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[Abstract]

In this study, we developed a test tool to measure the computational thinking ability of middle
school students and investigated their computational thinking power using the tool. The test tool used
exploratory factor analysis to examine the computational thinking scales of Korkmaz et al. (2017) and
derive suitable factors and questions for middle school students in Korea. The developed test tool was
applied to 492 middle school students to analyze differences in computational thinking ability according
to gender, grade, programming experience, type of programming language, and interest. According to
the study, male Korean middle school students had higher computing power than females. In addition,
students who had programming experience or used text-based rather than block-based programming
languages demonstrated higher computational thinking. There was no significant difference in the
computational thinking of middle school students according to grade, and the level of interest in

artificial intelligence only had a slight influence on computational thinking.
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I. Introduction
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2. Participants
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Table 1. Characteristics of participant

Domain N %
Gender Male 248 50.41
Female 244 4959
1 62 12.60
Grade 2 399 81.10
3 31 6.30
Experience of Yes 392 79.67
programmlng through No 100 2033
the media
Experience of Yes 403 81.91
programming operation No 89 18.09
Experience of Yes 398 80.89
programming education No 94 19.11
Block 313 63.62
Type of experienced Text 71 14.43
programming language Both 19 3.86
No 89 18.09
Experience of physical Yes 395 80.28
computing No 97 19.72
1 79 16.06
2 63 12.80
Interest toward robot 3 170 34.55
4 103 20.93
5 77 15.65
1 59 11.99
Interest toward artificial 2 o1 10.37
intelligence 3 166 3374
4 128 26.02
5 88 17.89
1 75 15.24
2 79 16.06
Interest towar
proegfasmr:in: d 3 158 32.11
4 91 18.50
5 89 18.09
Total 492 100.00
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IV. Result

1. Verification of computational thinking test tool

Fopgol 2RE Al WAl =72 AEsh] siol
AR £ AA o] W, BEWAL %, e A
BoJtt. o]2 S3to] Bagol 28 ks ofnet AL 2
bt WEElo] YA| LA Eelstct T AEE @
= A7HE ez dAr =0 Woo] AFetx|et &
SPYOIA] AR5 ] AReHA] AT

=S 5P Yot FAA a9l #
A2 AAlslo BAIA a9l A4 Ante Table 29 2
o SAA a0l RAg AR An S5 29 AR
Fol F2 wFgo] EAflshs A2 FRUsHT TA i
g sl Al7st, EAIA @0l RAE vkeAoR
A1eYstRITt. @82t ql9& 5-8/d(communality)o] .500 ©]
sto]7] wizofl ZA Lol A AlQJstit. q212t gb, g23,
q22= 291 Arf=kfactor loading)o] .500 ©o]5toiA] &

S=
SAd 9ol BAS Sajo] BYES sty
Fopyo) e Al FA £ oIt A Ee) £
= 25 Q01 AxiFo] 5001 F-5/d0] 5008t Zith
Kaiser-Meyer-Olkin 52 .8970]1, Barlett®] 334
7AA9] Chj-square2 5940.1500]1, S-9]gk&0] .0000]
ATk AAF =0] FAF 2 67.203% 0% Afe]ufst =
oM @5k 2 AT Sl 60%HT 392 Table
Table 2. Factor analysis results of the test tool

% 9

Component Com.
1 2 3 4 5 fact.
ql1 819 | 166 | -049 | 154 | 083 | .701
q12 783 | 124 | -003| 169 | 113 | 458
q10 758 | 229 | 054 | 066 | .089 | .641
q13 757 | 279 | 175 | 086 | -029 | 673
ql4 690 | 162 | -025| 207 | 147 | 518
920 611 | 365| -086| 160 | 140 | 557
a7 098 | 672| 152| 184 | 007 | 519
Q9 294 | 668 | -067 | 151 | 077 | 400
a4 226 | 639 | -096 | 147 | 428 | 565
a22 398 | 616| 001 | .159 | .158 | 442
a3 082 | 603 | -076| 277 | 434| 732
923 507 | 571 | 011 | 078 | 071 | 470
ab 160 | 563 | -055| 328 | 323 | .690
q19 385 | 561 | 024 179 | 023 | 567
a5 326 | 495 | -025| 128 | 387 | .75
q21 433 | 462 | -041| 265| 176 | 723
a8 292 | 401 | 097 | 070 374 791
a27 012 | -108 | 839 | 059 | 032 498
26 -043 | -048 | 811 | 114 | 091 | .496
928 163 | -186 | 781 | -036 | 017 | 560
q24 006 | 149 | 733 | -008 | .055| 504
a29 107 | -008 | 731 | -353 | 054 | 588
925 -248 | 284 | 72| 046 | -156| 595
ql7 176 | 240 | 025| 835 | .059| 563
q16 117 | 153 | 031 | 806 | .189 | .620
q15 286 | 200 -074| 783 | 127 | 683
q18 266 | 362 | -026| 703 | 043 721
a2 151 | 080 | .157| 059 | 775 | 473
q 045 | 355 | -009 | 205 | 728 | 474
Eigenvalues | 9.610 | 3.657 | 2.154 | 1.662 | 1.093
Explained | 508 | 15501 | 12519 | 11012 | 7.347
variance
Cumulative |1 08 | 31799 | ma318 | 330 | 62676
Variance
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32 S99 ART AL Fsrlo At e
olstgict. ZAl =719 Al2] % (Cronbach a): .8750]H,
L12|EA AtE 885, 24 sALS 853, ¥ 881,
Aolde 836, .BWA Aty 6320|9ich FakAgo] A
=E) AbuE ZAAF =19 QQIH AlR|zl 0310]4] 561
Ato]o] Zro] UERI O™, Table 49} Zict,

2. Computational thinking of middle school

students according to factors

2.1. Gender

Table 35 &85t FoPA¥9] AFH Atz FAst
Aot A Yz o OE AR AL Aol BH
ZetAle JIA(M=3.41, SD= .03)0] (M= 3.24, SD-
02)8ch 77T Atardo] =qftt. ®et, AdE 19| Aol=
AR g Rolstith, = 4.25, p< 01, Q¥ Ay
W, Za2]EA ARl 5.44, p< .01), A 3B (&= 1.95,
p=.052)), @=(= 3.03, p< .01), FJX(t= 2.23, p= .03)
Table 3. Exploratory Factor Analysis Results of the

Test Tool
Factor analysis Reliability
factor . .
Factor| Item load Com. | Eigen Exp!alned Cronbach
g pact. | values |variance
qll | .841 | 713
ql2 | .796 | .719
ql0 | .788 | .665
AT a13 | 785 | 754 7.126| 18.000| .885
qld | 707 | .679
g20 | .635 | .703
q27 | .839 | 576
g26 | 813 | .766
ps 928 | .777 734 | 5 041| 15730] 853

q24 | .735 | .799
q29 | .730 | .699
CT g25 | .674 | 570 875
ql7 | .852 | .581
qlé | .819 | .683

co a15 | 797 | 718 2.119| 13.418| .881
ql8 | .698 | .679
q7 762 | 670
g3 662 | 695
CR | g4 642 | 681 1.539| 12.710| .836
q9 631 | .600
g6 629 | 671
g2 811 | 567
CRT al 212 | 535 1.031 7.345| 632
Kaiser-Meyer-0lkin .897
Bartlett values Sftyp)square 3231261050[;

Note. CT: Computational Thinking: AT: Algorithmic thinking,
PS: Problem Solving: CO: COoperativity:
CR: CReativitry; CRT: CRitical Thinking

Table 4. Item-factor scores correlation analysis.

Factor 1 2 3 4 5
AT 1
PS 011 1
CT Cco 4717 | -.049 1
CR 540" | -.031 561 1
CRT 314™ 090" | 347" | 529" 1
"p< .05
“p < .01

2 AR o2 {ojgt Aot Yefton], BE QoA
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-162. p= 10} 7502 Qoigt Rol7} Lietix] ek
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2.2. Grade

the02 Shdo| g Afo] & MmEH, 5
& At 2 shdd] wet gAR ez ot
UR] Q49kTh, H2,489)= .96, p= .38. Al%- &
W =Al SHA(H2,489)= 5.15, p= .01)& AlQjstil Z&
oM AR CZ FOIFt Afol= EANSHA] ATt &7
Moz FoIgt Alo|7t Ueht 24 a2 9lS AmEH,
AFS AARo|A 38hA(M= 2.90, SD= .89)2 t}& shix}
Folt Afol7h EANSHAl ¥daLl, 2sPA(M= 2.93, SD-
79)2 18hdA(M= 2.59, SD= .60)ECt EAMOZ Solst
Aot ERISIALE. 0l% Salof shae Fstlel ARY
Aol QJgFg A oioick vheto] 2A) sl AL e}
o} 23t 7|& wildlME 2t Ao 2 Asty, wg

Table 5. Computational thinking of middle school
students by gender

ago) 7
xtol7
1S EH
}

O}OH

ol
|:1

ol &

Gender N M SD t =

AT Sy oe] 54| OO
P | oe od| 15| 08
O T aa e 202 w0
R T ou [ aas| o] 2B 0¥
CRT l\FA ;ij §ﬁ3§ 82 ez o
Total '\F/' ;ﬁ ijﬁl 83 a5 o
‘o< .05

Note. M: Male; F: Female

2) p= .048
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2 73] Gh2o] hdo] obgol wet spge] A 2
2} giol F713 212 BT 2 Yk Shdo] mE F9
o] 2B AL Table 67} 20}

2.3. Programming experience through the media
OiRlS Sot 22 ey S A EH, Fo] okl
SYSH SPY(ME 3.35, SD= A1) Aol gt S 8
(M= 3.24, SD= .53)5 0t AT AtalZo] =9ttt B
T+ AT Afol= AR LR Rofsiith, = 2.22, p= .03.
AR QoI LnalEA ALt 2.28, p= .02), Bt
2.74, p= .01), ZJA(t= 3.76, p< .01), v]=A AL(t= 2.08,
04)0A BE EAR 02 §ol3t Rfol7} UeRgeh.
< 99 tgE=A A siZoM = tiAlE S7t H9
Q)= 742(M= 2.85, SD= 777} 74&0] Y= 73-(M= 3.02,

D‘ 82)5ct HFH Akl glo] Wkt sHRIRE &4 sh2
< UiAIE & 222y 49 offol o2t sAKCR
9oJ5t xfo|7} LEERIA] 9okt &= -1.90, p= .06. A s§2
2 oI5t FoA= TIHIZ st Aslo] 9l 7 oo] mat
AJ0] AR Aol =it oS F5to tiFlE S 2
Y FYol W= S ART Aol =
e 2RI 2 Ql9itk UiAlE S5t e 12fR A offo
ThE SO HRE Atal#2 Table 72t 24

Table 6. Computational thinking of middle school
students by grade

Grade N M SD t p(PasI-hac)
1 62 | 324 | 75
2 | 399 | 317 | 86
AT 3 31 310 | 72 | 73
Total 492 3.17 .83
1 62 | 259 | 60
2 | 399 | 293 | 79 o
PS 73 31 | 290 | g | > |0
Total 492 2.88 78
1 62 | 378 | 90
2 | 399 | 353 | 89
o 3 3| 369 | 72 | 22| 08
Total 492 3.57 .88
1 62 | 348 | .68
2 | 399 | 355 | 71
(R 3 3 | 334 | & | M| 2
Total | 492 | 352 | .71
1 62 | 365 | 82
2 | 399 | 365 | 81
CRT 3 3 | 353 | 81 | Y 73
Total 492 3.64 81
1 62 | 329 | 41
2 | 399 | 334 | 45
Total 3 31 | 324 | 38 | 7 38
Total 492 3.33 A4
"p< .05

Table 7. Computational thinking of middle school

students by programming experience

through the media

Exp. N M SD t p
i as A e A
e 2t an Ik
o P mise be
e e ar i 2R
RT | o | 100 | 345 | 6| 2% | O
Totel | o o0 | aaa | s | 222 | 0
"p< .05

2.4. Programming experience
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2.5. Education experience with programming

z202Y 2% ZFol e Alolg Amue, 2o
Y wes .:F ZS(M= 3.36, SD= .40)2 g 12
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Table 8. Computational thinking of middle school
students by programming experience

Exp. N M SD t p
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s BE A R
0 | No | ey sz | s | 29| W
o e e e
e == == TAR AP
Total T\Jej 48093 g:fg :g; 324 | 00°

"p< .05
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2.6. Type of programming language

deet 20y <dofo] SR mE HRTY At
O] Alo]5 AHEIth AU 55 7|8k L2 IR Qlo]
S ARESl 2 At(a), BAE 7|8F 22 I2Yy QoS A

t AHAOR Uirol 2Astch AT AT, FeY
AR Ane 2] 2 222y oje] SR ot

Table 9. Computational thinking of middle school
students by education experience with
programming

Exp. N M SD t p
Tjs == =siae apTape
TR s IR
O o o4 |33 | 95| % | O
TJS == &= 1= SEOE
o e B
Total Leos 39948 gfg :22 346 | 00°

"p< .05

! Ao} etc). A3, 488)- 666, pe 01 3
£ AHYE N (M= 3.52, SD= 517t 7P =9F
O, b(M= 3.46, SD= .42), a(M= 3.32, SD= .40), d(M=
3.18, SD= 54) £.08 Uepirh AlS 24 Ane A
W, be} o duch §olsh itk AR Q9 71o] At

2 AHNY, 2uelEA ALA3, 488 1345, p
01), BA| SHAR3, 488)= 4.20, p= .01), BA(R3,
488)= 6.24, p< .01), ZJM(HA3, 488)= 9.87, p< .01), H]
WA ALL(H3, 488)= 6.21, p< OL)oJA 25 EARoR
SOJ3t Ao} UERITE AR ol AHEY, Tues
A AL, @, o)A, slEA ALodE d7t 7hg 3ol
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2.7. Physical computing experience

mA1A ARE dFol v (M= 3.36, SD= .43)
< IA12 78 48l Ue S 3.19, SD= .47)

Hop ARE Aol =9kon, I Afol= sANCE &
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2 AATHIIB0]L. A2 R Fdoll mhe S 4
F8 A2 Table 111t Ztt

2.8. Interest toward Al, Robot, and Programming

B AL 223 AgAlS, Z2IeYo) ot ¥
Ale 54 2HE Ax 2 FABIILH Fsh 2HE AR
2ol ek AEY Al 7o) Amals e
Hoz Asgict AR chde ABAlsel oigt
(M= 3.27, SD= 1.22)0] 7P =9ton, ==z I2ju)(M=
3.08, SD= 1.29), 2%(M= 3.07, SD= 1.27) ©02 L&}
Y Table 2 #11). Durbin-Watson /2 1.512 38T}

4

zton 20] 77t

SA=(3.050), &
s3to] Atxtol

.122019]t}. w14
e SRR

oict. o5

=217
= Ne

HoIg 4 Yot el
o] dYHS 7HAIT(H3,488)=23.652,

2x]olH. VIF 32 2343.188)1} ©I
EHUI(Z 464)° 10&1:,} xPo}q o]E
I OgEsAEE

U An

Riue |

THEA]7]
A0S 3
p< .001),

oA 53789 dgAlsol gt A
LOol5tH(t= 2.149, p= .032), b=
Sato] Zago] Q15 st Talo] 2
Table 10. Computational thinking of middle school
students by type of programming language

L o
T A

sfo] 2 8714
RFe

= .0579]

T
T

Group N M SD F P
a 313 3.09 .80
b 71 3.69 83 .00"
AT C 19 3.50 71| 1345 (b>a,
d 89 2.97 .80 c>d)
Total 492 3.17 .83
a 313 2.93 .70
b 71 2.58 96 01"
PS c 19 3.02 93| 4.20 (a>b,
d 89 2.93 85 d>b)
Total 492 2.88 78
a 313 3.59 85
b 71 3.78 .86 00
Cco C 19 3.87 1.13 6.24 .
d 89| 322 .89 (@bc>d)
Total 492 3.57 .88
a 313 3.50 66
b 71 3.84 61 .00"
CR c 19 3.80 73| 9.87 | (abc>d,
d 89 3.26 .82 b>a)
Total 492 3.52 71
a 313 3.65 75
b 71 3.88 75 00
CRT c 19 3.76 73 6.21 '
d 89| 333| 101 (8.6>d)
Total 492 3.64 81
a 313 3.32 40
b 71 3.46 A2 .
Total c 19 3.52 51 6.66 (b.?:gd)
d 89 3.18 54 '
Total 492 3.33 A4

"p< .05

Table 11. Computational thinking of middle school
students by physical computing experience
Exp. N M SD t p
Yes 395 3.23 .82 .
AT No 97 2.94 .84 sl 00
Yes 395 2.87 79
PS No 97 2.93 75 ~69 49
Yes 395 3.63 .90 .
co No 97 3.32 77 3.17 00
Yes 395 3.59 .68 .
CR No 97 3.26 76 4.21 00
Yes 395 3.70 77 .
CRT No 97 3.40 92 3.33 00
Yes 395 3.36 43 .
Total No 97 319 47 3.34 .00
"p< .05
g Almat gA JRWIS JRE Ao Yep st
woll Q1A m2 Yol cht e FEO] 7
B8 ARneiah gojsh WA Uehtl ol 2%, 9
A%, T2 aeho] st o) me Fepel AHY

Atmelo] chEsl7lEA Ak Table 129 ek 2%t

AR, m2 o] O WA FARY TEY A
1% 34| JUUAL Table 139 2k

V. Conclusions

2 ARoaE Fe0 AEY ANS RASI, 7
F9 Abmeo] $FL ollE 2912 BAsct. o3t
A7E Sslo] g AEL The 2ok

A, S0 FEPS At URY A2 A £ 78
Fsteith. M%) A7l AALF CTSE dFol2 ¥
St G 99l BAS UAlslel B} sug AR
o A2 A £ SESGCL FoY WY AL
2 724k =70) R0l AWAFA AL, BA) o1, B,
Aol wlma ALt glou), 5 elE Az gyl

A e 237le) Bo g ZAb =g gstelr

£, 55P4]

Table 12. Computational thinking of middle school
students according to interest

AEY ALnee o] ge Aot &

Variable B SE B t p R?
(Constant) | 2.893 | .055 52.641 .000
ITR 041 | 026 | 118 | 1569 | .117
ITAI 057 | 027 | 159 | 2149 | 032 122
TP 038 | 023 | .112| 1688 | .092
"p< .05

Note: TTR: Interest Toward Robot;
ITAIL: Interest Toward Artificial Intelligence;
ITP: Interest Toward Programming
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Table 13. Item—factor scores correlation analysis.
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Appendix A. S3H40| HEL AT AL 28

B_OI _E_gol- I:I=|.
— -—<
1| e 431 7|29 S B8O 49 W8S AUMOE O & U
2 =AM AAE =& 7t HAE A Olshe & U
or o = 3 = w0l A S ugof oisto M2 TS TR AL
2 E
A A1 = = = = - =
AL 4 e oy oM RISt 20 M7 WHE ASXHOR BT 4 Ut
5 = U= B H £30d ZAHE HRAHE@EFEY L0tEES Sd 23 L HEY,
28)2 BY ¥ 4 ABUL
6 | e 2AE S Z5P| gt HUSH WOr HRE MZEHY 4 Uk
7 ZHE HEY + AUs WS LYsHA g5t A2 ofFdL
8 o8] Ao Hi5ty =HAO|HM A”AM sHZA gotZ MESh A2 FL
=5 9 S St g HEM LEte ofo|fjojE MZbilE A2 -
ey
SHA = = =
MB | 21 Wph Az 2 A were AW Alsts He oLt
22 | ¥ staoiM SESI A 292 LD Lasts He ol
HEd 23 L= 24 S8 HoM B(eg. x, y)E ARESHOF St &2 QRIS -
NI A&StE S OlalistE A2 &L
12| L TS WSl Y ZRMER 2AE SfASHE HS SOttt
L= 24 Yot AR S=23 20| 43 I o 434 AnE Y ¢S
g2 | | zoen azs
14 | Ue 753 8 &52 st g FoR,
15 | Lhs ®i2i5i0] A% uf o %2 ofo|cjojg Wzrer 4 k.
16 U= A o2 HgoM Ar&st= A9 EBiYd RS THh 0, Lol Al
L7 Alzlghct
17 L= 28 AlZHol Al =3Z 7|20|H W7t 2Het RS ZHE HEd =
otk
2old L AHE O Ats ZIHEHS HFAHSF A Ol S 2 sHASH A Of
18 U= M2 J420 2HsEES Of Yy + A= A& gt &= UG
19 = =AIE sHAsH7| et A= S ML, Ao 220 HE £+~ UL
20 | W7t 71 2951 Azt 2150| 0]20j Zojakn AYzistCt
H| T 10 | 3% =M & sidsts A2 AMoQlH.
N A = = sL= =
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Note. o B3} 7.8, 9, 21, 22, 23



