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ABSTRACT. For effective teaching-learning activities for students with diverse talents in science high schools, it is important
for teachers to understand students’ individual differences in perceiving and processing information in the natural world, depend-
ing on the students’ various talents and subject characteristics. The purpose of this study is to examine the students' cognition of
chemistry in science high school through correlations and factor analysis of mathematics/science achievement. In addition, this
study attempted to examine the cognition of chemistry subject according to R&E classes. The main participants of the study were
freshmen of G science high school (296 students) who entered after three times of curriculum reforms and new admission pro-
cesses and the students in two other science high schools in Gyeongnam and Ulsan were included. The correlation and factor
analysis were conducted by exploratory factor analysis by IBM SPSS Statistics 25 programs. The results of this study were as fol-
lows: First, in the correlation analysis between mathematics and science achievement, it was confirmed that the Pearson’s coeffi-
cient of chemistry showed higher positive correlation coefficient than that of other science subjects. Second, in the factor analysis
of mathematics and science achievements, it was found that the factor indicators were divided into two factors as logical-mathe-
matical (mathematics and physics) and naturalistic (life science and earth science). Third, in the factor analysis, it was confirmed
that the chemistry is recognized as the subject that requires both logical-mathematical and naturalistic intelligence. Finally, it was
confirmed that students' cognitions of chemistry subject were found to differ according to the R&E classes. In other words, the
participants of R&E chemistry class, unlike other students, were found to recognize chemistry as the subject that logical-mathematical
intelligence is needed.
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Table 1. Characteristics of Research Participants on the Admission Year vs Entrance Examination and Curriculum in the G Science High School

Characteristics Curriculum
Applied Curriculum Entrance Examination Intensive Course Subject Project PS/OS
Math Chem Other Science ~ Research
2009 07 revised R&I 20 54 2 90/115
2013 09 revised SDLS 26 67 2 93/98
2018 15 revised SDLS 21 68 2% 79/107

R & I=Recommendation and deep interview; SDLS=Self-Directed Learning Screening

PS=professional curriculum; OS=ordinary curriculum; *=fusion science inquiry
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Table 2. Composition of Research Participants on the R&E Class vs Admission Years

Admission year

R&E Classes 2009 2013 2018 Total
Mathematics 18(33.3) 18(33.3) 18(33.3) 54(100)
Physics 20(35.7) 18(32.1) 18(32.1) 56(100)
Chemistry 20(35.7) 18(32.1) 18(32.1) 56(100)
Biology 20(37.7) 15(14.6) 18(17.5) 53(100)
Geology 8(27.6) 12(41.4) 9(31.0) 29(100)
Information 4(23.5) 4(23.5) 9(31.0) 17(100)
Conversed Science 0(0.0) 18(58.1) 13(41.9) 31(100)

Total 90 103 103 296
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Table 3. Learning Contents and Assessment Elements in Chemistry Courses
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Learning Contents

Type of Test (%)

Admission year

Subject Contents PPT (MC:Des) PA
Structure of Atoms & Atomic Structure, Molecular Structure, Transition Metal &
Molecules Coordination Compounds, Chemical Bonds
2009 States of Matter Gases, Liquids & Solids, Solution & Colloids

(07 revised curr)

Chemical Reaction Chemical Kinetics

Chemical Thermodynamic, Equilibrium in Aqueous Solution,

Atomic Orbital, Chemical Bonds, Molecular Orbital, Molecular

Structure of Substance Structure & Propertics
2918 States ofMatter & Mole & Chemical Formula Weights, Gases, Liquids, Solids, Solution
(15 revised curr) Solution
Chemical Reaction Principle of Chemical Equilibrium, Acid-Base Equilibrium
Chemical Kinetics Reaction Rate Equation, Reaction Mechanisms, Collision Model

70(30:70) 30

PPT=Paper-Pencil Test; MC=Multiple Choice; Des=Descriptive; PA=Performance Assessment

G5t wet ik 42w BAH 29 B4 Exploratory ¥ % 291 242 4 L TR
Factor Analysis)& R4 =S Qobui KaiserMeyer- Aol o3 4l8)shs % goo] 38t wate] 9l
Olkin(KMO) g} A2 A\ 4=] o] thzt AT o2 Ao u]X = JFS Fysct.

Sobr i Bartlett 4+& 213t F AA|ste] 0Q1S 23

sheiet. II} M E Zhe| AFE B 2 291 24
BIAFHEE BF Ao g oA} glone  spshashale JAE 7o) H BA. It s

=]
e

Hir ro AN
. O ﬂJ]O ox,

E3t R&E 3HE 9 o3} 819 A2z o] BAS olr | S OIZ?-(07 09 9 15714
Al Rl B3 map 24, A e 2] EAHEH(ANOVA)S st
g3kt el
%A
AT AL Y =0 #AsH T, ok
HFE AT RS
2 Aol A Beta s Eo) stet mufo] iak 214 e et
% R&E B5 ool 1E Q14 AolE Pt T Tuble o)A % 5
A2 A4S A A, st wate] gigt 94E A Alee S
gteraty] I Sshiatet AR mol A MAkE ghe] 4 AHAS SHlT 4

Table 4. Pearson Correlation Coefficient between Math-Science Subjects (N=296)
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Table 5. Results of Exploratory Factor Analysis of Math-Science
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Subjects I Factor > Communality
Mathematics .903 .842
Physics 857 .820
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Eigenvalue 2.139 1.860
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Extraction method: Principal Component Analysis; Factor Rotation: Varimax

Table 5914 3 5= 91520] Gfs}aLe] 2ea-aksh 42w o]
291 34 ATHe 221 19] Haro] 42.77%, 8.9 29] AL
0] 37.20%= F Q.91o] A2 79.97%= st Q).
Astol A o 4 Qo] BAT A4 SAF 29l 4
A HE 7HAE AFHEELS A= 574 g¢9e
A3 4 ek

Gardner?] t}& A5 o| 20| A =] EAu} 54 Al
Zof 7he A4 o] e 59 walsaty A
(Loglcal Mathematical Intelligence)a} Z}<1 & AFof gt &

e AL EHsl= 582l AF¢lo3] X5 (Naturalist
Intelligence)©] ¢)1t}.’

% A% o] 2] ujet 29l 1€ el aglo,
90912 A ol 2oz & 4 th

=

Ol[‘ m[o

v d Seo] aTHE Sl B Witk 8
o 1014 00402 RaAKS| FEgol Sl Aoz
shol ) lon), Apolo A AR RIS 1 S (A R)e] B
08 molt Al ols) wake] =4S Ay WEBaL
A7 291 2014 080149 FEHS Wit uf
ehA] Bota SIS AL mel-sed 5 A
2 Ash-ol 3 HE O oF 8% HBT 4 Y WA
¥ 4 glek o2 makel 2o sk 2l 13} 20]4
0.521,0.6579] 5.1 B3 g2 B giet. o] B3k 514
Sol 815} 2A] 2] ol Al sel-melek el o]
2ol mE QFHE AOE AN Y A0 4

3 % 9l

GTst s e 3 A 2
a1, 2018 QHE A - &4F 2] 3
C:81,U: 12) TP =L tjAt o &7 43} -
ol B4 ATt 1
R giet

Table 63} Fig. 104 & 4= 9)%0], 20183t &= S U3k
o]l Moz Mty 37 _L].-d—r Y E o] 4=3h/1}8) A
Hr o] Qo B AFE o B G sloA] Bl 2
pef o] 37) 9] WA OB Yol X = A AT
AT AF = 29 B4 A =2, shst 5 g st
THe 291 1,29 29l A7) gro] Aol FARE AFS
Ack. e etat 2 ke muke] 29 ohE kel
g skhaofot 8-213F xFo| 7} Q1) o] zF 8w o] §

oF @il &1} B7} up o] 2polzp 2A HreE Ao w

o

|

rl
<l
I-EFJ

4
K

Journal of the Korean Chemical Society



Seratel 47 49 HAOR ¥ astuEeE SYEe B3 el dhat Q14 9 125
Table 6. Results of Exploratory Factor Analysis of Math-Science Subjects in Three Science High Schools
Subjects G (103) C @81 U (72)
F1 F2 Com F1 F2 Com F1 F2 Com
Mathematics 918 .893 .892 .898 877 930
Physics .867 873 .869 .889 .843 .897
Chemistry 755 510 .831 687 572 799 734 .603 .903
Biology .895 .873 913 921 .890 937
Geology .850 .848 818 .890 567 703 816
Eigenvalue 2.362 1.956 2.332 2.065 2.487 1.995
% of Variance 4723 39.12 46.64 41.30 49.73 39.91
Cumulative % 4723 86.35 46.64 87.94 49.73 89.64

Extraction method: Principal Component Analysis; Factor Rotation: Varimax; Com=Communality

o] ol Atk SIS R&E o st HHmet
o AT A Ao THL 7HA 3 st
1 ,’__-——\“~‘
\ O \\\\
D ) 2R
08 .
. AT N
S ] \\‘ > ‘\‘\\
06 et Y
& : ®
i O Mathematics \\ \\
= O \ 2
E 04 <> Chemistry : :’*.‘\\
i1 Biology M
02
O &0
G C U
0 1 1 1 1 ]
0 0.2 04 0.6 0.8 1
Nat/com

Figure 1. Distribution plots of mathematics and science subjects
on the logical-mathematical vs naturalist intelligence in three
Science High Schools.
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Table 7. Results of Exploratory Factor Analysis on the Math-Science Subjects vs R&E Classes

Subject .
R&E Cl E V.
&E Class Math/Phys Chem Geo/ Bio '8 & Cum
F1 0.677 903/.890 230 46.1 46.1
Math (54)
F2 935/.745 0.520 179 35.8 81.9
Fl 0.612 818/.928 2.16 4323 433
Phys (56
ys (56) F2 927/.673 0.617 0.86 37.1 80.4
Bio () Fl 0.635 820/.899 212 04 424
F2 893/.763 0.638 2.03 40.6 82.9
Fl 811/.780 0.791 213 06 26
Chem (36) F2 912/.837 1.85 36.9 796
Fl 834/.870 0.808 211 022 022
Geo (29) F2 875/.906 172 345 76.7

Extraction method: Principal Component Analysis; Factor Rotation: Varimax; Eig= Eigen value; Var= % of Variance; Cum=Cumulative %
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Figure 2. Scatter plot of students distribution on the logical-mathematical vs naturalist in R&E (Chemistry, Physics, Biology) classes.
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Table 8. Achievement of Chemistry Subject According to the R&E NA EAA R Solu|dt Y x}o]E Folslqtt. 318
S - - HF =i sshuro] 75280.55)% 744 fokow, heo

R&E Class M D _ -
2 Egdto] 71.810] %1t R&E s34 o]l & H7] 93
Mathematics (52) 63.40 16.77 K }\E_?/\ ; o 71]:*];]' LH—1 =3 2t ]Eo} )\] joH
& = =
PhySiCS (56) 71.81 12.32 = ]_1_1 }'_l‘_ |= 0] EJ’—}'E q—E]'L. Table Qoﬂ -] 2 T XX
Chemistry (56) 75.28 9.55 o], }e} JF =7t ZAo|E HolA| ghe =EHE A9
Biology (53) 60.37 15.62 stal, ThE R&E 52 35Mutat A H =9 oA
Geology (29) 5935 1398 Solulgt 2ol 2 ghelet 4 Yot} o] 2§ Ak T4l
etc. (49) 59,53 1695 S| R&E TN Ado] 2Hale] mutol s Ful ek
F 254357 9 Aol wolE mut HEET} e Autets Park’

***p<.001; etc.=Information & Converged science Class; M=Mean; SD= o] o A2 HurYsic

Standard Deviation

N

48t - Wbt wal AFHE 7o) Al A °
&3l R&E Zgyto] whebia] 3Feh wato] tigt 2141ato]

et s A wat AEu SeE e &~ Sl 7} A= skt 8 - 33)F waks 7ho] A A
R&E 5 A7} 815} wake] HHE Afolo] o |l At 4, AHEY 20 ¥4 A3}, RE Bl 02 33} i

TA 7} QA=A Goti 7] L5 dHufR] EAREA(ANOVA) W AAHE 25 AEE Fig 30 YERH ATt
2 AAIBHGITE RAE TEO] W2 Bt HHEM, SD) L Fig 304, Btef muke A3 2919 AL 2
AVE AH ATV= 27 Tuble 83} Tuble 99) LFERASITE. Q1 19141 0,657, 8.81 20141 0.5219] £.¢1 KA gho R
S/l R&E S5 Hko] W2 85t iah HFES] ANOVAR  SHESS 818t mubg el (ol ) 7)ol A2l o9
N ABE Lehdl Table 804 & 4 ol p<001WS] (@] BB SEo] BE aTEE 502 AFhT 93

Table 9. Results of Post Test with Scheffe Method
R&E 9
&E Classes AD (L)) SE sp . 95% CI

1 J Min Max

Math 12.93* 2.71 0.001 3.85 22.01

Phys 4.36 2.69 0.755 -4.64 13.36

Chem Bio 15.21* 2.72 0.000 6.09 24.34

Geo 17.05* 3.25 0.000 6.15 27.95

etc. 16.13* 2.80 0.000 6.76 25.50

*p<.05; etc.=Information & Converged science Class; AD=Average difference; SE=Standardization error; CI=Confidence interval; SP=Significance prob-
ability

R&E
Classes

Achievement Subject

Factor 1
(Math/Log)

0.791 _ 0.250

(Nat/com)

Geo

Figure 3. Structural models of factor analysis results on the mathematics-science academic achievements and R&E activities.
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