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ABSTRACT. This study investigated the impact of elementary school science classes based on collaborative problem-solv-
ing on the character competency of students. For this purpose, students from 2 classes in 5* grade at an elementary school in a
metropolitan city were targeted, and elementary science classes based on collaborative problem-solving were developed and
applied to the 5 topics selected from the ‘dissolution and solution’ unit in the elementary science curriculum. In order to inves-
tigate the effect of science class based on collaborative problem-solving on the character competency of students, results of
the character competence test before and after the class, reflective writing activity sheets filled out by the students in the
experimental group, and questionnaires regarding their changes in character competency after the class were analyzed. The
results showed that elementary science classes based on collaborative problem-solving were effective in cultivating the char-
acter competence of elementary school students.
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Table 1. Topics for application of collaborative problem-solving instruction model

Theme Topic Period
What would happen if you put different substances in water? 2
Unit 4. What happened to sugar dissolved in water? 2
Dissolution and Does each solute dissolve in the same amount in water? 2
solution What happens to the amount of solute dissolved in the water when the temperature changes? 2
How do you compare the thickness of a solution? 2
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Table 2. Stages of the collaborative problem-solving instruction model

ot

Stage Process

Contents

Organize groups and set rules

After forming a heterogeneous group, the rules and values to be observed in the class are
decided through class discussion.

Preparation — . - . . . - .
P Role determination and The roles of leading, reminder, sharing, and recording for problem-solving are discussed in
assignment groups and decided.
. After looking at the problem situation, selecting the problem to be solved by each group,
Determine problems and firmi hether i he learni hrough cl . . .
share and con Irming wi ether it meets the learning purpose through class discussion, decide
the learning problem.
Design and conduct inquiry ~ Design and conduct an experiment so that each group can solve a problem through discussion.
Problem- Based on the data observed and collected in the course of inquiry, the group's arguments and
solving Decision makin evidence are presented through decision-making through discussion with group members. In
& the decision-making process, scientific knowledge is logically restructured based on the
value of character competency.
Suggest a solution Based on the research results, each group presents a report that suggests a solution to the
problem.
Find related resources Refine the alternatives and refine the solutions through the search of references.
Assessment

Assessment and reflection

By reflecting on the whole process for problem solving, the value of one’s role and character

competency is evaluated through reflective writing.

Collaborative problem-solving-focused science class rules

- My role is to do my best until the end of class.

- When discussing, look into your friend’s eyes, speak slowly and clearly, and listen to your friend until the end.
- If you have a different opinion, raise your hand, wait for your turn, and then refute with evidence.

- Comparing my opinion with that of a friend, I nod my head when I listen and agree.

- Write down the results of your experiments frankly and as they are.

- Wait patiently even if your friend is slow in speaking or acting. (Helps when a friend asks for help)

Figure 1. Science class rules based on collaborative problem-solving.
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SE WS 2T EEAE FRsH dd9FEe] ¥ A AP AARE AAsH] SHEE ttestE AAIRE A,
ks E4sk e, o] & A AT Akl vEhd F 4] He QA aaoa] & Ak o] FAAeR foljt 2}
ol A= s A5t ol &85 o7} gle AL e tH(Table 3). whebA] 7 e A
A AEA A4S S8l @94 wAls Aol 716t 3 A A el diste] AT R S 4 Qo
o]l 2SS AT HStol| o FFS F
A=Al thet sHYE9] Q1A S Lot e A= o A ZHlsHZo 7|2kt Aiet=E HETE =S|
AES A4 ZAsA e 716kt Bk Faf A4l QAUYAZ =M
o] Q14 o] Mk} Uol ], TAH O ofw 914 A A BAS D e Heleo] 25 Q)
Aapol A Mt YALAE G A4S G, el nA L BIE dobry] s ZEIW HA F
ol Aol 4 54 el ool WA, Al o AN APk wmATe] Qo AAE SYH
Helge 7|2, AUAOR Bgo] HYiAe] et ttest BAT AV Tuble 49} 2t
Wge A5 Aedsts AR TR &, A48 A A F T B, A, A2, A, A, W
&9 ARRAY A 247] FEe] AT FAH ol4 Aol MmAGRT EALOR folus
A 8a7F 25 oA Aeshe bl of=ol e A0S HA A4 sz AuEd, 33
U g ez FHA A Aol 7IRket Bk 1.879, p<.05), -8&(t=-2.809, p<.05), A & (=-2.789, p<.001),
Table 3. Results of the homogeneity test
Sub-Elements Comparative Group Experimental Group ‘ b
Mean SD Mean SD
Openness 1.96 0.19 1.96 0.20 0.283 392
Empathy 2.02 0.27 1.96 0.24 0.401 348
Tolerance 1.96 0.12 2.09 0.06 -1.963 .058
Caring 2.06 0.14 1.96 0.15 1.041 164
Integrity 1.90 0.12 1.78 0.24 0.772 228
Self-Regulation 2.05 0.19 2.04 0.15 0.092 463
Honesty 2.13 0.08 2.03 0.25 1.035 .160
Responsibility 220 0.09 2.12 0.16 1.026 167
Collaboration 2.18 0.08 2.10 0.30 0.639 267
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Table 4. Analysis of the post-character competence test

HAE -

ot

Comparative Group

Experimental Group

Sub-Elements Moan D Moan D t p
Openness 2.09 0.206 222 0.250 -1.061 159
Empathy 1.84 0.232 2.01 0.272 -1.879 .045%
Tolerance 2.04 0.156 2.19 0.188 -2.809 015%

Caring 1.89 0.205 1.98 0.246 -1.166 138

Integrity 1.90 0.247 2.16 0.288 -2.789 .008**
Self-Regulation 1.90 0.278 2.18 0.244 -3.195 .003**

Honesty 2.06 0.244 2.37 0.319 -3.134 .004**
Responsibility 1.98 0.352 2.55 0.348 -4.700 .000***
Collaboration 2.05 0.284 2.34 0.274 -4.193 .000***

*p<.05, ¥*p<.001, ***p<,0001

Table 5. Effect-size of sub-elements of character competence

Elements  Openness Empathy Tolerance Caring

Integrity Self-Regulation Honesty  Responsibility — Collaboration

Cohen’s d 0.57 0.67 0.87 0.40 0.97 1.10 1.62 1.04
Effect Size  medium large large medium large large very large large
A7) 243,195, p<001), FH(=3.134, p<0.001), Y ZEIYT FFeYE] gl n X mapsh
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M-S Aol Hato] 2227, Hw o] Bt LERR S A7 52021)2] Aol A F2te] Ayt =
o] 200702 AW U HF W47t BUT el 94 71S hehd A3 W TG T Kol 7k Qlgich A we
AP 1987, MEYT 18900 APUTe] HE U B WS AHlo] 3 Ao the AnE wol
A7t EUAT AT e B FAHOR folu]  Solk Ao, 4TS Byl R %] 4L o
3l 2}o]= 3l A tH(p<.05). S A5} g 42 BIEA] A 7|28 ==
Al AT v ko] 7 3} 3 7] (effect size)S Cohen’s So= 4y E} <A 1> AR Y o] BE &
dgh2 o]-g3to] 243 Ath(Table 5). Y- Cohen’s dt 5ol d&stA o] Fofx]7] fIsA= AHilo] B TS
o] L62% -9~ & =79 A7t A= AL R YEhg e, 274 EPOHOF b ek Bge 4 Utk
A7) 24(1.07), A A)(1.10), F &(1.04), A 41(0.97), 7-8-(0.87),
SH067) mo 2 F 2719 adE Yt ek 742 (ONE Y
0.57, 82l = 0400 = &7 2719 a7t Qe A2 U s D=R0| Ot ESsiA] &t A 2ot 2ol Lot
BT o XS ™ AlZHO| Ol SA/UCH, LH7L 7|Z 1| LK
A3 1}8HA o] fr(SSDet B E FAR LA4E Y4 =M Lt 7|28 000|7} SHHZRLE L= & 4 U
EAENE 29S8 A7 5(2021)2] Ao A= =0 000[0[7} siM £43ct =2 W7 & + At
A FHANA F a3 27)7F yEbetar, 1 9] Y| US oF St LI ARO0| o AL} OE o]l H2HS ESH A
A g2 F3ke] Ayt 27]7F Uebgdl,? o] At Lr=dl obx|atol L7t L dEs M A B2 R & A
ofo] Axtel vjweh v wyt &S e s JH4 & Zrt,
A2 z2aHe 2859 o A= o & adrt 2XIA| BHEZAMT])
LEhd AL & 4= ik
=

T sl Ay EAEE ke A8 =
gl 5(2018), AW 5(2021)9] °4%L°ﬂ Ae et 5
Mol 2 & 2715 B, Yo ¥2 av 3
717V et ol @3 ZAsidel 7Rt =<l

</§]-Eﬂ 2> s /H_C,'_oﬂ/\‘] ;314%171--1

Bhd W&ot S19] SHolA g 2

XJOHX] ;(]_/\]_,] o35S ZF /\b‘g ]-01

Bojolg whal x| o 512 L E7]514

Journal of the Korean Chemical Society



zokm B9} galoh GO BelolA YA BASE] |uke o] S

He 2 v ol A At
o]

CAHEl 2)

S1: XM= 0|&0| IH&s & o MUAS =ASLICH eiLt
SHH, LH7h Z2RstH E71E0| OfshE 2 5t e 2EE0
ROt LHX| 4E7t7? 2t= d2E siiM 0l&0l= EA35|
StAtE 22 st =L, 230l M= TS0t A5
=2|E 5tH 22 Fa2|et A= olshE st Lf O-3tH=
20l LE7hA 2SHE Cr 2 2ol ZHE #a|= Zdat £Z0tAM
A0l LEZEM ZESE| Mol x4 TS0t o|ui7tx| A
S SiAM ot Zuprt UACE 2h= AS 0|2 HHEe=
o2 HasiEn LHE stASLIL

S2: 2&0| EE W7IX| 2 WES SMIGHA MU LH7t
SS0= Lo Hets EVHX| 2 SAJUCt 2|1 Liof

EI%
22 EISO0tEH Lo M MZ20| 2F0| £5HE Ut
AHZHE o L 2] St ZA7| WiZofl IS0l Of UL,

(oHd 22)

919] Ablo] A & 4 qlol, SYEL AHAlo] B o
e ol that AnrkA) el
B&E Btk ol Bed BAH 2o 7wt 3
! A2 B s
B9 BES DHFES

=

ok
=2
i)
o
N
N
(e

-
N
k1
>
a3
ot 1o

o rob il Ok @
H
i)
u
2
ox
il
flo
>

Holrh AFS]-2ehA] o]qp(SShof| #s}o]
Lok AAAE 5(2021)9] Ao
Ay A71E YelaL, F
s o EolA F 4 EASE AehE A 83 28 &
(2018), ZAIH 5(2021)9] A= HijE oA & 23 2
718 YERHTEH2 T8y o] doas A e a4
oflAl 71 & aat 2715 UEt ek ol= A 2ol A
S E0] 22 2 A of| tfsto] A =2Ql A= YsHA]
W= I =EEE Ao tisto] AYS =noH, =
g A s rpREdS W 92 A BE
TR S wjo] Aatol gt WIS vl o g <AlQl o
T84S A3 Ao & H]lr
AR & an 2717 vehd QY eae FAow
&3 A717F 11022 Yehgod, AAE S021)e] A
TollA St A=) aut 27|7F vepd Aol 2ol vt
AUtk BAE AFAANE QA ¢l e aAdE A
Aoz, Addart @ BEi 24 UgtAU, AR A
Al o2 et APANE S48 A5k e

2o H oo )y o N
A b oo ox o ) rr

)
18 0
©
Fo
B
=2
>
N
)
ru

i
I
e

2022, Vol. 66, No. 6

o qugolape] WA GfaF B4 SIS
= Uehdet,
<FE 3oel 4] B AW S Fa) ehd Ao )
sto] Tuglo] Ao Ao westgon, waw
ANAE Aol EAW L] S TH A gk A GO
24 theol S48 A4S wEelA) GRS sty
Sstarh BARA A SIS o W AT
A e AT A4 7o 244 o] WET ALY S
HEolRo RN AW OR A4S FrhsHe AL 4

B ¥R 28

S2: 2F IF=0lF ZME AESHIEHM 28 FHE L=
o £2|5] HRE A2 RO S26HA of7I5k= A

IS o BN RHAle)

o
o
inl
|
o
kl
H
rn
m
3
2
x
™
n>

4zts SOorEUCt.

<te] 4ol 4] S wRE AP A o=
HH A wotEolw], 23] ARE AWANE Alstol
AAE ] TS HEobl WY 7|87 Ha 9ge

2 5 9l

(At 4)

> 3 30 o qr
B rr 30 o =

[S)
1 & XtMIS| sHORCHT Zi3ict,
H

Qoprhm] 2pA19] Wil A A4 ZEF Aol Tt
AL BH317] 130 =018 Hhero.2 o) 7hx] el 4
Arslsn] s AER gl ol AL B 5 Y



516 R I R R =i B
2sl7| Btz A4l o] Bagol Aot Ao At sl vt <ME1I 7
g2 ot Ao Aale] A FAE moths T 5 S1:AIZiofl 27 Sat 8 =917t 20| AEstn 2
Aok wbg el Aol Aol dier 845 SV AR ol a% 2OHLHO 7Tt EL| =M L= 227 ZiSat o
Azt HARE R EQE ot 047|= BO| 5tu B2 US
A7|2de a3k A7) 1072 Al RA = 2 a3t 37)7) ZolstAct TJ2HM Lt EXF S WL ES Z=iota |
e 14 gtk A7 2H 2 B EF 5 oldshAl O] 2ot 2 Zth,
K3 gRol WAstE Bk Apale] 4 AEE dobate S2: % EEF BREE SRS I L2 4 UM SUCH
I ARAQ] H S FAIBH AL ke sk Aloltt. <A ?2l 28 UFS0IF 2SI =23H A= Kol Lot
5> A= Al A AElE 2deke Kao] UEdT %_EEHE L ‘42tS LESH= Al otLl2t EIFS 2 Y27HK|
SMACI D dZist] YT ESota EalX| HUCt
(ARl 5) (st 22)
CIE 2o 'S RS O Z4E8S =007| Hat =21 =2
FAE Zttt, 22| RES| Zite Jzia =, 1 ojgfel = A, g, sl A Eat A7|7F A et
Olf= ?elo d8oME =017| Mol 2+t o Wk QA2 ol EAE E7ISHA] L 744 s
U= =25 20| FAE MR 1 24z A7| WEoct, A stelal sh= Ao R, 2Hle] Ads AFSolA vFA
22t sp7t Lo Mels & R o A 2ot mEE JE Hl il 2717 ke dE 5o YERd
b. 252 Wt f3s XML, tSolls oIZ 7 sHot <A 8> 2AIE sidskes Aol =7 HE 1=
X|l2tn 4zystn OfsHRICY. e golch Sttt Fofl e g oty fs o
(2XfA| BHE=MT]) Fe S =l SaATIE HHEOR, B E o] 53
Ak &uk2 dds el Apdle] B2 A E7HA ¢
A AAY] 272 sl BEe] A AR mE Yole Hags Bl
45 AR A= ibeke o) opy ek g A ARl
3l ohell 22 @5 WHEskA] (it 7] E skt (ARl 8)
SHISE Ba S-S ofv ARvit ool trefeitt= L= 2ldEE 100 ml S0 EsiE W7Hx| 7% 22BM
As A Hi BEo] odg v WA B el FEITHZ MO{ERUACE HIO[HALHE EshAl7l= O O0|
dasiths As s =L B2 A k2 2 = XURE F Edlivt =X fot 2aT R L=,
e w2 A TEE W S8Hd S =2 H2E2 ASAS SaliElof Lis 20| HF OFRXIR Al
Ao ®elrh MRALH OO0 FEGH HUXIT 2ZA =H R &
Y B T A% A7 el A a4t <Al =7t Rt 2 UM LZH Z71X] »et J2iM 22
6ol A SIS W Bes A Axte] dds A =S Zavt & LetM I3,
A =38t R AL SRE EAIE s d sk Rt (3RPA| EHZ M7
JHS Faldot A sidske As = 4 Uk
ojef Zo] P F2 = oA ZrApe] Qo] =7
(AR 6) sfjoF k= &0l FE] Aple] £5H 0 R ot
250 ?2| ZEo| HAITL EXUE A ZCh ALksHE, Y Ao 5= w7 = HAE 25 3 4 6l
HEE M= M2 AES S5 iU, AlZto] =3 th= s &AL 7] wiZell of IellM A~ A A
oh HUS M= BV o A 2o YT ELH EX Aol g 47t SRR Ao R Heldh
2 WECH o T 20Tt et S 82 th2 Aree] A} sof sl AdiskAl o
(XAl EHg=247)) Sk AolaL, 42 ThefRt ARkl A Bl Az 4,
WS olsfistal A Ashs ot A3 Aol
<At 7ol A] eSS EARA Txﬂ sk AR 7|Nket ISk} o) mpAuy A= N AR 2pal 9
A3 A =obim Adds o o v d3s = Fe= wotis AN R st A= @l
S 5= AL AR Mo R E P AhS = o= ISl dolurbes A S SotHA Bl ofsfshar ul
S HekATh 23k Aol dis Bzish= A717F ol ol &= A
AR e

Journal of the Korean Chemical Society



b
ol
s
=]
i)
Lo
o
:?_L
1o
oo
2
e
2
>
oot
)
iy
Mo
é
%
i
2
N
iz
o
>
s
o
e
ox
il
1o
o
ox
2
of
2
=
B
rr
o2
o
g
>
i
3

A
S~
D
i}
Nej
v
2
>
ok
o=
Mo
Y
>,
lo
o,
)
=2
=
e
jug
T,

X
[o
jusl
=
oft

J

A2l 9)
goHo| F5P|2 CHYSH WHoz Uopmi Aselh s
0007k ool Mzt2 Tf Hlm7} Eictm 7ict St
S 2| OF B 72t of7|HE HES o] Yo

BEA Ecta (e ool Lt dRsiE 7| 7K LY
4Zto| HHHX] 242 0] 7|HLEM O 00| o715 E7HX|

MG wie dFe S 23 2718 YE It
AF2]-3peEA] o]F(SSDE tHRE AT 5(2021)9 A+

A% AL F9 ehele) ohE 47}

EAE SAsER AQle] we A}

4

uol—

I

443 9

B gAls) Aol 7)uket Betde PG S T5
° T

3l

A=Y

o

=

‘(I')I"

o 2, k8- 2} ol4(SSDel thEt S Ak A4
=ol2 Fatbo] chart 97 FWstel gelFal
S&5He wgolAu, B3t it gl Ak
A FAl A o] T el A the el T A7)
At 40l A e AR 5
B A 2 hel ofekel tigk wAol FelnshA %
G e

ol it
2

It

N

q

1]

>{1:1

|

il

Wl EAs e 7]t Beteele stEe] o4l
A RS AAsT BAS S dsts] 98] BE A A
212 B4 ATAGE SHs T4 elstel ot
A4S B myolrh! 919 Abe o} o] S
2427} e Aol thste] A4S thta FE| Bk
=es] 19 4419 1S 28T Wk ok} Bele]
ol Az A2 sl delshs Bo mad
Hol Rt w3, AP ANE JAsHA 7| &stn 27
201S =95 F3) Foprhs ol A Tate] gels
A AL AW & 4 ek ol e wHAA

2022, Vol. 66, No. 6

g2 EAs) Aol 7Nt 3¢l e 25 HIEC] QA
g A7 Ll AT} SS & 4 Qlch

Ao Aol 7wt Fetde SYENA A
TEE S Aol uet o4 84l a3to] xjo]7) Qe
Ao 2 yepgth ety weld A AgdAs
23] mheta] o]4r(SShell i EE 4

oA Fo1 2 o] o5 27

ox K
[
2
=
i)
2
oS
H

oo 2ok R
e
Se
i,
filo
:C?g
o
ol
ol
fr
o
o
2
o
o
)
i)
o

o Jix
o
v
&S
o

Rkl op
<
BN
o
Hr
[y}
S
3
ol
o=
>,
=
S)
S
>
ol
1o
e
-+
=2
o)
i
oy

L
rO
ox,
o
(]

o m
rO
1o
=)
k)
o r
o
:?L_’,
ol
o,
k1
o
uii
ok
filo
e
=)

ot kI
4o
ol
o,
rir
e

gAY

Lo
ol
X
rr
Ir
%,
2
L
=)
it
ol
X
N
>
9
ol
X
ol
P

of
S
X

(R ooy I
oaE P2
ﬁ e}
I-NI J
&
o
i
4
30

>

L

rm?g

B
1y
N
N
i
o
o
fr
_h_‘!_,‘
B

> rlo rlo

Mo
W Mo

ox
ool
)
2 |
2 |y
N
2
J
iy 4
12 ox
:?L
I
N
rlr
o
ot
X
ol
@
o

=

s wE a3 o
o Ue gt mEEe
el R 43h0R

e
o,
]
é
f
:?L
i)
=
filo
=

ot ol Y 2 oo T B wE 2% O 2 W
<

18 ox o oy o T 2
_c\>ll‘

")

O
-

e ro

Y, o,

o %t
o
o ok
o
fu
>
o

rl
et
4
30
iv)

HE U 7oA

o] ele] BHe Felx wA|s Ao 7uket 25 st
Z=qfo] SIS 2] Q1A ejekel v A= AI}E obuiz A
oIt} o]2 95| WA BAS A kgt Betedl e
AT AR v m A SIS g A
Te Basiglon, ARUT shAS] vy R A
2AE st Al A0 A8 BAS Pyaisict
o] AFE B8 Ao ARL 0}o3} e}

AR, B A A A 7 etege 25 ota
So) Qlgeleke shabals o] AT} ok A4 HAL
As), AP SAEL A HAIA Q14 RauR
AT A Mo §ojulg Ho|7h tehgen, &
7 B, AL A7 2, 4 H), A9, Fele) 6l Q14



BoEl R B T M W oo 2 o T
~ m
4%%%#&%%@%@%%%%% Doy BEHAsT TRBUG TR
TN T T o= = eE H R TEON T = T o MR O o o)X E
N X E.#AO_LA,WAZ#.O,WE_.EAE@H o W_ qu\mﬂ _Aq_i._ﬁﬂ umoﬂl‘_]_lEE t_/DE
ol wT P xgwg ko< GO pRo e T WRF T mmcq/moﬂ.u@mmg 30 ok o7
wﬁ%%wﬂow@ul%ﬁozoﬂq_ouaﬂ%prom ﬂe%oﬁﬂﬂoﬂuﬂuﬂm TE B O Otﬁmmaﬁ_@wﬁaﬁ% b R oF
FEEETR A g T OE e Tl R RO B i T ATELITEy FELT
%;%%%%@ﬂée_egﬁaO_E@wqﬂﬁ%ﬂif.Q%u»ﬂ%ﬂw% AT&iz_zwnaToqjﬂxm
e ﬂﬂ;ﬂﬂ%@ﬂ%%@%ﬁﬂ@gWQﬁ%ﬂ%aa%1 @ﬁgﬂz%%@%%@ﬂ}
_,mﬁlm#wﬁﬂ%e_eﬁmﬂﬂuﬂ%ﬂzﬂ#ﬁ@%%uﬂm@ﬂmé@@ﬁ ﬂ%%_d%ﬂﬂg%%oﬁw
ﬂ_ﬁouﬁ@%ﬂlﬁ%L__ﬂwwﬂaﬂ%ﬂ@ﬂﬂxﬂﬂﬁﬁ%%mﬁﬁﬂﬂoﬂ _@meﬁmﬂ'ﬂﬂ_\ il
@%%.u:ﬁoﬂﬂ%%u:_owﬁﬁ%%kﬂﬂ%ﬂ%mﬂﬂ,ﬁﬁ%%mﬂ%@o_axAfﬂﬁi:im344
1rLJ.L_Lﬂ|_§| _IIWOEEOAT‘m._v%ﬁﬂﬂAATOEﬂzT;om_Aﬂ_ETJIVEAe%ﬁﬂoﬂﬂﬁqﬂﬂﬂoOMﬂﬁﬁEOE_EPEUILﬂVHo#Eo#L_Lﬂm_-\ol.mu
mmm%%ﬂﬁaﬂ%}__,@%%%@L}_Lo_elﬁﬁaéﬂﬂwo__ﬂzlaelfoﬁoo#iflﬁwo@o%w@%ﬂ%ﬂu@
1_11ATO__Eaukoaﬁhﬂ%i}ﬂ_s PO R T YR E o o M o Qll7%}%ﬂ%ﬂ%md
.NuI)AEMniEadﬁowml,._ma,ﬂ.u‘mlﬁan_oﬁﬂd]JZT.EWOEE“@HWﬂ]ﬁrdEO,OIME.ﬁE._A1mﬁu._eﬁeQﬂAlLtoEV‘.ﬁmﬁOr.Q_OETMMIH_M.A
I T - By TR g R X of 2 X HER @RS T kT R
= = ofn = B R = NOR 90 63 w X = < il Mo
.%Wmﬁmiaﬁaua_ﬂogowmmﬁomeaoiMELMM@O_EMWEuxmn%WMMWﬁTwﬁm%%M%_AM#?Mwﬁ%ﬂmmwm%
%@%MHW%%E_EQO_E@;%ﬂmcwo_uwﬂlﬂmﬂw_ew_Mﬁ%%o_;n@wrﬁmowmmme?ﬁ@.dﬂ64@
- @ﬂ.ﬂ@%%%%%ﬁ%&%ﬁeﬁad@%meﬂﬂﬂhMMW%L_LW%MWj_ﬁﬂaﬁ%ﬂrmnmm%eﬂ%mwﬂ%m_ﬂ%
(I PlDT N Ty ho ko ar M T Aol g BN W e T o b e
f = prk - | ) oo o) XTI N ol 0
AT i R RS T R RS S 14 S S 0444 5
i o T Fue mHHETEHE ot e S g0 T ikwps =
: WA T T T W A == =
® TEWPEHTO RULT T RATETL
= W X WO B o FH ROBTW T PP FERITNT
ar ﬂ@d‘ Mﬂ%ﬂﬂ%%%MsW%ﬂATo R %WWW%M@.W@EW%% o) o ™ T T
FET WHﬂ%%%%#W%%%@%&%%Mﬂ%# RN A TRl BT,
ECN T = = N o R _ ™ ™~ o TN T = 4 o
TN o @Hw%ﬁﬁ%%%%%ﬂiL_Lﬂﬂ;ﬂﬁJoeﬂ% owwﬁu%wzvﬂihﬁmﬂ@ﬁ mﬂ__mvouﬂmrro
T maﬂ%_o%a,me%wo_eﬂeﬂf&rﬂmﬁu%%ﬂﬁ@ﬁoﬁ wm_fwo_f%ao%mﬂn_maﬂ_@nmu %O_E%%M
W= IRger kS by, P =W Hw Ppp TR LB EW = &N
= o T 7 = o e Mo Ho o mo pr R SR o KT 7= dn g0 B oo OF 7 wrom @ RN
UEL BEE-ClUIELITEEIPIErey FEEITeRELEReE ZHETY
T g P Mo ool Ty bW o B N BB P o B BTy By Ew X
Eomm_.,mﬁm,ﬂ” Vo_‘_u.__‘_]ﬂmo_iﬂaﬂeao@u@rgﬂu@uml_mﬂ_q/nor,m_‘gea mmwoﬂﬁ.iﬂmﬁ_@-ﬂztue I L_Lﬂ‘_o o=
o W o 4 @MM%%#%Emﬁwwg@%%ﬂuﬂd.@woﬂ% 7mﬁmw4%mn%ua¢hﬂwoﬁmx N )
E@uﬂubﬁﬂ_‘wqwo@@wg@w_agHom.%c_ey.ao.%o;%au TR - A o oop W
o _z,_duo@oo_%@o_eo_a__ﬂ%qﬁ_zﬂﬂ% A L T of T =
@ﬂ%ﬂﬂw%ﬁmzi%qaégaﬂﬂﬂ@wﬂﬁ% FART G EE Wk T o 2 BB o T
SELETEIEI M SR Ee s a4 IR IS SRANE A2 B SLT
= 8 EP R g e WEIT R ;T TR T | PR B — T oF 7o B3
< BT 2 oy wozn P o X = S L T i T e W o Mo oy B )
HW%ﬂz%M%Mwu%%§Qﬂmﬂ@w%x R R M- L
—_— Eﬂ_ E._O_A s = A ol 0 3 1_IUE ..:_._ ﬂrﬁ ﬁ:_o ;ou_ N _E lo e} XK =
ﬁ%iﬁeiﬁﬂmﬂmﬁﬂxis,ﬂmﬂz_.o%Wéu%ﬂﬁﬁ%@ﬂEﬂﬂwwwﬂ@r%aﬁﬂe% W Wb S
X h = = o L . = ! o = 3
Mﬁ%ﬂﬁ%ﬂf%ﬁ%éw%ﬂ%%w%a%wwi@%%%wraﬂﬂ%ﬂ%ﬁw% %ﬂaaw
® 4o%ﬁaqu|£muﬁedhﬂwe 2 — o o e T on#eﬂ'ﬁ_‘_ﬁ Nool Y o= T ol
m W T %ﬂ@%%ﬂ%?%ﬁ%@%pa%ﬂano:_oo_ﬁmﬂéw_g %Mﬂoﬁﬁ@mﬂwﬂwg%ﬂ
#OZZ‘_qdl — e - T OC &ndﬂ JIM I
o T B T X N 7 T S I H
TR TR TR R

Journal of the Korean Chemical Society



P
ol
£
=
_\}l
<]
y
T
ofo
=
au)

L of| A S ol A A A 5]

oM.
el

ol

o

H1

Y
o
Bl

>

3 b
2
flo
b
ol
o
oZ
1o

i 30 B oox E
1 |
)
b
ojr
Lo
I

o 1L IF 2 obfo & d¥
yo

re 18y

+H 4 o
<
S~

o o
il

At

it ;{g 3
LA £

i)
i)
fu
*x
o
ox
i
o
244
%,
o
rE
ox

N
bl
il
Rl
a3
A
>
O]
o
2
ro,
o,
18
oft
1o
of
oot |
o o:
s
o
)
f

o
B
oj
E:

B

1o

¢

foly o=

o fr A
w2
Lo

wy wjn

o
rr ol
posy
, o
fu
x
o
1o
il

=4

2

X

Ir
o gt |o

o 2 T

0,

0
ofo
<
>
i
o

B o
M
X,
12

s
st
B
ot -
i
e
5
o |

i
)

M X e b
M ox & HU

RO g

[1L>,“J
S
A

_|01| rlr r

=
i)
tu
o
oX
ro, Lo

ol 1o my S ofop O ¥ iy

rot
N
N
%0
s
i
oo
Ry

[0 10 o ox

>

_01L

rE
o
(i
o
=)
B
Lo
=)
o
=
)
ol
jabad
i)
o
hu

Acknowledgments. Publication cost of this paper was
supported by the Korean Chemical Society.

REFERENCES

1. Sperling, E.; Bencze, J. Canadian Journal of Science,
Mathematics and Technology Education 2010, 10, 255.

2. Zeidler, D.; Sadler, T.; Simmons, M.; & Howes, E. Sci-
ence education 2005, 89, 357.

3. OECD. Future of Education and Skills 2030 Concept
Note. OECD Publishing, Paris 2019, 14.

4. Ministry of Education. Five Year Comprehensive Plan of
Character Education; Sejong: Ministry of Education 2020.

5. Yang, J.; Jo, N.; Park, S.; Jang, G.; Eun, J. A4 Study on the
Development of Character Education through Subject Edu-
cation. Korea Institute for Curriculum and Evaluation
Publishing, Seoul Korea, 2013.

6. Bymne, J.; Ideland, M.; Malmberg, C.; & Grace, M. Inter-
national Journal of Science Education 2014, 36, 1491.

7. Keskin, Y.; Opgretici, B. Journal of Values Education
2013, 11, 143.

8. Kan, C. National Education 2010, 187, 138.

9. Benninga, J.; Berkowitz, M.; Kuehn, P.; Smith, K. Journal
of Research in Character Education 2003, 1, 19.

10. Likona, T. Educating for character. New York: Bantam
Books, 1991.

11. Jeong, C. The SNU Journal of Education Research 2017,
26, 141.

12. Lee, J. Journal of Learner-Centered Curriculum and
Instruction 2020, 20, 1021.

13. Kwon, J.; Nam, J. Journal of the Korean Association for

2022, Vol. 66, No. 6

oA g2 EAls Al 7IRkeE a=¢o] S g A=l vlA|

14.

15

16.
17.

18.
19.

20.

21.

22.

23.

24

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

FEF A 519

rr
AT

Science Education 2017, 37, 847.

Cho, H.; Kwon, D.; Kang, E.; Park, J.; Son, J.; Nam, J.
Journal of the Korean Association for Science Education
2018, 38, 681.

. Ministry of Education. Five year Comprehensive plan for

Character Education; Sejong: Ministry of Education,
2016.

Seo, Y.; Koh, M. Korean Journal of the Learning Sciences
2013, 7, 49.

Jeong, C. Korean Journal of Child Studies 20185, 11, 51.
Stiff-Williams, H. The clearing house 2010, 83, 115.
Kim, H. Elementary School Teachers' Conception and
Management Conditions on Creativity and Character Edu-
cation, Master’s Thesis, Ewha Womans University, Seoul
Korea, 2013.

Hong, H.; Yoon, H.; Woo, A. Journal of Research in Cur-
riculum & Instruction 2012, 16, 887.

Osborne, J.; Collins, S.; Ratcliffe, M.; Millar, R.; Duschl,
R. Journal of Research in Science Teaching 2003, 40, 692.
Osborne, J.; Erduran, S.; Simon, S. Journal of Research
in Science Teaching 2004, 41, 994.

Fischer, F.; Bruhn, J.; Grisel, C.; Mandl, H. Learning and
Instruction 2002, 12, 213.

. Kang, S.; Park, J.; Nam, J. Journal of the Korean Chem-

ical Society 2021, 65, 468.

Lee, Y. Journal of Korean Elementary Science Education
2006, 25, 141.

Hwang, Y.; Park, Y. Journal of Science Education 2011,
35, 91.

Yang, J.; Kim, H.; Lei, G; Kim, E.; Kim, S.; Lee, H.
Journal of the Korean Association for Science Education
2012, 32, 113.

Han, J.; Noh, T. Journal of the Korean Association for
Research in Science Education 2002, 22, 499.

Lee, H. Development of the Elementary Science Program
Based on Creativity and Personality Education, Master’s
Thesis, Korea National University of Education, Chung-
Buk Korea, 2011.

Bae, M.; Son, J. Journal of Science Education 2014, 38,
196.

Kim, J. Effects of Socioscientific Issues Programs on Pro-
moting Elementary School Students’ Character and Values,
and Competencies as Citizens, Doctoral Thesis, Ewha
Womans University, Seoul Korea, 2017.

Jun, J.; Park, J.; Cho, H.; Kim, K.; Park, J.; Nam, J. Jour-
nal of Research in Curriculun & Instruction 2021, 25,
496.

Kim, J.; Ko, Y.; Lee, H. Journal of Korean Elementary
Science Education 2016, 29, 1.

Yang, J.; Kim, H.; Kim, E.; Kim, S.; Lee, H. Journal of
the Korean Association for Science Education 2012, 32,
113.

Jeon, R.; Kim, H; Nam, J.; Kang, E.; Son, J.; Park, J.
Journal of the Korean Association for Science Education
2018, 38, 419.



520

36.

37.

38.

39.

40.

41.

w7 o

Nam, J.; Kwak, K.; Jang, K.; Brian, H. Journal of the
Korean Association for Science Education 2008, 28, 922.
Griffin, P.; Care, E.; McGaw, B. Assessment and Teaching
of 21st Century Skills 2012, 1.

Kim, Y.; Seo, H. Journal of Science Education for the
Gifted 2021, 13, 45.

Berkowitz, M. W. The science of character education;
Hoover Institution Press: Stanford, CA., 2002; p. 43.
Kim, J.; Seong, S.; Park, J.; Choi, B. Journal of the Korean
Association for Science Education, 2002, 22, 757.

Lee, M; Jeong, E. Journal of the Korean Association for

=174

ot

42.
43.

44,

45.

46.

g

ot

Science Education, 2004, 24, 946.

Billig, S. Phi Delta Kappan 2000, 81, 658.

Chae, H.; Noh, S. Journal of Research in Curriculun &
Instruction 2015, 19, 645.

Kwak, Y. Journal of the Korean Association for Science
Education 2012, 32, 855.

Jang, J.; Mun, J.; Ryu, H.; Choi, K.; Joseph, K.; Kim, S.
Journal of the Korean Association for Science Education
2012, 32, 1124.

Billig, S.; Root, S.; Jesse, D. Center for Information and
Research on Civic Learning and Engagement, 2005.

Journal of the Korean Chemical Society



