The Mathematical Education. Vol. 61, No. 4, 597-612 () Plfint ISSN 1225-1380
http://doi.org/10.7468/mathedu.2022.61.4.597 s Online ISSN 2287-9633

Research Article

Exploring the change in achievement by the transition of the
test mode from paper to computer: Focusing on the national
assessment of educational achievement of high school
mathematics

Jung, Hye-Yun! - Song, Chang-Geun? - Kim, Young-Jun? - Lee, Kyeong-Hwa**
!Assistant Research Fellow, Korea Institute for Curriculum and Evaluation
2Student, Seoul National University

3Professor, Seoul National University

*Corresponding Author: Kyeong-Hwa, Lee (khmath@snu.ac.kr)

ABSTRACT

Recently, large-scale mathematics assessments are shifting from traditional paper-based tests to computer-based tests, nationally
and internationally. This study explored the mode effect (the difference in student achievement by the change of test mode)
according to the types of test items, the technological function reflected in the items, the characteristics of students' computer use,
and the computer-based test environment. To this end, we analyzed the results of the 2020 national assessment of educational
achievement of high school mathematics conducted on a paper and computer basis. As a result, firstly, the mode effect induced
by the mode transition was generally insignificant, but the mode effect was larger in the extended response type than other types.
Secondly, there were differences in the mode effect according to the transition to test with computer mode where innovative items
were added. Thirdly, the difference between mode effects was statistically significant according to the student’s sense of efficacy in
computer use. The results of this study suggest that innovative items should be introduced deliberately according to the targeted
content and competency in evaluation, and that assessment design and environment preparation need to be carefully developed so
that nonessential abilities other than students' mathematical ability or incidental situation do not distort the assessment results:
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=M, OfA| Hetat 7|3ty 7159 2o i O|R0T E2, 20| HIE 723 7|50 tet 2= 2atof Xo[7F AACH A,
LRE 7|8 oL Adety, ool HRH 28 dixok= Hel, oHlo| ARH 28 asdol mat ARE 7|8 It SAHR folet
4= KHO|7F LIEHRTE. O 22 A7t Bnt= ofe HIL L1 A0l StE XA 7|53t 7152 0| ERstH, ohdol 9t ot 53
Q9| B4XQl SHO|Lt &H20| HIt 2ol Sk O|X[X| t=5 MESH Got d7|et 2td (7t ERES AlAfettt.

FRO ARE 7| #3 Yoh tin 2 B, 2E =, Al 2

NE

42F AFA YT Altoll g 7hE o] Wk sHe] HAY 2HEAE Ailohs Ro® W Zlo|H, ol2dt i/l w&
7te] YoM = HFE o] F71E 275 Zlojghs A2 & defA Qlth(Clements, 2020; Spires, Paul, & Kerkhoff, 2019).
E3] 421 AHAE Y AINE o}5ks Ao 2HASH COVID-19 AFERS} o] 2 QIgH IRl E W-gof tht =2]9] Z7}(e.g., Heyd-
Metzuyanim, Sharon, & Baram-Tsabari, 2021; Lee, Ham, Lee, & Park, 2020; Park, 2020; Parshall, Harmes, Davey, & Pashley, 2009)= 1<
g7t 2okl o] ZFE Z-goll thet 2FE 7HESeleith AA =, 54| 22 tit2 H7E= de] &7 PISA (Programme for
International Student Assessment)+= 20063 5-Ef(Martin, 2008), TIMSS(Trends in International Mathematics and Science Study)+= 2019
B ZAFE 7]8F 37K computer based test, ©]5} CBT)Z ©] 3513 S (Martin et al., 2020), ©|F o] Ly2te] = £ -2 H7}
7} CBTZ e = 5 Alto] Hatel o7 23 e 7he B L ok 7412 2.2, 0]=2] NAEP2} ©5-2] NAPLANO] ©]
7| CBTZ 2o} 21 2 M (Bennett et al., 2008; Rose et al., 2020), -2 U2te] =7k SFAAH = 3571 A o]2{5h 5 Al|4] S5of g
01 2021 A=A 2E) 2 AR (9Y)S 714, 2022'd CBT=Z 2] W A3 FH] Foloth

Atg]ef Al o] #SkE Rhggtth= 51 2jol|, CBT= w5-2|Q] Heof| M e ofn] & zh=t} -&2]Q1 Fol 7|4k 337 Kpaper based
test, ©| 5t PBT)7} Al&3HYol| A BEZ Sh= et AHS 745k o] Aleko] ok v} 87 (Schoenfeld, 2017), CBT7} 015
HeHh 4 ok 0] A71E At TAA 22, CBTE 7|& H7tolx et thE 3 FAlS ol-8&6to], 15 AR, vl Al &
o), BAISN A 5 21417] I=F S 7155 Fal(Hoogland & Tout, 2018), A4 2 Q1 THA| S E3)) sHAY<] thatd 2] E44& W7t
S 4= UA| SHH(Csapé et al., 2012).

o|x& CBT+ A4, 52 SHo|A 5T QA9 CBTRE ] e A1F5] o] Fofz{of sttt MEA =)=l H7H
Aol tigt eHAjo] A -Zo] P ook ZF, 7t iHAle] Wlo] et AlEA =dE= AR w7, 223l 7t Auke] jsto]
S v)H= 8]l tigh £4jo] P gk Zo|tt. ofet weddto], CBTO thgt A7t A AFeE FA|, =7t F2] th= B7}
7} CBTZ Z2HE] 7] A|2Fet 2000 thHE] =557 AJ2Fs1S Tt T A], Bennett 2] (2008), Drasgow?} Mattern (2006), Sireci®t Zenisky
(2006) 5-2] A1A= PBTR} 2PE 3] = CBTY AA I 23H(ellE &01, olelZ BX)7] 7|5, BolE7] 5ol H3E 2= Al
AlgHEE It o] € PBTQF CBTE HlaL, 2413+ A7} 3| Ql=tl, & PBT2 CBT Ato] 2] 4= A+ ERlsto] HE A1t &
AJgt A7} o] Fo] F th(Keng, McClarty, & Davis, 2008; Wang, Jiao, Young, Brooks, & Olson, 2007). 35+ ofi]z}, &= guto] {19l
o] &= s EA 1 9|5 2 QRlof thsh e = 2 Y %] ] ThEbrahimi, Toroujeni, & Shahbazi, 2019; McClelland & Cuevas, 2020;
McDonald, 2002; Sandene et al., 2005).

ohet, o5 At7E 9fn] = AAPE = AlEsli 52 sHAAIRE tit i B7HE S4l 2= CBTZ o Agho] SAte] 1 Q1= A&
ol A, nfA] HEho] W2 M4 F2 BA5H= gloj|A] Lolrt e gito] f1Qlo] FolojjA ZIFE| 22| the ufjA] X gho o]t
A, miA Mgt A =P 7]e25H 7150 48H 2ol 2§k AR1A] Felst= Zlo] " ettt £3], CBTOl AlAIE &
(Bennett et al., 2008)2] Zt 7]%-3-814 7] 50| 2] HHE Wt v]x|= FFS =lsh= A2 Ffo| H sttt 7438t
7122 sl ey Al s d aFgell o =5tA] 982 Heh Aol Eo] WS, 7tz e S stalA} ok S| A]4]
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5] ZH5h= o ojg 2] AT 4~ 7] wiEo|thBuerger, Koehler, & Goldhammer, 2019). L=5F SH49] AFE] &g Hlr et §
F ol A o] E43} ZFE] ARG 273 2.%10] 7t ofwet GRS x| =A] HA] oFA] Zul] tit i 7o) #HE 2 i e =
9] A= 2] gEgk7]of] ool tigt &0 I @5ttt o] = 428} ol A = upk7RA| o]t} 428t W ik= §5] CBTOl| Tt L7}
234 uf, 225 TlolA] £-9E CBT Z74E 24517 sPo] AT L8 wolHe] S5 AFE ALE 80| 57} Zjo] vl
F= mtelsto] CBTR 9| Zgho] 48t witke] i7F Ao n|x]= o2 mhelsh= Zlo] B a5ttt o] & &df 48t wifof| A =
12} She 4238} 3k ool Retele & 7 = 7 Adskal CBT 3= 7idsl - 4= 3l& Aotk

Sejueke] 4, w5771 20199 0 = 7kE SHA/dH = 7ol A 2] CBT =% 3T AIE AlAIsHL, 20201 of[H]AIH, 2021 =

E]\l

it e rlr o o
N

ox
o
_,d

BAE 712 200200 B A2 B A1 efslo, ol /A2 SIS 1S AL S AALIAB 1
ol 20211 ol A3 T} YA YL AR, 20226 AW NS AT AFE Alwe] 8] W B AES 27 Fol ArkLeeetal,
2021), oJefak A SollA), £ Q7= 202118 290 AIYE AFE 78 ez SR E Bt o)A ATk BAshol,

o 3.8 7kl CBIV} QP M 0.2 £Qle)] Sial Wa s AAPES Th $3 9 714331 7 5ol Wi e 2to] 4wt ot
£, 9|7 87 2919) ZuiolA] BAskaA} B} o) 93, WA Folol A ZFE R0 niA) 3ol k2 B2} Ate) ol
714357 75| Mg Bafe) S} sale] E4 Ul o) B7d0) Bk Aol ]3] G Al n iz} ek 7
ol A7 AEe the a2k
A7 BAL FolollA] AFE 20| T vila) o] w2 Eahd Y 2ol 2to] §ol wet ol gl Lhehpert
A7 £A. FololA AFEIZ o] viA) e} v 2ol 7|2e] Bao] 714 49,8
WA Uehesh
A7 BA. o] SRR 28 WE, PFE B8 E57h o4 BAGFE A8l aiet cBT B Aute) 2ol
of g7 ezl

25 Rofoll | W7k 02 7|7 T2 PBT B4, 0.2 o] 2oj4] k. sk 22 WA pBTe] BV} ofa] AT A2 RE A
2] %] 1 (e.g. Hoogland & Tout, 2018; Schoenfeld, 2017) ZLo| thet tQFO 2 CBT7| 58 BHOH A|(Csapo et al., 2012; Poggio, Glasnapp,
Yang, & Poggio, 2005), %7} = A =20 tit 2 J7He S o &, 7|7} Fololl A ZAFE = HeE|o] 7kl ITHBennett
et al., 2008; Martin, 2008; Martin et al., 2020; Rose et al., 2020).

CBT=) 252 B3] 7} o) BlAl s A8 Hol, M@ 7162 7158 wejeh B8 7lol #82 4 9088 o)
sttt o]t A 22 B3-S A3 Aol A= HAalA Q1 E(innovative item) (Drasgow & Mattern, 2006)°| 2} F-2t}, o]} Tads}o],
Sireci®} Zenisky (2006)= 22| Adw-2 1A Q] Uf-8-0] A|A| == 2Ak5e} E4Y 2] Hol 7| E5 = §E o S HE it o]of w2
9 2] e B3] 242 4ol PBTONE 2718 % 91 7| 5(eg BlTlol, Ml 2, 22, ofuiuo] ol Hial ALk, S
o]} S ol W3R 9L AEH AT AT TFE 4 ek oS Sol, AT BN 2B 2P| G 2R of
EHE X)7], Bolg7], ATAHA 7|5 5 T3t 71638H] 7] 5 (Figure 1,2 Il B-85t0] A= T = AAIS 4> Qletk &F

H 71e35H 7)ol met A1 Q1 o] AdFH Eol| vlx]= Y2 Db 4 A TH(Buerger et al., 2019; Hu et al., 2021), O]
%‘—Hoﬂ/ﬂ" I FoFe AR A7E A9 o] Fo{ A A] ekt

r&
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A list of figures is shown below.
Decide if each area of each figure is less than 12, equal to 12, or greater than |12
Drag each figure into a box to show your answer.

D H 3 2 o

[

Figure 1. An example of drag and drop item (Arslan et al., 2020)

g(x) = -f(2x) + 4

The graph of g(x) is the graph of f(x) stretched | horizontally ﬂ
by a factor of 2. reflected across theI x-axis |:| and then

shihedtlunilsl to the left. :l

Figure 2. An example of pull-down item (Scalise & Gifford, 2006)

CBTo thet 917 52 PRIV} CBTZ Aol e R &7} B4 F402 ol2ojzich Hrllqe) BE F37 24
Stohe 212 7 oA o] W7t wjgdzte] Sl FF2 5o SHol Halr BAEl &2 oulshe Aoz, ofg] Agidto
M= 7} oA o] kol mhE 7]E0] 4ot M2& Ha Ato] 9] 2ol & Fall 2= Gyt ISt &2 THRtHe.g., Ebrahimi,
Toroujeni, & Shahbazi, 2019; Fishbein, Martin, Mullis, & Foy, 2018). SlIZ1th, Fishbein 2] (2018)= 2019 eTIMSS2} paperTIMSSS] -
HEEL U 5 paperTIVSSOINe) B AT EC] EUTH: AL BAR R B EAGHS 24e3ch T, Fishbein <)
(0187} & 37} Q1S5 45 A3 e, th42] A (Ebrahimi, Toroujeni, & Shahbazi, 2019; Eid, 2005; Karay, Schauber, Stosch,
& Schiittpelz-Brauns, 2015; Poggio et al., 2005; Wang et al., 2007)°]|4+= CBT2} PBTS] 21} H|uE &3] EAFCZ Fost e §
W7} AE A Eokg-S R, Tk, Fishbein 9] (2018) o] €loll = 2 & §3l7F 2HFICkAL ¥H5]+= A+ Z 2K Backes & Cowan,
2019: Bennettctal., 20087} Al A 5 € Eaol] e A7 Ao Aptek S22 0 e Wang etal, 2007) 53] B2 Aztel
EA/d2 Bhol= Ao 22 PBTOIA 9] 34 /g4 o] CBTOlA Tk =3t52 B5] AL .

o4 B Fbol ciet A7 At Aol W, Ae] 2L HTE Aol S thet w] = ZolA Lol £ w7} 7k} 4
GEo] Zfo]7} U= B3e] EAS EAshe A o2 e E o] Zth(Keng et al., 2008; Noyes & Garland, 2008; Pommerich, 2004). 2%
43 A-(Horkay et al., 2006; Russell, 1999; Russell & Tao, 2004)0l|41= 8Hg 0] Foizl g5 5 H AT AS 12+ HeiZ JHo H|
aff, 22lo] 2 sl sh= 4] S HY Aol HE guprt o Asithe 2l ERlIgh B ]l

CBTOlA= & go] AFEE o] &l E&ofl et T Al A|alof Stz ollA] ZFrE] et WA g HQlo|ut o7 7 29l
0| sHg9] Aol 9T = 4 UL E =, o]of] T H A-E0] 3= 3lThMcDonald, 2002). 7|& Aol A= AFE L T
Y Rl 0 &2 AFE| | tfet A= F& T o, o] & SHYEC] AfFE tiet BE, W2/, Ble, 28 58 528 49
g 5 CBT Atete] dHHAIE £ 5131 the.g. Eid, 2005; Sandene et al., 2005). Bl&0] ZUE|F HER|Z9] A 59| CBT A2

Journal of the Korean Society of Mathematical Education Series A 600



ek

Ho

ST UYE - 07}/ BOIOIA ZFEIZO] o] Zgtol T2 B} 2ol Wt B NSBHI 48 IAF SRl BIIE FMo=

SHH, Aol M= ZHFE]of thgt sHY2] AYolut Bj=7} CBTY Aol 92 & 4 AUths =o7h AA = AR T
(e.g. Russell, 1999; Sandene et al., 2005), 22| 2| ALof A= o]2{gt 29150] CBTS 4ol fofot Y& FA) Gethe 2
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A1} HZA o] HobAl dlof w2 Akl sjjAlgt 4~ 912 (McDonald, 2002; Zilles et al., 2018), A|&2] SHE0] CBT A Zof] £
291 JIFS x| A P& whEo] 7| EA 0l AFE s S 2k Q122 AR (McClelland & Cuevas, 2020). FE3F ZAFE] 7
o] FZstr]ete, CBT 4ol that 2435t A5 3 o] Al ot AFE A 2folof 23t FF2 S50 =Y + 9}% ol]
SHCh(Kingston, 2008; Taylor, Jamieson, Eignor, & Kirsch, 1998). A A 2 AL o] SHYE2] QIE{Ul AR 7 g o] #9] §IAH Eid (2005)
o] AL M= Y EL A5 TS 7 2]= 59t 417] CBTO %3 F on, Antz o2 oley Ay BEL 17} 75‘401] FF=
0] x| 2] ekgtet. o] elol & AFFElol st B 2h= HARE of2] AlEe] CBTE 7 25 A] CBT &R0l theh &=7t Z71stth A
Hr o] 50l & 4 UTh= B4 0] AUTHBackes & Cowan, 2019).

Bennet 2] (2008)= ZAFFE] FE Qof] F7H2 oz Y A e U Y &£ ok HFE Lo Q47 W ZF7E A
=g 24T 1 23 CBTO] A3t -Foju|sh A7 | AFE A 5= 2, Iy e %
L2 AFE &8 580 2245 4F =k Eofls FRlsigitt. cBTY] 704 sH3E2 PBT 274 Z
T 41 3(Shacham, 1998) A& A|7He] 47‘4% ] o]2]95}7| wol|(Zilles et al., 2018), Y2} 2] Ao} ] L7
o] Y E2] Aol FhH o= o] JFS vl 4= ATt 3 Russell (1999)2 53] 794 SHo| B2
39| efo]ig ‘58 o] Aol FFE FTH= @ S A A3t 0|27 CBTollM = Alg o] H7lstaat she

A 28 20| @ H7HE & A A5k At=0] EAHZTH(McDonald, 2002).
B Algehg ot ddsto], A4 Q1 42| & 7|HE e = CBT A H|ul 2A 9 2| t= 2ol 7] of ot ook 2 A
(e.g., Bennet et al., 2008; Kingston, 2008)°11 4] Al& o] AJ8Y &= 3te] Y|E L3 A2k t n'rrE‘] &gl W2 Age] ST 59 71&4
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A L71 EREARRFE o] TR o]t 7|&A Q) A WiZo| e AEstITt
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B 519] Zroj k= PBTE 0] 0] 7 2020 75 S Z = 3 7F, 2020 PBTS ZFE] 2 2 =& 23t 3 7Hinternet-based test,
o]} IBT), 2020 PBTONIA] Y- o] F41AQ1 2l & 50, ol 2 BA]7], Boj57] &% 5)2& HatH BTl st sH4
Eolt}. ATt FoAh= 25 255k 28k o]}, PBTS} IBT+= BAl ol XY= o, 17} o] Y 2

e g2 20 Seh 2 HAE A
A 242 10,526, 47378 ©] AL E ATk 27A] S TA 2 a5etulo] 3%E FAtalR AEe 7, A stalel Lo dvt o5 &
ol dol= 7 shE-& AAshs L& 7A ol Foixlom, AAE 3 FollA COVID-192 I8l 97 +A& Wastar gl= 3t
Foll 3t g¥o] IBTOl ofsith. BT+ PBTON AlA 1 £3 & A7 £ a2 FFo2 wighshs g2 7131 H, oF2
N ol AJg=|3ict. 25 3HYo] 3 shslo|u ARE ABE 5 TP JHE Aolo] IF2 vE 4 A= 2de Ha
gksl7] flsto] stare] s F ok A E AlRBEY 55 st Al SaEACIN 242} 179 st B9l om, =
3ta.o] 23hd A i‘ 3 Z 3737 0] Bl Fofs3ict.
= AN A Foixte] AR 28 58 52 tH 13} 27 #iRlo] CBT Aol J3Fe v 4 itk AT
=, CBT ol i* o] shAY W1t 2174 Wi Qlol mh CBT 23HE H|astarat shict. Y mQlat g7 HQlo 2 CBT ol &
Yo AT 28 RI=(EHE, ppt 59 B8 WIE=)2h ZHE %% SEHGHTEES 283 A= A, 4 8 A2k sk A1z B
N SA B FE 2, i}é‘, &= 5)Z RIStk s A E= CBTO ofshe sPdxt wAte] A&sS 53l &sialan,
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CBT 7ol Fofdh 1A 314 3737 5 W&ol e 3595 9] e g o= o iclof mhe CBT ZHE Hlat, A33lc
(Table 1 1), CBT Al B4, 3HYE-2 COVID-192 18l oF & |3t 24 qdof] ofdh g 7lo] l3let. o] 2 <ls) e &8 Hl
=, AHE 28 Bl Ui E2 FEiglon, sto] AlRe A4 FEEh wol gl

_—

Table 1. The frequency in the computer use, the sense of efficacy in computer use, and the environment for CBT

The frequency in the computer use The sense of efficacy in computer use The environment for CBT
Rarelyused  Atleast once a week Sum Low Medium High Sum Inconvenience Convenience Sum
41(11.4) 318(88.6) 359 (100.0) 41(114)  177(493) 141(39.3) 359(100.0) 47(13.1) 312(86.9)  359(100.0)
WeT

£ 9% YL % 08P 2 FAHI00, TS 151 o] FEO2 w45 1Be] A WIS urefsigict
PBT, IBT, CBTS TAI5H= 23] 142101 E4 2 Table 29} 2T} IBT 23] 7%, PBT 232 ZAFE| 2 ujA| 7 A3t Fefo| o
2 Aok Tt g 5o B9 5ol Wsbh 9loitk. CBT 249] 79, 3, PBT 24 Lrh2 AL A S5 WAlol L A2
A Z00] 7|43 7153 WstAIL, A, PBT B SUT HHYIET SARE ol 25 2 590 PO MY
5 71384 75 Hhdreklen, I A 71&58H 7]sol RidH w3 8717 H A 22 AN 7]e3eHH 7150l
urEl7] Ao) 59 o) 49, 71E Bant 5Us AH71E 9§41 do| £5 71 4 Y2 2020 PRT o] ol 45}
WA 43 ot AR, SR A 1O R T TEA MER AT H, FEA ol A 0 A, 45
S AR 714384 7)5o] RidE 23 F AR SHoA FA4, AlEeold 59 750l F 47119 &l HHI= A
o, Y 3 ST A ol 2 HX|7], A Z8A, Bols7] 59 7]50l F 4719 2ol BH = AT CBT Al el o «5kA] o=
al

I
& s, ARG SHYSH SHoIM S 7|E3 3 7152 FAlol HEYsHA] gton, £AEY] A sA] EE

2ot Aad £ g Sol HEFE s3th

Table 2. The item types presented in PBT, IBT, and CBT

Item type PBT IBT CBT
Selected response item 15 15 13
Constructed response item Short answer item 3 3 6
Extended response item 2 2 1
Sum 20 20 20
Innovative item 0 0 8

B Ao A= BA A2 2 2020 F7HpE SFAAI ] B712] PBT, IBT, CBT Ak& 2 ARE3IQILE sliY A= o= AlY G3E 2+
o Pt HHE, CBTol| ol 48 thd el R 2k 7t 23T el R CBTOll W9 H 7143814 7]s0] Al Aol |zl
Fgol st AR o &2 A= oH, sgo] AFF-EA o|of7| & 4= QL= & ks 2ol A Wk xSk WAl 0 & XIS E| Tt

245 BA2 A ZAEo) 90| thgo] Al THAIR XY= St AR, PBTR IBTS] HHES vlwsto] 5 32| AFE] g
o W2 HEE 2to| & RISt EA4, PBTR CBTS] HRES Blasto] o] ekt 34| 7| &a814] 7]50] §ig -9 24
e Ao WS EoIsioitt AlM, she] AFE &8 Hlw, HFE &8 G574, Al Al uk2 CBT EE<] o]
£ 2RIt CBTOlE= ofe 2 " x|7], ZojE7], Algd|o|d 59 7|&384 7|50l ¥t =] 17| wi&oll, PBTet D] s4e] 4
514 2] 4] 2ol AFE] -8 58 5o Aol S vlE 4= At ool], SPSS ver262 0]-8-5t0] o] & A 7HA] ¥4} 4= Afo] <]
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Figure 3. The correct answer rate of each item presented in PBT and IBT (unit: %)

Figure 3& A H, th-2o] Fgho] 24l rlofl 9125}l glof, th-2 £l 4 2] PBTSH BT HEE 2fol7h A7) G5
QI8 4= 9lrk AA| 2, Pearson r=0.96. 2.2, £'8 PBT2] HHET IBTS] HHE Atolof vl 723t oFe] A7t EAfeict.
oll 9202 2 Aol A EofX £ 31, 199, 20) PO =, E}~ 5ol vl PBTOYIA o] A E-E3} IBTOlA 2] HHE2| Aol
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Figure 30114] PBTS} IBTS] AEHE Abolol] 48 AR/} 9182 SQIstolAIeh, 2408 HEE Aol 234 tha| Uelid,
SR, A 2070) 29 F 127 £3) Fagol PBTOIA o E7] Uehtom, /) 240] AeEo] BToIA o 7 Urekitc.

0|2} H=5to], Table 32 2 22| PBT A HE IBT 4 HE0l| tet 74| 2]Ql %] & Kol =M, Figure 4= & 732 PBT2} BT
0111\1—4 AEES Y2 B = 732 PBTR} Toﬂf‘i—i it A ES] Aol & HolEt. ofloll A<= Table 33} Figure 3, Figure 4
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Table 3. Item type and the correct answer rate for PBT and IBT of each item

Number Item type PBT(%) IBT(%) Number Item type PBT(%) IBT(%)
1 69.97 66.81 11 29.73 29.60
2 85.34 87.32 12 58.77 61.10
3 54.68 45.03 13 Selected response item 4594 49.05
4 86.73 82.24 14 57.81 57.29
5 . 65.04 68.71 15 43.29 46.72

Selected response item

6 5349 56.66 16 4793 4271
7 59.89 64.06 17 Short answer item 55.84 57.40
8 50.21 45.67 18 53.22 5222
9 63.34 58.56 19 Extended item 2033 12.05
10 6247 62.16 20 rendecesponsel 4072 26.71

70.00

60.00 5941 5873

5233 g9
50.00 The average of the correct
answer rate for PBT
40.00
30.53 The average ofthe correct
30.00 answer rate for [BT
19.38
20.00 === The difference in the average
10.00 11.15 of the correct answer rate
: / for PBT and IBT
0.00 0.38 S L.55
Selected response  Short answer Extended
item item response item

Figure 4. The average of the correct answer rate for PBT and IBT (unit: %) and the difference in the average of the correct
answer rate for PBT and IBT (unit: %p) by the item type

Figure 40l 4] & 4= Q1 50], Atk E32] 72 PBTOIA Q] Bt JHE2 59.11%, IBTOIA Q] Bt FH: f_’_ 58.73%=, JHE 2
°l7P 7o) Uep] kot @y E39] 7% PBTollA 2] Ht HHES 52.33%, IBTOIA Q] B HHE2 50.78%, Ol & Hat
HE2] afol= 1.55%p=, T thA] Ao w2 Ho HEEo] ato| 7 Mty £ EEP =4 37 LPE}E{E}. M&ed 239
—rPBToﬂ/\‘]—«] B HEEL 30.53%, BTONA12] Bt FHES 19.38%, ol & Hat 4 2ol 11.15%p=, T miA] 2ol
2 P JGE9| Zfo|7t th2 B 5ol Hls) 7 2 LRt ek A °éJ+ o] 2%p oo xfo] 5 Eel Ziof ¥t
aff, &3 4 2 10%p7} H= Zpol & BTt o]= S50l o /9] EFoll Hls] A& 23ol4] PBTRS] %%l w2 of
Bt A= 2|ttt
o] 4% 157 % 5 F 870 2T AEEC| PBTOIA =4 dehd 771 282 FEEo] IBTOIA =] Ye}
g 29 4 571 2 5 N B HEEC] PBTOIA =7 et MEs 238 4 % o] }AS}E ThA| THE Y
O & tro] AR, Oy £ 42 Al 7] 23 5 F 7ie] 32 PBTOlA], o2 3t 7ie] #32 IBTol|A
o] &7 Yehtom, &y B3] HEE-2 B5F PBTO|A] 7| el o] = stalvte] 79 x| 2 PBTOA HEEC]

_o}loZi

=
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27+ 67N, 2~4%p 7-7tol| 3 6l~— G2 7 67M, 4~6%p 1ol ST £ 47 57H, 8~10%p -1kl s F ks £ 47t
27M, 10%p 01’3 77kl ke £3e) 471 170l ch. 4%p ol4ke] 77kl slgak: £32] 207) % 870 BFhHCHvp vlTHe)
F7rol sk 23] 42071 5 127 87} o Yokrh w3k ATk 232 o 4vp njrke] 1710 s aiiA w17 %

1070 23, MY 232 i 4vp oldo] bl si3RtEcks ) & 370, o9 2 1] A Aok 2R AEY £l
A of7] HEHo 2 QI3 HHE o7t B 2| Lpehe Hoj et

uhd) gk ool 7428t 71 viejol e Eae] HEE Ao]

Figure 5= £ &2 PBTOIA 9] HHE(F) CBTOIA Y AHE(F)9 2tol& UeRAT: 24 (y=x) PBT2}F CBTOlIA 9] A HE2
Zpo|7t Qle 745 2nlstH, 2ol A Hold 45 7 R EojA sy E&2] Feab7t Atk A ofn|gtet 5, 24 o2&
At o= PBTOA o) HHEO| B 552, A4l f1Fel fIA]et o= CBToA o] FHEol H &2 9fn|3ith
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Figure 5. The correct answer rate of each item presented in PBT and CBT (unit: %)

Figure 55 AT HH, tf72.0] Efo] 24 o] ]stal lof, -2 E3ollA12] PBTt CBTO] FHE Ao|7t 24| ==
EIst 4= Ut} AR 2, Pearson r=0.69%, &H PBTS] Xé%%ﬂ( CBT2| & Atololl= 43t o] At EATH. o9

# 0 2 AMolA Wolzl ke 1093 128 £aro 2, T Bafo] u]s) PRTOINS] AEHET CBTOIMS] AHES] Aol7t 21
PRTOIAIe] HEEo] O ke AIS o 4 9le). 5712 0t 22, 10w 12419] 73 pBTOIAI2] ekl e Tol 51
OF=rhe Holr Figure 3014 PBTS} IBTOIN ] HEE 2Hol7} i £32] A9 PRTOIA L] HEEo] W 2abo|3ld 2t ge),

Figure 50141 PBT<} CBTOIA 2] A& Ato|7h 2 10812 12% 232 PBToI|A 9] AHEEC] 235]2] =2 H l?it} oje} ¥eAsto],
Table 4= 7+ 2&2] PBT AB-E2 CBT AHEC! theh 14149 2] 2 CBT &&ol #H9 ¥ 7|&33H4 7|52 EO#%

AHE Zo|7} 7 A ehd 108 232] ¢ PBT CBTOIA1 2] ARE x}o]7} 48.68%pE, T+ HAZ & }017} A
Lrebd 128 289] 79 PBTS} CBTOIA1S] HEE ZHol 7} 19.30%p= LHEFSTE. o] o, 10813} 129 #&o] CBTE {%}ﬂtﬂ A Rk
H 71384 7|52 22 ZolE 7ot Al Ak Aot 103 1289 742, PBTOIA] IBTE 22Hd o] =E =kol+= ZH2F 0.31%p,
-2.33%p=, PBTO|A] CBTE #gHd wje] FFE ztolHet 252 & 4= Utk &, PBTOIA CBTEY] % %POH ufe} Hgst A gEC]

2 ofehe] Y12 o] Hgho] ofd 7]&3 e 7] 59 RidQl & 58 4= Qi
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Table 4. The correct answer rate for PBT and CBT of each item and technological function reflected in CBT

Number Technological function ~ The correct answer rate Number Technological function ~ The correct answer rate
PBT CBT reflected in CBT PBT(%) CBT(%) PBT CBT reflected in CBT PBT(%) CBT(%)
1 1 69.97 63.40 11 9 29.73 25.71
2 2 85.34 93.87 12 10 Check box 58.77 3947
3 3 Pull-down 54.68 5807 13 11 Simulation 45.94 48.06
5 4 65.04 73.30 14 12 57.81 58.64
6 5 5349 47.35 16 13 4793 5272
7 6 59.89 62.50 17 14 55.84 7329
8 7 50.21 55.14 18 15 5322 60.51
9 8 Video 63.34 65.33 19 20 Simulation 2033 19.86
10 19 Drag and drop 6247 13.79 20 17 40.72 48.09

SHH, Table 40| W2H, 7|&384] 7]50] ¥F9E CBT 232 1087} 129 QJol|= 31, o/ 1381, 199 0] St} oiet o] & 2%
9] 73, 109, 12813} 2], PBTS} CBTOA Q] AEE Atol7t A7) Yok E5], 7|e384 7152 HHg o & Qlal FaEo| ot
109, 128 2&ah= e, 39, 98, 139 ﬁﬁo&l 4% 71453814 7]50] BidH CBTOlA AEE0] 4455ttt F53loF g 4
2, Table 39] Atet Z33ES W, FolollA] HFE| 2] T miA] 212 Alolli= o] & E&<] AHE0] sttt AT 7| &35+ 7]
50| RHg=|2}t @512 HEEol FsFirte Holtt. 1989] 3ol e, AFE| 29| T uiA] A Aloll= HEE©] 8.28%p ol
A8k 71384 7152 AgAlol= FHE oteo] 047%pE ol EUTH A2t 22 FHE HItE oot AFE =2 i A
A 2ol BHdE 7|38t 7] 5ol et A gL Wt ohEA Yehd2 & 4= ot

she) 437} 9] 7o) e CBT %7} Zzte) o]

o] ol A= 84 wiloje}a & 4= 9l SPAYo) A E T8 Wme} AFE B E57, 121 9F B Wloletn & 4 9)
£ CHT A4 02 o 7} sk Aol U2k Tl S Y] BFe] 28 Wol o CaT 449 4ol
(o) /\

O} AFEE AFUo) 3T ARSI obe he] W] WES 1110, BEUARE 6820]5, 5 18] o4k AFg el 3]

of -2 1220, EEBAE 63501 AREIS 2 15 o 93T el B4l B2 Lo W et el s
oI ZF3AS T fulakA] g R0 s AR A0 2, PAYe) ZFE B WEo] aiE §9nlg W4 Aol e}
L) kst

Table 5. The difference in the achievement according to the frequency of the computer use

Frequency N M SD t p
Rarely used 41 11.10 6.82

-1.038 0.300
At least once a week 318 12.20 6.38

Table 6= Mg 0] AFE] Al e ol k2 CBT H 2] 2fo] & E ot CBTOl o3 BA19] Aldigtgol S go] QI d &
AJo] M40 HHF-2 11.98, T } 7.130|H, A|3i2tg o] FT 3 sho] Mool W2 12,09, EFHA= 6.390|th ZHFE] Al
YeHgo] ¥ shx 3-4 -4 0] 0.11 A YER oL, §9]4-2 0.059014 74Z5319S W) §-2Jn]elA] P2 7l o2 Fholg]

St
ot d2Hog AR

_VYL

#7300 w2 foJul3t 4 2ol = LhehA) st

Table 6. The difference in the achievement according to the environment for CBT

Environment N M SD t p
Inconvenience 47 11.98 7.13 0113 0.910
Convenience 312 12.09 6.39 ' ’
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Table 7 SHd 2] ZF+H B G54l ©hE CBT A2 2fol& E@lf‘:} Mo AFE E§ B A, T L2 Y

ol Zick A 3 shAYo] o] P2 1020, EEHA= 58101, T 5 Y] 4o Bt |
Y0 o] W2 13.90, BEMARE 6460/t A 22T F %?Z“@Sll o] 2 0.86 2ko| 7t oL Kol F 0.05

o BEHAE 0 fApIeh 2 AR Aelsick A LT 14T LT HEA 04T Y| B BRE 4400
24 2017} 5001, 25 9125 0050141 21015 1ol] Stk AEHO 2. AE 8 E7tol e sl ke chal
4% S IS O 8 A4S 08 4 998 % 4 3tk 5P 2 28520l weh W2t A3t gebd 4 9188 ol
SHe A0, QlejRol Fofd Se] “TEd, NEgHE 71HES AFgsto] GeAIS apgslol s B9k Ui, A%t
FEI2 2 234, 53] Eolg Alzjo] R3] whzol, Aol Al 23 Sefat Aldo|glol 8.0k 2+ S5 o] o] 2 Saglaiet
Table 7. The difference in the achievement according to the sense of efficacy in computer use
The sense of efficacy N M SD F Tukey™
Low 41 10.20 5.81 L hih

. ow<high,

Medlum 177 11.06 622 10.127 Medium<high
High 141 13.90 6.46
"p<0.05

" 0=0.05 $Fol| A SAH o2 Folt

EY

2t gt 2pol7k Sl A-52] FZE 0.705, A-119] §-212-E 0.003, F-312] 1-2]2HE 0.000

Johe] =afiel oA YRY &8t 7] &0l 7|9kt 4t o] g0 7kl }lom, o] 2gh F -2 7 2ofol| Al
t}. ojol, CBTS] E{Jo] A} Hate]o] 7} Q1 O B (Martin et al., 2020; Rose et al., 2020), ©] 2} &5t A7Lo] 27
Al wijA] EAgol] ﬂ’}% 4= xfo]9] £A4] 0 2 RE] CBTY| AJ3-4Q 9] ¥eko = SAE| 1 QI THe.g., Buerger et al., 2019; Ebrahimi
of| B30, 2 Aol A & ol A| HEhol| whE 7} Aate] 2412 i A| et CBT 3ol ¥

A 7)59 SH, i“c‘iﬂ ety 99 Heln} 27 Wele] SHojA otk = elskaiz) shgict. 1 Axf, A
S} BTQ] A 4=9] 2ol 7} thAl| = mlu|SIAA R A7 Medd ERolie BE g7t oe]d o2 37 Uetstth 24, £3
g 7)=33H 7]5oll wheh PBTSE CBTR] Aol xfo)7} QL2 &elstieh A, CBTOll Zrofsh= 48 H<lo] CBT 75401] °§’%‘=

2 0|3 4 A5 st ofstoll A= ATt A& ZHzbol| gt 38 AE3} oo thgh =29 & A A| g

AR, 2 AolM = £ 53l et 2 gato] xpo| 7S 4= Q2= SISt 2 A A, AEY 22 4 A
3 o] vls| tiA| 2 e a7} 34| et o]= L6§°d¥a{orkay et al., 2006; Russell, 1999)Z *| 2| 5}= Zuto] 7] = 5}c},
o
5

H1
5%
S
N
mm
M oE
zQ >

5]
A,
A,

Hn

o, 2 & F 3} x}o] 2] Q1 F Sht+= Russell (1999)0ll4] 75t vke}k Zho] Efo|ig A A 4= QAR 435t M&ed] £ 42,
0] Efo|g £Eut He/dol| ujet =E gyt 47]7F ”EPZI% Zo] opd 4= Qlth= Mol = F5T o7t Qo). 43 A&
As}7] 2JsAl= 2AFA ] o] = A A0l 9lo]2 o] 85}o] AF1st= FA o] T o5t ‘"(Schleppegrell 2007), o123t 2golt
1 A3 "9 AE 2 Hghsto] Blo|igs}r] QoA Blo| £t AT 2 xBER] ohs F7HAQ) 53 o] P asty| wZo|t.

I o

0

UAF 4-2dolut Asahol Al olot 22 Ao] TR A4S NS HAE R WS FUL oA gk SSolAE of Aol
NEE RES Fol BE Auto] 3715 £ 5 Ao] otk thik, B dpolas B4 $ol et mE Ehr} of g7 ek
A SHIsHe 218 B2 el d0l7lol, 2 8 83 0] 35te| ol 2= 3l oAl Hlsl F4 @
72 58 SaiAiol I Zolck. Uobrl, 5UT £Y RPUA e 2yl Wt FEE Hol7k A2 thA Uehtid), ol 23
99 ool 23fo] ol wet BAH4 o] HEE Afo|o) wrIE 20| © 4 9182 HolZth oot Udistel T4 ATE Bl
B fajol §ake v A= Thret 29 S4o] Wi Aok 8 ol
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u 2] (2021)2] 7T} Zo] E—Zl H7U olsf JH*OM E”EIDIEM &47} L}E} OET%%P
ol wet FHEo] stetet 28 & F58 A2 AAHrAet Hojg7| 7]50] 23 &l Al
] 71 B&9] 72, PBTH= ©E] 9 e5lA] -2 w7 1] = (Haladyna et al., 2002)°] 0] 2| A] &
o pPRTOA =7 ﬁﬂ 7ﬂlé E7|(Bridgeman, 1992) 52| #4512 Z2Fo] ARE-E 4 Qloh= 4 o] . o]2{gt £ A1 A
o] e e] ZAIeHE ek} Q1A A 1ol A=5] o] P nF A= T& ATE ol B = FEs| ASE ofoF & Aol &
H, 71384 75 4 Hhgol whe HHEe Hak= 7]%%9%-1 7]%59] Rkego
WA AFEIAR0l, 5B AR AIE O EA oleE 4 =T ol A2 WA= AR £7) Aeke] ARE-S Afteh= 5 o)
29| ZAIsH 4 1ol PBTH= e =& 2 Folle2 A&ttt o= w39 dol ol = n|d 4~ e o=, FF &5
ATE Bl B2 Ao] A= ojop & Aot

A, AFE 28 W= CBT A2 & Gatol| 2 JF2 n|x]1A] @A|eh 449 A 8
2717 gk Qo 2 A7 A AREH & T ApE, ST A MY Afolof| A= fofnlgh 24 &
o|7} ERIx| ]I}, o]«= 9] AFE && ¢ FF= A 4= e B 7 o] 5 A #sfjof gHh= Bennett 2] (2008)
o] F4ZS Alsh= Aitolnt. o|ek 22 2 A Aik= YA -8} o (Geraniou & Jankvist, 2019)2] 7@ 3} ZA| ek T H &
T-ol Ba/d Al EO%%EP. 71&384 752 E-8ote 48 Brlol M= B, B A ESQ o &8 A7 28, AN T o
%L 7 e AFEH 28 587 LE a3 Afo|o] A S &S| A5t
%EHH = ZFE 8ol Jr—r"ﬂ HAE 79| 24 A|2kstal o] 5 Q49f 4~8F AFF Afo] o] BAIE AAA|of LA
AEE a1} Atolo] BAIE AlUsHA °l sjot7] 915k o] 237} x13d = 7} Qlrt. ShH, 3ol AFE 28 Rlko mt 7
JD] St K4 xjo] 7} LFERR] eotth= A=, ZFFE] 7 & (Ebrahimi et al., 2019; Eid, 2005; McClelland & Cuevas, 2020) 2! 214 =
(Backes & Cowan, 2019; Bennett et al., 2008)7F CBT A3 %] 2ol 2 &S FA] r=th= AYALE x]RSt o] k= 2] CBT A3
A o] w2 ADFE o7} S-o)u|shA] ith= A= CBT A3 Ale] 247 A Z Lol A Z 0l 3FS & 4= Qluh= A3
1(Bennett et al., 2008; Kingston, 2008)2} tH] =|=T, 0|2} ZH2 At Axb= -gjufetel 22 91l Sl A= CBT A3 274
o] CBT Axfol| & Y= HIA|A| =t 21& HolEth
2 A A2 R E o2k 22 B 7ER] A2 A RN AR & A|REE 4= Qi o] 9F -2 AJAPE 2 it T
Shof| A2} oHg A Q1 CBT =l e 7]of e 4= U= Zlofoh. HA|, & Ao A &Rl 7]&-3514] 7529 By 01301] a2 "é%E 7&
o] atol= 714384 7159 o] Mol FFE vl 4 s HolFH, e B7F U-&1} ol S AHe 7)e3eH4
7159 =2lo] %3@% HolZth 7|e38H] 7152 TUTC 24, CBTS Al S wf SS9 4514 At S Hi} elg
Al 24T 4 Qle B81-2 7dkse Z1o] W3t Zlo]thHoogland & Tout, 2018). 3HH, -S-7HY A< =
o g st 4stof| A Q] 37t thdst B RS A Y= vl Z3tof th-35hs 23S 7N
£ 1H5tA & 739 HEjr|tjo}zt iy £&e] Zido] 583 4= o
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35 ol Harlel SEo] M E Aol YRS U)X 4| YL E AUSH MY Bokeh 87 )7t Meshe Hojzt £3), o
2 7)ok ge) vy ko] .9 shAo) R T w5l e A Sl 247} K et z, ol g Teje 24 24
o} 8] CBT A€ 93t B7e) )7} W e aict wat shassol 4 CBT Al Aaiile 714381 7] 50| whedsl Bao] of

St 4=} ]
Sk L] ofafiel 7idko] QALE| = uE, SHAY ¥Qlt o] H 2 ’iRlo]| thgh FAollA] Lolrt CBTSF 1 23l thgh AL
7| o] Foj Ao & Zlo|th(Jung, 2022).

2 A= AR AR S 7HA AL Qe & Aol AR 7 S8 FH = H7ke ol Akt Ald) do] weRe A
7ol wk2 A Fct. o] &2 QI5) PBT, IBT, CBTS] #of Qllpet A|3Y A]7] W AJg@h7gof] ThA 2fo|7F 23 425t gllor, 2
79 A 0 = FA H ek F PBTLH BT % CBTE] A|&Jo] s-Alof| Z13Y=] 1 of o] thigt Aufr} AA|EThH, S4 A5 X138
sho 2 B A Auts Husts] Uz 4 Q1S Zolok 2 Ao A 7t Fofrbe aEshar 25hd shgoll S| It Jewsbury
9] (2020, p. 63)°l W= Z|&Hdof| A CBT &if= ThEA UetE &, 158kl 131 o]ste] eH4J&0] it CBTOl| tigh 37}
ATE 5l stugat shad = ool vrg s = 71&384 715 aate] Alo|d S ERlst= 5 CBTS] S35 Huslsf vtz
L7} ]l

olet Z-2 Ao = = 'EP , & ?19= PBT, IBT, CBTY] H| & 53 =& Fito|| tfgh 0|3l & o] 48 Egol| 7]&+55}
A 7]50] grd ol w2 7§ £/9 1} ol = §15t0] 715Ad 5ol theh 242 A IS THE 2] o] & Zh=T}. o] = 7]& A3 Aol
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