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ABSTRACT. In this study, the model cognition level of high school science-gifted students about the two types of acid-base
models taught in secondary schools was analyzed. In order to find out the model cognition level of students, 12 items were
developed based on the acid-base reaction and the dissociation reaction of acids and bases. The subjects of the study were 95
students of two science-gifted schools. As a result of the questionnaire analysis, model cognition levels were analyzed 6 levels in
the context of consistency, inconsistency, and unexplainable scope of the two models. In the acid-base reaction item, the larg-
est percentage of students cognized only understanding of the two models. In the acid-base dissociation reaction item, they
understood the two models and perceived the ‘Known Ignorance’ that cognizes the limitations of one model. However, there
was only one student who perceived the limitations of both models and all of the ‘Unknown Ignorance’ that the model could
not explain. Through this, we argued that there is a need for educational efforts to raise the model cognition level of science-
gifted students.
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Table 2. Students' response examples of the model cognition II level
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u}2bA] 91 SHA-2 Arrhenius 22 o] 3)| 3} %] 5},
Bronsted-Lowry &2 o|&l|5t= A 052 B A5} Akaf
%7]2] 2] o] A] 281 SH-S Amhenius 121 0] 91 %] 4}3}3}
Bronsted-Lowry 2919 &1 %] Aol tiaf th&a} Zo] &
ok

o« ZFAke] oJ3f o] &3t = a4 o] 9] Eo whet o]

L2357} 1& Arthenius &2 A 3 4= Qo)

T4 o] o] s & 7] ufizof oFike] o] 23} ApE

Arrhenius 22 2 HE 4= Qi)

2 sHAY o] 2tk o “Arthenius A 2 7}ARS] o] &3l =

lo]gl= AL Aysl 4= girhel= on| & &4 3}o] Arthenius

Ew © o]3)|5} 2|4k, Bronsted-Lowry 222 o] 3|5} 2] &t
o7 gAsoT) o]et Hitf= 21 s FHE2 o

EJ—JF 2.

e A o]l 4
Arrhenius E%‘E *E. 3

Context

Analysis criteria (Student)

Consistency of Arrhenius model

Consistency of Brensted—Lowry model

Understanding of Arrhe-
Acid-base nius model (Student 22)

It can be explained by Arrhenius model because
H" and OH of strong acids and strong bases react
in the same amount.

As H" moves, the pH of the solution can be
explained by Arrhenius model.

reaction -
Understanding of Brensted—

I don't know how to explain the application of a

It can be explained using dynamic equilib-

Lowry model (Student 91)  quantitative relationship by Arrhenius model. rium by Brensted—Lowry model.
Understanding of Arthe- It can be explained by Arrhenius model that the Since H" is released, the ionization constant
. nius model (S%u dent 2) degree of ionization is 1 according to the number  of weak acid can be explained by Arrhenius
Ac];;lsznd of moles of hydrogen ions ionized by a strong acid. model.
dissociation Understanding of It cannot be explained by Arrhenius model because It can be explained by Bronsted-Lowry
Brensted—Lowry model it is not a reaction that releases H' and OH- model that K, is small because there is a few
(Student 21) ’ H" and anions in an aqueous solution.
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Table 3. Students' response examples of the model cognition III level
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o 2= o]t 2 BALE} el Ala} ¢y
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# BAg o)

29 QA IV Szl S sk o

% Arrhenius ® & 9] ‘Q1x| &
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L AE 9l AEe Aool 3
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Ha
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Context Analysis criteria (Student) Consistency of Arrhenius model Consistency of Brensted—Lowry model

. Understanding of Arrhenius It can be explained by Arrhenius model It can be eXpla{ned by Brﬂnsted—Lowry model
Acid-base + . N because the anion of the weak acid acts as a
. model & Bronsted-Lowry because H" of strong acid and OH™ of . N .
reaction . base to receive H™ and the pH of the solution
model (Student 9) strong base react in the same amount. .
becomes basic.

Acid and base Understanding of Arrhenius It can be explained by Arrhenius model that It can be explained by Brensted—Lowry model

dissociation ) el (Student 85)

model & Bronsted—Lowry  when the strong acid is mostly ionized inan because weak acids compete with water to
aqueous solution, the ionization degree is 1. exchange hydrogen ions.

Table 4. Students' response examples of the model cognition IV level

Context Analysis criteria (Student) Inconsistency of Arrhenius model Inconsistency of Brensted—Lowry model
Perception of Arrhenius It cannot be explained by Arrhenius model It can be explained that the conjugate ions of
model's Known Ignorance because weak acids do not dissociate com- strong acids and strong bases are neutral by

Acid-base (Student 43) pletely. Brensted—Lowry model.
reaction i — i j i
1 Perception of ,Brﬂnsted It can be explained by Arrhenius model It cannot be ‘explalned that the conjugate ions
Lowry model’s Known because all weak acids are ionized as a result of strong acids and strong bases do not react
Ignorance (Student 33) " with water by Brensted—Lowry model.
. Perception of Arrhenius It cannot b.e & plained the ionization .degree of It can be explained the value of the ionization
Acid and base ; a strong acid is less than 1 by Arrhenius model A
. .. model's Known Ignorance . : constant of a strong acid is small by Bren-
dissociation because the reversible reaction must be con-

(Student 32) sidered.

sted—Lowry model.
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Table 5. Students' response examples of the model cognition V level
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32 00 H oo
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wh2ba] 131 A2 Arrhenius 2 0] ‘u] Q12| & o] 11
AN E AAst= A o2 Hkdh 4= Qlct. 18 Bronsted—
Lowry 2291 0] 7-9-+= o]afjol] LAt Akt 7] 9] sl 2] o 4]
Arrhenius 2 9 7} Bronsted-Lowry 2l o] Awdl 4= gl=
He10] Aol A 99 g o] Z W80l

« Arrhenius R H 2= AARE 7] 7ido] ¢l7] wiiol
o] 3} Araas Mwst 2 9,
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Context Analysis criteria (Student) Unexplainable scope of Arrhenius model Unexplainable scope of Brensted-Lowry model
Acid-base Percep‘tlon of Arrhenius It cannot be explained by Arrhenlgs The application of a quantitative relationship
. model‘s Unknown Ignorance model because the pH of the solution .
reaction . . can be explained by Brensted—Lowry model.
(Student 13) presupposes a reversible reaction.
Acidand  Perception of Arrhenius The ionization constant cannot be

base model‘s Unknown Ignorance

dissociation (Student 9) base concept

explained by Arrhenius model because
there is no conjugate acid-conjugate

Ionization degree in a dilute aqueous solution
can be explained by Brensted—Lowry model.
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Table 6. Students' response examples of the model cognition VI level
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