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<ABSTRACT>

The purpose of this study is to verify the effect of STEM education on affective characteristics for
Science, Technology and Engineering of middle school students. The specific objectives of the study
are as follows: 1) To develop STEM program in Technology education for middle school students.
2) To analyze the effect of STEM education on affective characteristics for science, technology and
engineering. The results of this study were as follows: First, STEM program focusing on Technology
education of middle school consists of worksheets, portfolios for students and a lesson plan for
teacher, including evaluation questionnaire of affective domain. Second, Students performed 'Making a
fan using solar cell module' with a creative design. The students' affective characteristics for
science, technology and engineering had changed positively in the result of quantitative test. 70% of
the students provided positive answers for their interest and understanding about the program after
applied to STEM education program. Third, the result of students answering in the qualitative test is
that STEM education program was instructive and interesting. The follow up experimental research

should proceed to verify the educational efficiency in the area.

Key words : STEM education, Integrated education, Technology education, Science education,
Mathematics education, Engineering education, Affective characteristic
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Materials and Methods

Development of STEM Program
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49 dde FPHoT dHnn Jee FAY
1. Z239% 59 A 738 -7]& - F9 d3 Ak T3k 491 ‘Fso] AlepxItiE, o] A
Ad B4 B4 s 7] Fobd Aotk ek 3= 10%9] 3t
STEM € ZTza#e 2937 Ao 38} . 7] Aol ‘) 50%7F ‘Hgolt, 10%7F ‘18 A e
= - 3ol Uid Aol 54 AAAE FAEAA o, 30%7F ‘AE za2gEA &vpEtn gk
WA ANST HRsE® etk olAe STEM  STEM % Zzafe Fqar] A sasel
WE ZTeaY £ Ay Fo] stgso Hojr = #eh, 71 3 FSe ud AoF 545 AR
Aol a7l JEAS Golry] 93 Aowa 60 A= <Table 2> Lt}
Aol #Fom Tl Yrk 1~200Me Hofn @
<Table 2> Pre-test STEM Program
Wzt 235to| st M50l wEQol Bel=AMe S Saix| i
oo s = = = M o) 2=o|ct = aX|
(sH&ste ol VEA) 2t et orct
1. L= ofstol zhAlo| Bch. 0(0%) 4(40%) 6(60%) 0(0%) 0(0%)
2. L= ntel =S o 1 Ak 0(0%) 2(20%) 6(60%) 2(20%) 0(0%)
3. o|zfofl nfst oA MEAolAM Lstn 4Alct 0(0%) 1(10%) 8(80%) 1(10%) 0(0%)
4, nietnl AHE 28 = Aol MolUct 0(0%) 5(50%) 3(30%) 2(20%) 0(0%)
5. stme| pstel, graisio| ZHAo| UM, Fo{stm Alck 0(0%)  3(30%)  3(30%)  3(30%)  1(10%)
6. otetnl mhHE A dolg Fofsict 0(0%) 2(20%) 5(50%) 3(30%) 0(0%)




Brain, Digital, & Learning 7(4)

Lh= Dpstol hek s7|Alo| Bich 4(40%)  5(50%)  1(10%) 0(0%)
Li= stmollA mpstof 2= A {2 AKX ot 3(30%)  2(20%)  4(40%)  1(10%)
iste RS Rsts SHS0| MESHC) 0(0%) 2(20%)  7(70%) 0(0%)
;Zfirﬁo' of mfstn zEE Aele Jix|a{n shex| 0(0%) 240%)  3(30%)  3(30%)
nfste 2a| MEo| =Qsich 6(60%)  1(10%) 0(0%) 0(0%)
nfste 27} wHo| 2% ¥ste o|zc 6(60%) 0(0%) 0(0%) 0(0%)
. oste 27b @M LHo| dake o|Fc 8(80%) 0(0%) 0(0%) 0(0%)
nfste MM E|M o) S5, 6(60%)  1(10%) 0(0%) 0(0%)
. Dste D= ARRISO|H| E st 6(60%)  2(20%) 0(0%) 0(0%)
aL;EFEP‘z;;Ff| 3SEE ot= Aol Lo FZo =30| 4(40%) 5(50%) 1(10%) 0(0%)
. oet 2 E =lol U2 xojeict 0(0%) 4(40%)  3(30%)  3(30%)
. o{stMEe msto| xfo|gictn AZhsich 0(0%) 4(40%)  3(30%)  3(30%)
S ofstlise st Hopzo| xgs JiX|1 Aof sHA| e (10%)  3(30%)  3(30%)  3(30%)
oI5k Hol2 ZHgl= Eo Xlole =2
;(;FEC);Z;; e ol 28 AwE sed =20 ) 38(30%)  5(50%)  2(20%)  0(0%)
L= M2 2740] LW ZA| 2|8 Yot D 4ot ) 1(10%)  5(50%)  4(40%) 0(0%)
Jlse olefMete HalshAH s = ) 6(60%)  1(10%) 0(0%) 0(0%)
ool 7|sof ofstod 2ol E=ct ) 3(30%)  6(60%) 1(10%) 0(0%)
Lh= ooz J|apal =g =@stn Alct ) 2(20%)  5(50%)  3(30%) 0(0%)
. 7l&e w2 Halsl Zotof i, ) 4(40%)  3(30%)  2(20%) 0(0%)
 Jlse Salo MEo|M e S5tct ) 8(80%) 0(0%) 0(0%) 0(0%)
_ Btmof Aol 7|a5e £t ) 5(50%)  4(40%) 0(0%) 0(0%)
. Jlse 2| MEo| st ) 4(40%)  3(30%) 0(0%) 0(0%)
. stmol 7|&3 pAEE =ol2|sf ok Eoistm Alck ) 4(40%)  5(50%)  1(10%) 0(0%)
U= Jls3b 2 E ZQdole Zofsic ) 0(0%) 8(80%)  2(20%) 0(0%)
jf;;gej% FE01 Brmol H wol ol oMok st 4(40%)  6(60%)  0(0%)  0(0%)
. ;EF'.gMOHzELoM Losh 7|&S stmollA sfjof stcia A 4(40%)  5(50%) 0(0%) 0(0%)
LhatMS0| of st E Tt 7|0l sl o 2ol LT Uct 3(30%)  5(50%) 0(0%) 1(10%)
Jlae L2l wMg Toslsl 23 AdAste siot 6(60%)  2(20%) 0(0%) 0(0%)
. RE SMEO| Jl& n=e viglot Bt 4(40%) 4(40%) 1(10%) 0(0%)
. Lk= 7120l =0|7} gich 2(20%)  2(20%)  5(50%)  1(10%)
L LE e oY g5g st 2ot 5(50%) 3(30%) 2(20%) 0(0%)
. 0{SHMES J|£0| X|R5iCtD A Ztbsict, 2(20%)  3(30%)  4(40%)  1(10%)
 7l& 2 Rele Jixd, o|azt @A solch 0(0%) 7(70%)  2(20%)  1(10%)
= Faa | = _7'_53: == Xloi= 3
OT;EI QTH?ZJ;L“ Aol 2 AHE = 2(20%)  7(70%)  0(0%)  1(10%)
Lh= 28t 2ofofl tfsi of ol 23 Alct 1(10%)  8(80%)  1(10%) 0(0%)
stmof M Zstof| Chs) o] E=ct 0(0%) 8(80%)  1(10%)  1(10%)
Lie 33t 2tz M2 2ofel zle Jix|1 Alct 1(10%)  4(40%)  5(50%) 0(0%)
Lh= stmolM 2t $9e £1 Ak 0(0%)  4(40%)  6(60%) 0(0%)
Lhe Zstol| tiet 57|40 gio 1(10%)  4(40%)  4(40%) 0(0%)
Zste AlRISo| Zestx| gt 0(0%) 4(40%)  3(30%)  3(30%)
2otn} pE 9hs T2 Sojof shChn Ajzbsic) 1(10%)  6(60%)  3(30%) 0(0%)
L o{StME Zsh 2 Relg Mes £ ct 4(40%)  1(10%)  3(30%) 0(0%)
2sto| Al2lzlctd, of Mlate o2 A7| ZofE Zolct 1(10%)  5(50%)  1(10%)  3(30%)
Ll 2t 2 252 5= 2ol SAC) 1(10%)  7(70%)  2(20%) 0(0%)
Lhe =t g e W go| XAt 1(10%)  7(70%)  1(10%)  1(10%)
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52, o2+ Zetmt fHE Wso| o ol €eE Holct 0(0%) 1(10%) 8(80%) 1(10%) 0(0%)
53 48, Tt = slojel B2 & + U 1(10%)  2(20%)  4(40%)  2(20%)  1(10%)
54, BE sty E0| FE=S difol Fot 0(0%) 2(20%) 3(30%) 4(40%) 1(10%)
55. 3t} pEE A2 X|Fstn xo|gict 0(0%) 1(10%) 8(80%) 1(10%) 0(0%)
56. 3&t2 Ligte| AX U £go| Ect 1(10%) 3(30%) 4(40%) 1(10%) 1(10%)
57. 352 olall AN JIE &8 st o S E

T o e s S BN EPEE 0% 330%)  5(50%)  2(20%)  0(0%)
58 L B3 diel 258 s ol Ujel Fzel £20] & : : . . :
Sioleia st 0(0%)  2(20%)  5(50%)  3(30%)  0(0%)
50 @fzt piel) Aoig sRiclel W2 siaiof Ba Zoich  0(0%)  2(20%)  7(70%)  0(0%)  1(10%)

2. T2 5 ¥ #HF -7 - T o
AYgH 544 4

STEM Z2a3s FH3t & FHA HAEAE
B3 HU AES SIEE Y. 23S £
7] A ZAFRYE AR 9] 73 FolA FAE 9
Aoz 54 ®¥stE Iofsted &ttt ddy
= AEES Agedon, A3 wEE dolr 7]
et MEd RS F712 A Y

SAES 1W ‘o] ITHRYAT = £
60%7F ‘vl Z"EvPEty gWelg m, 10%7F ‘2E

125

A3}

STEM Z2Za#& Fge d-Fo 2 7k &
d EFel dl FAEL oW WaE BY=A ®
Al mad v e Eoks e R-dhe Aol F
& AL JIxE=Y g0l & Aolgtm AZE)
2z A¥olA STEM Z2adls F937] Hell=
T

A= 30%7F ‘1R, 50%7F ‘Hgolt, 20%7}
A oo JWeidiy zeafs £
¥ Td Aol I HAlAM = 70%7F v 1
grbel ‘agopetan @ekelal, 20%7F ‘EEelt,

10%7F ‘282 gobE gWst it 5, sAAd o
Hol Zolss &0 +
‘U= 7l EokE THste Aol F2 A4

Aed =g = Aozt Aot = 39
A9 STEM Z=2a#9 &9 A Ao 20%7f
‘gl AL, 70%7F ‘BEoltl, 10%7}F
i 2EA fopetal d@ste] ojuiRss HeE
HolFQlth STEM & 23S T3 Fo&
SHAY 50%7F ‘e, 40%7F ‘HFo|th ek ar
ekl om, 10%%ke] ‘e X ggrhetal skl
wepA 7]e ool shgdel tis] STEM Z =
Al e w ®f= ®Ws7F 3l
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e
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9 Fol 33 3
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<Table 3> Post-test STEM Program
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@7—} —E‘_OP-QJ f_’-Hl:o} E‘jioﬂ ““}7\‘:18,4\0] %L?-)-H_'X_/(-”g_. (_5'H oj] & T a9
. amn | Bgon M a8
ot xol VEAD il i orey
1. &%o| &o/2%ch, 6(60%) 1(10%) 3(30%) 0(0%) 0(0%)
2. #¢ol 2E} L2 olahE F= UAACH 2(20%) 5(50%) 3(30%) 0(0%) 0(0%)
3. ol WE2 AT AMAsto] Cifst JtsMd s BHMEl &
o,of_q = ° =T T 0(0%) 6(60%) 4(40%) 0(0%) 0(0%)
AA AA
4. d7Es| tiefsl oldg £8 & olM FY ol HE 57
it o N o= 2(20%) 3(30%) 3(30%) 1(10%) 1(10%)
5. %¥el igol F3t, Bst Jis, Fst 5o Uign Mz © . . . . .
20 SlCle 7S ot 2(20%) 5(50%) 3(30%) 0(0%) 0(0%)
6. 2 siZ THE S5l oy JIX| MEE EHAMSID SFSIN
o ° ° o BT g(0%) 3(30%) 6(60%) 1(10%) 0(0%)
7. M3 Jlgtel 22 sd S ofoltiofg HEsls S5 . . . .
o EabsIich 0(0%) 3(30%) 6(60%) 1(10%) 0(0%)
8. %oz B3N mzId g O o| You ZZCt 3(30%) 3(30%) 3(30%) 1(10%) 0(0%)
9. L= =stof| 2talo| Bt 1(10%) 5(50%) 4(40%) 0(0%) 0(0%)
10. olefoll pst zH MExlofAM Ustm Alch 0(0%) 2(20%) 5(50%) 3(30%) 0(0%)
11, stme| zpstul dhaddiof 2HAlo| U, Froist Aot 0(0%) 2(20%) 6(60%) 2(20%) 0(0%)
12. L= nbstol| thEk s7|4alo| Bch. 0(0%) 4(40%) 5(50%) 1(10%) 0(0%)
13. L= stmoj|A npsto] M= HS wieT AX ot 0(0%) 2(20%) 3(30%) 4(40%) 1(10%)
14, 1jte ZRE Asle st So0| MEiBCH 0(0%) 2(20%) 2(20%) 4(40%) 2(20%)
15. nfste <a| Mo =estct 3(30%) 5(50%) 1(10%) 1(10%) 0(0%)
16. B}t Al o2 =35tch, 2(20%) 7(70%) 0(0%) 1(10%) 0(0%)
17. L= otst 2ofe| SFE sk Aol Lol FZo =30 &
S0l2bm Ajzbsict 0(0%) 3(30%) 5(50%) 2(20%) 0(0%)
18. ofel = Zdel o2 xfo|gict 1(10%) 1(10%) 3(30%) 3(30%) 2(20%)
19. o{3tME2 mf3to| Ao|gict A4 ztsict 1(10%) 1(10%) 1(10%) 3(30%) 4(40%)
20. Lb= Dst Hols ZRste ol 2 AYg iREd = . .
20| = 0|2k Mzterct 3(30%) 4(40%) 2(20%) 1(10%) 0(0%)
21, LtE 22 S70| L42H ZA| gals Lot Aot 0(0%) 2(20%) 5(50%) 3(30%) 0(0%)
22, LE otoz 7|aae Fodg Meistn Aot 0(0%) 2(20%) 6(60%) 2(20%) 0(0%)
23. 7|ag v7| LsiAE of2|7t Zotof Fct 0(0%) 3(30%) 5(50%) 2(20%) 0(0%)
24. stmollAo| J|a5Ye E235lct 1(10%) 3(30%) 6(60%) 0(0%) 0(0%)
25, 7|&e 2| Mo Zesict 3(30%) 4(40%) 2(20%) 1(10%) 0(0%)
26. L= 7|0 Z0|7t gich 0(0%) 2(20%) 5(50%) 2(20%) 1(10%)
27. LAMEoA ZRF TS StwollM diffol Stctn MzZb
st = . B - 1(10%) 5(50%) 3(30%) 1(10%) 0(0%)
28. Lt 7|2 oA =2 stH =Ach 2(20%) 4(40%) 4(40%) 0(0%) 0(0%)
29. O{BHME2 J|&0| X|Rstctm M2tEict 0(0%) 1(10%) 2(20%) 5(50%) 2(20%)
30. LiE 7l 2oks BRste ol 22 AYe Jixied = : . : . .
20| = 70|24 ATkeICt 0(0%) 5(50%) 4(40%) 1(10%) 0(0%)
31, L= 23t 2otofl s of o] L Alct 0(0%) 3(30%) 5(50%) 2(20%) 0(0%)
32, L= ZEt ot M2 Roto| ele Jix|n Alct 0(0%) 1(10%) 7(70%) 1(10%) 0(0%)
33. L= stwolA JZstaE =g 1 4Act 0(0%) 3(30%) 5(50%) 2(20%) 0(0%)
34. L= Zstol of sk S7|Alo| ot 0(0%) 3(30%) 5(50%) 2(20%) 0(0%)
35, @ste AlRISo|H =estx| et 0(0%) 2(20%) 3(30%) 3(30%) 2(20%)
36. O{BHM T ZE mE s MEIE £ Uct 1(10%) 4(40%) 5(50%) 0(0%) 0(0%)
37. L& Zstnp aE = L ol X|ACH, 0(0%) 2(20%) 5(50%) 3(30%) 0(0%)
38. $=8t fEts & sfotot Zake & 4 Uct 0(0%) 3(30%) 6(60%) 1(10%) 0(0%)
39, @ste Liale] AM WM Tgo| =t 1(10%) 6(60%) 3(30%) 0(0%) 0(0%)
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