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ABSTRACT. The purpose of this study was to analyze chemistry textbooks and teachers’ guidebooks from the perspective of
‘Ignorance’, one of the important features of model. This is because the emphasis is on developing modeling capabilities for
students in the 2015 Revised Curriculum. For this, Arrhenius model and Breonsted-Lowry model were selected as acid and
base models in neutralization reaction which are important contents in chemistry curriculum. The analysis criteria of this study
were extracted by analyzing previous studies and four general chemistry textbooks dealing with ‘Ignorance’ related to acid
and base neutralization reaction. Based on the analysis criteria, we analyzed nine chemistry I textbooks and teacher’s guides
and six chemistry II textbooks and teacher’s guides of the 2015 revised curriculum. In addition, we analyzed contents of four
chemistry I textbooks and teacher’s guides and three chemistry II textbooks and teacher‘s guides in the 2009 revised curricu-
lum for comparison according to revised curriculums. We analyzed the contents related to the concept of ‘neutralization reac-
tion’, ‘neutrality’, ‘quantitative relation of neutralization reaction’, ‘degree of ionization’, and ‘ionization constant’. Based on
the results of this study, we proposed a way to present ‘Ignorance’ of the models in teachers’ guidebooks that chemistry teach-
ers can understand ‘Ignorance’ of model and teach modeling capabilities for students.

Key words: Ignorance, Arrhenius model, Bronsted—Lowry model, 2009 Revised Curriculum, 2015 Revised Curriculum,
Chemistry I textbook, Chemistry II textbook, teacher’s guide, modeling capability
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Table 1. Criteria of analysis

4
flo
N
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Content Ignorance

Criteria question for classification of types

Is the neutralization reaction of acid and base defined as Arrhenius model where

Neutralization reaction Brensted—Lowry model

hydrogen ion and hydroxide ion meet and become water

959

Neutrality

Bronsted—Lowry model s the concept of neutrality used in the neutralization reaction?*’

Quantitative relationship

of neutralization reaction Bronsted-Lowry model

Is introduced the quantitative relationship (nMV = n'M'V") in the neutralization
reaction involving weak acids and weak bases?®!

Ionization degree Brensted-Lowry model

Is the degree of ionization of strong acids and strong bases in dilute aqueous
solutions described as 1 or 100% dissociation?6-5%6-63

Ionization constant Arrhenius model

Is the ionization constant explained by the reversible reaction of strong acid and
strong base assuming a reaction with water?°¢-3%646
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Lewis acid—base models.?®
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Figure 2. A ‘Type 1’ explanation of neturalization reaction con-
cept in a chemistry II textbook of 2015 Revised Curriculum.*’
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Figure 3. A “Type 2’ explanation of neturalization reaction concept
in a chemistry II textbook of 2015 Revised Curriculum.*
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Table 2. Analysis of content related to neutralization reaction concept in chemistry I & II textbooks of 2009 & 2015 Revised Curriculum

Type Analytical criteria

2009 Revised Curriculum 2015 Revised Curriculum

1 Arrhenius model

2 Deference between Arrhenius model & Bronsted—Lowry model

ng, T30, "[*3]7 T32 , "[*337 "[*347 T35 T37, "[*387 "[*3‘)7 T40, T41, "[*427 T43, T44

_ T36

Table 3. Analysis of neutrality concept in chemistry I & II textbooks of 2009 and 2015 Revised Curriculum

Type Analytical criteria 2009 Revised Curriculum 2015 Revised Curriculum
1 Atrrhenius model T2, T2, T%, T T, T3, T%, T, T
2 No explanation T° T3, T3 T, T, T4, T
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HCl(aq)7} NaOH +-89& Z3st9 H 3 OH o] ¥hgaied H,0 WAlsm,
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Zgn g4 9l

Figure 4. A “Type 1’ explanation of neutrality concept in a chem-
istry II textbook of 2015 Revised Curriculum.*’
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Figure 5. A ‘“Type 2’ explanation of neutrality concept in a chem-
istry II textbook of 2015 Revised Curriculum.*'
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Figure 6. A ‘Type 1’ explanation of quantitative relationship of
neutralization reaction in a chemistry II textbook of 2015 Revised
Curriculum.*!
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Table 4. Analysis of quantitative relationship of neutralization reaction in chemistry I & II textbooks and teacher’s guides of 2009 & 2015

Revised Curriculum

Analytical criteria

2009 Revised Curriculum 2015 Revised Curriculum

1 Arrhenius model

2 Limitation explanation when applied to weak acids and weak bases

T33 T34 T35 T36 T37 T38 T39 T40 T4| T42 T43 T44
_ TGSI

T: Textbook, TG: Teachers’ Guidebook
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Figure 7. A “Type 1’ explanation of quantitative relationship of neutralization reaction in a chemistry II teacher‘s guide of 2015 Revised

Curriculum.”

=y 20l HEZ £ 14

« MES oo FiMEL| HEiME FO0TI A 8%
Aot H718 82 B 25 Ziat (o] SAUUS HA|
& 2ot it

JFEOiEl Z0e2 AE Cie| OtMIEL0] CiZe] Sof
=0t e $8UY £ Ut 0] FR OI2SEIX| Y2
AR H2HK| D2{a13 3 TR0l B52| 2siM Aol
Ot o @2 Z20| 271ECt

R 82 189 ES 4 U H £ 2jojsks 7t
[0l 225101 B3t ehSe] YN pAIE Zot Sho2 &
Mah 4 QIEE 510, JHgE it 42 IE §SEich

z7712|

=11 5| @

LA %S Felsh =xt

? OJA| ot H*0] 0.1 mol
(D OH™ 150] HSalei HO 1201 & o Q= Ak S(A)]

ME|DZ 00522 20} MAEIC}
@H'Z OH 2 1: 19| 2H|2 Y23t
o= 5§ 29%0j= H0| 0,052

oFbA-Slot-AHde e
@2 H'S 25 F35iA1717] HUaiA
OH™ 00522 o ¥H2AI7{0} Bict,

U= FH1Y EY
(B2 7lstict.

OH™0] 0.05 mol &0{

H*(aq) + OH (agq) — H,0()

YA o2 HhgAlo| A & 4 Qo] F3} vkl Akl H'3 ¢47]9) OH™©]
1:19] 842 ghggict 53] At 4717 WS 4 = H'2H OH ™9 847t 2

oY F EFL MEE

3] F3pA7=), of A-E FopidoletaL Ft,

| igol F3} IS HTTlE] 21 Hiof LobsAt

p——
g gel Bl | > & W ol
s el

gRERen?

|

‘
‘°l 3§42 913 F3A7)7) e oA sok Bt? |

Figure 8. A ‘Type 2’ explanation of quantitative relationship of neutralization reaction in a chemistry II teacher‘s guide of 2015 Revised

Curriculum.’!
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Figure 9. A “Type 1 explanation of ionization degree in a chemistry II textbook of 2015 Revised Curriculum.*
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Table 5. Analysis of ionization degree in chemistry II textbooks of 2009 & 2015 Revised Curriculum

Type Analytical criteria 2009 Revised Curriculum 2015 Revised Curriculum
1 Aqueous solution - T, T4
2 Non-aqueous solution T T T4 T
3 Hybrid model T3, 1% T
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Figure 10. A “Type 2’ explanation of ionization degree in a chemistry I textbook of 2015 Revised Curriculum.*’
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Figure 11. A ‘Type 3’ explanation of ionization degree in a chemistry II textbook of 2009 Revised Curriculum.®
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Figure 12. A “Type 3’ explanation of ionization degree in a chemistry II textbook of 2015 Revised Curriculum.™

Table 6. Analysis of ionization constant in a chemistry II textbooks and teacher’s guides of 2009 & 2015 Revised Curriculum

Type Analytical criteria 2009 Revised Curriculum 2015 Revised Curriculum
1 Presentation of ionization constant value of strong acid T3, T% T4 T
2 No ionization constant values for strong acids ™, TG> ™, 1Y, %, T, TG*
T: Textbook, TG: Teacher’s Guide
AL e
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ElA HNO, 25 Zrol2 NO,~ 42%107

ERM H,CO, 42%x107 EtAbe4 02 HCO,~ 24x107°
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Figure 13. A “Type 1’ explanation of ionization constant in a chemistry II textbook of 2015 Revised Curriculum.*’

o g@etont, 2015 70 wSag o A= AASHA 2
WA Lf WARE A=AV E BHee Y 5 3

3 19 siFst= T W8-S Fig 1301] Al A3}
Atk o] 23} Ao Jid2 7k whgS arefsho] Rk
=9 &7t EAETE A 24 7HA L leBeg
Bronsted-Lowry &L @ 9] Argojc}, whaba] 7FAke] A 2-of =
S04 100% s 2] 57} 0ol 7F7k) A ZH4ke] o] &
3} A7t §3ke] grol =7] wiZoll AFAre] o] 23} Af4e
w2 A7) o Frt o] A o] ZH4te o] 23} A gk
FAsE7] o] H& o] ol e Etstal ST A dh

A| A5k Brensted-Lowry R 20| 7}X] = A S #3335}

] okorrt. wheba 88 1-& Arthenius Q] ‘o] 1k
28 spBo] Al4lel7] o @A T,
% 20] et LA &g Fig 149 A
o] Ao A= o] &3t A S oFAtat oF 971 7
SOt A A gtk HA 2H0S BB whEbA] o]
3t 42 Brensted-Lowry 22 0] 7} A= $HA S &3
O Z X Arrhenius 2| ‘o] 1A E YREIHA A A
3t Aol o,
2009 70 s 2015 70 s o] ZF 159
A ]—ﬂ A = A o) A Bronsted-Lowry A o] 7}A]= SHAIE
A 2000 719 LI ] WAL 2| A (Fig. 15)

[e)

o

29
2
=
Z

Journal of the Korean Chemical Society



2009-2015 |4 TS

4 skt 19 Bk} 11 kA 9 A AmAo] AN Ahe7] mE gl Tk o] el B 185

A A7) -8l 719 B o) 28l ARt 4t ok g 7] S8
ofl 4] Gt o] 23)hc}, upebA] ofk, eFl 7] o] 231 ¥--0] Y A4S o]
£l o] 286k A= S v 4= 9k

AHHAE 8404 o5 22 o] &3t HE S o] 21},

HA(ag) + H,0(1) = A~ (ag)+ H,0"(ag)

o] ihg-9] B A vha Zo] vEkd £ 9l

(A-)[H0*]
[HA][H,0]

K=

Figure 14. A ‘Type 2’ explanation of ionization constant in a
chemistry 1I textbook of 2015 Revised Curriculum.*
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Figure 15. A “Type 2’ explanation of ionization constant in a chemistry II teacher’s guide of 2009 Revised Curriculum.”
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nog o uhgol H IAE 28T o 7} ]L SHAE
1A%} 4= QI E B X =5l HFORE oFYTh &
o|23l% Jd-& Arrhenius 2@ T o2 4~
ol HA| 2AL wako}y] tio] ZHAto
ol £ 512 71T, H]go) *Pﬂcﬂ]ﬁhwom}z 100%
o] 23}81A] k7] wZof Arrhenius 2@ o] 7}X
Q145k= o] Washch. et 2000 1Y 247}
2015 7§ L34 9] B E W IlA| of| A= Arrhenius 22 9]
SHAlo Tk THAIA Q] o] A|AE A gkom, EF

rT

Zolgt WAk oA S=g ol Alsla} H|4=R ol AlSlo] B
B EELS F A9E ATk wetd olestE e
Brensted-Lowry E*E o= EHIA Eot= ‘ol

2795 WAL Jhotstal, Arrhenius @ PHE of| 4] o] &
= e ERT o A BAY AR 20E 34
EolA WEsHA AAE 5 UEF LARE A=A
AlF o g AAE Far) ot

o] 23} A= 7 d-2 Brensted-Lowry @ Q] o2,
o] #Hlo] 7HA| &= A E th=9] w kAol A A Al T
5, 744to) o] 23} Abar gk AAISHA] 9 kA 9 W
AR A=A 7F 2009 717 wST ol A= 25 o] A,
2015 717 WA A= 5T 02 FLeTh o Hgh
wake o] olghg shySo) of st RAY W a0

ol QA Qe v Ao,
A 7)o BHE Arrhenius 22 A 3} Bronsted—

Lowry E%‘E’J 1@2§ LA ‘3—! EA}E A=A of] =
S| Hol A
OML 4 maol 4y # %i% —1%; 6}741?_ =2y
Z|Hths, wdlg st 5 Qls HO7ER| w314 5o
AASEIL QgL o] 2|7t AR 318}t aAtEo] me e ‘o]
DA E YA AL SHYENA 7t =9
SHAF AT S A= 7 ?Jféml o= 2= 9t}
dro] ojH mg 2= 7}
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r o
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N
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