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Development and Application of Science and Technology Convergence

General Education Program based on PBL for Pre-service Teacher
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<ABSTRACT>

This study is to develop and apply science and technology convergence cultural programs and derive implications
for fostering pre-service teachers with the ability to raising teachers practice training for creative fusion talents in the
school field, which aims to achieve educational innovation with the advent of the fourth industrial revolution. Being
based on a project-based learning (PBL). The program was organized that proved to be effective in problem-solving,
self-directed learning, and collaborative learning. And, in the course of problem solving, it was organized so that it
could utilize the an Arduino board, 3D printer, laser processing machine, and 3D modeling program properly. In
addition, heuristic science writing was presented to promote communication and cooperation with others and to
provide a guide for the course of exploratory activities. The developed program was applied to 24 pre-service
teachers for 15 weeks in a liberal arts. In addition, a pre- and post-survey was conducted to identify changes in the
perception of convergence education, and post-survey also check the effectiveness and improvement of the program.
As a result of the application of the program, it was revealed that pre-service teachers were able to develop their
ability to understand and utilize the latest technology, and the program was effective in making them aware of the

understanding and necessity of convergence education which was actively underway at school sites.

key words : Convergence general education program, PBL, pre-service teacher

o] wEE Fuele) 20208hdE AAMSLS) =R ARE £ nes A
* Corresponding Author : Hyukjoon Choi, hjchoi@knue.ac.kr
Received November 18, 2020; Reviewed December 1, 2020 Corrected December 11, 2020; Accepted December 13, 2020

(©) 2020. Institute of Brain based Education, Korea National University of Education

- 431 -



Hong, Lee & Choi

I. Introduction

2015 7N wS Aol A= wE ARS|E Aol
g o3 93FS ztE FEHola HFEAH <A
SA o] ZZxHJATHMOE, 2015). &3 8tsol e o &
°of =& AE HstH g AAES T st
Fold A HAHS F wAE WA= AE 9
"3 (Choi & Kwon, 2015), #}8t7] <o o3t -4

9 Sv9 olFlE Folm HIV|E V| §F
A Alzmgy A8 FASAE S ey 93
STEAM 1&9o] FXFHATHKOFAC, n.d.).
STEAM 529 Ao AAE 74 2y At
o2 AAY AT A= 3 FE AAT 7HA 2
AN & 5 e 97 giiol7] wiitol thedst
9o Ao AAAHA FEFI= S WH
Az% 3 Qrl, STEAM Z=21389] <528 oHj

A9 T8 Arlasae 344 dgFs v A
o2 yebth(Lee & Jeon, 2018).
2015 M4 #etah w S ol A

= 2
g AAE FFe e Fot Ame, #et
c }

=g

S8, Bete BA 29, B34 LS 59,
Sepd gelsk B4 A% 5 SO Aygus A
Aot SAEAA oldd qFL FFATNNE A
= AZxska ATHMOE, 2015).

S ole @ wE A WHE JFHom o
27 FME HdAA RS AAS] 8 AL
B qge wAE s Zel AxlEolof sy

(Kwak, 2012), 7l &l A wSS 93 J2ke 3okd
T e WAAFS Pl algo] A=A o
o] FojxoF gt}

Paek, Cho & Song (2015), Moon, Shin & Park
(2016), Han (2016), Hong et al. (2019) &< ¢
A g gt AFE HAASF e, WAkl A
oAF FFE A% wAtdsRE @] AAsta 9l
t}. 28 Jeong et al. (2015)7F A A E Ao 9
3t o uALE Yo ® ¢ §F
o g mEFSkA WA FE L S W oA aAl

2 9% wash $EF Agolch waE w{d

=
Ho
&
fu
I
uit)
o

Ao viee AAE f487] ga q2A 4
MEASS A4 welE wge 4@ Ho] glon

ol Aot
201195 20143712 wralw §3hol A w S o

H v
F Aw ool mgol meod s

T7F vl @s] o] P A Yhrh(Kwak, 2015). &4

= e w 3 m=Ee 2280 o]F N
WALS o R 3 AgE 28R duuAbeE o
TGN E AeEa vk ol Wid]  Choi

(2015) &sFus AHE s wAb wsEA A

@ ws) olg Wree AAA Hgol Wadl

=

ol E nig oz HAAHAH FTAE A Yrte
HAS S v A 4 wse] A §IFu
& Sut2 A olslatal, olF wSPFoA Hds
7l 918 28 9FS FIE F AEE dH At
g gde® st AIrle g wd TIPS
Mg 2 AL e AS HAHoR s oy
AT HAES A8 A& g #Zo]l 7 HA
AT EAE AAFAG

A, B RALE Ao R &= PBL 71wk ‘¥

1

II. Materials and Methods

1. Research Procedure
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<Table 1> Participants

Number  Percentage
Female 16 66.7
Gender Male 8 333
In experience 14 58.3
Convergence No
Education . 10 41.7
experience
Natural
. . 14 58.3
Major Science
Humanity 10 41.7
Total 24 100
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<Table

pre-service teachers about convergence education

2> Questionnaire on the perception of

Question Type
1. Are you familiar with convergence .
. you tar-wi verg Likert scale

education?
2*. Do you have any experience .

. you v Y exp Optional
taking convergence classes?
3*. If you have experience, when? Optional

4. Do you think you need

convergence education as a pre-service Likert scale
teacher?

5. What effect do you think can be
achieved through convergence education?
6. When you become a teacher, do
you want to do convergence education Likert scale
in the school field?

7. If you do not want to do
convergence education, why?

8. Do you think that lessons on
convergence education are necessary Likert scale
in the teacher training process?

* Use only for pre-survey

Optional

Optional
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[Figure 1] Program construction
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<Table 3> Program contents developed according to the conditions of GSPBL

Requirements of GSPBL

Contents of the developed program

Core knowledge and
understanding &
Core Success Competency

-Understanding the basic scientific theory necessary to carry out the
shipbuilding project, and learning the skills of using advanced
educational equipment.

-Key competencies of teachers(Han, 2016)

Difficult problem or
question

-Ship building

-Pre-service teacher activity sheet composition using inquiry science

Essential Continuous inquiry o . . . .
writing: Problem presentation, experiment design, observation
elements
of project -Improving the ability to use information technology by experiencing
design Reality the problem-solving process using advanced educational equipment such

as Arduino, 3D printer, and laser processing machine

Student will and options

-Provides minimal guides and easy-to-read materials in the problem
solving process

Reflection
Criticism and
improvement

-Pre-service teacher activity sheet composition using inquiry science
writing: Claim and evidence, reading and reflection process

Results to be released

-Production of works from 11th to 13th week
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<Table 4> Contents for each week in the developed PBL-based science and technology convergence program

::VIS Topic Contents Remark
1 _ Orientation Orientation common
I)S}flz?;; iict?erzt 11:31 -Ancient History of Science: Archimedes
YSICS: . -Scientific Theory: Archimedes' Principle, Buoyancy and Ship Stability .
2 Medieval Science . T . . . Science
. -(Exploration activity) Structural design and manufacturing to increase
History and . .
the stability of the ship
Buoyancy
Interesting science
and technology: -Understanding the operating principle of laser processing machine
. .. . Technolo
3 understanding and and explaining how to operate it
using laser processing -Laser processing machine output practice &y
machines
4 Interesting Science  -3D modeling practice using TINKERCAD Technolo
and Technology: -3D printer understanding and 3D printing practice gy
Understanding and ~ -TINKERCAD modeling practice: Individual work Technolo
Using 3D Printers -Understanding CAM and how to use Cura, print individual works gy
Sc1enc§ History and -Modern History of Science: Newton's Study of Light
Physics: Modern L. . . . .
6 Science History and -Scientific theory: the synthesis of the process of seeing and light Science
Light Y -(Exploration Activity) Synthesizing Light Using Arduino
Science History and -Modern History of Science: The invention of the steam engine and
7 Physics: Modern the industrial revolution Science
Science History and  -Scientific Theory: Generation and use of electric energy
Energy -(Exploration activity) Controlling motors using Arduino
Interesting science
3 and technology: -Generator type and principle Technolo
electric energy -Manufacture wind power generator using geared motor gy
production
Interesting Science
and Technology: -Type and principle of engine Technolo
9 . . .
Understanding -Making an electric motor gy
Engines
Science History and -Modern History of Science: War and technological revolution (crypto,
Physics: Modern wireless communication)
10 Science History and  -Scientific theory: Generation and utilization of electromagnetic waves Science
Electromagnetic -(Exploration  activity) Wireless communication using Arduino
Waves (Bluetooth communication)
-Present problem situation
11 . . -(Individual activity) Circuit composition and source code for ship common
Creative activities: .
— duction of work driving
12 pro b -(Individual Activity) Designing the appearance of the ship common
Y group -Optimize design through discussions (group activities)
13 -(Individual activity) work production common
Presentation of work, . o . .
o . -Presentation of work and writing of class impressions common
writing_of testimony
2F AL ol E SFelA SGEd TAFAR 6 m: GIBEFOR TASL TFR G4 A7l
FETA o W&S ‘HoolE AP && yAlel A4 &85 FAR Ry e o
sl el kA Eolv] Sl x5 AH AA & stsgstaL, olE &t I A 9 oof
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543 gl el shgetal, olE Z8oke] ‘¥t TASAT 1057 2k= A7 ket FAdS Al v El
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[Figure 3] Problems and requirements presented

during work production activities in Weeks 11-13

2. Evaluation for Application of Program
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<Table 6>

understanding of the need and understanding of

Changes in  pre-service teachers'

convergence education

Inspection N Avg. t p
Before 24 3.04

Understanding of

. 1.772 .0
Convergence Education After 24 3.33 7 90
Necessity of Before 24 4.42
. 1.000 .328
Cony@rgence Education After 24 4.58
Willingness to apply  Bofore 24 425
convergence education -0.526 .604
to schools After 24 4.17
Necessity of
Convergence Education Before 24 4.42
g -0.440 664

for Pre-service
Teachers

After 24 433
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<Table 7> Questionnaire result on the reason for not

wanting to do convergence education

Before After

No response 6 9
No response — Response 4
Response — No response 1

® Lack of understanding of

relevance between subjects !
@ Lack of expertise in i 6
convergence education
® Time burden for preparing ) 4
for convergence education

Detailed @ Because of not to feel the 0 0

response need for convergence education
(® Because the composition of
the curriculum is inappropriate 2 2
for convergence education
® Lack of teaching and
learning materials for 0 2
convergence education

§FNEE u A4 Ge olfel T ww A
g 4Tud, o B oha) g uuste)
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<Table 8> Pre-service teacher survey results on the

effectiveness of convergence education

Before After

@ Improve academic achievement 5 4

@ Easy transfer of concepts or functions 9 16

® Improve problem solving skills 11 13

@ Development of creative thinking skills 19 22

® Improving application in real life 13 13

® Holistic growth 7 8

@ Self-directed participation in class

Developing major literacy 1 4

total 74 87

ey SolsiAE AR - AR SRS
S

Hlars] ®oks wiE, ‘@7idoly 71w &g A
ool g Wl b b Wol FFeTh o]
= 2 ZRado] ouuAel Al dRbA <l AFel
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A A7 F EANATH ] B39 AR %

<Table 9> Survey results of preliminary teachers on the improvement of core competencies of pre-service teachers

by divisions of liberal arts and science

Domain Question Field Avg. t p
El. It was helpful in improving professional knowledge and__ N/S 4.00
. . . 1.069  .296
Knowledge and Practical ability for education. _ H 3.70
expertise E2. It was he.lpful in improving the learner's ability to_ N/S 4.00 1287 212
understand learning and development. H 3.60
competency N/S 221
E3. It helped to improve problem-solving skills. H 3'50 2719 013
E8. It helped to increase interest in new information and__ N/S 4.50
822 420
Information and technology. H 4.30
E9. It was helpful in understanding information and__ N/S 4.43
technology 2.994  .007
bili; technology. H 3.60
capabilities  gy( helped to develop the ability to integrate existing and__ N/S 4.36 1919 068

new knowledge.

3.80

* N/S: natural science, H: humanity
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4.40
2.90
4.10

CAD
-0.549
.588
-0.514
.612
1.060
301

N/S
4.14
N/S
2.64
N/S
4.43

4.50
2.80
4.20

3D printer
-0.159
.875
-1.288
211
1.020
319

N/S
4.43
N/S
2.29
4.50

N/S

4.40
2.90
4.00

machine
0.061
952
.150
2.068
.051

N/S

4.43
-1.492

Laser cutting

N/S
2.29
N/S
4.50
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2.90
4.20
3.10

Arduino
1.740
.096
-1.918
.068
3.621
.002

N/S
3.79
N/S
3.50
N/S
4.29

3.60
3.70
3.70

Overall class
0.619
.542
-2.254
.034
2.213
.038
* N/S: natural science, H: humanity

N/S
3.86
N/S
2.93
N/S
4.36

Object
Field
Avg.
Field
Mean
Field
Mean

<Table 10> Interest, difficulty, and relevance by divisions of liberal arts and science for detailed programs

Relevance

Interest
Difficulty
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