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This study aims to explore cognitive biases relating the core competences of science and instructional
strategy in reducing the level of cognitive biases. The literature review method was used to explore
cognitive biases and science education experts discussed the relevance of cognitive biases to science
education. Twenty nine cognitive biases were categorized into five groups (limiting rational causal
inference, limiting diverse information search, limiting self-regulated learning, limiting self-directed
decision making, and category-limited thinking). The cognitive biases in limiting rational causal inference
group are teleological thinking, availability heuristic, illusory correlation, and clustering illusion. The
cognitive biases in limiting diverse information search group are selective perception, experimenter bias,
confirmation bias, mere thought effect, attentional bias, belief bias, pragmatic fallacy, functional fixedness,
and framing effect. The cognitive biases in limiting self-regulated learning group are overconfidence
bias, better-than-average bias, planning fallacy, fundamental attribution error, Dunning-Kruger effect,
hindsight bias, and blind-spot bias. The cognitive biases in limiting self-directed decision-making group
are acquiescence effect, bandwagon effect, group-think, appeal to authority bias, and information bias.
Lastly, the cognitive biases in category-limited thinking group are psychological essentialism, stereotyping,
anthropomorphism, and outgroup homogeneity bias. The instructional strategy to reduce the level of
cognitive biases is disused based on the psychological characters of cognitive biases reviewed in this
study and related science education methods.
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Table 1. Cognitive biases relating to science education

Problems due to

.. . Cognitive biases
cognitive biases e

* Teleological thinking
Limiting rational * Availability heuristic
causal inference * Illusory correlation
* Clustering illusion

* Selective perception
* Experimenter bias

e Confirmation bias

*  Mere thought effect
* Attentional bias

* Belief bias

* Pragmatic fallacy

* Functional fixedness
* Framing effect

Limiting diverse
information search

* Overconfidence bias

* Better-than-average bias

* Planning fallacy

* Fundamental attribution error
*  Dunning-Kruger effect

* Hindsight bias

* Blind-spot bias

Limiting
self-regulated learning

* Acquiescence effect

* Bandwagon effect

*  Group-think

* Appeal to authority bias
* Information bias

Limiting self-directed
decision making

* Psychological essentialism
Category-limited * Stereotyping
thinking *  Anthropomorphism
*  Outgroup homogeneity bias)
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LR Pines(2006)= SFelR0] SAFAoA R Sl Ll
ok el A SEuEe 27 sle] BAad £49) sHeg
elollA] e o2 oted Sick afeld] ZAA7]uke] Bl
=5 A9 Hetus2 SFHFE Folet T8t shgol E ¢
Sl Foltk, EBAFL £ 4+ o Wil tie AT A
=4, Hernandez & Preston(2013)= ¥ol= AHE A&F 07 Hol
A ¥l oA Algshd FEHES ForlsA £Y 5 8=

Lo}omh:} Schwind et al.(2012)= A H 70|
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e ASE AFAE IS FIA AEATL Folvs] £
- 9182 BIBIsich A0) Bt A A0 AT o
Apalo] ATl Tk AR olA|aL SEHAES JotEs 2

ofck. weba] s Eak Aol Wol MAlshE 2d Feo)

YTeele GEHES Zoltd 443 4 9tk
A48 Aol skadg glo] darsi Ans sl

ojH% ol QZto] TRt ALLE ATk whizoltk ofof
2L Y] HA QA HEFQ] The /\}_1_ A mere thought effect)z}il
S}(Clarkson et al., 2011; Tesser, 1978). UWtAQ] SJALAA L =
7HA] o)) ARk aejsfiof Hrt oS SolA HFEE Tl &9
Sk S Bt AR 2] A A S A 4
T QA A e B 248 Aok £ 7R RS 1Es|of
Tl ibEo R T TRk B AR 7P ojo} vl Q14w
gFo] thAl WAl F=9] HdKattentional bias)©|CHVan Bockstaele et
al., 2014). ¥H& 7P7\151 e 54 tdidolut &40l o g2 il
FORA T Fato] tsiAe FABHE ke ERith
ke s o]al =] e] WAL EdA 2|A1L ABAISITE B
Al IS Foto] AAE HHA A4l e 4= gk o]
e TpAol| A Q17ke] Tha| Q) BAIA-S Helsk= Alo] oAl HA
1 Al'd HaK belief bias)o]ti(Evans & Curtis-Holmes, 2005). &
Sho] =2]21%] 2 B Bl AAE AAslok Holl= 254
2l 2| 4]o] Ap4le] Aldat AAFhehal =22 AAE Akl Heje=
932 oJulgtti(Markovits & Nantel, 1989; Sa er al., 1999). ©]|<}
F2- QIAHRES HITHAQ] ARl AA|E Btopdel. 2= Af4lo] ¢
e A e W 2 Qlrhy =a]d] 1o BAgolw Alrkgl
o= Zolok o9} H]SEE QIx|HBFo] G wHmel Alg o=
(pragmatic fallacy)o|CHWalton, 1994). oJ® HA|7} 58517 A&
thar stof WA AE 2ol 1 Qo WAlE vt ek
of thalix] Tils Al o= AES QuiRlth o] IR H k= AlgH
Sk b A7 EOR o SThs Qo) 4RE mejr
S} vieke 7S 4] 8] i 1L oLl g 1A
£ oyl A2l 7]52] 12N (functional fixedness)i} o} HAQl
Eﬂ(framing effect)oﬂ Az ol 4= Qith 7|53 1zlol=t 9]
Ajmohs Po] Fed, ofd Boltt gol} 71 o] Kol
SERT QS RS Ofulaich oS Solx e BAS |
& afoll= AHGEAY BAS B dol AgE 4= 9lck Chi2006)
o Aol dha) A% 71 o] ZSEL sigich AlE
of thal olsd A9 L AREe] 7M=& QbollAfRE AlaLr} o] fo
A= Aolth. & #Ailframing effect)?] ZHLE wlR7px|olch
Tversky & Kahneman(1985)2 -2 AH Qo= o oA ARE
Algsh=ttel] weh AFEe] QlAo] Eeiriial stk olE S04
ofd A7} 107 Foll 6782 Azrkal & uff, ‘68 A=l AP
O 2 JPsIAY, ‘4ol 2 FUAP e T o T Al
oF QlAlo] depxith= Aolct 0|9 T2 7]#@ Ao & At
& QITEY] ALAL] WIS FEA TRkt AE BAE Wefisks
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o) @ A S olfeln 2 ST 4 ol
o] Al @ AQ1d|(Schraw et al., 2006),
sl 44 S5 gk A
) 7 2A19]
Ses ATAO R olseka EoRs U2l % SjolckWinman e
al, 2004), AP A B AT AL 22 A

B71%2) 2elo] A A
HeFl Aoz Ao s] AtEaL Slck olE S¢] Cooper(2003)
PdTEof gt LAY EAoR o] Ak A1

HK overconfidence bias)=

Berner & Graber(2008)= 2|5 %o o|ajjA] 2HAY5)
Y4 olme] 7] SHloA Z g Feialn A
A AR Z0]7] ot 2 1% JfHE AL o)=1), Garrett &
Teizer(2009)= 717, 4k, A= 53 22 g dS=olA
HbYSHe SRES] EZQ] U9l 5 80%E YAl LTS
7dz5kal, 1 Ao R Q7SR5 P (human error awareness
training) & F510] ALH AR BAFS 2 4 Qlka siick at
WGAAE H AU A7 Bt BAE A5t 99tk Ha
& Lee(2014)= Aeo] opdo= Bala Agolgtn Wi ujgo]
Aol ulsto] Aleigel o wol Uehbs 2 et A Ak

Tg-s 28510] SIS Aol EAIsNE I & e
Kerska 17l0] Aekel Aoleh st sk 2ol ejatilo]

=

HAIEE 2 Qlthe Zolth Ha er al(2012)S SRS S~831= o]
ApAlo] AL Qli= A|A9] f2320]| Ofsto] AR E]= Ao] okt A4l
o] duht dar QLA thgh EH410] 4520 oJste] A= 2
< FRlakch

T AR 2l el -4 AdF

12| ko] ‘ﬂﬂﬁ 1A
(better-than-average bias)i} ] @ H 3
fallacy)olck. 84 HFe o
o oA}olgt W AR AU]§E](Allcke et al., 1995)
AglE Ale o AA| 28 5= AJ7to] Blsto] B A2 ATt 42
ubl 4= 918 Aoleh ALehe S oluleick Agesv} wals
L o} A} sEke TgolN WAlehe clalet as5e v
a1 2skA] k7] otk o= Soi4] Buehler et al(1994
Sl 2ol Bt SIS AT 2AT A3 SIS B
sseleleh SR Al A ssele] ezl

AR AAIZE 99 T, AT o5 Ao AR Agke 2ip
Aoz WeIsiA) Eojo] A7) FEH S Wafohs 70 gl
o]e} Zhe- HFEL: A 214 AHAIE HelsANE ZAIE QlAlsE el
T1 QS Apilo] ofd thE o' El= QIAlHEke] Qltk Hl WA

=

Aol EAE BEHE A T el che gl e e
Yol 3o sht Ao EARES BEE v 1 A0E A4l
o] ohl AolLt ST e eiRel oelm sk Aol
(Forgas, 1998). e} Soj4] The Atgto] HekeAls ajdsin] et
79 1 Akgro] Alde] ofsiz Rsstokn meksit Ahlo] BAlE
AR 23 39 A7 olsickn lefeti Aelek
o] W& Aol § Hol

3 A2
Uebekeh olAs aiels ol o wAel ehd.ass fn

940

(Dunning-Kruger effect)©|tH(Schlosser ef al., 2013). 580] F=35

W AAE RO R 4 Gl e BEela, web o
We A2 Yol Ui Zolch et Fek ele] Holis AAo)
M5 SloiA) 23 ek Fach ofsl vl xEael B
Y2 (blind-spot bias)&= A}7] WA 8H5-S- WSSk (Pronin et al.,
2002). BFYHL ThE Ao el HaFHolekn AztsteAl A
Ao sz wighels Weke W] ofjek Aztek Zolct, 2441
of B tfaA] AL 2 B2 Zolt), niAjke s A7) &
7 52 HHElsl= QIR H3ES A} 8lA1#H 3K hindsight bias)©]th
(Fischhoff & Beyth, 1975). A}4lo] EFth= A2 A2 211 Uk
o n}x] H&HE 1A Agol|ee 17;‘1—%4\1;}1 L7)= Aotk
S2iche 28 QASKL 1 5ol wE sk Zo] ol 282 2
o]

Olt

IrE AAE =70z A 9”1 algo] Wefjsl= Zlolrh At
ks Eol7] f13 e ﬂ}%‘ﬁﬂ—% Zol= YT sYsith
Koriat et al.(1980)2 el AE-E 127 skaL T1Alo] HHel
lsk= olfE AA siSitk A4lQ) Hol LS EjIgE o) %
HQ{% o] Fo|E= A& SRISHITE AREAlH o] WAYsH
= Olf= TAIE AT FAloll AHile] golet AZIRE o]fE AR
o814 Hs}7]

rz m° i

ol %

o 7]} Foltk. wet B4 shd HAolA Astolet
QZieR= o 92 27 shwl AAle) To] ERSS o HUS )
e} B3HSG AT 4= Y= Aok o]2k - ML Kim(2009)
o] qlpo Mo} o] Qe Alelala 2] BAE GrEghomn Sk
o AN o] BEe HojR

4, AIREH OMEHS Weliots QIx[Hie

o] ol 27| A SNFABS Yok AR FAE
3, HsET, YR, A B4, JRE] chsla] Argic
o, =50] Tekms el 30 FAVE EwA A 2 A
At o] Z2EIT STk A FEACE S A
e sk Aol ofsiu A\ A} To] Sast silefol
L 2] FEAR 7L A W Eoe BT
A 32t g Azl ke, A e
Fo gl BlErt ok, BUast Ao tiste] ]
=1 QIR H3FQl FZd W(acquiescence effect)= 2
SR Aol o el Heke stel AaFolthMeisenberg &
Williams, 2008). 2ol thgt AHA19] tighE 7] Kok AEshe
Fige] ool Fxekaat sh= Alofrh }dof tigtk ofsit &

o], B A ER) 9HA) ol A4S BolE Aldo] U= dig
& e ol 28 Fola s qle) ol wsl

740]1:]- o]g. e =xFw 0/\2011/} X]% ]
3 A 011‘4-(Me1senberg & Williams, 2008).
= HA 1R HEFS] HG5F I (bandwagon effect)= AH419] =34
Ql SAFEA e T 47401] g E}EV}E%F— Sk AR Rk}
(Nadeau et al., 1993). o]} T E 1:} o] 2] H sk% 21 kAL (group
think)o]c}(Janis, 1971). 217k 2 7FE 9 A3}
s $lstel WA AAstelshn Hake Abtela she Al
Qth= Aotk 2oz 72%0]3} LS 0] 07|11 =AY 0]z

9l a7} Abaly) whizolth Exaw), BeET Aol Q1Y
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HF=2 271 Aol det dshulsoA shEo] 27| F=4Ql
2 FAshe Zo] gt o @AIE Kol 53] AFle &
| 2 SRS 119 2 o] o ofge: Alolan, IS T
=50l TRE A Alofut 97|19 fEo] o o]et Zhe- QIA|HEo
t= 2ol
A7| FrA o 24 A Eab7| tiee] = d9 e
TS Odj® 83tk dl WA ARHF] Aol Tashe AeF
(appeal to authority bias)> A7} Qli= T4l tisliA] Frjzl oz
83l QIREe] #/doltk(Goodwin, 2011). ofute SPYSS He}
Ao Sl W52 WAlsHA, AR 2 A7} Q= AEEol
isiiAl SjshA] edarl 50| F4E IR meshs ARl e
4= Qlek T AHAO] o] opd miFoflA] ofokr] gt Zle ARl
TR & =50l Aofsh= Zloftk 53] oo} 2 Qi AJHof s
A Fajgzol 7S A1 HdKinformation bias)o A= UERITH
(Ajzen et al., 1996). AlE2 AR o o £ des WY
T Qi Aojgiar etk A tes EZ2agt YR 1 7H
£ = Adshs Aol aL Al AR FE o] v EF
sto] agAor FAES XA He Aol
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of Mol W AlRHA AT 2R AT Aefsh
wAFo|, AT, ofelsk ol FA ek el Awstn
A gk QRS AAlo] SR ARZE] HAHQ) S4S TAR et
o= R3] X TRo] A, TEE ek vhe] AEL A
3 Bsteh Wi Aao] Qi) o]eh B IS Aty

Aol S (Gelman, 2004). S5 S01A “=71 ol HisiA
7} 70 Flofe SEolghs Ae B9 AR st 1) &>
sEoIU AIHA AR =719 B EvEal WA o= Aol
oje} e Azke EAFoRtal sk QIx|A]R|shY HstulsofA
e 7HAAL Sl Opfer ef al(2012)= 23F2E Hebide] #
A tFiel olshE Welisks x| HFFo|2kaL stoiTk Opfer e
al.(2012)= 713} Aol wet sPY=2] SHollA shte] ZiA|elA
Sz m G Hol7h A7) Zlo] ohyzt Hdte] FAIThEA L
2 {47 Ho7k A7l Aoz AYsiAy, e Jdo] Al
Aoz et We Zle 28599 JFelet sk
EAFO = F A QIAIHFR] 17HE Y] Q1A|H g Stereotypical
bias) 7= W5}t Amodio & Devine, 2006). =230]9} 11471
of tigt 22| At AtsjafstollA i ghsich g 2o
TR Q1A Aol A= HAFo)e} aehdol wRt JIx|Hefo] 1
Hlog AAE=H, & 5o IS AT odor IS
o gdo] 7H= £ 2 @A AAEA FYsHA AeE A
ofghs o] Atk 1A FAFolle o ARt ARl Alsoll=
Erehal, gdRRIE 9 ofst?ehs HAS ol Z]Qljich
o]e} 7R ALS]A] HA(S o] thEt HA, o/dol| et HA, oAt
off tieh HH)S Aok EaFep el g el o= A et
(Haslam et al., 2000). Gelman?] 01719 Alal d4LE E3lo] B3
Zo]o] oxAle)shd Ye]E EHolatgrhGelman, 2004). Leyens e
al.(2001)= 22T A AR7E Hehfieh Feke] Algs tie wfol

02 s 7= A9 Y]lolet 819, Leyens er al.(2003),
Pehrson et al.(2009), Mahalingam & Leu (2005) 71 2%]el HAw}
0] whE Sl BRI 0|75 ARa: Agle] Hatel
Apeh Sgich ShERORE TRE f ShE Hopiz FEE 44
& vhgoR 1 A Wes @ 5 s nAREe An
t} Bojole] §7 MO Az AR Helshy B
o] oJgFo|cKKhalidi, 2013).

Bzl ekt AEH AR, 5] 5 oplakaL 9l
7] ujo] Hazolel nAT ATl et SRS BiA}
welsha gick 12T 1 SABS Hetmgelr 2 Helsiol
WIS 0] lesal Qlek 71 olfin= A Opfer e al.(2012)14
s=ofgh ule} gro] BAFolE Fusp] Sl 25k Ul Hole] ¢
3t o]3))7| & Q5}7] ujEo|tl. Emmons & Kelemen(2015)-2 5~84]
offlolES o= E 7] A AE Sot] ek W wHolof of
2 ol8lE olomM waso] Tapo] oA Zol=in) sl
ok ojlo}5o] 2ix o ek U] Wolg A¥eiA] opat Sust
&) AAE of etk Wf HolE ke ERlsielck At f WHol
of tfek olal} ol omnl Hazo] ek FuE 2 gick o)k
T} 9FA Shtulman & Schulz(2008)%= oo} ojLja} o] 2of| A=
2A50)R Ago] AsPd(elE] o) A
L golog zkgalrhal 519 o1, Opfer e al.(2012)-&
Qo) Al 710 814 e wol, 7k, AR A
Bz o] B AE 1S 3
AEE AR oo Wt sk X1t Fde 2851
olo} A4 AR wsha =
5= Slek AIE EolAl AZE &R E719E A7 1 F1E Holaal
Zo| Ezjo]aL oj o] FRIA| FEstetal S o SIS
T 25 71 Aol oloh 2 TAolN TR AL k5ol
o] oA 2 QS vk AL olafli, waE
El glojg 4= Sle Zlolth

ofels}(Anthropomorphism) ©}A] HE AFHA AlLE gt}
(Opfer et al., 2012). 2JQ1}gk Q17to] opd AREo|u &2 QIXHS}
A7z Aotk QIto] obd 2 AEolu B AREe iy
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homogeneity bias)©]CHMullen & Hu, 1989). &I 53A Hek>
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WAL Pk oS Sold St AEHOR OE A 2 o)
B )] Ho|T, Ao ARISE opilo} AtSe] FhE 2 i
SFA] Foh 2] o] 1A Ak #elo] ltHMullen & Hu, 1989).
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A kbl QIAHS] SRS HAIE EEsh AT
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P59 @7l dol A WERaL 9tk Kampourakis et al.(2012)7} 7}
23k ujel Zol, Fg lowAE EXslAY astHAE ExskA]
e TR FAES S Alwsiar 22E dis EA e
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24 SIS B @A) ARkt 98-S olsishL, 4214

Ak} e QAEFE 5 4 92 Aolk
2 4o Heke el Het o2 Besks Aoltk o2
Sol SIS U] male] Aol Holo] majnt oulg mY
o % 7hA] m3e %2 ASFTHLim & Jang, 2004). SHEL 0]
o mao] ol Kol BRI Agsle] usieln sz Aol gtk
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