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g e ARt 7] e ol A WES AV E Y F7]& 3 (Alrige et
al., 2021; Chen & Liu, 2020; Iordache et al., 2012; Pribeanu et al., 2017), 3}3}
A3THCal et al., 2014; Iordache et al., 2012), ¥A}-Z(Badilla-Quintana et al.,
2020; Pribeanu et al., 2017), 3}3} WH-&-(Chen & Liu, 2020; Ewais & Troyer,
2019; Iordache et al., 2012; Pribeanu et al., 2017; Yang et al., 2018), ¥ =}
B2 28 (Cai et al.,, 2014; Zhang et al.,, 2021), At3 3+ ¥FS-(Wan et al.,
2018), tty ! HX|(Tarng et al, 2021) 5= 53 AU

ekl o] e g, AT FAR F7] stetH 53 7ol e FEs
AA AT WA 7] st M= FR A E FR0E fF JA 5He]

F-o] 9l 1 (Abdinejad et al., 2021a; Aw et al., 2020; Habig, 2020; Keller
et al., 2021), diels—alder reaction, Sx1 reaction, pericyclic reaction & 2] 3}
8} dk-S-(Abdinejad et al., 2021b; Keller et al., 2021), &4 24| &(Abdinejad
et al, 202la; Abdinejad et al, 2021b), NMR ¥ 33 Wright &
Oliver-Hoyo, 2020)< W53l 3t} 318t A= & &3oz Al
st 3}gl Hb-g-(Lam et al, 2020), 53} W& (Wojciechowski & Cellary,
2013), " H A (Tee et al, 2018) & A7 FAZ Agka, A3 ]
(An et al.,, 2019; An & Holme, 2021) #1F o}zl A& ok (Zhu et al,
2018)ell ol 27| 74A] shet A3} Brdste] gt A FAE T A
o g, = AT FAE det 8 77] 3k (Cen et al, 2019;
Fernandes et al., 2021; Wong et al., 2021), A 3}38t3} &E2] 3}8H(Sanii, 2020),
a8 Ayskst F7) g8k 7] 38K Rodriguez et al., 2021)8 tF3iT).
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TR Uk Alrige et al.(2021)
AL A Zhang et al.(2021)
st gul Y4, 318 ke Yang et al.(2018)
A, BApe] whg Ewais & Troyer(2019)
AUz BA} Holny, Eo] A, tolofZE Cai et al.(2014)
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2kslghed w-g- Wan et al.(2018)
gy A Tarng et al.(2021)
Zahle Wojciechowski &
Cellary(2013)
i g PP PSS SR ) o
Asisl Agal ok Zhu et al.(2018)
|A 53ko 7 WA= S8t ke Lam et al.(2020)
HzZ9 9h8 Zhang et al.(2021)
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YAB e, 71EdsE), vy e ke Keller et al.(2021)
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ol DNA 732 Peterson et al.(2020)
A58 EE; %Ei}\ . Oveﬂns et al.(2020)'
R e LR} Argiiello & Dempski(2020)
Z5 Ad Sung et al.(2019)
51 g5 11%3‘:’]5_ T2, JAE 7= 23 Az Schmid et al.(2020)
Eha i Elford et al.(2021)
29 g8 QAL OF A5, d ouA|, ouA Ag Jiang et al.(2021),
Sung et al.(2021)
A glek HgzA Tee et al.(2018)
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3. FAZAEE kg 855 (POGIL)

3.1 FAANIE dWE T (POGIL)Y A< 53

g 2 gk ok 847 (Process oriented guided inquiry learning, ©]
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& JNdoly &olE Aeletr] HeiA oA GACNA FaAg AFA,
24, 7HdE ALEgt old dAES FAE oldlE vE R ds
o gkt
A8 @A (Application)ol A= 7Md-s Zststar st fa A<,
AL A, A7 dE EFo] FurEn. dF5e sEAdA Hse wet
ow S He 7I3E Awsta, 48 A A2 idel &
deFolv Weto] Hguo] tAEA 1A oot A& e, At
sto] 7)3]lE AFeh AT AELS FHEAE AR AR HAES
A7lste shFs g AL 7138 AFseh POGIL ol olefsh A
A FrIA o FREE w7 AAS e g5 AR 7
= el =5S = F e HEF At diEo] AR ET 2 dAE
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SO + Z(Model) SPEe] g HeolE(1E, 13z, Hy dF A=
(Exploration) Tor"‘:‘ A . %%XML Xj/\]% = ?—Eroj] %k% ;7‘(}72] _(Hjﬂ E’;%L% E’L /ﬂit‘é_} o =
(Directed Questions) &= 22 Bd gAS B3 e o8 H3AIE 98-S &
A ger Fd i LA AAE T DS S B3 HHS Hol UnkEdl
( CchZ‘; (Convergent Questions) ZEo|U} 7do] =28 & JUEE =28 &
Inventior;) < i = POGIL &F 31l 459 7 olsll AR5 sfetslr] 93k al
(Concept Checks) A g AR
. 8% 3z NZE Aol A A4S AL
T $% AR 53 A THY ANE A2 ) 2 8go
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TFUAAE o AAE AAE w A2 2 oldfstd FofxtEe] +
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Saye & Brush(2002)= HElvle] S @44 45488 71F0
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oF st 7hol me WEIAA Qe S Ea
Asta g, AL F de 7188 AFsEt
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e Fol7 7N AS Fed AUT

A8 & ©]71-8(2012)2> JHEA "ol A 2AEY FPoE <
A A (cognitive), A % (emotional), A4 (strategic) ~7]&H o

st om, A2 ~EDS JNE A (conceptual) Z~7HE ¥ HEFQIA] A
(metacognitive) 2=7AEZQ oz AMA ~70E9LS %74 (motivational)
2~NEY T ZFA 4 (arbitrative) ~AMEP o2 A Eslaldry. ol oA
Hill & Hannafin(2001)3} Cagiltay(2006)¢] 33 #ehs Zolsta 9l

o A 2AELGAAM AGH AAEGES A ' 8 A ALy

dlof & Hp A sfdel Fag ARE Stk Ao, mERSIA A
2AED LS A Axw ALl gy Age AA, v, 971 ¢ s
71818 Algshs Aotk A4 2AEHANA F714 2ELDLS &
AR ' ER7IE 2S4S S8 dAS] H A=
Ao AFsts As, TAH 2AELS dedsed "HEs 94
AT Al R R 24, dE8Y 4% s& #AAMTIE Aeld dE
A 2MEDS SAS0l NEA Fed Aa4er FAd e g
A AgFe A&t dFdo] AFsHA o] FoAARE V|we x5}
= As ondn

FHAEe GAH A4 e AHe] REoZ % B of
S #7]% 3H(An & Cao, 2014: Belland et al.,, 2008). o]l & A+
g sterol m@ A4 =S AT Cagiltay(2006)
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<E NV-7> A QA o wE 38 S8 E Ve AT

A 3 SR A% 3 SRS
AR R e b

H(E=EAD B EZEAD AT

TL 36.7(5.09) 26.2(14.6) 262

POGIL 36.6(4.95) 27.0(12.5) 27.0

RUEES

POGIL-MAR 37.5(4.21) 33.0(12.0) 33.0

A 36.9(4.72) 28.7(13.3) 28.7

TL 14.3(9.03) 16.1(10.1) 16.6

POGIL 15.1(8.37) 18.2(10.5) 183

39 1%

POGIL-MAR 17.1(10.4) 24.6(12.1) 249

A 15.5(9.26) 20.1(12.4) 19.9
ol TWH A ANE V-8, #3 FPAAALAA wgsts W
Wo) Faarst et (p<01). 28y AFA AFH fFe Fad:
EbLbA] ka1 (p>.05), Wty WY Abd AH e g &
= YePA @ZUtH(p>.05). wgshsy el gisk ALE B4 o=®
Bonferroni A4S AAlste] A 3+ di& v 23 POGIL-MAR F
@2 TL &3 POGIL F& E5Fof tiste] feln st 2ozt A TH(H
F740]=806, p<.01; Bt 3Fo]=6.72, p<.05). WHH, TL 3t POGIL

@2 o dk 2ol 7k sl TH(HE tAle]=1.34, p>.05).

<E V-8 #3} A ARS ol TuF 4 A

T& AFHSS)  ARFE(dS) BLAF(MS) F p

WEEE W 1704.95 2 85248 6.03  .002"
A RFH =z 17.50 1 1750 13 726
WG WHxARE B3 E 57.05 2 2853 20 818

A9 aga &9 aFolA wEdsty Wy wE Zas “ﬁﬂiv}
WA dAE AAE Axe <E NV-9>¢ 2ok Z9 a5 AE

191 - . H kl 1_'_” '



wEshy W 2 BAE Aolrk e (p>05), 9 1Fe SAE
o
[l

Saas & AATHP<05).
w9 79+ POGIL-MAR fwe] 3t A7k 718 =11 )
el 2 obddTh e a9l 1F9 4-$= POGIL-MAR
Aeke] TL Hd3d POGIL Hertt frojv g FFow solsel 2
ot

=]
Qo] 3t s el THH FF

ol gl
30 ox

R
FATAL =

o

<GE IV-9> AP AF el whE w3k sl A= WAEA 2t

TH A FHSS) AH=(df) HHAIFH( MS) F p
25 A in A9 OF 639.05 2 319.52 206 132
25EG WY in 3K OF 1326.72 2 633.36 427 016"
p <.05

>~
ol
2
o,
AN

>,
M
2,

2 38 s B/ A4 Aol sl el Ak

o

T ] =1
2D ALE &4y F7)9 Hiry Bedal, wAHTS <E V-10>3 2o

<E IV-10> AP A el wE 3 Sk 5719 shel add Vs SAE
AR B 571 ARE S5 571
BHEZHA)  HHEEHA WA
TL 3.35(0.89) 3.73(0.85) 3.56
39 POGIL 3.40(1.03) 3.68(1.10) 3.52
as POGIL-MAR 3.54(0.91) 3.87(0.94) 3.65
27 3.43(0.93 3.76(0.96 3.58
TL 2.99(0.89) 3.10(1.09) 3.25
il POGIL 2.87(1.20) 3.34(1.20) 3.56
s POGIL-MAR 3.02(0.97) 3.99(0.59) 4.16
27 2.96(1.02) 3.48(1.05) 3.66
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TL 3.25(1.00) 3.76(0.95) 3.67

39 POGIL 3.41(1.15) 3.59(1.20) 343

as POGIL-MAR 3.46(1.18) 4.04(1.05) 3.85

20157] B 3.37(1.10) 3.80(1.07) 3.65

TL 3.06(0.92) 3.12(1.10) 3.27

gl POGIL 3.30(1.20) 3.51(1.34) 3.56

2 POGIL-MAR 2.90(1.00) 3.64(0.71) 3.89

27 3.09(1.05) 3.43(1.09) 3.57

TL 3.44(1.80) 3.46(0.76) 3.14

el POGIL 2.97(1.00) 3.48(1.02) 342

g POGIL-MAR 3.48(0.98) 3.90(0.93) 3.58

271017 B 3.30(0.95) 3.61(0.92) 3.38

TL 2.90(0.73) 3.07(1.17) 3.16

319 POGIL 2.50(1.15) 3.08(1.21) 3.39

ag POGIL-MAR 2.55(0.84) 3.55(0.69) 3.84

B 2.65(0.93) 3.23(1.06) 347

TL 3.34(0.90) 3.60(0.77) 331

5l POGIL 3.03(0.96) 3.43(1.14) 332

g POGIL-MAR 3.10(0.88) 3.87(0.93) 3.64

Aol 27 3.16(0.91) 3.63(0.96) 342

TL 2.81(0.98) 2.96(1.26) 3.08

il POGIL 2.62(1.08) 3.11(1.22) 3.38

s POGIL-MAR 2.61(0.76) 3.49(0.82) 3.75

g 2.68(0.94) 3.19(1.12) 3.40

TL 4.19(0.80) 4.04(0.92) 3.79

39 POGIL 3.94(0.94) 4.04(0.88) 3.97

as POGIL-MAR 4.18(0.64) 4.49(0.65) 428

] £ 4.11(0.80) 4.19(0.84) 4.02

TL 3.83(0.85) 3.67(1.03) 3.75

Eiadl POGIL 3.70(1.22) 3.64(1.28) 3.82

L3 POGIL-MAR 3.51(0.90) 4.13(0.64) 441

2 3.68(1.00) 3.81(1.03) 3.99

TL 3.52(0.75) 3.72(0.72) 3.49

5l POGIL 3.35(0.89) 3.65(0.98) 3.53

s POGIL-MAR 3.55(0.77) 4.03(0.80) 3.80

P e 3.47(0.80) 3.80(0.84) 3.61

TL 3.12(0.77) 3.18(1.06) 3.30

e POGIL 3.00(1.06) 3.34(1.18) 3.54

as POGIL-MAR 2.92(0.73) 3.76(0.57) 4.01

27 3.01(0.85) 3.43(0.99) 3.62
o] FTWE BA AFN<F IV-11>, #}38F 5 H7)olA uFdrs W
WMol Fa 7 JebtH(p<.001). 28y AMd AFH =59 Fade o
ERubA] QAL (p>.05), nsts W Abd AH Y A &
H= GERA S tH(p>.05). wgsts el ok AR ZA o=
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At 7+ g vl 23 POGIL-MAR #
@2 TL kel dig 7F SARLan(F vt Ake]=0.51,
p<.001), POGIL He3=m 7 AR A #}0]=0.37,
p<01). ¥+ TL 3 POGIL Heh2 Fomlgh Zfo]7} fIAoh(s w44
0]1=0.14, p>.05).

Bonferroni 4742 2 A8}

<E IV-11> #3) 355 s7]0l i ol TR A AR
S AFHSS)  AREdf)  FBTAFMS) F P
WK W 6.47 2 3.24 10.64 .000™"
ANA HH Sz 03 1 .03 .08 776
WEks WP AL AH S 127 2 64 2.09 128

MANCOVA 4 A7<x V-12>, Al Je 2k w53y Wy $8
7t FEUAEL] APxel FMF Aol7t UL A(Pillai’'s Trace
18, F(10, 250)=2.48, p<Ol), w38t W AR AH 59 oz
9o a9E APzl frevgh Aol7b d= AoZ vERtH(Pillai’s
Trace= .18, F(10, 250)=2.47, p<O0l). L&}, AtA A H 59 Fays
EAAF o R FolstA] U tH(Pillai's Trace= .04, F(5, 124)= 92, p>.05).

<E IV-12> 33 g5 F7]e did MANCOVA A3

3 * M ARE A A=
TE a3} F P
(Value) (Hypo.df) (Error df)
W5 W 18 248 10 250 008"
o AR BH = .04 92 5 124 471
Pillai’s Trace
wFEE WY
x 18 247 10 250 .008"™
AR BH =

7} FEWRle] AolE w7 Sg JHA-ZF A Ads <E NV-13>3
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Aok Al Qe 7 wgsks el o
2

o AolE ¥AT

i)
o
o

)%
offt

7]

EREEER
A A 7o) WAB(F

(2, 128)=8.13, p<.001), A A-&71(F(2, 128)=4.72, p<.05), A71SJA(F(2, 12
8)=7.67, p<.01), Arel& 5 (F(2, 128)=6.31, p<.01),

of w& 57 &9

PN
DT%7

1(£(2, 128)=10.2
5 p<00D)e] EE st aclellA frofulgk xtol& WAtk wdhs W
fRleA fojulgk kol & 7]ofsh= oA <l
= AFEI17F b ko, olojx WAlEY], A7e)A, AotE s,
A5719 =42 yvetun. 479 A5 (power=1.00) 25 80

T8

B

shste] B washer wpHel AX Eabvh AA EAtE Ao e

<E V-13> 343 8h5 s7lol g AMA-2F &3 As5 A%

— 2l AFE AR=E HAF . » 7
(S9) (af) (MS)

WAE7] 5.99 2 3.00 8.13 000" 0.113
219571 445 2 223 472 011" 0.069
weks 27194 7.04 2 3.52 7.67 001" 0.107
2ot as 5.88 2 2.94 6.31 002 0.090
A5 8.13 2 4.07 10.25 000" 0.138
WAE7] 0.20 1 0.20 0.54 465 0.004
29571 0.19 1 0.19 0.40 529 0.003
AR AR = AIYA 022 1 0.22 0.47 493 0.004
Aot gy 0.01 1 0.01 0.02 882 0.000
5571 0.02 1 0.02 0.04 841 0.000
WAE7] 3.87 2 1.94 525 .006™ 0.076
R 2e%y) 1.80 2 0.90 191 152 0.029
x 2171917 0.52 2 0.26 0.57 568 0.009
AA HH =z AkEF 0.76 2 0.38 0.81 446 0.013
oA 0.47 2 0.23 0.59 557 0.009

“p < .05, "p <.01, *p < .001

o] 7}

38, p<.05). Aotasel A4S

ST,

o
vl

wgshy W g H45W

gt AFR<E V-14>, WAE71¢ 45, POGIL-MAR
7} Aol 7k AR e (I-]J= 50, p<.01), POGIL %H3=
(I-J= .37, p<.05). A5 719 79, POGIL-MAR 4 ©]

ARom(I-J= 40, p<.05), POGIL WHy%= x}o]7}
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ARNeH(I-J= 51, p<0l), POGIL #HHA}E= o7k YATHI-J= .35,
p<03). AFE719 B 94, POGIL-MAR el TL W¥st zto]7}
Ao (-]J= 58, p<.001), POGIL WRI= o7} AUATHI-J= .45,
p<OD). e A719xe] 7%, POGIL-MAR 9ol TL W3 2ol
7F Ao (1-J= 57, p<.001), POGIL W 3i= ZFol7F IchI-]J= .31,
p>.05).

Z3tal 2 POGIL-MAR o]l WAlE7], A9E7], A7199%, A5

i

5719 39l 29lelA TL¥ POGIL WHETE B %2 g5 5715 R
A, A71A] Qe Awt TL WYX ¢ %2 s 57|25 HYth
olg]gk A7 Wty o & POGIL-MAR o] stBEoA #3t st &
719] BE 319 29l FAgH JIFS FAGYL B 5 At
CE N-14> Bt ahg £710) 69 F4ue] d@ gew v
s Bl wp gl wp
220] o 88|l Ay W wgsls Bt At gz03 »
(Bonferroni) @ J) 1-))
TL 0.50 0.13 001
A&7 <c, b< POGIL-MAR
HAre7l a<e, bee POGIL 037 0.13 016
TL 0.40 0.15 022
AAF7 POGIL-MAR
ik a<c, b<c POGIL 0.38 0.15 036
TL 0.57 0.15 000
2p7) )% POGIL-MAR
P1ei ase 06 POGIL 031 0.15 11
] L 0.51 0.15 002
Aol POGIL-MAR
s a<c, b<e POGIL 0.35 0.15 047
TL 0.58 0.13 000
Hes7 <b, a< POGIL-MAR
47571 a<b, a<e POGIL 0.45 0.14 003

“p <.05, “p <.01, "p < .001
ar AEA Ze(TL), b H8AF M E+85(POGIL), ¢ Ertd 7444 && AT Ul
T8 (POGIL-MAR)

wshsy W AR AR ] sl mE Hd i Aol
M FEUER BAS A, WAFT AT Feag mirt gl
HAL, AAE7], A7IA, Aotis, AFErldres daaee] 53
7b 2 A FA ol S w719 WiAle] SHM SAAES
83 wstge] Bt s A AH ael wE g2A Y
Sohes As oudinh 7 AR A eael e aests el we
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& AAG A7, AP AF A9 259 BAee

2} POGIL-MAR H@o] TL &3 POGIL Jorth wH
Eokoy I Aol TAA SR FojulstA eFtal
F 39 189 A9 wAPTFS POGIL-MAR Fwo] TL
e POGIL HETH E=tom 1 Aol FAASRE fo|u|stdd
(p<.001; p<.01).

213. st 9%

>{|—l

<E IV-15> AR AH el wE gtg =93] o9 add Tl A
A s 29zt AR S B9l
BHEZHAD B EZHAD WA

TL 3.44(0.92) 3.81(0.82) 3.56

5l POGIL 3.33(0.86) 3.57(0.93) 3.60

1%  POGIL-MAR 3.76(0.96) 4.33(0.65) 425

Hrg 27 3.51(0.92) 3.90(0.86) 3.80
=k TL 3.26(1.08) 3.35(1.18) 3.52
319 POGIL 3.35(0.92) 3.46(0.93) 3.62

12  POGIL-MAR 3.28(0.84) 3.85(0.71) 3.92

27 3.30(0.94) 3.55(0.97) 3.69

TL 3.63(0.84) 3.96(0.82) 3.71

&9 POGIL 3.43(0.82) 3.57(0.93) 3.58

I POGIL-MAR 3.65(0.79) 4.11(0.74) 4.04

e B 3.57(0.81) 3.88(0.85) 3.78
b= TL 3.30(0.65) 3.33(0.97) 347
319 POGIL 3.11(1.17) 3.41(1.09) 3.60

1%  POGIL-MAR 3.39(0.81) 3.91(0.67) 3.98

27 3.27(0.90) 3.55(0.95) 3.68

TL 3.48(0.84) 3.81(0.93) 3.53

&9 POGIL 2.83(1.07) 3.46(1.03) 3.51

©x 1% _ POGIL-MAR 3.43(0.84) 3.85(0.96) 3.71
h; 27 3.25(0.96) 3.71(0.98) 3.58
° TL 2.57(0.91) 3.00(1.08) 3.15
EA T POGIL 2.74(1.14) 3.26(1.19) 342
12  POGIL-MAR 2.70(0.81) 3.61(0.78) 3.69

27 2.67(0.95) 3.29(1.04) 342
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TL 2.94(0.81) 3.17(0.95) 2.97
& POGIL 2.65(0.75) 3.17(1.16) 321
s)9) 1§ _ POGIL-MAR 3.04(0.60) 3.72(0.82) 3.59
o1 B 2.88(0.73) 3.35(1.01) 3.26
;f ] TL 2.74(0.60) 2.78(0.91) 2.88
A s POGIL 2.50(0.74) 3.24(1.00) 3.36
1%  POGIL-MAR 2.57(0.84) 3.59(0.94) 3.66
27 2.60(0.73) 3.20(0.99) 3.30
TL 3.69(0.79) 3.90(0.81) 3.72
&9 POGIL 3.54(0.82) 3.54(0.86) 3.59
e 1% _ POGIL-MAR 3.72(0.70) 4.04(0.72) 3.95
. 2 3.65(0.77) 3.83(0.82) 3.75
- TL 3.30(0.82) 3.33(1.00) 3.45
AT 3 POGIL 3.33(0.89) 3.46(0.93) 3.58
1%  POGIL-MAR 3.26(0.93) 3.87(0.88) 3.95
27 3.30(0.87) 3.55(0.95) 3.66
TL 3.40(0.81) 3.67(0.84) 343
&<l POGIL 2.89(0.93) 3.43(1.16) 3.50
12  POGIL-MAR 3.22(0.90) 3.91(0.83) 3.77
By 27 3.17(0.89) 3.67(0.96) 3.57
E47F TL 2.98(0.87) 3.04(0.99) 3.17
3141 POGIL 2.65(1.04) 3.39(1.02) 3.51
12  POGIL-MAR 2.85(0.98) 3.72(0.80) 3.80
27 2.83(0.96) 3.38(0.97) 3.49
TL 3.31(0.82) 3.71(0.91) 3.40
&9 POGIL 3.09(0.79) 3.50(1.08) 3.56
%47 3% _ POGIL-MAR 3.28(0.91) 4.11(0.81) 3.95
R £ 3.23(0.84) 3.77(0.96) 3.63
o TL 2.85(0.82) 3.24(0.99) 3.37
CR -0 POGIL 2.70(1.01) 3.57(1.10) 3.66
I POGIL-MAR 3.07(0.77) 4.11(0.66) 4.18
27 2.87(0.87) 3.64(0.99) 3.74
TL 3.04(0.69) 3.46(0.91) 332
&9 POGIL 3.09(0.93) 3.35(0.99) 337
Az % _ POGIL-MAR 2.89(0.93) 3.50(0.77) 343
ey 2 3.01(0.84) 3.44(0.88) 337
- TL 3.07(0.80) 3.11(1.11) 321
= s POGIL 2.80(1.06) 3.33(1.10) 3.51
1%  POGIL-MAR 2.85(0.79) 3.59(0.90) 3.68
27 2.91(0.89) 3.34(1.04) 347
TL 3.63(1.05) 3.65(0.87) 3.44
&9l POGIL 3.15(1.17) 3.61(0.93) 3.63
12  POGIL-MAR 3.35(1.07) 3.98(0.76) 3.87
7o) 2] 27 3.38(1.10) 3.74(0.86) 3.65
) TL 3.20(1.03) 3.30(0.96) 343
B POGIL 3.13(0.96) 3.54(1.17) 3.58
12  POGIL-MAR 3.28(1.17) 3.67(0.95) 3.74
B 3.20(1.04) 3.51(1.03) 3.58
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TL 3.39(0.60) 3.68(0.67) 345

& POGIL 3.11(0.54) 3.47(0.82) 3.51

12  POGIL-MAR 3.37(0.58) 3.95(0.63) 3.84

A 27 3.29(0.58) 3.70(0.73) 3.60

= TL 3.03(0.61) 3.16(0.92) 3.30

3191 POGIL 2.92(0.73) 3.41(0.91) 3.54

1% POGIL-MAR 3.03(0.63) 3.77(0.64) 3.85

B 2.99(0.65) 3.45(0.86) 3.56
olg TWF B ATCE N-16>, 35 BN w5 i
Fas7} e tH(p<01). :aw WA AR FEel FEIE geha
G UI(p>.05), wFeEF HHH} AL AFH Y 5L 2= Y
EFLEA] 28 TH(p>.05). e 5#% Wegol] hek AR A 2= Bonferroni
AARL AA el Aok 7+ g vl 23, POGIL-MAR Hwe TL

(o))

o distelRt  feous Aot
POGIL-MAR & POGIL 3 <3}
0]=0.32, p>05), POGIL ¥et3} TL et
2}0]=0.15, p>05).

L (H Tt xFe]=0.47,  p<.01),
Els b il e (g =t
Frofu gk Zpol7b glAek (o

Jo
1o
E
2
)
N

Iﬂ

<E IV-16> 8+ ZQlzto| t3lk o]¢ Fwek B Axl

T AFHSS)  AF=df)  BIAFWMS)  F P
Wl Hhy 4.77 2 2.38 5.70 004
A AR == .07 1 07 16 691
WG XA B3 E 84 2 42 1.00 369

MANCOVA 4 ZA3<E NV-17>, Al A9 3 wgskss e F31
W7t FEHRES MPxFd Fovlg Aolrh AR (Pillai’s
Trace= 24, F(18, 234)=1.81, p<.05), Abd A3 9 Fad= A4
o7 Fou|dtA] & th(Pillai’'s Trace= .09, F(9, 116)=1.19, p>.05). &3k

T WY AP AH e AEAEY 523 9A] AP xdel
4“]7?} zpol 7} gl Ao g Yebyth(Pillai’s Trace= .10, F(18, 234)= .69,
p>.05).
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<E NV-17> 35 =97kl did MANCOVA A3

; % M AR A A=
T a3 F P

(Value) (Hypo.df) (Error df)

ngsks 3 24 1.81 18 234 025"

A B8R .09 1.19 9 116 308

Pillai’s Trace _
WSty
X .10 .69 18 234 .823

= <E NV-18>3
7 &9 2glolA g
S e HE(F2, 124)=5.81,
p<01), B3 =l (/(2, 124)=3.66, p<.05), &2 AAZHF2, 12
4)=8.08, p<.01), <5 FAZHF(Q2, 124)=3.76, p<.05), A71H=2 A (F
(2, 124)=7.97, p<.0D)e] 570 39l QlolA] fFojngh 2po]& HATE 1
Hu, B4 58 d(FQ2, 124)=1.99, p>.05), ZAll 3t FF (2, 12
4)=271, p> 05), ANFe] NF(FQ2, 124)=1.67, p>.05), A4 &2
(F(2, 124)=1.98, p>.05)2] 3¢l QoA E Fonst zfol7t glolrh

AN
_’V‘_I‘

~

Fokg el WE 57 9 8NN KT Aol F lofshe
49 Fawe Py AAF] Y wgton, oold A NEH 4

g
9, BuE BE Mg BAL, 2U 9Eve SAR et 229
2

T 9 (power=1.00)> EF 708 Zete] 2 wgdhg W] A A

ol
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<3 IV-18> Sk =Siztel gk JiA- 2 HS A

Ay ARE BoAw

=uel F4H9) 2
¥ o (SS)  (@f  (MS) v 7
o3 53 6.35 2.00 3.17 5.81 004" 0.086
3k g 341 2.00 1.71 3.66 028" 0.056
=2 Y 7Y 2.45 2.00 122 1.99 142 0.031
Y9192 dA 11.21 2.00 5.61 8.08 001" 0.115
W5 W A digk JF 3.36 2.00 1.68 271 070 0.042
35 A 494 2.00 247 3.76 026" 0.057
A7 |5 748 9.34 2.00 467 797 001" 0.114
AzES 9= 2.44 2.00 1.22 1.67 193 0.026
2] 4] 4 2.96 2.00 1.48 1.98 143 0.031
gk 53 0.35 1.00 0.35 0.64 425 0.005
g Z= 0.01 1.00 0.01 0.01 916 0.000
=4 59 79 0.05 1.00 0.05 0.08 781 0.001
NERE 21RA4] dAE 0.49 1.00 0.49 0.71 403 0.006
e Al i HF 0.08 1.00 0.08 0.13 717 0.001
T 3y AT 0.00 1.00 0.00 0.00 973 0.000
A= 0.90 1.00 0.90 1.54 217 0.012
NS = 0.56 1.00 0.56 0.76 384 0.006
k)4 g4 0.56 1.00 0.56 0.75 387 0.006
2% 5% 0.40 2.00 0.20 0.37 694 0.006
Erglk v 1.20 2.00 0.60 1.29 280 0.020
WEEs =4 Y 7 1.94 2.00 0.97 1.58 210 0.025
« AR LA 0.76 2.00 0.38 0.55 580 0.009
A7 43 Teri_loﬂ g s 1.30 2.00 0.65 1.05 355 0.017
= e 35 A 1.35 2.00 0.67 1.03 361 0.016
T A5 748 1.05 2.00 0.52 0.89 413 0.014
ARG = 1.26 2.00 0.63 0.86 426 0.014
224 g 0.27 2.00 0.14 0.18 835 0.003

“p <.05, "p <.01, "p < .001

WSk el digk E4weld Fa 3} viE Bonferroni HACRE BA
3 A= <¥ V-19>9F 2o} 29st 21 4% POGIL-MAR %ol TL

W zpol7h glem(I-J= 49, p<Ol), POGIL ®H#:= o)zt et
(I-J= 43, p<Ol). &g g=we] 79 POGIL-MAR "ol TL W3 2t
o7} o (I-J= 34, p<05), POGIL Wy¥%= o]z} ATHI-J= .30,
p<0B). A7 HEA Al A9 AAl POGIL-MAR 9ol TL ®ga} o]
7b Aem(I-J= 64, p<00D), POGIL HHa%= ztol7b UATHI-J= .40,
p<.05). YA A7 A% POIGL-MAR #%3 TL #% 3F xFol7} <)
Ao HI-J= .71, p<001), POGIL %H¥= zto7} gIdtkI-J= 31, p>.05). &
% A 9Al, POGIL-MAR ®¥H¥ TL W9 7 xpel7h lovI-]= 47,
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p<01), POGIL W= apol7k QIATHI-J= 24, p>05). =4 58 #3, 7

Aol o gk AZF G )3 Apola] Aale] 39 Weld M wiehss

W ZE Aozt giddvh
wtelA POGIL-MAR % 5 o) 2)

Azt St SAZ, A7) v Fd el skel 8l diste]l dEF A

o} POGIL WKt 44 o 22 3% °

72 ugom =73AS d@8s POGIL o

Il
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e

<E N-19> Sk Bz o FEWde] g ogw vm
B I
(Bonferroni) @ () 1-J)

3 £ a<c, b<c POGIL-MAR b OTC];IL 8:1(3) 8::2 :ggéu
gk TL 0.34 0.15 022°
e a<e, b<e POGIL-MAR POGIL 0.30 0.15 020"
1014 TL 0.71 0.18 000"
SP R ase POGIL-MAR POGIL 031 0.18 086
Eiey TL 0.47 0.17 007
=47 o POGIL-MAR POGIL 024 0.17 167

275 TL 0.64 0.16 000"
A& a<b, a<c POGIL-MAR POGIL 0.40 0.16 015"

“p <.05, p <.01, "p < .001
AEA ZFol(TL), b: I A ts8F5(POGIL), ¢ Evld 7434 g8 A= kg

a:
784 (POGIL-MAR)

2.2. T7dA 7%
of M= I

~AEY FRA A4A, B9F 99

oA He 2 Av)E ovRe R, By FA 71He A The
o -5 golr 7] &) WidEe] A I TEA MRS TSk e
A Z 3Hl3FtHSani & Todman, 2008). 338 SdAHAE HAN g5
71 AHAYE s =93 HAF Aol disiA Qe oiE
Kolmogorov-Smirnov A4 A4 A3 2 AFo|A] Lolxuzp 3+ W
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BLAF(MS)

AFE(df)

AFHSS)

4793 031"

151.578

151.578
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270EY
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13.683
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Np
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X

h

29.230 000"

924.446
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SEY Egkom, a9 159 49, SS fde] RS ATEE Y &3k

<E NV-22> AV AF =0 & sty 57] 71e BAH
AR 3557 AZ B E7]
AR B = 21EY =5
W FEEARP HHFEEARP) IR
SS 3.98(0.55) 4.01(0.50) 3.95
A aF RS 4.42(0.47) 4.48(0.48) 4.16
A 4.19(0.55) 4.24(0.54) 4.06
SS 3.44(0.65) 3.95(0.55) 423
3o 12 RS 3.80(0.66) 3.89(0.76) 3.95
A 3.61(0.67) 3.92(0.65) 4.09
ol FTRTF A AA<E NV-23>, FqF TN 2AED FHe
TFadeE FAASE Fou|etA YEMUA] 2o (p>.05), 2=1ET 9
TR A AFH o Aol AEAE gye FA™HeZ {fov s
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A % AA gl dstele 2EE EEoﬂ et Zpol 7k sl
U, Abd A3 el mebA s 2AERE Y R e stE 5719
I7F gEA UrEWE} Bl
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w9 g w7 2aE 44 HAbste de FEI A
<E IV-23>, B9 aFdA e 2AEY Tl dE *
frejmebA] & ka(p>.05). 3¢ LEolA e 2ANED F
7F EAA SR FoH A UEFRTHp<.05). =,
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| = ~ W - ot
s ;OL OT 1
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w | % e o b b
Fo Mo W T Lo BT Gl
- o 2 9 ) N N A_H ﬂA.I MO &° Ewn EC
o]« Wum =} S = < o wm _@v &N _!n_ ﬂ 1 =
o 1 umo
B E'H = T _El ~n Et oF T
= ~ ) N —
N Jemx o™ A
S X L0
= < - A
= & o og P E
N e oy Np ol i
5 s ‘m...__H file) ‘QH ze]
1 Jl o s ~
N T = KR g AR R
il U.—E ‘HU . o
wu Mo A - EH E = < & T T HH mmm
ol e WX - 3 o) N <
AFlE Tl 2|7 P o sowiwed A
% .ﬁ HZM o <0 o IS ,_ﬂ_! eyl g ‘ml @\ ﬂlL — HL %
| X Y H o | op & Y |
= W s o wRxTEC T =
™~ : : jrze) THR
" i N N ™ORN g B : ]
Y RN mAEVRE ATV

3.83
4.18
4.01
4.13
3.80
3.96

DA

3.84(0.48)
4.36(0.49)
4.09(0.55)
3.98(0.43)
3.78(0.59)
3.89(0.52)

3.70(0.48)
4.18(0.47)
3.93(0.53)
3.31(0.48)
3.63(0.68)
3.46(3.60)
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L}E}}Ac}(p<.o1>. o] &= 4
A e AA aFe vt 2EY ] Sl wek Aot
w, Abd AH e mEAE 2EY Y R o s B9
237 gE2EA YEgoE AS on g

gAE Abd AFH ol g 2AEYS 83 POGIL-MAR g
w9 T B4% 29E 44 At v a2 A5S
H<E V-25>, 49 2gelA 2AEY TRl g Aol7h AL
Fom e A eSS ok olyeH(p<.05). &9 ZFAHE ~AEY F
Foll digt 2pol7t SAASR Fojw| A YEFSTHp<.05). F, 2AE
TRl e FAEA FTFolA Y aFS AFA 2EY
POGIL-MAR &hs5o] A 94 27159 POGIL-MAR 38t5HTH o =
gE =97 TS JHATFAeH, 9 I A9 2AEY
POGIL-MAR &h5o] A#4 ~71E&9 <] POGIL-MAR 38t5HTH o =

.
S BRE BS PAGFEAGL ¥ S gl

<E N-25> S YAl UE ol9 W B4 Avst v Fas 4%

H

TE AFHSS)  ARE(df)  BIAF(MS) F p
2NED FF .003 1 .003 012 912
AR BH 037 1 037 172 680
2hEY F A AF T 2.663 1 2.663 12470 001"
&9 OF 1.251 1 1.251 5856 018
39 1% 1.241 1 1.241 5.811 018"

“p <.05, “p<.01
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Abstract

Development and Application of
Mobile Augmented Reality Application
for Learning Chemical Bonding

Young-Eun Jeon
Department of Science Education, Major in Chemistry

The Graduate School

Seoul National University

The purpose of this study was to develop a chemical bonding
augmented reality application that helps the understanding of chemical
bonding, and to find out what kind of educational meaning and
implications it have by applying it to the educational field by
combining it with teaching and learning methods and scaffolding. In
order to develop a chemical bonding augmented reality app, the key
issues of development were selected from the educational affordance
perspective, and the app was designed reflecting the cognitive,
sensory, and physical affordance. And then an expert evaluation was
conducted on app by field teachers, and usability attitude of high
school students was investigated. As a field application study, a
teaching and learning method that combines augmented reality

learning tools and process oriented guided inquiry learning methods
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was proposed, and we analyzed what changes occurred in academic
achievement, learning motivation, and learning flow during four
sessions of learning related to chemical bonding of integrated science
subject in the first grade of high school. In addition, an augmented
reality based teaching and learning method according to the type of
scaffolding was proposed to analyze what changes occurred in
academic achievement, learning motivation, and learning flow during
five sessions of learning related to chemical bonding of Chemistry I
subject.

The study results are summarized as follows. First, through the
results of the wusability attitude survey of the developed chemical
bonding augmented reality application, we confirmed that the
perceived enjoyment of using the app had a positive effect on the
attitude toward using, and the perceived usefulness, the attitude
toward using and the perceived enjoyment were reflected in the
intention of wusing. The results of the study suggest that the
developed augmented reality app can be a learning tool that
stimulates understanding and interest in learning.

Second, the proposed teaching and learning method showed a
significant improvement in science academic achievement of the
cognitive domain, learning motivation and learning flow of the
affective domain. In addition, the analysis of sub—factors of learning
motivation showed significant improvement in intrinsic motivation,
career motivation, self-determination, self-efficacy, and grade
motivation, and the analysis of sub-factors of learning flow showed
significant improvement in clear goals, unambiguous feedback,
action—awareness merging, sense of control, autotelic experience.
Moreover, not only did the proposed teaching and learning method

improve the academic achievement of the low-level students, but also
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there was the greatest improvement in their intrinsic motivation.
These results show that there is synergy between the effect of the
AR learning tool and the positive aspects of the teaching and
learning method adopted in this study. As such, this study is
expected to help to overcome the current increase in the proportion of
students who do not have basic academic ability in science subjects,
and to restore the enjoyment of learning intrinsically through
improvement of learning motivation and learning flow.

Third, the effect of scaffolding was different according to the level
of prior academic achievement. In the case of academic achievement
of the high-level students, augmented reality based teaching and
learning method with reflective scaffolding showed significant
improvement in academic achievement and learning flow compared to
the augmented reality based teaching and learning method with
supportive scaffolding. On the other hand, in the case of academic
achievement of the low-level students, augmented reality based
teaching and learning method with supportive scaffolding showed
significant improvement in academic achievement, learning motivation,
and learning flow compared to the augmented reality based teaching
and learning method with reflective scaffolding. This study is
meaningful in that the application of reflective scaffolding led to
improvement in the academic achievement and learning flow of
high-level students, and the application of supportive scaffolding led
to improvement in cognitive and affective domain of low-level
students.

This study confirmed that the teaching and learning methods
incorporating augmented reality learning tools helped students
understand chemical bonding and brought improvement in learning

motivation and learning flow. The results of this study are
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meaningful in that it suggests the direction that science education
should pursue by developing advanced science and technology
learning tools for future generation education and applying them to
school. Mobile augmented reality learning tool, which has the
advantage of exceeding the constraints of time and space, will not
only be used in classrooms, but also elsewhere out of classrooms
regardless of time. In the future, we expect that many more learning
tools wusing augmented reality to help understanding of science
learning will be developed, and also the teaching and learning

methods to help them will be designed together with learning tools.
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