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ABSTRACT

This study explored the overconfidence bias and hard-easy effects of students' biological
concept levels and self-monitoring accuracy. To this end, 361 high school first and second
grade students participated in the study. As a consequence of this study, there were
differences between genders or years in the four types of knowledge-confidence and
significant differences between genders in specificity. As a result of clustering model analysis,
hard-easy effects were found in a large number of students, and there were many cases
in which the tendency to overconfidence was noticeable. Based on these findings, it was
suggested that students should be educated to recognize and reduce hard-easy effects and
overconfidence bias through different educational strategy between student groups.
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Introduction

ShEAP7} APAL 2] 2| task)ol] Tht %2 F= B (calibration) S SH= A& 27| 24 Sh59] S5
Qoo SHREA AdF 9t 21 # 91 ﬂ?ﬂﬂ }M% 710 2 AHZTH (Bol et al., 2010; Koku & Qureshi, 2004; Ots,
2013; Stone, 2000). Hgo] AHA1] 2Aof] thgt o] sl =.oF =3f 3t W-8-2 “J oA 7ok 582 ottt
7g2] 7} Aol A - F- L5kt A4 Shgol| thigh 2|54 Q1 HUE R 5oto] BHd A Q1 AlaLe} 27| 24
Y= A= A2 w&gol|A Fxsh= d7e]7] = SIHHMOE, 2015). SPI&E2 AHe] B15 &
aff et w1 o] AJutE RUE A ZRhle] Aekat shgof digh A vl RS 245k
T} (Hwang & Cho, 2020, Nelson, 1996; Pintrich, 2004; Winne, 2001). 7FF Sh&0] 2 u} Aupr} 245k 20
A £ ehethal bohs SHYE2 SIS WElote] S BERo 1L A|=3 Z 0|t} (Winne,
1995). LU}, BE 85217} o] 2f gt et Y B Eo]l /g 5491 -2 ot

¢

SEA7E ARplo] A E S8otAY AT E 4= Qthe 71t =t AFAITES AF7 ] 85 A (selfefficacy)
olg}al str} FAARI 27| &5t ol tist 5719 o &-2 =ol=t A Y 4= QAT A
Al BEL 27| 852 R 52 S1E Ao Hof 241} 27|18 shtehs AmE Zald 4+ ot
(Bandura, 1986; Winne, 2004). ZHA12] -4 A7 It o)) et AGLE B QITRE QA S syt uff ¥t

B} 17}

/d& o) a1 73k ol Wk Hth= A 3hA Q] B ol o]ttt S13IT} (Kahneman et al., 1982). ©|2{$F 9l
o] AFT S TS Alg]alals-2 01X ]le_ 60 (cognitive bias)°|2tal A 2|5t} (Hanselton et al.,, 2005). ©]2{gt Q17+
O] AJAL S35 o] AFtollM = FefA QJaradxt Ab7] A kg Wellohs 2oz il HAIHR)
(overconfidence bias)ol] F5-512LA} SHCE TAIHGFS Z}4lo] 7R AL Rl 52 B} o] 9405 538 S 7|1
At WAL, 2R o] Sh= B o] E51E 4= sl A1E QIAIoHA] Zokal Zrhal wabsh= Jgo =
Aal o] s o|u} whoke WA 0 2 H 7I51A] B51A] $HTh(Ha, 2017; Winman et al., 2004).
Tl 2 S AR HEY %E}U& Weinstein (1980)0] &3] =50 A] %]-8- =0|&} njoj] w}2=H &4y
2 v 4ol tis A u=]A| ARl 7|HE skl Qlow, SRR O w2 et S5= 7IHietth
ST B 2o] Al E2 THE AFE] 5381t B we wf A4 0] 53 ol tfsl] AJux]A] YA 1 3ol itk
A2 $iT} (Taylor & Brown, 1988; Weinstein, 1980). Svenson (1981)2 ththo] 25t 274217} A4l o] th
X}EEP O] SRAE| L A4l Al = 213 o] Aokl AZkshth= 212 HofFIth Wiist & Beck (2018)2
o] T4l wAofA] TRt 22 B 71A] Aukg Zeffd 4 okl A2siqich A, ggo] Ahile]
]-o:] Zh A Quob ATk Al o 884 0 7 dgsto] A4l e] A S 7 ol A
At 22}, Al kgl tigt Ale gt 15 H50 2 ojojd 4 Qlok. A4, AA| A
%5 5ol X uf Aol EH A2 21 7 tjof] || #] Zgt 2ol tigk 572k vl
At wepa] Aol A 2hrle] AH 2 91E ofslish= A2 WS ARl F5A Bl A| & 2.5}
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HrE 7HI P 0| =2 A4S W2 SR Al o] Axtol tisf o Yt o]l om, Fahgo] of s}
NETHH 52 £22] 31E Hol&= 218 AT Grimes 2010y AA] A8t 4=<ollA] Lo eb HukA
Q1 5k}l /g A o] 74 A A7t S7kohe AS EAsith =2 50|, HetgEol ofg e T
o], &7]9] =& X[HollA Z}4le] g A& el 7} okgl o 8177 RIgg s of] whet A e 7} = A o]
HPAE] T (Beyer, 1999).

hAle] A% Q ol thofstA| ZAGH) Oskamp (1965)= H| 2 11 A H 7} £-80] &)%) &rjete o We A
HE 7T 25 3H,1-E S7HA 1T AR & W3] O, Russo & Schoemaker (1992)+= 227 P—
Atolof| A = IHilo] E|EEA| T, e FAof] thgh A7/ o] Z7tstol et 1 == hAshE Hols
HHH Glaser et al. 2005)= F24] Agjx}S0] F-gof Tt A 2of gat uf vk AlE-S R A U] 1:;“_34‘?_]
A& WGl &, Aol 4 il &0l A2 ofyeh= Zojoh
12 Atof| wh= ™ 24l e] A7 of| tigk 2ieig 7o) A == w3, AdHE 9 2k} -0l whet
Lichtenstein et al. (1977)+= 2ol SHFE ©2 ob= AH41] 530l tigh 2HiI7ho] B 412 220l
73Fol, 18] 1Lt o A2ol| tisiAle =2 Aol Ua= HolFinh ol et A2 T ot
O 2 "of&3-4]% T H(hard-easy effect)" 2+l STk (Bordley et al., 2014). Larricket et al. (2007)= Ak
2 0 2 721l 9] 23853 ot GiHof tjs] Wt Ert o =5 Zlol2kal QIAISHA| R, o 0131%-4
ol =7} thE A&l A JHE 4= ke AS HolFelt). F, o8-l 8deh At E
L A o] thshA = B2 APAlE, of 2 AU dA o] theiAs @5]e] =2 x}mm L=t LH =
ZoH} (Larricket al., 2007). A1AHE-2 AFE0] 7 2204 of 22 Aol tishA] 2palzt-2 o
£ Aol gt A4l W | 2|9t AFE-2 ofH 5] A4le] 42358 H= A4S ol
Sl st

SHARY] ARl 7 ok Al A5 vl 2pol= gk 71 e] phlof| tfigh E2 A
=0l =7 Fel BlellA 2= 70 olsl=g SAET B A li
SFALA} SI2ITE Ha etal. (2012 8-S 8710k 2gollA 3% %4 g
7F Aol thgh ek 2p7) x| Alof| thgh E4lolatal A olatgict. 7HE g 7 2ol
& AAE TS| sk A =8 FollA] v ik A| 24l A %7&/\}%‘—?— 10
EFdE W AIZ =7F =0 wSof|x ] 87| & &= Zlo|tt. o] ItoljA|= A ntst 7H 7t 3ol
ofgt s 2] a4l Q12 gk} S| £3e] o) ol tig sHYE2] Fral o] Xfo| S Hoft= “of 2|24

el m

F

0_9.

= ool

"

4

2 g
rir

5

ru =
e

=

ool

)

ﬂ10 o
[

1. Mo &
Mo 1 g
r ik

£
I-II
:L
Y

o
o

oz
ﬁ N r
rr .
N g
£

q
L

ln

&

H1
rulm
m

ro

i

el

re,

4

ox 2

> 1
1o lo
>,
E%

Rl
I rir
k1
;o
( _lor
£l 1:5
J
O
i)
>
oy

H1

>
[
(o]
lJ f‘zr
ox ok
rE ot

r)-
rok H1

=2
oh oL oX

—=

-ln

& S H(hard-easy effect) 2| 3 & ZAFSHL, BMYE0| 2he R = L5 A1 Fof &ls] Halx} 3ttt
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A 54 o g AT 4= glojof gttt SHYE2] Tl gt A= mhekal s S wRiA7l= e
2 o] B =2 o] Ab2E 4 Ql=t| TITHE (sensitivity) 2} S-0) = (specificity)2h1l E2]= 2524 AR
o] it} atof| A HIZH =} Eol = Y} HIAEE 7)ok o] ARSEH ot BIf = 2AHo| Q=S 4
oA Alohe AR 58S YEIUH Solk= o|2|3h AW 3 24| = SRS oA Adsh= 4
A5 0|t} Hindel etal. (2020)2 W7 = A E61A A H AEe] Ath2] Hlxo| 1, Eo] == A3l5A| 7+
A)E @ go] vl akyt Aajsielr. o] tollAl= FIZHE (sensitivity) 2} 501 = (specificity) S H-2 &-8-510]
sPYE0] Aol tigh A4zt AA) e Hle2 Felstal 27hEH 7ol A Y ol e-42 &t
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(hard-casy effect)2] 2 BFRISIALA} S}, A A U E T 7= 2 A RIZFEQL 50| == Table 13} 2]
ZJ 2] 4 1t} (Rutherford, 2017; Schraw et al., 2013). W=} E0| = A 2 Hebo] Hjr FI7tE = SHlEA|
&3t Aol thet vl 22, 5ol e SHt=A| &3t 2 ol tieh vl 2S5 Urepdith whebA s 2 &2 1
Aol =2 50|25 FAlol 7H 4l

Table 1. sensitivity and specificity

Test Result
Correct Incorrect
Expectancy High Confidence Correct/High Confidence (CH) Incorrect/High Confidence (IH)
Low Confidence Correct/Low Confidence (CL) Incorrect/Low Confidence (IL)

- Yor .
* sensitivity = yo-— * Relative frequency of correctly detected correct answers

. Y . .
** specificity = vz * Relative frequency of correctly detected incorrect answers

Methodology

Participants

o] g0l ol SIS U= AR YRA AL FE e} 757 = Al YRHA| BIL 58t 1281 S &
361%0] ek A5 3ho A= EahAY 1103131 507, 281 6078), o131 10278181 477, 251d 5570l

5} 2
Q170 Fof3} 9 00, B Shaol A= A 073181 5178, 251 468, ek 28 (181A 45
g)o] Aol Frofat it gt B 25HAE-2 AMAA| Y wfeteEE A Eish sYo] 9l o, SHEE2 201571

A L8V % TELSIA SATsIe) NS B a3 2517 872l 2 g7lo] daleick

Method
= Aol ARgE 27N EH7 ARl Al 2 L EgAdE EEsty] flsto] mlmellse

(Association for the Advancement of Science, AAAS)O]l 7ﬂ A £ 5 AT 3ol A 2SI Chhttp:/
assessment.agas.org J5). AAH T2 F 13710]H YA AR HAH 627, A=Thd/d=t FAlol ¢
S 47, 12 aL AJEjA| o 2o tieh 3R Rk e 2 /A Eoflth RE £ AATES 6l fh=ol=
=] 31 780 A1 =] &= (Cronbach’s alphazko] 25 0.60]/d 2 & A2 4= Q1-3)2t BN = (Raschit-A] o] A]
MNSQZte] 25 0.5~1.5 Ato| 2 B gty A5 44 Ay 3=olth Aol Fofet shso] Atk
=gl ST T Ale] Holl thet FA H=E BAI 4 =S F7HQ] 22 A SHA=, o]

QIEFRE] ‘o] AR 7] 15 E HES 7uro 2 Bae Tste

r

Data Analysis

(o] [e] o = —
1-50] oIt 2|4] 4o} 2Alo] Hol gt B4l 45 B8] 5L B4 AR, e B4 AT, o
2 B4 OF, B A 0T 4502 AT Aol AN A H47H4-5HY ) 2 A AT, A
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Sol9A] Sl 47} 129 ) ke A A gl mA] S 47t 128 ) We S o, ool
WA A B47} 458 1) L S oolc SIS 3L BE B4 £202 S8 sho] S
£/} ekl Eefubx] eloh i QA BAolA i Aelsleict o] @A MEA TAE H4E o R B
2 Yol 7 20 W42 BE319ih ARl e s Ee) A AR Brhe oA e BdEdE
2 B4 AR U2 2 A AT e S et Solw(e B OR(Ee A Qe Sl &
)5 BAlstoit

2 AtolM= AL A (EH), Bhd(1~28hd)ol| wht 2| Al 2H4l o] o} el = Ueh=7] Eelst
7] 15l o] YEARHEA (two-way ANOVA)= AFESHITE ZFE.0] WA U2 1}eto}7] 915k0] Cronbach’s
alphaE ©]-8-5F1 1L Fisher (2007)7F A A RE 7ol wheh A2 =7} 0.67 o/ off Aetsirhal wksich
Cronbach’s alphat= 71 717} 0.725, X1 22371710939, 2 A1 AH0.847, W2 34l A 0.758, W
24 20811, =24l 2079002 B REEARRITE sHEE0] 2|4 2 24l fEjo] fAMY S ot
ofsfal Rzt Eo| o mpeh 2 A o] Yok A|A|517] o] Ruj71A]2] MCLUSTE AH&-sto] &4
S A5 o, %4 2T+= Bayesian Information Criterion (BIC) %= A2 A E 271 (elbow method) =

]_

Ahgsto] Bera it

Results and Discussions

Fig.1-& 7N @4t FAl 47t 8 ehdo] we) ojwet £4& Hol=A& UL otk 18hd
Shye 2ahd Jsh ) vl wal) 7| 4=0] o] Wokom (e 18Hd M=0.617, SD=0.263; 2y 2
d M=0.651, SD=0.193), 18'd oY= 281 of &t o] H]sto] P4 0 2 7)id- 47} ‘*“EP(O% 451
@ M=0.674, SD=0.210; ™8 281d M=0.723, SD=0.177). SFAITF A4 Q1 SAIX| 2 B AJH-2 f-ofu|sh
2ol 2 B9 O LKF[1, 316126954, p=0.009, PES=0.022), SHAF-2 3-2]u|5kA] LQITHF[1, 316]=2.843, p=0.093,
PES=0.009). g8} shd G w o 28 8§t [-o|n[shA| 2UTHE[1, 316]=0.106, p=0.745, PES=0.000).

okl _10
Il o pf,

—e— Male Female

0.8 3.5

0.75 3.3
o T g % .................... }
S 07 1 @ 34 ;
e [ 3 T |
O [
8 | 5 |
Y 0.65 0 29
o =
[ R IR : o

0.6 Y7

0.55 2.5

Year 1 Year 2 Year 1 Year 2

Fig. 1. Conceptual scores and confidence scores between genders and years
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Al SHol| A A EH, G52 shdd 7F 2l 4= Zpol7 AA] o k(e 151 M=3.250,
SD=1.154; F3Hy 28Hd M=3.242, SD=1.005), o{MY S 15Hd Hr} 25HA0)|A] =2 5HAl
151 M=2.971, SD=0.848; o514 281d M=3.117, SD=0.842). A2 02 = uff AJH, shdFoj
M BT EAZ O Z2E Qolu]dt x}o] & Ho|z| 2tom(AH H[1, 316]=3.295, p=0.070, PES=0.010; SHAF
F[1, 316]=0.386, p=0.535, PES=0.001) "3"8} shd38 w528 aate -f-oju|sr] QEQITh(FE(1, 316]=0.481,
p=0.488, PES=0.002)
oY 52| FAl o] Shd Zlgof| wt AL Qe Ao & Hol, of g Aol M= AE o Fek o

f
o
>

ol

ol

HFH G52 oshgol Hlsto] W2 A AleEQlol e EALokL =2 450 2lS BT, oSty
of| u]s} Bty SollA] 2138 K overconfidence bias)©| T AF HHAYRCH= A ALE3 -2 At= Helrk
(Keller & Molix, 2008; Pajares & Graham, 1999; Pallier, 2003; Rachmatullah & Ha, 2019; Stankov & Lee, 2008; Wood
& Eagly, 2012).

/g 4 shad 7hol| Ziga} ZHAle] et ojmet §g 0 2 LERL }IEA] Fig 28 Fol AT E 4 9

9| S =S Hla AR A}, tiA|d o g 18hd FeEo] 28hd e =0
AEiRh 710 2 Yepiom(gdeAl 13Hd M=0.370, SD=0.301; '§814d 28

o= gty at -2 Fe Bl o shATt 3 Afo| 7 EAE| A= 4L
tho{aHA] 18Hd M=0.348, SD=0.263; 91SHY 28HA M=0.340, SD=0.263). Z 4|4 0 2= i} shd 2 o]
A gojn|5t EAIA xto] S Ho|z] 2o m (AW F[1, 314]=0.294, p=0.588, PES=0.001; 31 F[1, 314]=0.176,
p=0.675, PES=0.001) /3"8 3} shd o] w28 gatt 3-olu]obx] QQITh(F1, 314]-0.032, p=0.858, PES=0.000).
A Aol = W ShAlZ HQl 2 151 e 5ol vl 281 Fe g solAlM B2 FAls o
EfUl= 73-97F A 02 ofth =7 e o m (et 181d M=0.132, SD=0.163; ‘@3 28Hd M=0.159,
SD=0.203), o{sHYE2] 7ol G5 FUTH S B oLt 1 Fo] FshiEo| vls) vjud 3
Al YeRgtthedaA] 181d M=0.166, SD=0.168; oJ&H4Y 28Hd M=0.176, SD=0.217). EA|Z 0 2= A AW
¥} 3Hd B Fof|A] §-ojn|gtk 2ol LFERLFA] ko (AW F1, 314]=1.462, p=0.228, PES=0.005; SHd F[1,
314]70.803, p=0.371, PES=0.003), /3"8 & shd w2883t §-oJn|5kA] QQIThF1, 314]=0.155, p=0.694,
PES=0.000).

s S Fret o F A F =g H|wdt 3543 1
SHY 28HA M=0.141, SD=0.179)2} oMY (o8 151 M=0.198, SD=0.1
SD=0.147)°l|A] SHAH = H] 5t B &2 Bl F AT 25 28 P Sl Hlsl L 7S
Aelsh B2 A1 2= 71 0 2 et A4 0 & Ao A= felnlstA] 2% L(F1, 3141-0.010,
p=0.922, PES=0.000) ShdFoll A= 2] ul gt xto] & Lreby O H(F1, 314]=5.936, p=0.015, PES=0.019) A3 *2
ShaFo] W AR89 vh=7-2]n|5}A| LUTH L T2 F[1, 314]0.002, p=0.968, PES=0.000).

ghH, 15ha FePERE T 25 S0l Hr A0 =2 SIS 7HA 1L @ FS AdEchs 3ol F
TR om (e 181 M=0.098, SD=0.160; 'F&H8 2813 M=0.124, SD=0.166) ©15E 3 1810 H]
o 281 S50l HtA 0 & H| WA =2 SIS 7HA| 1 @ -5 AEloh= A 02 YEeRTholsy 18hd
M=0.059, SD=0.123; oI5} 2513 M=0.073, SD=0.134). HA| 2] 0 2 23 wf AJRHo||A] -g-0]n]5t =}o] 7} Lie}

2
St
5}
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O UKE[1, 314=7.126, p=0.008, PES=0.022) SHoj A= EA|Z 0 2 -§-ojn]gt 2}o|=opd 710 2 3ol Q]
THE[1, 314]=1.422, p=0.234, PES=0.005). /d8 1} st o] w s 28 gte F-oju|six] e 7
(F[1,314]70.133, p=0.716, PES=0.000).

1810l A 28Hd © = shdo] Zebrb A= 7ol thal] Shgote ol S71ekal 2| A of) thgh X2/do] =
ot ZioE oﬂﬂ”“ At kAR AA T, Shdo] Setitol npet @ E-g S mf 2S4S Ho]
L 79T =2 FHAS Bl 497150 n|5HA| A UEFHTE o] Glaser et al. (2005)2] A+2

Aol Z717F BHalel ZhAE ofu|okA| = Sethal A2kl 4= Uk

QS g off ofshY et ot G Tl A foju|ohA] =2 A4S Bl A2 obA =oldt A
3} Zro| of sHYE Rt 5 S0l Al 24l H 3K overconfidence bias) ¥ T'd 3-F7 &K Dunning-Kruger effect)

7hulmA o 8ot Qs Anke} 2ah2 4 9tk

ok
i
)
3L
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<]
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ol
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e
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=)

30

- Male Female
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0.2 I

? ............... ?

0.1
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High Confidence & Correct Answer
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[ T
;
-
Low Confidence & Correct Answer
—

0.25 0.05
Year 1 Year 2 Year 1 Year 2

0.16

0.12 T }
0.08 } ]

0.04

0.15 P T

0.1

Low Confidence & Incorrect Answer
High Confidence & Incorrect Answer

Year 1 Year 2 Year 1 Year 2

Fig. 2 Conceptual-confidence type between gender and year
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Fig. 32 A} sha & g7t o} o of of EAS Ho|=A]& YERH L § E} A et
E5E2 XW e 71 Ao 7S eSS 8859 HlES YEfl= WA= 137 35y
of ujal 25hd s EolAIN HoA o= A eSS (%iw 18Hd M=0.672, SD=0.365; 'F5H 2
H M=0.687, SD=0. 360) ofsHAY kol A= hA 7H H]st 2] & B @tho{shd 181d M=0.628, SD=0.329;
oJ Y 28Hd M=0.624, SD=0382). A4 A 0 & B mj, "*“Uri*d o w2 Z}ol= FelnlsiA] Epom (i
F[1, 304]=1.686, p=0.195, PES=0.006; SH'd F[1, 304]=0.019, p=0.891, PES=0.000) A1} shd o] w s &2 g7}
Sk -§-oln|5kR] 2UTHE[1, 304]=0.055, p=0.814, p=0.000)

—— Male Female
0.75 0.85
0.7 0.75 l
- l T
2 2
= ‘o
£ 065 ‘G 0.65 l
C @
@ O
W W
0.6 l 0.55 } :
0.55 0.45

Year 1 Year 2 Year 1 Year 2

Fig. 3. Sensitivity and specificity by gender and grade

L AR Y F 2F4le] Ho| R F U A} FeotA of| S8 s E9] HlE2 R = Sol =28

151 e SolAAN i oz =4 yebsrom(ded 181d M=0.584, SD=0.455;
& M=0.532, SD=0.443) oSS0l A = 181 0] 28Hd o] B8l =2 71 0 2 et O L] gAY
164% M=0.748, SD=0.363; oI5l 281 M=0.688, SD=0.390) -3-2] 1|3t A = 2] 2}o]7} HEA T 2| = okt
Aoz /dEolA Fofm|eh A7 LR S UH(F(1, 275]=10.039, p=0.002, PES=0.035) SHdollA = f-2jn]
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Conclusions and Educational Implications
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