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In this study, we investigated the characteristics of analogs generated by high school students to explain
ionic bonding in the perspectives of the number of analogs, the understanding of mapping, and the source
and type of analogs. We also compared the results by students’ conceptual understanding, logical thinking
ability, and analogical reasoning ability. Participants in this study were 395 11th graders in Seoul. The
results of the study showed that the higher the conceptual understanding, the logical thinking ability,
and the analogical reasoning ability, the more the students generated the analogs. The understanding
of mapping was related to logical thinking ability and analogical reasoning ability. It is noteworthy that
the sources of analogs differed only depending on their conceptual understanding of the target concept
among the cognitive variables studied. Students who had higher conceptual understanding also generated
analogs from more diverse sources. Some types of the generated analogs were related to the cognitive

variables. For examples, the students who had higher conceptual understanding and logical thinking ability
generated more verbal/pictorial analogs. The types of analogs were not related to cognitive variables
in terms of artificiality, abstraction, and systemicity. Educational implications of these findings were

discussed.
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Table 2. The description of the sources of analogs
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Table 3. The frequencies of student-generated analogs per person

a4 N
A 1 2 3 4 5ol A
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ekp=000)2} BAHLZ §ojojat Aol AT, =214 A
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Table 4. Means of the frequencies of student-generated analogs
per person for each group and the results of the
Kruskal-Wallis test in the frequencies of student-generated
analogs per person

N olafi= =53] AlarE v =2 59
4 %5 st Il 4 % st i
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p<.05
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Table 5. Means of the understanding of mapping test scores
for each group and the results of the Kruskal-Wallis
test in the mapping understanding test scores

Al ol wdd Nae Mg RE e
¥ % % 4 % % A4 % %
M 678 593 589 698 617 518 691 630 561 623
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7 3.514 13.756 6.936

p 173 .001° 0317

p<.05
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Table 6. The frequencies of student-generated analogs from various sources

o St sty a1l AE
e AT R A & T I A v« S
Hlw 201 112 56 54 50 34 15 12 8 8 550
(%) (36.5) (20.4) (10.2) (9.8) ©.1) (6.2) @7 2.2 (1.5) (1.5) (100)

” 77 42 27 20 16 16 9 7 3 2 219

© (35.2) (19.2) (12.3) 9.1 (7.3) (7.3) @1 (3.2) (1.4) (0.9) (39.8)

na L 76 59 19 26 20 15 4 3 3 3 228
olFl= °  (333) (25.9) (83) (11.4) (8.8) (6.6) (1.8) (1.3) (1.3) (1.3) (41.5)
3 48 11 10 8 14 3 2 2 2 3 103

(46.6) (10.7) 9.7) (7.8) (13.6) 2.9) (1.9) (1.9) (1.9) (2.9) (18.7)

" 94 49 26 26 20 12 9 4 5 3 248

© (37.9) (19.8) (10.5) (10.5) 8.1 (4.8) (3.6) (1.6) (2.0) (1.2) @5.1)

gy 50 36 14 13 10 10 4 5 3 1 146
AaE % (342 (24.7) (9.6) (8.9) (6.8) (6.8) @7 (3.4) @0 (0.7) (26.5)
3 57 27 16 15 20 12 2 3 0 4 156

(36.5) (17.3) (10.3) (9.6) (12.8) (1.7) (1.3) (1.9) (0.0) (2.6) (28.4)

" 52 31 18 17 14 9 3 3 4 2 153

© (34.0) (20.3) (11.8) (11.1) (9.2) (5.9) (2.0) (2.0) (2.6) (1.3) (27.8)

;‘; ~ 76 47 24 19 19 13 5 1 3 3 210

U € ) (22.4) (11.4) (9.0) 9.0) 6.2) (2.4) (0.5) (1.4) (1.4) (382)

o 3 73 34 14 18 17 12 7 8 1 3 187

(39.0) (18.2) (7.5) (9.6) ©.1) (6.4) (3.7) (4.3) 0.5) (1.6) (34.0)
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AR Fjele] Exdef whet vlge) 247k ke 4 Qlrk(Kang,
2011; Kim ez al., 2008; Kim et al., 2009). T3t wypAof| A AAlskaL
Q)= H]-8{(Kwon et al., 2003)%gl ofg} WA} A4S B]-S{(Kang,
2011; Mozzer & Justi, 2013)= S| A4St H]-n—Ql- wo] =

Ao HAE Qlek oof SIS0l AAoA st aAE B8
3o B]G-E A AL sl Y FA] EHE0] HlS AA] She

of ojojef nlFof B ul, sPYEC] BB HIfY] AR} el

ApaLEolu vl 2 e} 22 X EAol PR wHA] ok,
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4 ek

Bl o] theld Heme] ek ekt Hehd Apolof] digt
Kruskal-Wallis H% A<= Table 73} 2t} 7ig olsflee} =24
At e] o] w2 s g A vl et w3
L 7 olsfmol ARt Rk 1k Afolt FAH R fronsiiia
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Table 7. Means of the diversity scores of analogs for each
group and the results of the Kruskal-Wallis test
in the diversity scores of analogs

g clole e Awe wg e wd
4 % %k 4 3 % A4 3 &%

M 177 161 137 173 155 150 164 1.66 148 1.62
(SD) (0.96) (0.77) (0.71)  (0.95) (0.71) (0.76) (0.82) (0.89) (0.75) (0.84)

7 10.269 3.564 2.439
p 006" .168 295
p<.05
AT W AT e wif ale] TR HHE B

Aol 27 o] chopy B B AL Jles 2 el
ek & < 5l a8, WG W el g Aol 28
140 RO AV Sk AR et o)
o A} ol Ao
eht AL gl e

el ol Aol et 6 AN eE ol Aol o
A 3 offl SR YRSHAD ot LB vifol 2
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%\l— 1o \__
ML S RSO, ol A% B0 2 5594 B
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Table 8. The frequencies of student-generated analogs in analog types

ule o HlE e elsi= =4 A i FE 59

) cl % 3t 3 % 3} cl o 3}

- 185 28 2 44 18 44 32 28 32 34
= (33.6) (2690 (30.6)  (4L.1) @) (G2 (39.0) (350) (305  (347)

B 29 31 3 5 9 1 7 9 5 3 9
4] - (5.6) 2.9) (6.9) (8.4) (1.6) G (110 (6.2) 2.9) ©.2)

S g M 73 45 54 45 86 41 47 70 55
N ) (702) (6235  (50.5) (703)  (628)  (50.0) (588)  (66.7)  (56.1)

o 76 12 8 16 5 15 16 9 15 12
o o (138) (aLs) a1y (150 78) (109 (195 (112 (143 (122

A= Hof 474 92 64 91 59 122 66 71 90 86
e (862) (885) (889  (85.0) 922) (8.1  (305) (888) (857  (87.8)

oLt 485 89 62 95 59 114 73 68 90 88
e (88.2) (856)  (86.1)  (8838) 922) (832  (89.0) 850) (8.7  (89.8)

2917 914 65 15 10 12 5 23 9 12 15 10
o (11.8) (144) (139 (112 (78) (168  (110) (150) (143 (102

e 380 69 44 73 44 86 56 49 68 69
sy B (69.1) (663)  (61.1)  (682) (688)  (628)  (683) (613)  (648)  (704)

° 22 119 35 28 34 20 51 26 31 37 29
° (309) (3370 (389 (313 Gl3) (372 @LY) (388) (352  (29.6)

az 52 7 6 8 5 8 8 9 6 6
- ©.5) (6.7) (8.3) (7.5) (7.8) (5.8) ©9.8) a3 6 (6.1)

5 e 447 71 60 92 48 105 70 58 84 81
&4 © (813) (683)  (833)  (86.0) (750)  (766)  (854) (725)  (80.0)  (827)

azep e O 26 6 7 1 24 4 13 15 1
93 (2500 (83 (6.3) (1720 (175 (49 (163) (143 (112

A 66 19 5 21 12 21 12 17 11 17
e - (12.0) (183) (69 (196 (188)  (153) (146 @12) (105  (173)

&

° A 484 85 67 86 52 116 70 63 94 81
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