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ABSTRACT. This study analyzed the level of chemistry teachers' cognition related to two types of acid-base models taught in
secondary schools. For the purpose, a questionnaire was developed to identify teachers' cognitions based on previous studies
that analyzed the ‘Ignorance’ of each model. The questionnaire consisted of two items, one related to acid and base reactions
and one related to acid and base dissociation, which suggested inconsistencies between the two models. The subjects were 15
chemistry teachers, and as a result, teachers' cognitions were analyzed at four levels. The four levels are: if they don't know
the two models, if they only understand one model, if they understand the two models, and perceived the ‘Ignorance’ of one
model, and if they understand the two models and perceived the ‘Ignorance’ of the two models. The largest proportion of
teachers understood the two models and perceived the ‘Ignorance’ of one model. However, the proportion of understanding
the two models and perceiving the ‘Ignorance’ of the two models was very small. Through this, we argued that efforts to
increase the level of chemistry teachers' cognition of the model and ‘Ignorance’ were necessary.
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Table 1. The relationship between the inconsistency of each model in the phenomenon and the ‘Ignorance’

Selected phenomenon

Context Ignorance

The phenomenon could be explained by
Arrhenius model & Bronsted—Lowry model

Inconsistency when applying Arrhenius model
Inconsistency when applying Brensted—Lowry model

Brensted—Lowry model
Arrhenius model

Table 2. Judgement criteria of Ignorance of the models for inconsistence contexts of acid-base reaction and dissociation phenomena

Item Phenomenon Ignorance

Criteria

Brensted—Lowry model
Reaction of acids i

in the neutralization reaction of weak acids and strong bases?

- Can the Arrhenius model explain the quantitative relationship (nMV=n'M'V")

925

d b
and bases Arrhenius model

and strong base reaction?

- Can the Bransted-Lowry model explain the pH of solution after strong acid

926,27

. .. . Brensted—Lowry model
Dissociation of acids v

strong bases is less than 1 in a dilute aqueous solution?

- Can the Arrhenius model explain that ionization degree of strong acids or

19283034

d b
and bases Arrhenius model

the Bronsted-Lowry model, which assumes a reversible reaction?

- Can the ionization constants of strong acids and strong bases be explained by

1928:29.33.34
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Table 3. Response example of Item 1

Analysis criteria Quantitative relationship pH of solution
Understanding It can be explained that weak acid and strong )

Arrhenius

base react the same mole to complete.

Perception of inconsistency

It can not explained because reversible
reactions occur.

Understanding
Bronsted—Lowry

The pH of the solution can be explained
by the reversible reaction.

Perception of inconsistency

Strong acid and strong base reactions are
irreversible and cannot be explained.

Table 4. Response example of Item 2

Analysis criteria

Ionization degree of strong acid is less than 1.

Ionization constant of strong acid

Understanding
Arrhenius

This can be explained because some of
the reactants remain.

Perception of inconsistency

It can not explained because reversible
reactions occur.

Understanding
Bronsted—Lowry

The value of ionization constant can be
explained by the reversible reaction.

Perception of inconsistency

Strong acid are irreversible and cannot

be explained.
Table 5. Response example of level | in Item 1 of acid and base reaction
Model Quantitative relationship pH of solution
: p p F—
Arthenius It is possible to explain because H" is given from )

CH3COOH and OH' is given from NaOH.

Bronsted—Lowry -

H" exchange process is well revealed,
so it can be explained.

2020, Vol. 64, No. 5
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Table 6. Response example of level I in Item 2 of dissociation of acids and bases

Model Ionization degree of strong acid is less than 1. Ionization constant of strong acid
Arrhenius I don’t know. -
Brensted—Lowry - H* exchange process is well revealed, so it can be explained.

Table 7. Response example of level II in Item 1 of acid and base reaction

Model Quantitative relationship pH of solution

. IfH* and OH" give the same amount, a quantitative
Arrhenius - . - -
relationship can be explained.

As H" moves, the pH of the solution can be

Bronsted—Lowry - explained.

Table 8. Response example of level 11 in Item 1 of acid and base reaction

Model Quantitative relationship pH of solution
Arrhenius No response -

The pH of strong acid and strong base reactions can be
explained by dynamic equilibrium.

Brensted-Lowry -

Table 9. Response example of level II in Item 2 of dissociation of acids and bases

Model Ionization degree of strong acid is less than 1. Ionization constant of strong acid

Arthenius It can be explained that if only part of the reaction _
(HA — Hug) + A'ag)) proceeds.

Since H' is released, the pH of the solution

Brensted-Lowry - can be explained.
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Table 10. Response example of level II in Item 2 of dissociation of acids and bases

Model Ionization degree of strong acid is less than 1.

Ionization constant of strong acid

Arrhenius No response

Bronsted—Lowry -

It can be explained because it is a reversible reaction expressed
by donor- acceptor of H'.
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Table 11. Response example of level III in Item 1 of acid and base reaction

Model Quantitative relationship

pH of solution

Arrhenius

It cannot be explained because the acid and base reacted in
the same amount and the reverse reaction occurred again.

Bronsted—Lowry -

It can be explained if the equilibrium is not biased
to one side.

Table 12. Response example of level III in Item 1 of acid and base reaction

Model Quantitative relationship

pH of solution

Arrhenius

This can be explained because the number of moles
of H" and OH" is important.

Bronsted—Lowry -

The pH of the solution cannot be explained
by irreversible reactions.

Table 13. Response example of level III in Item 2 of dissociation of acids and bases

Model Ionization degree of strong acid is less than 1.

Ionization constant of strong acid

Arrhenius dissociated.

It cannot explained because strong acid is 100%

Bronsted—Lowry -

The forward reaction in the equilibrium state is predominant, so
it can be explained that the ionization constant value is large.
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Table 14. Response example of level III in Item 2 of dissociation of acids and bases
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Model Ionization degree of strong acid is less than 1.

Ionization constant of strong acid

Arthenius if it is partially ionized.

Even if it is an irreversible reaction, it can be explained

Bronsted—Lowry -

The ionization constant value cannot be explained because
the reversible reaction is biased in one direction.

Table 15. Response example of level IV in Item 1 of acid and base reaction

Model Quantitative relationship

pH of solution

Arrhenius . p
reaction and exists reactants.

It cannot explained because weak acid occurs reverse

Bronsted—Lowry

Strong acid and strong base reactions are irreversible
and cannot explain the pH of the solution.

Table 16. The model’s cognitive levels of teachers

Level Reaction of acids and bases  Dissociation of acids or bases
I No understanding of both models 4(26.7%) 3(20.0%)
II Understanding only one model 4(26.7%) 4(26.7%)
III  Understanding of both models and Perception of one model’s ignorance 5(33.3%) 8(53.3%)
IV Understanding both models and Perception of both model’s ignorances 2(13.3%) -

Journal of the Korean Chemical Society



o

o] 1%1:1

=7

A SAVE 2] welo] Tt Q1A 4
LA g Holze

B o] Arrhenius X 23} Bronsted—Lowry H 2 9] <o]
DA E ol R AR BEs Autsl T, AL 1
=4 }ME} A3 7] whLol| A mdlo]
L BT olgl|sta, 7 male] B
= AoA Al2tE

Eﬂ o] ;(]
o|1:=HA
A= 5

|75

o £
o of
T

ol
o

i)
ob
ol
ol
M

I ofd
rir ftljo
e 4> kg
S AN 4

i

A

)

A

o

Bk

o
o> O

Hut A—ltﬂ—a‘}-EE A A8 T ]I]—E]—/\-] o]l &
3= Bronsted-Lowry @ 2] ‘o] 1l
7185 AeotAl ZatA = o] o
Fok 47] shejel 4] = mee) Belx) 4
B3| malo) o] 1A S 2 2e
o] @ QdtS oF 4= Qi)
At d7) sfE A= 7R A= gt
ahiz % wlof gt of s ofat,
33} oo whE melo] o] T AAE
tc}. o]= mdo] Zre A 2 A
o] Ash 4~ Q= JHu} Ayst 4~

Fobi ok Q1% % 7HHe 3ol

)
i PO

off N

ol

r*

)

r o do fo o
rlrm

oo 4 pm tot
_OIL

B =

=

to py |

N

= >
ol
o)
=
)

2
M=

N
N>
ol

o)

fr

T
=) >}L mlm

N
2
olo

1o ﬂlllrl o2,
oy rlo
o

Bk
>

i)
° 9

it
it

i

e 24
fo ok nx
Ok?i ol

O

iui]
=~

)

=]

1A = o

Hﬂ

=

)

K
i T
fr

)
N 1N
ol
-

2

o
2]

NoEQ opoh NN o
18

= 1
F—lﬂ of
2

°

g o] uﬂpjrx% o1z A
Aol o] I HNE X|Ztel=e ¥
it ofoltj o5 WA 4= 9l

oo = Q7] w ol th. SHAITE A5 7kA| = o] 27k L 2]
o]aLFA Ut LA X E G2381R] )
W) 2ol 2 F7HA stk Ko A B o] Tl A0
gk x| zko] A &f gl3dth.

ﬂﬂﬂwfﬂq
oA A =g melof
EE@%Q%QE

>

2020, Vol. 64, No. 5

ol

3
o
7|

RIS
e}

s

11.

12.

275

EE RN R I
3 mel Aely|woks
Aol vigtsiny. o 53] 7t

2 wgo] o] 1xHA 7}t
of g @47 ejnls}

M= Fa%h s g ‘EIOI
X3y °q¥37°ﬂ*15 Bt gol A YA o g melS o
St ol W Xlxdé‘}‘iif%. ol= el A7} o] 3f
7] Oﬁﬂﬁmiﬂr dlo] Zr= JHA|9}F o]k E
7}t Ao Fa/do] 1= Q7] wiiZoltt. oA T}st
WO A o] E HES AP o EHI A%
© 2 Z|ZtE| o] o]

A E e mae] vt el 2
HHEA] Fh2 Aok B HEo sajy
?%ﬂ%ﬂﬂ%ﬂﬂ@ﬂi

L

g a7t ge
i it el

m;aL OiﬂWﬂbﬁlﬂﬂ%ﬂ§¢
ﬂﬁ°mP§ﬂiMPﬂQEI§ﬂM%ﬂ%%
b3 A7t e g

e

References

. Chang, H. S. Is Water H>O?:Evidence, Realism and Plural-

ism; Springer Science & Business Media: London, 2012.

. Firestein, S. Ignorance: How It Drives Science; Oxford

University Press: USA, 2012.

. Smithson, M. Research Article 1993, 15, 133.
. Edwards, J. Research in Science Education 1990, 20, 66.
. Lyu, E. J.; Paik, S. H. Journal of the Korean Chemical

Society 2020, 64, 175.

. Buckley, B. C.; Boulter, C. J. Investigating the role of

representations and expresed models in building mental
models. In Developing models in science education, Gilbert,
J. K.; Boulter, C. J., Eds., Kluwer Academic: Dordrecht, The
Netherlands, 2000, 119.

. Schwarz, C. V.; Gwekwerere, Y. N. Science Education

2007, 91, 158.

. Snow, R. E. International Journal of Educational Research,

1990, 14, 45.

. Redish, E. F. American Journal of Physics, 1994, 62, 792.

. Kang, N. H. Journal of the Korean Association for Science
Education 2017, 37, 143.

Clement, J. J. International Journal of Science Education
2000, 22, 1041.

Clement, J. J.; Rea-Ramirez, M. A.; Mimez-Oviedo, M.



276

13.

14.

15.

16.

17.
18.
19
20.

21.

22.

= 0= .
T

C. An instructional model derived from model construc-
tion and criticism theory. In Model Based Learning and
Instruction in Science, Clement, J. J.;Rea-Ramirez, M.
A., Eds., Kluwer Academic:Dordrecht, The Netherlands,
2008, 23.

Gobert, J. D.; O’Dwyer, L.; Horwitz, P.; Buckley, B.;
Levy, S.; Wilensky, U. International Journal of Science
Education 2011, 33, 653.

Justi, R.; Gilbert, J. K. International Journal of Science
Education 2002, 25, 1369.

Lehrer, R.; Schuable, L. Cultivating model-based reasoning
in science education. In Cambridge handbook of the learn-
ing sciences, Sawyer, R. K. Ed., Cambridge University
Press: West Nyack, NY, USA, 2006, 371.

Suckling, C. J.; Suckling, K. E.; Suckling, C. W. Chemistry
through models. Concepts and applications of modeling in
chemical science, technology and industry; Cambridge
University Press:Cambridge, 1978.

Asnat, R. Z.; Sharona, T. L. Journal of Research in Sci-
ence Teaching 2019, 56, 881.

Shermer, M. Nature 2012, 484, 446.

. Furi6-Mas, C.; Calatayud, M. L.; Guisasolac, J.; Furi6-

Goémeza, C. International Journal of Science Education
2005, 27, 1337.

Paik, S. H. Journal of chemical education 2015, 92, 1484.
Paik, S. H.; Choi, J. I; Park, E. J. Journal of the Korean
Association for Science Educationdu 2013, 33, 1273.
Jo, G. H. Using examples and students’ conceptual under-
standing in school science : focusing on the concepts of
mechanics in middle school, Ph. D., Seoul National Uni-
versity, 2005.

=)

o,

23.

24.

25.

26.

217.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

5]

Collette, A. T.; Chiappetta, E. L. Science Instruction in the
Middle and Secondary Schools, Merrill Publishing Company:
Columbus, 1986, 255-258.

Paik, S. H.; Kim, S. K. The Korean Society of Computer
and Information 2017, 25, 381.

Wobbe, D. V.; Albert, P. Journal of Chemistry Education
2001, 78, 494.

Drechsler, M.; Schmidt, H. Journal of Chemistry Educa-
tion Research and Practice 20085, 6, 19.

Carr, M. Research in Science Education 1984, 14, 97.
Zumdahl, S. S.; Zumdahl, S. A. Chemistry 8th ed.; Cengage
Learning: Singapore, 2010.

Oxtoby, D.; Gillis, H. P.; Campion, A. Principles of Modern
Chemistry, Tth ed.; Cengage Learning: NY, 2012.

John, H.; Go, M. J. The History of Chemistry; Book’s hill:
Seoul, 2005.

Brubaker, C. H., Jr. Journal of Chemical Education 1957,
34, 325

Go, H. S.; Kim, K. E.; Paik, S. H. Journal of the Korean
Chemical Society 2012, 56, 628.

Paik, S. H.; Go, H. S.; Jeon, M. C. Journal of the Korean
Chemical Society 2013, 57, 279.

Paik, S. H. The history of chemistry: imotionmedia: Seoul,
2018.

Creswell, J. W.; Miller, D. L. Theory Into Practice, 2000,
39, 124.

Kim, S. G;; Choi, H.; Park, C. Y.; Paik, S. H. Journal of
the Korean Chemical Society 2019, 63, 56.

Kim, S. G; Kim, J. E.; Paik, S. H. Journal of the Korean
Chemical Society 2019, 63, 102.

Journal of the Korean Chemical Society



