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Analysing Astronomical Thinking of Elementary, Middle, and High
School Students Using Ordered Multiple Choice Items

Joontae Choi' - Kiyoung Lee' - Jaeyong Park’

(‘"Kangwon National University - “Seoul National University of Education)

ABSTRACT

The purpose of this study is to analyze the astronomical thinking level of elementary, middle, and high school students
using ordered multiple choice items. For this purpose, we constructed a questionnaire comprising three items about spatial
thinking and system thinking. This survey was conducted and applied to 1,066 students in the Sth grade, 8th grade, and
11th grade in 12 schools located in Gangwon Province. The collected student response data were analyzed by applying
inferential statistics of classical test theory and Rasch model. The results of the analysis were as follows; First, in the level
of spatial thinking, students were able to grasp the spatial location and orientation of the celestial body, but were not able
to convert the celestial motion of two-dimensional plane into three-dimensional plane, and it was revealed that there is no
statistically significant difference in the spatial thinking of students among grade levels. Second, in the level of system
thinking, students were able to identify the components and relationship between components of the celestial motion system,
but could not identify the patterns of the system, and it was revealed that there was statistically significant difference
among the system thinking of students in different grade levels, unlike in spatial thinking. Third, the astronomical thinking
expressed in certain context (content) was very similar regardless of grade level, Through this, we could confirm the
context-dependency or content-dependency of the astronomical thinking of students. It is expected that the results of this
study can be used as basic data for exploring ways to enhance astronomical thinking level in school science classes.
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(Kim et al, 2016)
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Table 4. Comparison of mean level between spatial thinking and system thinking

R

SUA A 5 9
3 =343 =35 B 32 =34 =36 B
58hd 2.54 245 2.78 2.59 225 2.70 2.49 248 2.54
83hd 2.59 2.46 278 2,61 226 297 2.56 2.60 2.60
1shd 2.70 248 2.89 2.69 249 323 2.81 2.84 2.77
3t 2.1 246 2.82 233 2.97 2.62
= 9 2.63 2.64 2.64
Table 5. Results of ANOVA for students’ level of astronomical thinking by school grade
A3 - BAF F FolgE
31 ezt 4.585 2 2292 2.107 0.122
I At B3 ezt 0.131 2 0.066 0.049 0.952
95 ezt 2.650 2 1.325 1.060 0.347
32 ezt 13.457 2 6.728 6.791 0.001"
Alz®l AL 234 ezt 48.498 2 24.249 22.076 0.000"
6 ezt 19.012 2 9.506 7.845 0.000"
ZA ezt 9.923 2 4.961 21.714 0.000°
"p<0.01
ARk shdof whet fojm|g 2lo7} Qe AR ol Hl#lskA] &2 F U AlAteTh
et ARE 242 8l i S AAE A A S, B7F 23] @A) B dEFe FU
A AEEA A sshdsh sehd 2 Aol Kol & Aoz FHHE o] Aol pRE B /&
RlabA) ghgkon, sshds 11shd 2 sshdw s ) AAE) 952 97} Bl APt 42
el 242 FAVI@ Aol7h gl Aow et (embedded)@ o1 2R, Bkt A s A A9 $F
A AwolAE 5, 8, 113 3 BE feln] Ao] e ket B9 P43 9 E‘Ol t27] vz
7HERIA Stk A zE] Alme] A9, B B S HaE S IS Ao 4add ne
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BE frou] Apol7t Sl Aoz Yo, £3 2 HAES FHske oH s AME T Utk
o} 23} 6ol A= 5ehd ) gehd bl &= f-2ln] g xho] Table 6 A F38H4 Alal g=Fo] Aol wa} 2
7F A3 sehda 11ehd B gshdat 113hd vk o] gk Apol 7} vehbeA] dotiy] 98] SHEE 4
Feln|gt ztel 7} 9l Aoz JElgtt of 9 22 4 5 AAZ Agjolt), B4 A}, WA HESH Al
He 2etadA Fetur shdo] S W) S FEodA Al e Aole TAALE frofu|etA]
of HESHA AlaL ol ofn] de o] flern 1 % Zo® Ueth M4 AbaLek Al 2F] Abaid]
S etaol| Aof HEA Aba 2] 9fn] 9l Z1H o] M= ppr7A 2 Al weE foju] gk Aol 7} et
Aere TallEeth oBe AFAte] oS Hlojue 2] gksitt. o9} 2 Ave FEA T AAE T
oha 99le] Ang, FaAol 2FeA Hlg A oA 318 AAa7E Aths Jeon(1997)9] A<k %
214 gk stegte HA| 9] 55 A TA B elA SHAEY] B3 A 7L Tl dEAo] AR
T3t Aol 74 Ao R Adste] dHel, o o B JEthe A 3(Park, 2013)8b= Aol g
AlzdlA o g A gofste Rde)sie 5o Aitoltt. 22y 5~11A7HA] obglA 3t Hd S
ME HoE Aol7t glthe Aoz |- E 4 Sltk o Y55t weddte e dUAE $itke Yun(1991)9]
Al ), A 229 eIt AT At FE Al 258w 33hd ¥ 63hd S it o ® Fited



=9 Uty 28s 0188t =-35-

TSat0] HESE AT 24 137

Table 6. Results of t-test for students’ level of astronomical thinking by gender

N B EFHR} t FolBE (4
i b1 711 2.60 1.045
w3 -0.242 0.808
o 346 2,62 1.043
271A ) o 714 248 1.181
°r Ry s 0.660 0.509
AL o 344 243 1.110
. s 709 2.82 1.126
35 0.370 0.712
oq 344 2.80 1.104
) 3 716 234 0.997
3 0.394 0.693
o 346 231 1.011
A 28l _ ] 719 2.9 1.051
=4 0.973 0.331
A o 347 2.93 1.104
i o 714 2.63 1111
=6 0.582 0.561
o 342 2.59 1.103
1 719 2.65 0.485
A 1.052 0.293
o 347 2.61 0.492
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Fig. 6. Comparison of Wright map between school grade

Table 7. Item fit estimated from Rasch model

MNSQ 3 =33 =35 =32 =4 6

58hd 0.95 1.16 0.96 112 0.92 0.92

INFIT 88k 1.02 128 1.02 0.94 0.95 0.82
1shd 1.05 1.29 0.90 0.86 1.06 091

s8hd 0.98 1.17 0.93 1.17 0.92 091

OUTFIT 83hd 1.01 127 1.02 0.97 0.92 0.80
118hd 1.02 127 0.86 0.89 0.97 0.88
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