA8 =40

- 243 -



Kim, & Ryu

<Table 2> Level of achievement of the STEAM program by subjects related to content area

P Maki 1 High school Total 4
rogram aking crystal structure School level igh schoo Class fime ota

name mood lamp Grades 1-3 class time

Related

. Science, Technology, Engineering, Art, Mathematics, Korean
subject

(Content element) Solid earth

(Achievement criteria)
[9¥}01-03] We can observe the main characteristics of geochemical minerals and explain
that the rocks are composed of various minerals.

(Content element) Structure of matter

(Achievement criteria)
[122}8}03-07] It can be explained that the physical and chemical properties are related
to the molecular structure.

Science

(Content element) the nature of a substance

2015
Revised
Education
Curriculum

(Achievement criteria)
[123}3H101-07] Solids can be classified according to the type of chemical bond and a
simple crystal structure can be explained.

(Content element) Utilization of technology

(Achievement criteria)
[6205-04] Design and produce creative products using various materials.
[9717105-06] Finding ideas for life problems and solving them creatively using diffuse

Technology/ and convergent thinking techniques.

Engineering

(Content element) The world of engineering

(Achievement criteria)
[1233+02-09] Understanding the principles of materials and new material engineering,
identifying trends, and explore and experience examples of application principles.

(Content element) expression

(Achievement criteria)

[9W]02-04] It is possible to search and effectively express the formative elements and
Art principles appropriate to the characteristics of the subject and the expression intention.

[97]03-04]The exhibition can be planned in various ways considering the features of art

works, viewers, exhibition places and so on.

[127]02-02] It can be expressed creatively by various application of molding element and principle.

(Content element) Geometry

(Achievement criteria)

Mathematics [12415702-02] Understand mathematical principles related to plane and solidity in works of art.
[1244702-05] Outputs can be made using planar and stereoscopic shapes.
[9904-09] The width and volume of the solid figure can be obtained.

(Content element) Diversity of listening and speaking methods, conversation(Principle of
conversation, language manners),

(Achievement criteria)

[9=501-02] Having a conversation that sympathizes with the person's feelings and responds appropriately.
[9=-01-03] Preparing and interviewing questions that are relevant to the purpose.
[9=-01-04] Solving a problem reasonably by exchanging opinions in a discussion.
[10=01-01] Understanding the different ways of listening and speaking depending on
the individual and group, then listening and speaking.

Korean
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<Table 3> STEAM standards for students

Brain, Digital, & Learning, 9(3)

. . STEAM
Teaching and Learning Contents Course
Element
o Desi 1 i table tennis ball
esign your own room lamp using a table tennis ba Technology
Present » Understanding the crystal lattice structure of solids Art ST A
situation = Learn the basic type of grid . »
. Science
= Learn about the features of the cubic crystal structure
o Create your own crystal structure
= Learn about various crystal structures through Internet search Technology
Creative = Make your own crystal structure using a table tennis ball Art ST A M
Design o Making crystal structure mood lamp Science o
= Designing mood lamps based on crystal structure Mathematics
= Making crystal structure mood lamp
o Enjoying the mood lamp, and presentation the lamp Science
Emotional * Enjoying the mood lamp
. . . . . . Art S, A
experience = Share your thoughts and feelings with your friends after listening Korean

= Modify the edit to find a better idea

2) Learning Content Selection and Organization

STEAM 95 &alA A 2AY Fxo 54
of el Ayua ohkst uA AAe A s
YgolH T = gty 1Eal oY gk i AFTFE 5
e EUE g13g ol&sto yrte Az F
E T8 Ve F UEE SgHULs AAsta 24
stth AAE FAE A FAEC] AH T2
ERo| e Fr= zta vpsta FoF el A
Z FE & WEUA AR ol dold
AEE F 424 T2 WS /WLt 2AE
Fohg ke <Table 4>} #Zt}

3) Multimedia Teaching Material Development

O
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[Figure 2] Examples of multimedia class materials

4) Learning Worksheet Development

S5AE Sy el wrel STEAM 223
Felstr] flel ot ol T LT oA ARE

[Figure 3] STEAM program activity site
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<Table 4> STEAM program : course plan

Creating a Crystal Structure Mood Lamp

Course Science, Technology, Engineering, Art, Mathematics, Korean Class time 1 -4
o Science [123}38H101-07] Solid crystal structure
- Solids can be classified according to the type of chemical bond and simple crystal structures
can be explained.
o Science [123}3H03-07] Properties of Solid Molecules
- Physical and chemical properties can be explained to related to molecular structure.
Education | o Engineering [97]7}05-06-01] Creating mood lamps
Curriculum | - Ideas can be conceived to solve technical problems in everyday life, and creative problems are
solved using divergent and convergent thinking techniques.
o Art [127]02-02] Designing mood lamps
- Formative elements and principles can be creatively expressed by various applications.
o Korean [10=01-01] Discussion
- Understanding the different ways of listening and speaking depending on the individual and group.
o Understand the properties and properties of solid crystals.
Learning | o Cubic lattice and various lattice structures can be described.
Objectives | © Various crystal structures can be made using ping pong balls.
o You can make your own mood lamp using the ping pong ball crystal structure.
Learning Teaching and Learning Activities Preparation
process and Notes
o Designing Internal Mood Lamps Using Table Tennis Balls o To guide to
» Understanding the Crystal Structure of Solids a better
- Understanding that the crystal structure of a solid consists of a base and a lattice. understanding
Present . Learmqg the basic type?s of grlds , , ' of cyclic
situation - Leam}ng about 2D grid l?a51c§ ap@ create 2D grid using conf§tt1 o characteristics
(I class) - Learning about the 3D grid prlmltlve.types and learn about their characteristics. |y }en creating
= Learning about the features of the cubic crystal structure two-dimensional
- exploring the various types of cubic structures that exist around Learning grid structure.
about the features of various cubic structures
- Discuss the fixing points or advantages of a friend's lamp.
o Creating Your Own Crystal Structure O Tablet PC
= Exploring the various decision structures through Internet search on the Internet Internet route,r
- Searching for various decision structures using Internet
- Studying on the Characteristics and Properties of the Crystal Structure searched
* Making a crystal structure using a table tennis ball
. - Using the retrieved crystal structure, creating a crystal structure that can be .
Creative S O ping pong
Design regulgr and periodic ball,
(2-3class) o Demgmpg crystal structure mood lamp double-sided
* Designing mood lamps based on crystal structure foam tape
- Design a crystal structure mood lamp that can identify various -crystal olue scisso;s
structures and suitably fit into my room rul’er LED ’
= Making crystal structure mood lamp bull; efc
- Fabricating crystal structure lamps using LED lamps and various colored paper >
in the design decision structure
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= Presenting the produced mood lamp

Emotional
experience

(4 class) friends (peer review)

* Adding edits

o Reviewing and presenting the produced mood lamp

- Enjoying the crystal mood lamps produced with your friends
- Watching the designed crystal structure with your friends
- Listening to each person's motivation, production process and characteristics
* Presenting your thoughts or feelings after listening and sharing with your

- Talking about good things or things to praise
- Talking about things that need to be fixed or missed

- Cleaning up any modifications or additions and using them in the following designs

3. Implementation

ou) 54)e ohe)

5} 51l
om, ZFSusy, AEuKIH, Eus,

AR E A

spetu &3t A etusat S8 F BHE YR
H&go]l HAHFigure 4]. 620 1Z2E TA 02 %o
&g ele] Hlom, HEW o] FPARE o5t
TFHS APstAt db] FHs FEA FH AlTe
AIZE Qb sy B HEHTo] Y ARE
TSt 2 T AL F UA=EF sk

[Figure 4] STEAM class photos

(left: preliminary class, right: actual class)

2) Actual Class

Fd AN T AguualE ez <Table 5>9
o] TR WHE HAAE o]g3te HIME
AA AT ST HAAE 7]Ee STEAM X2

g sted Bk AAAE Edz A9
(Kim, 2013). A&Al+= a4 d8E9 STEAM =
2age W3 22 WEEs B
STEAM =z 17 =
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AAAE PAE 53
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WH%@%—H&&%Q.Jﬂﬂ.ﬁ@?éfﬁi%
5] ol duiy STEAM ¢ == 7
FAs A FHk] AFol HeAE AETE
Fe EAbskslth Awe sdelM STEAM Z=7
#E& Tl s ¢ dtha s d9E A
Astes stgloem, AA sAY A e B 1
olf & 2= st
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<Table 5> STEAM program satisfaction survey

Evaluation item

Disagree < Agree

D OO @B

Engineering, Mathematics, Art) classes.

The developed teaching materials are suitable for STEAM (Science, Technology,

2  There was enough time for class so there was no difficulty in the assignment.

the crystal structure of solids.

O 03N L b

Made mood lamp works correctly and satisfies.

Check the areas where you could learn from the

'Solid Crystal Structure,

The STEAM program developed is considered to be appropriate for understanding

The developed classes helped me understand the basic types of cubic lattice.

It was easy to understand STEAM through making crystal structure mood.

The process of making a crystal structure mood lamp was fun.

It was interesting to produce crystal-structured mood lamps.

Participation was voluntary because of interest in making crystal structure mood lamps.

STEAM program and briefly describe why.

Area check

Reason for checking

Science

10 Technology

Engineering

Art

Mathematics

11 Please write down your opinion about this class briefly.

2) Actual Class Satisfaction Survey

ol £ AN F oel
oj

[

-
= 74 @Mam. e L
L

STEAM Z219e A48 FdAe] Fqe oe
97 2 59 2 2
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Yo [ o ne 2

A
A A 0131%01 pem, Aoz F
et Bl g wEEsE ule- A

<Table 6> Pre-service teacher satisfaction survey results. (N=48)

Average Stand
Num . (5 points ard
ber Evaluation items Perfect deviat

score) ion

Developed class materials are suitable
1 for STEAM (Science, Technology, 4.65 0.56

Engineering, Mathematics, Art) classes.
There was no difficulty in

2 carrying out the task because 4.73  0.76

there was enough class time.
I think the developed program is

3 appropriate to help me understand 4.61 0.64

the solid crystal structure.
The developed classes helped us to

understand the basic types of cubicle.
It was weasy to understand

5 STEAM through the making of 4.57 0.84

crystal-structured mood lamps.
The process of making crystal

structure mood lamps was fun.
I was interested in making

crystal-structed mood lamps.
I was interested in making

8 crystal structure mood lamps and 4.69 0.62

participated voluntarily.
It is satisfactory that the manufactured

mood lamp operates normally. 476 0.60

4.65 0.56

476  0.56

471 0.71

Average 4.68
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<Table 7> STEAM area that can learn in class
(preliminary class)
Number of
Num . .
ber Evaluation items students
checked(N-48)
1 Science 48
2 Technology 41
3 Engineering 34
4 Art 47
5 Mathematics 43
FrMH o R, A gl du] wAMES] o)
Fe ode o

o°
STEAM =Z =199 #
ANTH<Table 8>, FA|H o2 %
o ojmrli ejzlo] 77 6%, 3@ oz 1% Wk
<Table 8> Free STEAM Classes

(preliminary class)

opinions on

Brain, Digital, & Learning, 9(3)

A7 qHoEs 1A AAH AdHE WES
AA ol = Utk gAY, g 99 g
g F AdttE gAE AT AN gTES ol
v HAo] v AAe S aTsy] wiol o]
213k Fo] offrial sk el JYATh 1EfA
2 FRol A= STEAMS o224l FiE& g% 1B
ehatelal, AgidAe "Bes USs dusii
uAs7] Qe FFAE FEE AFEEA T

st

<Table 9> Results of the high school student

satisfaction survey in the class (N=19)

Average Stan

Num .. 5 points dard
Evaluation items G p .

ber Perfect devia
score)  tion

Opinion
Category (number of students in brackets is the
number of students with duplicate answers)
- I was able to learn various areas. (2)
- I could easily understand what I
The good learned during high school. (2)
part of the .
STEAM The program was fun and enjoyable. (6)
program The result was beautiful. (3)
- It was good because it was an
experience-oriented class. (1)
Things to - The contents were somewhat
improve in  difficult. (3)
the STEAM - The table tennis ball was not easy to
program use. (2)

Developed class materials are suitable
1 for STEAM (Science, Technology, 4.79 0.54
Engineering, Mathematics, Art) classes.
There was no difficulty in
2 carrying out the task because 4.84 0.50
there was enough class time.
I think the developed program is
3 appropriate to help me understand 4.74  0.65
the solid crystal structure.
The developed classes helped us to
understand the basic types of cubicle.
It was easy to understand
5 STEAM through the making of 4.79 0.54
crystal-structured mood lamps.
The process of making crystal
structure mood lamps was fun.
I was making
crystal-structed mood lamps.
I was interested in making
8 crystal structure mood lamps and 4.79 0.54
participated voluntarily.

479 0.54

479 0.54

interested in 479 0.54

It is satisfactory that the
9 manufactured mood lamp operates 4.84  0.50
normally.
Average 4.80
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<Table 10> STEAM area that can learn in class

(actual class).

Number of
Num . .
ber Evaluation items students
checked(N-19)
1 Science 19
2 Technology 15
3 Engineering 9
4 Art 19
5 Mathematics 10

<Table 11> Free opinions on STEAM Classes (actual

class)
Opinion
Category (number of students in brackets is the
number of students with duplicate answers)
The good The program was fun. (4)
part of the * It was good to be able to make
STEAM  various crystal structures. (1)
PrOgram . The explanation was kind.(1)
Things to
improve in - The table tennis ball was not easy to
the STEAM use. (1)
program

STEAM Z 2318 zagh Fgxte] o ojg
94 g # 274E ARSI B dais Bd
FAA = e STEAM Z213fo] o] AA+
zob e Wee shmabrlel adAolet Hrtet
Atk sHARE el HAS B uwie] A4 Tz
£ OAlsts Zlo] ARt 44 458 AT 5
ATk AFE AAHFxE 7]Ed HEmTo]l AR
5 ZF A hllE AR TRl WellA =LA He
A 25 0 AT

V. Conclusions

A AFFEE o] &3 STEAM Z =132 PDIE
2o ZASY AERE n
A FAE A =

l
= A s I
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=

F54 5& AL 1 IR
d LB FPE APaion, s 2 AR
Brhe Ak ol e HYLe B de AR
ER e

AR, e STEAM T8 153w =
o mAle] ARz} wAs §F wWEE T F
DES FAol AW, FAEE 4/ wAe) AT
2% oiF & =S FIAEE AL
A, Mg Z2 e oigk gs5xe] W Ay
S HY T2 gigk et 22 S 1T
T AU AP UALES O eRE 3 oi] Yo
AGoles T2 wETo| th3k Hito] 53 WA
Z 4.68°19eH, 15T 13gdS giew sk 2
T Aol 4802 YEREY. FHAe] Hor A
I AA] MEFETL =& Ao Felo] FHAr)

AA, e AAGx FE 5 WE7] YL g
27} STEAM ZF 4o tisl] §FHo=2 7153 A
o=z FlHATE duv] FHdH} E T4 gEAe
A4 72 FE 5 w57 $9e FHA g
sagel mE JeA Sad & Arkn wass
b addl dFehs J1En gk Agde T o
AL TRV 44 %] Wi F JIe
negod J1En $5 99 A sk shsstie
AL %A 5 Ak
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