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ABSTRACT

The purpose of this study is to investigate the middle school students’ attitude toward STEM

(Science, Technology, Engineering, and Mathematics) and the change of learning motivation

by developing and applying Maker education-based STEM program. The STEM program

: was developed as the 4 classes under the topic of ‘the school commemorative coin contest
. exhibit’. The final program, which had been revised and complemented through the program
consultation from the specialists in subject pedagogy and technology/engineering in the STEM
field, proved to have its effects on 50 second-graders of D middle school in a Metropolitan
City. The results of the Maker education-based STEM program are as follows. First, it helped
the students’ future and integrated thinking capacities and developed program to make
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Brain, Digital, & Learning it possible in the maker space in school. Second, the developed STEM program showed
2023, Vol 13, No. 1, 19-36. statistically significant improvements in the learning motivation. Third, the program showed
https://doi.org/10.31216/BDL.20230002 statistically significant improvements in the awareness of technology/engineering, mathematics,
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Introduction

a2l Arg]efl A= 2| Ale] o] ZA o2 F7lstal Qlom, 2| Alof| thgk AH] £k e} 2|4 9] §-F 73 e
- ZHobz| 3L Qlok, sh¥SollAl= Tt 2| 4] 2] 552 'HoA] 2|49 of —1«‘4’ 2-&, A AY4ko] 7hst mlE
QUANVFo] A =L, 1w o] o ut AR 7t TS 7H e - S QIAIZF @ E A thEkE
491 41 317 52 BV 491 1k A1A12 BBjo] BAE RelH 02 AT 4 e ol 8
80| F a5t A7} & A ThMinistry of Education, 2015). SH-50| £919] 4ta} 2 0] BAj|of| -5, =
Al 342 91t ofo|tfol & sk, A3t ’HX}—J PS4+ e 5w Z2OHS Fol
o) A o2 A2 vl E3t n|2] AFE]7t @oke QA A= flal shar

2022 71178 aSaHgol| Al vl AFe]7t @tshe A Ak atedsto] 28791} el

Wi

O%?’(\_T =
QAo 2 AAsHet] e L, 13 ol Zo] QU s 5ol TS ok 4 UwS Wl

2 (]
2t AAeE E, M| At AAIE S, Skl TRt dE =
A Qloh =S BH L2 7|2 FE e uR e R I Y =S %611 ME2L 7H4]
A Ftohe XV 5 sh= AN Sk, U2 7|2 X412 B2 Tt M wofe] 24, 7],
e YA o2 &Esto] M2 A2 FEche A AL 72 A& (Ministry of Education, 2022).
NIAIZAA 5] 2] 74AY2] B 1 A(Korea Institute of S&T Evaluation and Planning, 2019)°1] w2 2-2|ueh=
WK 7] Fopol| 2] H4=7F OECD HvE ot 27| Uehhal l=tl, Sejuef7F 54| AR]ollA A=
9] 2|91 & &aL5] staL gt 9HA| o Ad7sl7] Slsliate A%l wsgs) 7le AA 5 Bl 2= Y o
AE 7191 87 |& 7Heho] F5E = 2 7} U thMainistry of Education, Science and Technology, 2012). ©]
25t -§3tatsl 714 Q18-S FAS L A 0 2 T 93k §3Hkst Q1S 9FAJS)7] _?,]3]1 Lgue st o
oM+ 45} - 2k AISHS E5F w8 78 © 2 STEM (Science, Technology, Engineering, and Mathematics)
J.L'g,"g‘ 2251 tHLee, 2011; Sanders et al., 2011). 5% STEM 1S-(Integrative STEM Education) 5=+ STEM 1
-2 1}SH(Science), 7| & (Technology), 5-SH(Engineering), 48k (Mathematics)2] W-8-(Contents)=} 2+ (Process)=-
7<ﬂ7ﬂll?‘4 oj=2 o2 Fetot = 71&/a58HA A 714k Sk5olnt. o|w F9k STEM w82 23}, 7|, &3t
28 Wik FA49] B¢ ws0 7 Tt U884 Bk ofnfsh= Zlo] ofuE} /lo], ALl ol & T TR E W
eto] E9hE on| gt Lee, 2011; Sanders, 2009; Sanders et al., 2011).
STEM W52] F /82 S E2] o] g A X & Helo) QlojA & H-2 JFFS n x| = A o2 A= ik
STEM/STEAM 418 -tof] th=™ STEM w52 52 Z1], B =2} -2 7 9] 4121 g of] a1H24{Ql Zio]
Q1] l=Tl(Kang & Nam, 2017; Lee et al,, 2022; Lim & Yoo, 2019), 53] Lee et al. (2022)2] Lol A= STEM
28 e shysol Ta 45 8 714 Beol chet Al4lo] s gl e Tt b i et dele] 21z
QY= Gl Z7}5]9 32 Hela 4 Tk 2 STEM 153 5] Thel w7} B3 o] s oJede)] 1
20 o S5 Q1418 A 4 91917] hEo] SHEe] Mol BEg IATE 4 Qs MU STEM
AN

»

2 7280) 7 8l A go] 278 Stk

sh, b4 5710) A9 SIS0 ik Ao 2 Qo eielo] shel A ol ke o] Wutoh et
7iR1e] Z 2ol e W3Rt Hedo] Qle= A 0= ALE| Tk (Kang et al.,, 2014). 53] Jang (2021)2] SHEAF F4 o
S BAG A FD AT SIS U - 2AH 2577 Aol Folulat Ak A1 S-S

Brain, Digital, & Learning. 2023 Vol. 13 No. 1 20



The Effects of Maker Education-based STEM Program on Learning Motivation and STEM Attitudes of Middle School Students

BhA —5__4 z]g o]/\l 7H"4% 98}
2 s80) 7l gl ' Fo] @ T
2| 0] o] STEM w52 7]} 2| ALS], 3549 ZA1E A = S U mo]7# Amo] Ao

A B = A& B 7| eS EE8oto] THEAL s Ak 2 S0l Bl st 379 A AlE
Sh= o] 7] AS(Maker education)} A5F0] A-8E] 11 QITh(Kim, 2019). Ho]7 alS-0] EHs] o] Fo]A]=
tlofl= AESAI71&10)S] FE s mlo]A =tel e 2 Qls) 2 dAle] 7[eS 2 ==
Ho|ASE T2 Aol A S Boll Hlol 62 M7t 22 T 4 0, whe7| T 43 &
7 4= Q7] wZoltt. o] Hlo]AH E-5-& wa} 2ol FEetaLAl sk H[o]A w0l Rt Lo,
Sl 7|t HHE n)e T 22 HI P A w8 7| Tl A e TRt e 2 A% = 1 QlTh(Kang etal., 2017).

=] Hlo]A w8 e s AT Febd R 7ke] /i 9 = lo) thgt AH(Ahn etal, 2014)E Al
2+0 2 ZH35H7|A|(Yoon et al., 2019), F-oFs thAF O 2 5= 2Fekal 8 FoKJoe & Lee, 2018; Lee & Joe, 2016),
tf&h w8 2oKKang et al., 2017; Kim, 2019; Ryu et al,, 2018), Z1FE] 28 HOoKLee & Jang, 2017), =0] 25 &
OKKim & Park, 2018), 85} 18- F-OKLee & Hong, 2018), &g 18- oK Byun, 2018; Ham et al., 2016), 7147}
Al 18- FoKKang etal., 2017; Yoon et al.,, 2017), BF=3F w-8- 2oKLee, 2017), LA 18- BoKKang & Choi,
2017; Kim & Kwak, 2017) G TFg3F 200l 4] H|o]# o] thgt A7} 7k o] 28511 Qi

Ho]A wS3} P A= 20179 o] F YA o2 FFolal Qo 5] 25 9 5 S e
2otz 7 gl A8 g S A7 o 3| AL QITKKim, 2019). H|o|A WS 2 V)&
wiko] J oA A7} 43 == (Back & Kim, 2021; Ham et al., 2016; Kim, 2020; Park, 2021), ]S A133
Ao A= Hjo]A WL 7|He] g3+ W80 SHE9] §3RIA| Ay} -8 Aol o] gypAdo] L
B Ho|Eloh 53] Lee (2023)9] AollM = £8F F9E SHOE sk Hl|o|A WS 4=35to] &
AE0] gkl Aok} 27 52 0] FFAFS E015HY =1, o] = tlofst wilE o] §5H AL S XS
STEM 10| Ho]# w52 -85t K} ost = =lo] 7l H e 71 Q185 Hol& Aotk

o4& gkl 7oA STEMI} Hjo] 7 w52 T Eils| &85 o] 255 Sralgol| A FE 7| Zaek o]
A 2okl Bt} 50 & 7HA| L I 25 AT 4 J e & 8= gt 5718 Folshe Zlo] BoeE Hoj
F3Jth. &, Fsta 450l A o] w-gof 7|8kt STEM Z 2 13 7ieke] -8 1l g uto] ZZof thst o<
St A7F AAS] Q5 L Gl Aot whtbA o] fiFtofjAl= mjo]A WS- 7|Rke] STEM X2 1S
7Wkekal 7 STEM 21880 F344 2] 8k 7|2k STEMe]| tigh Bl i.o] ¥3to] n|x|= &3tE o}
Bzt A4 Q1 At FAl= ohaatk 2ok

|
T
o

|t

el

r

Red, =

AR, FEAY L thao.2 o] I 7|kl STEM L2 1S 7]k
) STEM 2 1300] 81 £7]9k STEMO] tiieh e wisfol nl )= &3kg ZEait

n
W
)
e
i o
@]

Brain, Digital, & Learning. 2023 Vol. 13 No. 1 21



Hong, Lee, Lee, & Jeon

Materials and Methods

Development of Maker Education-based STEM Program
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Table 1. Key contents and expected effects of ADBA model (Lee & Lee, 2014; Lee et al., 2013; Ministry of Education,

2013)

Stage Components Contents Effects

Analysis Problematic situation [ Analysis of problems and problem situations [J Induce interest and learning needs

Data collection, Idea [J Knowledge acquisition through inquiry and research [J Improve STEM-related problem resolution
Desi development, Design activities [ Improve mutual consideration and communication
en [] An idea consultation skills

[J Design for Problem Solving [J Creative thinking for problem solving

Buildin Making, Testing, [] Repeated making and testing [] Problem solving skills, comprehensive thinking

& Improvement of products  [J Produce the final product with improvements enhancement

Assessment Presentation, Assessment [ Presentation of Problem Solving Process [ Increased language and social expression

[J Validate Results [J Increased self-efficacy through success experience

STEM Program Development and Validation
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Application and Effect Analysis of Maker Education-based STEM Program
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A AAR AR Ak 22 a8 A8 - 2 152 ofyjof| AA|sto] 22 310] RS RIS
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o= Agoigict. T2 18 A 85t DFEue] e YR FAE AR G SEtuE, T2 8y
9] A4 9l FAof| tljsl| F-25] Asto] FAYE2] Aol et Fote| & /dsict BE HYES A%
ofof] Foloto] 2Pt o 2 i 2 T 3lo)) Fofetgl oLt e 22lQl ARolM 28§82 Sk, 55

AL 189 S 4L AIBto] HF AT UL 467 0 2 AU

Research Instrument
Hlo]7 u& 7]9ke] STEM 233 23t SHIE2] 85 5712) HekE 2RIk 2lsh Kim (1993)°] 71
Aok ok &7) AAN =TS ZEoIET, TRt o 571 AtollM 28 o] T g d o] 1l thPark
&Ch01, 2017; Yang et al., 2020). ©] Aol A= SH5 57| ZJAF =310] 471 519 o = UAlA] 5719t 4 7]
of| thigt 117] =32 STEM =2 1300 BHA| 232 4 - Bkt & HARS AAJsIQich #3257 217
E Z#E%L*éﬂﬂ Ao, A2 =5 BRI AT} == QRlof|A 0.7 o2 = ERIE] T Table 2).

Table 2. Organization and reliability of the learing motivation scale

Cronbach’s o
Factors Items
pre- post-
Intrinsic motivation 1,2,3,4,5 091 0.87
Learning motivation 1,2,3,4,5,6 0.93 0.94

oh&d] Z2TI310) G S-S 9I5te] STEM (e, 71, 35}, 4~eheol| theh Bl &= HARE = Mahoney
(2010)%] AFE AT/ RE Lee et al. (2013) Lol A ARG-ZH STEM(IEY, 714, 3-8}, 4~8hol| Tt B = AL
E7E 2Aslo] A85i9it) o] E 7} o] thgk AL, S, Fhx), Folo] hak K44 2] Bk 2
olo g JLAElo] 9] ou:] 7} 519] Qo152 grfo] Balo & LA E|o] Qlth o] oA 2auet weTt
A T SIS0 QAL Efste] 7| wt Babe shupel muke A W, 7142 e, 4eakel 37 i
2 JLAJS}o] 74/\]-_ AAEHICE ZF 252 4T A e|AHE A2 :rL’HE]Oi olom 7} Wy = q4Bsfo
2 7950} 91ck STEMO cheh el AAHET: A12) 341 25k cs2e) mol] 07 tck 3.2 7ol &
AHUL 7 2 2RI =5 0,692 88 4= = H el = 2= QA THTable 3).
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Table 3. Organization and reliability of the student attitude toward STEM

Cronbach’s a
Factors Items Science Technology/ Engineering Mathematics
pre- post- pre- post- pre- post-

Awareness 1,2,3,4,5,6 0.92 0.90 093 091 091 0.93
Ability 7,8,9,10°, 11,12 093 0.84 0.85 0.83 0.86 0.84
Value 13,14,15°,16,17,18" 0.88 0.90 0.90 091 0.72 0.90
Commitment (Interest maintenance) 19, 20°,21,22,23,24 0.90 0.72 0.76 0.76 0.74 0.69
" Reverse question
Data Analysis

o] % 7]ute] STEM Z2130] Auke Z457] I3 49 Ak LA 422 Atk 43
& 2R Hole] Wxe] 3 A F 49 £7] 3t Fo] Folnjdt 2ol Y] EAs) gfal v
AT APY - ARS -8 E -7 5 (paired samples t-testysr ©]-&5to] T2 3H0] §IHA-E STt A4

9l EA| z}5.0] AL 2|5} IBM SPSS Statistics ver 252 28513t}

Results and Discussion

Development of Maker Education-based STEM Program
St 7|\t A2 g ol2hs FAI= o o)A s 7|Hke] STEM 2 1312 F 43| 23] o

L4834 449 B4l 85 8502 7401510k ofols| 249 sl 27913 2 L3 221
&2 A7 AWk BEY 4 I L2102 s U] HlolA Aol Aol B HsHEE T
o} S50l F01E b 4 Qe FAIo HEUE-S Asto] SpySo] Bt mlo ek Q1A sk,
24 9 7)o Tiig 7hok BRA S QIAIE 4 9w st ot

£5) 2130] 3}A] 4ol ADBA BHo] 2} & 242 TRlstglom 13t 7|4, 38, 45 mwikel

24 ool l&7] 2471 W SUHEE Nefsieict Eo ADBA R4S A 83 STEM L2 o) 2%
219l £94L 2% AE20| AL LYSH A2 FUOE THBAL S A4 FAl0) F)E =
713 otstel 2715 EA b A 4 9l AES ANBY] gl ShyEe) 84 5710 244
Q1 G v A 4 92 202 F|chshick, TAIZ AHA] 4L Table 42} 2k
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Table 4. Contents and STEM components in the maker education-based STEM program
Classes Activity Contents STEM Elements

<All About Money> Science

Finding symbols in bills and coins

- Cultural Heritage in a 10,000 won bill

- Understanding and Investigating Commemorative Coins

- A survey of the symbols of my school

- Let's promote my school's strengths.

<Challenge the Commemorative Coin Contest> Technology/Engineering, Mathematics
- A Guide to the School Commemorative Coin Production Contest

- Commemorative Coin Design

- 3D CAD Program Utilization Modeling
<Creating and evaluating commemorative coins in 3D> Technology/Engineering, Mathematics
- Print to 3D Printer

- Correcting and Supplementing Outputs

- Process after outputting final output
<Presentation and assessment commemorative coins™> Science, Technology/Engineering, Mathematics
- Presentation of activity results

- Peer review

- Writing a reflection journal and self-assessment

Analysis 1

Design 2

Building 3

Assessment 4

IApAL ‘Bfle] BE Jyoleb 212 S 0] 91l ojaba gl ojnlel sk 4 2atale] e
Ajol] thsh 75t T 8 71dFat0] olnjet bl thsl Azl ATk 2 g SeaL
9] shao] Y} Atre e ZALste] ke ApAle] Sefakin 71dF et TR AT QA =S
ARraeict stiSo] Mo 2 Hofdt 4 Qs RS ANt St 5718 AEHohe B, e 24 2
ST 8%, B5Y 7 e 852 TASH 29 P52 £ S5l AIREA 0 2 29l Hojd 4 9)

T E 513k AHA o] 22 sy E5 A ol whekA 23HA| 2 Ff| 2 = 7 Hs Sk = A AISHITHFig. 1).

(g %5
1. SMO| I3 T BARME UT HBY 4 U
292 439 WUEE YD AT AT 4 2o

(22 8% A4
Amet 28 Y AHA

(AImet 381 ¥ ANet MY FOHE DAL oM & YYF Ao WA

e
n

27t RAF 3t 77U HojEAIL

oM 00001

Fig. 1. Example of student’s worksheet in the first class
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Skl 7 9 EA T AAISHo] £-7] ghale] 7| @FehE AAIX| & FAEteT) BESE3D AdA| T2 el @7‘]

7HE (https://www.tinkercad.com)2] AF&HIH-E 2l5]1l 7|\ dE8HE A A 0 & HAlsk= TFol|A 7|</aEl,
4514 7 g3t L] & olsiet=S Qs o|2{dt aHAoflA] e wake] | A} et 7| e52 gt
Al Elo] L 7Ex| Y /141 2] 7liAd o) o] R0l 4= QU & ISR 7]\ E53ke] 3D AA| AakEat 2jn|of o
off 2Et ol F7ksh= S0l A4S F-fotal o &y 5t on, ] -golA HAIIEE &
sto] AANE 2= 7| E5to 3D AA| 22 o] F R ol S =5 =Y 4= A1t (Fig. 2).

PIdF8 GaQl) 2AR U8 HIgoR '92 R0l J|UFerE A BAL PIAF8 GAU) AR} UISF IWOR ‘92 §l20| J|9ZaHE AN BAG

2AA (Y HWE FH) M o ’!I I("l l u!x )
(\Jlx*é’:. 4% (mm) 5> c <olr E. 3% (mm)

w1
71932 2FUSI?|) Tinkercad AfO] Efwww tinkercad comd@ O} 8514 F3NE U157| 981 OfF XY

71838t 2UH817|) Tinkercad A0|E(www.tinkercad.comHi O B4A RSHE OHE7| Y88 Ofl Y
SIAER TSR AM3| Aol 24

SIAEA| TAYE Y3 Yoot

Fig. 2. Example of student’s worksheet in the 2nd class
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Fig. 3. Example of student’s worksheet in the 3rd class
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Fig. 4. Examples of 3D printer utilization learning activities

Effect Analysis of Maker Education-based on STEM Program

The Effect of the STEM Program on Middle School Students’ Learning Motivation

o= 71w

STEM Z2 30| F3HYE2] STEMO theh B = n]X|= P7He 213 2 k= Table 59+ ZTh Ui
5715 AR A B3t 338 (SD = 99)°llA] ARF T+t 3.63 (SD = .88) 2.2 AF53F 25 B1e 4= Ao H,

CAE T3 UE T MRARAR—" 1, T
A 571 AR A e 337 (SD = 1.02)°04 AR g3 3,64 (SD = 9 Z A53H3ITE F 291 BT 95% F
ofFollA FAIK C 2 Fon|et 5ol ERlE o] Tz TIsio] gah/do] Elw lth
Table 5. Effect of the STEM program on learning motivation

N pre- post- ¢ p

M SD M SD

Intrinsic motivation 46 338 99 3.63 .88 -2.288 027"
Learmning motivation 46 337 1.02 3.64 91 -2.593 013"

"p<.05

Effect of the STEM Program on Students’ Attitude toward STEM
Mahony (2009)°1] oJ5HH Q14]2 27| SMIS2] A& H7IsH7] 91%t F oI, STEM 1§ =2 1710)
ZF ol gk Q14 e] TakE A 7] ofs] thg i v 52 AR @T}h Table 63} e, 2Hske] 749
AP Z4AF Bt 2.83 (SD = 76)0 A AFE B 2.93 (SD =712 2713t A

j_ J°1'

(o]
L E b
Sololat 3ol ohigich T} 7l4Eet L 4SolME SAH O R folu A BelE 4 gt
, 714/25t] % AP 74 258 (SD = 88)014 AHE B 278 (SD=81)2 2715191, 45t0] 79

AP ZAAL B3 2.53 (SD = 85)01lA] AR 3t 2.73 (SD= 87)& S71at Z1& ERldh 4 QUglct.

A2 = w
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Table 6. Program effect about the awareness factor in students’ attitude toward STEM

pre- post-
Awareness N M D M D t p
Science 46 283 76 293 71 -1.509 138
Technology/Engineering 46 2.58 .88 2.78 81 -2.282 027"
Mathematics 46 2.53 85 2.73 87 -2.546 014
"p<.05

STEMO]| thok B f=of| M 522 S8 ARl o] e Q1A = =522 (Mahony, 2000) STEM -5 2 1710]
7} ol cifgt 5-2e] Tilg vl 20| gmol o] 271 ez ootk
Table 7. Program effect about the perceived ability factor in students’ attitude toward STEM

b
i)
_E
rr
z
2
m
i)
£
ju:
;

» pre- post-
Ability N v ) v ) t p
Science 46 2.80 60 2.81 57 -0.109 914
Technology/Engineering 46 267 64 269 61 -0.286 776
Mathematics 46 261 64 263 67 0223 824

Mahony (2009)°1l 2]5}H 7}x]+= S E0] STEMOI| Thal} 7HA] Q= AS QIS A H-E SHot=FF2
2 2 30] 9IS RIGH A THE Table 83} AT Hoke] 74 AR AL W+t 3.22 (SD = .67)0l1A AR%-
T 3.16 (SD=.67) 2= 23] 7hadt A2 &RIe 4= o} FAH 0 = {o]n|gt 2ol = of Ut 7]&/
5512 73 AP A B at 2.98 (SD = 79)°1 A1 AR 3+t 3.06 (SD = 73) 2.2 TVt ZS SARIT = A%
LFoJA] BAZ| 0.2 fojulat 2ol ohfgick 4:5k0) .S B} Ahol 7} Liehuix] gket.

Table 8. Program effect about the value factor in students’ attitude toward STEM

Value N = post- t p
M SD M SD

Science 46 322 67 3.16 67 1231 225

Technology/Engineering 46 298 79 3.06 73 -1.069 291

Mathematics 46 3.16 T4 3.17 T4 -0.219 827

STEMO]| Tt B ol A 5112 2|42 Q1A 58, 71X & BT = 7F 9] A|&4 Q1 il S U= 350]
T}, STEM 18- &2 71 840] 7} witlo] ot Sn]e] S3kE Al Ak Table 99} 2T 2¥5k] 79 AP AL
1t 265 (SD = .58)°A AR 1t 271 (SD = 59)2 Fxto] AF53 A5 Rl 4 Aot EAA 2.2 [0l
Sk xjol= ol Q). 7|4/ Z5 AR AL 1 258 (SD = .68)011A] AR 1 2.68 (SD = .61)& AF55193 =6, 92
T 95%NA A 02 Fojn|gh xpo| = ERIE| i}, 42510 72 AP A+t 2,52 (SD = 61)°llA] AR
T2.68(SD=62)2 5311 o] JA| R-24:ZF 99%0l| A EA|Z 0 2 q-on|gtfo] o] ERlE] Tk

d

Table 9. Program effect about the interest maintenance factor in students’ attitude toward STEM
pre- post-

Interest maintenance N t p
M SD M SD

Science 46 265 58 2.71 59 -1.101 277

Technology/Engineering 46 258 68 268 61 2,090 042"

Mathematics 46 252 61 268 62 2.891 006™

"p<.05" p<.01
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Conclusions and Implications

Conclusions
o] A+t=nl2l A5 HE ALE]ollA SS9 18} 7]l tigh §hiet o|sE =o| i g At} AAY
22A| g S vidot7| flol asFolA S35kl Qle 69 w50] Ygho = mjo] 7] w5 7|]ke] STEM I
2 7idsl o] & A-8sto] FEHY2) Sh 5712k STEMO thet Bl =0l B %] F&F2 2A16Ielh ol &
5ol mlo]# -5 7|¥ke] STEM Z 2 T5Ho] 2= W54 AJARE S Yot 112} 51 ]lT o] A& Foll A2 A&
o chex 2k
AR, wlo]7 15 7|5ke] STEM = 1585 7ids}lc njel et 834 Al ol =22 11, 5
U Hlo]# Amo]Ac|A E-go] 7hsote S RIS /gt Ho|# ulS 7|Hke] STEM 21515 ADBA
o] Doni Z 42X 2 /35T Lindberg et al. (2020)2] ALollA= Hlo]A wgol tisl d-850] 24 ot
Ol:—]- 7] ]-o st _/;: %EE o].‘:_ 7—]0] %06]-13:] o]é E3 6]—/\}159,] _TL]-E% Oﬂal: 71—§]-o]] :LZJIXJ 0]2 1](1)_]-5].94/\
tt. ol 04401%1 7 282 st 7)\g 58} A4t Frdoehs A 2 gkl YAtet AAlsto] & éi%
A SA1E ol =5 oA, 3| & F3Alol| tlish RAFSIAL 2el4 2| S g ok E sfo SHAgEo] ||
o7 &0l A=4 0= Fofd 4~ =5 QHsiint SIS 3D AA| =2 IS 285 ’&;1741 — Xﬂ" —31
—g71e) I AR e, 7]s et 484 7 dt f el £ ofsfistA| Hok gt The 7| - 3Rt | - 7S
719] 2k HHE-S F3f| 2H4l Q] ofolt]ojel ArtES 4wt sk wlo]AH el ™ Jﬂi% ERZ =g )
T ZF 2fA o] 2 g2 2 g4 Zfol= QL oL} 7|24 0 & mjo] 7 o] 7|Rksto] 7Sl
S, Hjo]# -8 7|1¥ke] STEM & 1218 SIS thio 2 285t 73‘4 g5 5719 SHollA BabAR
A0 & SR} 315 5719] 519] 8211 WiA4 F71ek % &7] B foln|dh 2 Eeld 4= U]l
S A} Ak shelet 7 dsske EEst E St HA o}xl I 3D AdA, 3D =RIY, &
7+ 5] Eetuo|H 52 5ol AT ek SRet HEkS ok 24| s d Eaol ST A o= siAE]
D:] O]hKellerQOlO)-J ‘B A G AF S £l s =77 abd o 2 QEEQITh B 4= QIr) TSRS Y|
—ZR-7NdE Bl A 7] Ang AikEo] diste] Hrsal AA R AnES 7SS Bl A=
Y =7t okR] = TS 7519t O]+ Reigeluth (2009)011 4] A &S Sl5A1e] SH5 1ol A B4 HohS:
Hojslil o] 5 Fofl 5 57171 FX1E 4 3= 2 HolFt} £3] 22 438 Dokme et al. (2022)2] STEM
7% AollME S EL] X2 Fxel gt ek 57171 22 A w7] wizel, wSd ol o%
I5HA| STEM 4= 4-8-0] o] Fo|2{oF &= A|QFeHIAL, Akpmnar & Yalgn (2021)2] Aol = S A] STEM w5
2 50l =2 7] Il aH U S Hol=lth Kimetal. (2011)2] STEM 15 A5 HI 3 ChoFet 839t
5 A3 Aol = Y= Bk 57]7}347@_; FE AZ2 12w (Kang & Kang, 2020; Song etal.,
2018), PYS0] 344 57| 7512 913k 14 - 3l HPH 0 2 84915 w80 A3 Ael 280 T st Aolth,
A, wlo] 7 1S 7]8ke] STEM __E’;:L A2 58S iAo = 48351 A3t STEMO]| thdt Bl = SHoj|A]
F3H4 91 710 2 ER1=| it STEMO]| tht Ef ol A 914 ﬁM 13t 5m] 5t9) 2919] 7|& /a8t wat, 4=
g} wato| A Foln)gt S &Rl 4= USRIt o]+ 7iEE STEM Z=150] 3D AAek A2, takel 4
dx|et Z-2 mjo]A 5 FH o= /5 o] }lof 37 EHTOH A Wl 7)&/aeke] /14Axt Zn| e
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