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ABSTRACT. The purpose of this study is to compare the contents of chemistry textbooks developed according to the 2015
revised curriculum with the contents of the 2009 revised curriculum to research the change in “the development and use of
models”. To do this, we analyzed 8 kinds of Chemistry I textbooks and 6 kinds of Chemistry II textbooks from the 2015
revised curriculum and compared them with 4 kinds of Chemistry I textbooks and 4 kinds of Chemistry II textbooks from the
2009 revised curriculum. The scope of the analysis was the explanations of the textbooks related to aqueous electrolysis
experiments. In order to compare the contents regarding electrolytes when the same experiments are interpreted with different
models, we analyzed contents of 4 kinds of middle school science textbooks from the 2015 revised curriculum and 9 kinds of
middle school science textbooks from the 2009 revised curriculum. As a result of the analysis, the same experiment was
explained by different models according to the grade level and unit, and all explanations were limited to a single model. Also,
the tendency to limit the kinds of electrolytes for controlled experimental results is more pronounced in the 2015 revised cur-
riculum than in the 2009 revised curriculum. From this results, we suggest that efforts are needed to reflect the “development
and use of models” in chemistry textbooks developed according to the 2015 revised curriculum.

Key words: 2015 and 2009 revised curriculum, Chemistry textbooks, Development and use of models, Aqueous electrolysis
experiment
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Figure 5. A graphic representation of Priestley’s metaphor con-
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Table 1. Contents of the textbooks developed according to the 2009 revised curriculum

Textbook

Middle School Science 2

High School Chemistry I

High School Chemistry 11

1. Composition of matter 1. Composition of matter 11I. World of Chemical

111. World of Chemical

III. Chemical equilib-

Unit — Basic components of —Ion bonds and Molecules — bonds and Molecules — rium — Chemical battery
matter Covalent bond Tonic bond and electrolysis
p.18 Electrolysis experi- p.31 Experiments on the
Mireae-n ment of water with migration of colored B B B
KNO; (aq), 9V ions (Cu**, MnO4") by
flowing current
p-16 Electrolysis experi- p.39 Conductivity exper- p.135 Electrolysis p-140 Conductivity p-202 Compare NaCl,
ment of water with iments of various solu-  experiment of water experiments of CuCl, AgNO3, KNO;.
NaOH(aq), 9V tions with NaOH 0.1M, 9V NaCl(aq) CuSOs electrolytes with
Visang p-40 Tonic model with standard reduction
current flowing potential in electrolysis
of water.
p-203 Electrolysis exper-
iment of NaCl(aq), 9V
p.18 Electrolysis experi- p.45 Experiments on the
ment of water with migration of colored
NaOH(aq) 0.1M ions(Cu**, Cr,07%) by
Donga flowing current - - -
p-50 Tonic model with
current flowing in
NaCl(aq)
p-13 Electrolysis experi- p.37 Conductivity exper- p.156 Electrolysis p-150 Conductivity p-213 Compare NaCl,
ment of water with iments of NaCl(aq) experiment of water experiments of NaOH, AgNOs3, CuSOs4
NaOH(aq) p-37 Ionic model with ~ with NaOH 0.5M, 9V NaCl(aq), KNOs(aq),  electrolytes with stan-
Kyohaksa current flowing in CaClx(aq) dard reduction potential
NaCl(aq) in electrolysis of water.
p-213 Electrolysis exper-
iment of NaCl(aq)
p-131 Electrolysis p-123 Conductivity p-192 Compare NaCl
experiment of water experiments of electrolytes with stan-
S with Na,SO4 9V NaCl(aq), Ci2H2,011. dard reduction potential
angsang . X
Academy - - in electrolysis of water.
p-193 Electrolysis exper-
iment of 0.1M NaCl(aq),
v
p-15 Electrolysis of p-36 Experiments on the
Gihaksa water with NaOH(aq) ~ migration of colored B B B

ions(Cu?*, MnOy) by
flowing current

p.15 Electrolysis experi-

ment of water with Na,.

SO4(aq) 0.018M, 9V
Kumsung

p.42 Experiments on the
migration of colored
ions(Cu®*, MnOy’) by
flowing current

p-43 lonic model with
current flowing in
NaCl(aq)

p.17 Electrolysis experi-

p.40 Tonic model with

p.132 Electrolysis

p-138 Conductivity

p.185 Compare NaCl,

ment of water with current flowing in experiment of water experiments of KNO;. NaxSO; electro-
Chunjea NaOH(aq) NaCl(aq) with Na,SO4 9V NaCl(aq) lytes with standard
p.41 Conductivity exper- p.139 lonic model with  reduction potential in
iments of ionic beverage current flowing in electrolysis of water.
NaCl(aq)
p.14 Electrolysis experi- p.32 Conductivity exper-
Si ment of water with iments of CuSOs(aq) —
insago - - -

NaOH(aq) 0.1M, 9V

explaining electrolysis
experiment of water

Journal of the Korean Chemical Society
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Table 2. Contents of the textbooks developed according to the 2015 revised curriculum
Textbook Middle School Science 2 High School Chemistry 1 High School Chemistry 11

1. Composition of

I. Composition of mat- III. World of Chemical III. World of Chemical IV. Use of Electrochemistry —

Unit matter — Basic com-  ter — Ion bonds and Molecules — bonds and Molecules — Electrolysis
ponents of matter Covalent bond Ionic bond
p.15 Electrolysis of ~ p.31 lonic model with  p.108 Electrolysis p.114 Conductivity p.189 Compare NaCl, KNOs,
water current flowing in experiment of water experiments of CuCl, electrolytes with stan-
NaCl(aq) with Na,SO4, 9V NaCl(aq) dard reduction potential in elec-
Mireae-n p-32 Experiments on trolysis of water
the migration of col-
ored ions(Cu®*, MnOy")
by flowing current
p.38 Conductivity p.99 Electrolysis exper- p.104 Ionic model with p.173 Compare NaCl electro-
Visang B experiments of various iment of water with current flowing in lytes with standard reduction
solutions Na;S04 0.07M, 9V NaCl(aq) potential in electrolysis of
water
p.34 Experiments on ~ p.110 Electrolysis p.117 Conductivity
the migration of col-  experiment of water experiments of
Donga B ored ions(Cuz*, MnOy) with Na,SOqs, 9V NaCl(aq) B
by flowing current
p-35 lonic model with
current flowing
p.103 Electrolysis p-106 Ionic model with p.185 Compare NaCl, NaOH
experiment of water  current flowing in electrolytes with standard
with Na,SO4 0.1M, 9V NaCl(aq) reduction potential in electroly-
Kyohaksa - p.107 Conductivity sis of water
experiments of p-186 Electrolysis experiment
NaCl(aq) of water with Na,SO4, 1M, 9V
p.109 Electrolysis p.116 Conductivity of  p.204 Compare NaCl, Na;SOa,
experiment of water ~ NaCl(aq) CuCl, electrolytes with stan-
Sangsang with Na,SO4, OV dard reduction potential in elec-
Academy - trolysis of water
p.204 Electrolysis experiment
of 0.IM NaCl(aq), 9V
p.107 Electrolysis p-114 Conductivity of  p.195 Compare NaCl, AgNOs,
experiment of water ~ NaCl(aq) CuSO4, Na,SOy electrolytes
Gi with Na,S040.028M with standard reduction poten-
ihaksa - . .
tial in electrolysis of water
p.195 Electrolysis experiment
of 10% NaCl(aq), 9V
p.100 Electrolysis p-108 Ionic model with
experiment of water current flowing in
Kumsung B with Na,SO4 0.07M,  NaCl(aq) B
oV p-108 Conductivity
experiments of
NaCl(aq)
p-14 Electrolysis p-34 Experiments on  p.108 Electrolysis p-114 Conductivity of  p.196 Compare NaCl NiSO4
experiment of water  the migration of col-  experiment of water ~ NaCl(aq) electrolytes with standard
with NaOH(aq), 9V ored ions (Cu*", MnQO,") with saturated Nas. reduction potential in electroly-
Chunjea by flowing current S0s,(aq), OV sis of water
p.35 lonic model with
current flowing in
CuSOs4(aq), KMnOs(aq)
470 B} I WAA 4B 2015 0 WEHY Rk FUF e A7) 2o Aol o] F F
S}t 1 L obA] 8%, shsh I wabA 6370 A5kl Aefjdo] Fofl moH A7|7F dtrhs S md= A9
a}3} 1 ;A9 A BHSF AT ol A oloh WY SH- W8S Fohw w2 wukd BAY T4 ©Y F
W82 thRaL, 318k T mabA o] -9 7] sl Tlof A o] 2o IHE ddo A RER o] &= 24 th4

2019, Vol. 63, No. 4



294 AN - A

of EFBIAT ofo] TAE e thE RIAZ 2009
AR e Eoha ahsh 2 kA S5O 2015 714
LT FE T8 2 WA 4500 BAS

2000 A% 2RI 2015 AH DAL BH 1L
Table 13} 20] A 2]3} 4 tH(Table 1, 2).

S oA 422 TebA u Tfel e A
W% AR 1903 A 8 wael Bebag upat
2 S19) 20 Shagaby S3le] 3 409 .
% 5 odms By A

ALY ol A5Ae 2AS st

[‘_n..

{n

N

N

5

— &

tlo ¥ > o

r{m
o
N
N

A7 Z

2009 2 2015 7™ W M LHE H|m
=M

2015 7878 wSabg o] apst I alabA| L 3t Agtat
A0 AA GHoA = F5 Aol HAA7F st
Uth= NdE AEsty] S8 59 A7) &8 AdES Al
AletaL Qlet. o] 7] &l Aol = s A NaS0.)
= 9L AL ZAE o] §5to] oAl A== 71419
Byl v SIS A AR Ry A4E 7|AE
glsto] & HAs a4 %XP + 7H9} Ak HAF gt R
TAE QT AJAlS =
A 7| A9 Ak VA = &

Fapge| sfst 1w

€ 71
7|37t Bofsts HISOIA bt
I M=ol 21| Aojojs 2
B4l MRt

S8t et (17) &he wrge| FalDt
Uix| s}

Aol 221 =4 7|H|e| ful=
At 7|H| £ o2 2610]Ck.

&
s
®

(H0)

Qg 11 Bl ®| 2ot 2X 2 H

g

FHA AA7E g7 Aol dofRiths A A AR

Shek I aapA oA = ol2fdt A9 IANA = 247t
= o) S ARG T A9 A AR o] Fol Ak
o2 T2 ndl(Fig. 6)= THd
e A Hio] ddE T3l d2 S 712
E2Z7} =) nalo] 2™ Ao ol

A FATHFig 7). 5 Fig 40l AAIRH @AY ARt H
@e AN 9lek,

a9y AR7F 2 259 o oAyt =of Z3
O F FollA &ttt 2 7IA 2 A 71AE €=
glek. 2822 &2 4 F SolArt Zaf = ofof ¥
o MWals BAg AA ol EHsY Fig 83}
At A shel bAoA F2 AASHE o] B =
AR ZAE RAISIL, B B} A 2 A3 A
SajEluA 71407} Ay o melo] mEw oF oA
Tt Ak o] ef o thE Z|AI7F HAE 7S it

e o A PR s ol B0

[
A, ofl A dE G4 ¥ w2 A

oZ:r

oA Baj= 2
o HolFolE ol ek Bol Forln Fol £
w7 Lol 4 qlofof ateh. Fo Pop gl Fol Fe]
AAE WS 5L 45 917) tRolct. ofu] Fof 7
obol BE AHAY ol WashA gt Tt A
ANAE FolRA) oh B obie] WYL Folw B X

X

A 71

(0,

A 7|H|

(Hp)

Figure 6. The model of electrolysis of water in Chemistry I textbook of the 2015 revised curriculum.”

Journal of the Korean Chemical Society



2000 % 2015 4 &I Bhek bAoA =Y T

T O s

U A go) A7) HelE FHoR 295

00000

1785 d 2pRotAlels Fd) 304 W] AHEE 7l2d gt Al
52 T 58 40 das Bafsls ol 43St SR ole 9l
F F3l 52 9471 ohn fast 24} BT SAYS FYSIACL

= A At @7 1 et 4 g7 2 AT FAREE TR EEs

=+ 2 FEEelt

THE®

O UER D8R

O 2488 g 22
o O g2 =
all ] D9V HExE
QEckasy [D2Z0E
O-a212 op

O a2z wol 53

O ati= [ ser
Odss I

=5

CH7EAM 7|

Ry 1. Bo| 23 ¥h2As # Ba},
- AR, 20k, MRS IS

9] A7 23 29 T3l B £AE olRE

= 2% A BeidE d9E 5 Ak

Y g
- £ B30| ME T HEs
Fofpic

- HE F ARSE ARIE BisS0l s

2. o] 32 v B3l 7)ale] Ruln|(pa @ it E H B

H2Ick

=+

@ Hl7e] 25450 mLE 1 P UERS 43 Soj2),
@ SR40| P LEES S0l MEe 2o
© ) 2 7hol 2z AT Bl =4 NS HeT T 09 £29E A1 AeA,
© F9o) # Fol AL S 719, W 02] $9S Pol B A= AR
© Sa2=9e] 1 00 B Aol A ¥, Bole] oli=s) F B 2ol ABAe
AZslm 7] Bt Golup ),
S8 H 2 E 4 fle o= wol ofiE| 20t F7| ea7E&xs| Yoo ot

27k

© 7 AFl|AM dojuis WsE BT, B 71A9) BujulE ol 2a)

Figure 7. An electrolysis experiment of chemistry I textbook of the 2015 revised curriculum.*

An 2R Fig. 80 g A% Wa s
1 o) shute] Al Fig 89) it g2,
ﬁsﬂ@% ARE BeFE 9T o9l o2 S Y
3 Holgh 7hgoltt. ol Sof, ARIF TEWA Fof
e By A1 ghelof Fojste] kel o] Yo
Aol ofjel, A WE o] FotuA Fof wopr] Axz
A2 ke Alstehel whgo] Zojgith Zlojth &
gk olgA sto] BAE EAL 7AY =& AR 71A]
7F obd Aol =3 wkeste] &9 Atstehd e
Jo7itt= Aot} &, 9]

=

2019, Vol. 63, No. 4

%01] goba A4 AAE Fargobs Atstehed Bhe-S
2ol ofyel, s o] 4kat &l vhg-of o7t o] 2t
o 2 batekelof Frojgith= Aeolth o] 49 el
Froll whek Zpalo] 1A 7 Hof 2] AL AFekek el wh-g-o]
25 Afole &9 A7) 2l 34 AA7F dojuA
orS 22t 9tk 18U} 2015 A w82 mE 318} ]
AIA O A = o] 2fFt thFFt HE O] TS FolRaL
A et
T84 A7) 2ellE Tl = 2o
ek A Ak, mlof of &2 el AH Ayt B A

2 of\ of\ ofo FI

=



296 U715 - A - el

= Cathode Anode 4

\Y .
dl ’
4E~ combine with 4H,0
2H,0 g€ up4E-

4H,0 + 4E become 2H,; + 4OH™ and 2H,0 — 4E " become 4H* + O,

9 x® §
P

Hydrogen gas evolved 40H" + 4H' form 4H,0 Oxygen gas evolved

Figure 8. One modern view of the electrolysis of water.”

I4E22| 29 37| 2y

e BB B0 7] RS o] St Ute) A7) A YW qH dohd,

o UF W, Brad 9, 59 Sray o) 20(e 10 cm o), Ho obf 24, B W 2, Y
A EH 2N, 2E0|E, 9V AAA, 79, FRE, SAh}EE

e B RS 100 mLA SASRIEE o 20 g& o] SABHIEF SEAS HEG,

@248 Bol B2 $E Bn SUSHIEF S84 o 2/3 A5 o),

@209 5 Bolay g 85 B 232 27 8 ol 28 g, SUBIEE 48
W42 3 o] 715 B,

@209 BjE Pl 12 2 =% Bopay Wef 21 w4 olrfge] 2 BE e (T
(7h), o] 2 Wl 9V AHAE A atshe] 17) HaAS ShaY (O,

®¥Heo) BY (933 (T4 wilet 7S BujE vz 2o

Zh

e a Z@] A, (HEDHES0A 2YE 74 22 Folojia dldshETET
2, (HF (150 LlgE 7|2 SIS dlusie o AT =T
3. 2 30N 7IM7E Eiske olfs FU0RI YASHETI? TRl 0§ HHSHEL,

Figure 9. An experiment of electrolysis of water in Chemistry I textbook of the 2009 revised curriculum.*
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Figure 11. An experiment to confirm existence of charged ions in Science 2 textbook.”
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Table 3. The ratio of gas volumes generated by electrolysis according to the concentration of Na;SOs(aq)

Time: 60 min *: 20 min

Conditions 0.1M 02M 0.5M 1.0M
Applied voltage (V) 10.0 10.0 10.0 10.0
Current (A) 0.01 0.02 0.04 0.06
Gas of cathode (mL) 2.8 4.5 9.8 12.6
Gas of Anode (mL) 0.1 0.3 0.9 1.7
Cathode/Anode ratio 28.0 15.0 11.0 7.4
Conditions 0.1M 02M 0.5M" 1.oM"
Applied voltage (V) 20.0 20.0 20.0 20.0
Current (A) 0.03 0.05 0.1 0.2
Gas of cathode (mL) 73 13.7 7.4 14.0
Gas of Anode (mL) 0.5 1.3 0.8 2.1
Cathode/Anode ratio 14.0 11.0 9.3 6.7

Figure 16. Color change of indicator depending on acidity of
solution after electrolysis.
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Figure 17. Change of carbon electrode after electrolysis in KNOj3 (aq) solution (left), NaOH (aq) solution (right).
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Figure 18. Electrolysis of 1M KNOj electrolyte solution with in

SSC Apparatus.
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Table 4. The ratio of gas volumes according to types and concentration of the electrolyte

Time: 30 min, *: 20 min Applied voltage: 10V

Type and concentration of electrolyte NaOH 0.2M NaOH 0.5M* NaOH 1M*
Cathode 6.6 6.5 12.4
Anode 1.7 1.9 44
Cathode/Anode ratio 39 3.4 2.8
Type and concentration of electrolyte Na,S0O4 0.2M Na,SO4 0.5M Na,SO4 1.0M
Cathode 45 9.8 12.6
Anode 0.3 0.9 1.7
Cathode/Anode ratio 15.0 11.0 7.4
Type and concentration of electrolyte KNO; 0.2M KNO; 0.5M KNO; 1.0M
Cathode 0.4 0.5 0.7
Anode 0.1 0.9 3.1
Cathode/Anode ratio 4.0 0.6 0.2
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Figure 19. Electrolysis of KNOs electrolyte solution with dif-
ferent concentration in SSC apparatus (The red arrow is the (+)
pole, the blue arrow is the (-) pole).
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