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ABSTRACT

The purpose of this study was to assess the scientific reasoning abilities of students enrolled
in a gifted education center. Students' scientific reasoning abilities were assessed using
a translated version of the FORT (Formal Reasoning Test) developed by Kalinowski and
Willoughby (2019), and data from two years of elementary and middle school students were
analyzed. As a result of the study, there was a limit to analyzing 20 questions in a single
dimension, but it was confirmed that the overall validity of the questions was good. The
ability of elementary and middle school students to reason scientifically was found to be
superior to that of college students in the United States. It was established that the ability to

'.) k read and comprehend the question items had no significant effect, and some meta-thinking
Chock about confirming the correct answer occurred as well. Middle school students demonstrated
7 updates. a greater capacity for scientific reasoning than elementary school students, and the gap

between elementary and middle school students was greater for female students.
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Introduction

TS AL AVSIALL elrl TR A2 mekst] Sla] M4 el Ak} akd ZEolt) S
e 22 =32 15} 71 of| that o] 3ll(Alchin & Zemplén, 2020; Saad et al., 2017; Wilhelm et al, 2018)2} 2}
kA o|A}A -](CaVO_]OVEI etal,, 2020) 52 AHA7)| AL, DA Aol A S S0] Ztsho]] Zofdh 4~ Q== 5}
4] %23} 7|52 3Hh(Kind & Osbome, 2017; Van der Graaf et al., 2019). Kuhn et al. (1988, 1992), Kuhn & Dean
o0 00 sfol 32 71901 AGPAS A S0 747 sk ol 7 5od 26

Zohs 582 u|sal sHATE Lawson (1978, 2000), Kalinowski & Willoughby (2019)2] Lol A=
J_}g]-x% _,_io] o:]/\] 24 27& _,_EJ,]. 5010].1:,]1_ o].oi o Eﬂ 5_7.]] 7].M 7424 za}\]——y /;)hﬂl_%_a], H]E:ﬂ/\]-j_, i_}
AL, 2 Q) SAo] U3 Tp3HA AL 7148 e 22 5202 Bolsieir

Tishd 22 528 Do 9TE Aol 2 29 4 YRS HolFE ZR3 A|Tol] ngol 22
HE Wfehy 22 =4S =4 O]~— T E 7RSI A} 51 ThBurmester, 1952; Lawson, 1995). Lawson (1978)
2 SPYE20] WAloA T4 58S Adsh= 24 T2 CTSR(classroom test of formal reasoning)
< 7Nt Tobin & Capie (1981)E H| =5k HH O 2 Test of Logical Thinking (TOLT)S 7HES1Rith 1 o]
3 Roadrangka et al. (1983)= TOLTS &-85}0] 92 uztol|A 2] -8F GALT(group assessment of logical
thinking) S 7HZZAT}. 71 0] ThA] Lawson (2000)0l] 2J5to] 19 o ek 2 HALE oA A2
T} 7 225 A wskslo] LCTSR(Lawson classroom test of scientific reasoning)2 7HEHSATE o] 9F Z+2 7HA
O 2 wpshA] 22 ZAfE o] thgh 7o) o]oj x| oo}, | Kalinowski & Willoughby (2019)7+ FORT(Formal
Reasoning Testy 7251910, 7L S0 7o} el TS 2.2 A} E70] b et A2 8 o7 9
5fol 7k 43, Bjo] IS HkEslo] HEH 02 7] TeHE 22 el 2Hahs 207 BaRS AE
. o] AAFET-E 0] MY S o 2 ulmE 2He A7) 208 He] Aol 7] 3] 2 5
2A00) B, 7h A1, AL e, 88 AL, Bl AL 34 4 9lck

=

o] Aol of ZARETE Hojstol Selutet 3t chefe] Aol chm Gl 255 FEHAo)
ToPH 22 5212 Helshiat steict. 53], ol 22 Selo] Wk wbgat Bato] £1, A% H3to]
G U0 U el 533 348, dstofshiel 44 Aol S aklokn pe)
of ofn|g Wrisk 7S B0 Gk o] A7k WA EAE 4ol 47 H A2 ulgoz £
3 /b2 AE3He 2ol 20| o QILol N AT A2 uleo R ofe) HRHS Flsta Az e

Q170 e ofo]

o

o] 2 "hAsH= 7lo] 25 ol7Lo] Exo|t},

Methods

Research tool

o] L] A] Kalinowski & Willoughby (20197} 7HE+&}F FORT (Formal Reasoning Test) 23S H135Hich ¥
RERay SIgmESS 2457P3°‘°ﬂ 9oJato] o] Zojxltt. o] HAte A= Fgoll T 2 B& 255 3~5712] B
7} 325k ey sgrtolot. 2t Eoll= sHYo] 232 1AL o|alE Q=R Akl 9] Fofl thgh gl o=
AERAESH ?JZ} 9] Feil= 250l 232 cfxjollA el 4= Qi
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SPYSol HHS Bk 95| B2 4 9l 7h5Ho] 97 o] 27 Xp7HEAE 4 Yk 6%l 5
7b) 8 29102 P BBt 22 FAPFohte] $53E ZH5REA) ohH ofe] 242 P4Elof 9)

J

=Aol| gt WSt A E 7L 9 sk A WinstepsS 285k 2H BA12 AAISH3ITE WA 207 £
A E &8 H HAE T 2o 2 HAryr]= BAFe] Eigenvaluer 9.022 31.1%7F AT = ict A

&) 2] eb= 1HA 2219 Bigenvalue= 2.08°]H, FA| £4H] 7.2%0] AT}, WA A2H/d 412| = Cronbach alpha
+= 06141, 2k 243 F3l 1% Person reliabilityx= 0.61, Item reliability= 0.97°] It} A= 0] 40%7} &
A o, AR || e 194 2219] Eigenvalue?} 2 o]/dolgk= HollA & 2k o2 FA 57 ]ofl= gt
AZF Ak 2H BA At 2 105F 28T 85T 15ET 28T 45 185 162 AlQJSt REFoZ &
A A4e iﬁ—i AArg == 244 Eigenvaluet 8.76, AT 32 42.2%0]| 9.0, A= 2] o= 11HA] 221
9] Eigenvaluer= 1.63°]|2It}. Cronbach alpha+= 0.741, Person reliability~= 0.68, Item reliability+= 0.982 =7 T
24 7152 2% 4 SlckBooneatal, 2014). H2bA o] Q170 = 207} £aHS AP 0 2 BAj
Aol 1270 £ oz AHE A4E A Hehd] 22 H4= sl 245 6] AlAE 3 10, &7
12, % 85T 155 25T 457 1857 16014 = 1] = —?—7} Q%1o] YERLA] oo} 127 2o & T
U 2o g 7Hgstal RA5HAT Table 12 1271 £ 23 A F=(MNSQ)2 3l 232 AMAeH = of
Cronbach alpha (AID, alpha if item deleted)S- 1. oJ =T} 4] Z}u.oﬂ A S H= oHA] 2 HlE2 1.4%0°|th.

Table 1. Item fitness and AID values for 12 items

Item MEASURE MNSQ PTMA AID

Infit Outfit
Iteml 0.55 1.165 1413 0.456 0.735
Item3 -2.10 1.075 1.324 0.357 0.737
Item5 -0.31 1.152 1.072 0472 0.731
Item6 -0.96 0.967 1.369 0.500 0.722
Item7 -0.21 1.049 1.069 0516 0.728
Item9 252 1.129 1422 0405 0.742
Item11 0.00 0.776 0.640 0.668 0.694
Item13 2.51 1.034 1.177 0439 0.735
Item14 1.20 0.898 0.767 0.608 0.714
Item17 -1.69 0.872 0.869 0.507 0.720
Item19 -0.93 0.844 0.773 0.584 0.710
Item20 -0.57 0.954 0.851 0.557 0.717
Participants

olck a1 cetel QAlgle <2 %%%ﬂ%l@_ﬁdmgﬂﬂﬂﬂ%@%akg
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Table 2. School level and gender of participating students

School Male Female Total

oo Frequency (%) Frequency (%) Frequency (%)
Elementary 65 (38.5) 25 (14.8) 90 (533)
Middle 57 (33.7) 22 (13.0) 79 46.7)
Total 122 (72.2) 47 (27.8) 169 (100.0)
Analysis methods

20712) TFeh 2 HAET] AR e EE 24 e T Ak o w127 2ol =
3 AR TRste] BASITE BPERE PeaTot Ao Tl AR AR S5 IS A £
7 ofsl] =k Zho Al o=, Al Aol theh Bl alE Mann-Whitey 7 -2 2HRIsIIT. 2h4 &
Mo Eo 2g AT 59 BT AR, U 3 B 52 5Usiech 2] BAHS Winsteps 4100,

7| e} EAE A2 Spss 230 2 B A1)

Results
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ADTAE
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Table 3. The correct answer percetange and chi-square test results for each question (*Questions
excluded from Rasch analysis)

Correct answer rate(%o)
Domain Item Elementary Middle p Korea USA Difference
Male Female Male Female
Hypothesis testing : 30 30 26 19 0.790 27 58 31
5 49 74 66 ) 0.004 64 78 14
20 12 16 36 0.153 20 21 1
12" 25 13 39 14 0.031 27 47 20
Control of variables 1 40 30 60 71 0.007 49 71 2
7 51 60 67 82 0.050 62 73 11
16 28 18 27 27 0.827 26 49 23
20 63 44 77 86 0.005 68 74 6
Proportions 6 69 52 79 95 0.006 73 66 -7
11 40 32 82 82 0.000 58 48 -10
15" 2 16 23 14 0.759 20 15 5
17 82 64 84 100 0.014 82 82 0
Correlations 4 18 13 25 29 0465 21 44 23
10 45 56 31 18 0.024 38 43 5
13 17 13 20 32 0374 19 23
18" 42 29 44 55 0373 9 48 6
Probability 3 85 84 86 95 0.606 %6 81 5
8 28 20 45 30 0.082 33 68 35
14 32 29 45 45 0357 38 48 10
19 68 52 82 86 0012 73 61 -12
100
= 3. —
Z 80 o6 o
o ee 20
z 23
£ 60 . .
TJO "
= 018 ¢
5 40 .ot
% 15 .'. 2'0 e i :
£ 20 cW’ e
[}
0
0 20 40 60 80 100

Difficulty identified in previous study

Fig. 1. Scatterplot of the difficulty of eacy items in this study and previous study
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Table 4. Percentage of students who understood the item and the average score of confidence by
wrong answers and correct answers.

Domain Trem Understanding rate o Confidence score o
Incorrect Correct Incorrect Correct
Hypothesis testing : 94 89 0251 332 3.56 0.132
5 85 97 0.004 297 359 0.001
92 94 0.680 341 3.70 0.149
12" 87 95 0.117 3.15 334 0.234
Control of variables 1 95 96 0.724 394 3.99 0.667
7 84 96 0.008 3.20 420 0.000
16 89 95 0.224 3.30 3.68 0.058
20 86 100 0.002 331 425 0.000
Proportions 6 96 99 0.118 3.69 436 0.000
11 93 99 0.035 3.81 4.53 0.000
15" 97 97 0.995 3.75 3.53 0.199
17 93 98 0.158 329 435 0.000
Correlations 4 95 100 0.195 371 3.80 0.488
10 91 92 0.834 332 352 0.244
13 89 91 0.737 333 372 0.093
18" 92 96 0311 3.59 3.60 0.967
Probability 3 91 95 0439 3.82 444 0.001
8 92 94 0.544 3.39 3.83 0.028
14 86 98 0.009 333 397 0.001
19 98 98 0.908 346 442 0.000
-==- Male Female
2.5
2
i I
5 15 1
-
= -1
g 05 o .
a4
0.5 |

Elementary school

Middle school

Fig. 2. Average of Rasch person measure by school-level and gender
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Discussions and Implications
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