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<ABSTRACT>

Although there have been many efforts to reduce students' math anxiety, the problem persists.
This study examines the executive function as a solution to that problem, because previous studies
on reducing early elementary school students' math anxiety suggest that it is important to focus on
the executive function. Through research on previous studies, this study hypothesizes that studying
the different levels of the executive function (working memory, inhibitory control, attentional shift) in
the student with math anxiety will give insight through analysis of the data. As a results of this
study, the students who fit that hypothesis are identified. These results can be used for research in
real-world conditions in the future studies, and focusing on these results, interventions, programs, or
lessons to reduce the students' math anxiety can be planned and implemented. This study can be the
starting point of other studies for reducing early elementary school students' math anxiety by

focusing on executive function.

Key words : executive function, math anxiety, early elementary school students, working memory, inhibitory
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Introduction
e oy ¥ wWITH(Asheraft & Ridley, 2005).
Feolo g 7S gFe Bokst 3 wS
9] =83 7]Zo| X wH(Kilpatrick, Swafford,

Findell, & National Research Council Mathematics
Learning,Study Committee, 2001), %2 Al#Eo]
sato] g slel @S Hi-th(Asheraft &
Ridley, 2005). &4l W&S F3f 7FEAA = ot
FAEHE o, Foke 9 LM YR

Ef s FEdAR of A (Asheraft & Ridley,

[ rlm

Ela=

et B AdE hA = AHC oig
EA3 A3 8 (Lim, K. & Lim, W., 2007).
EQte EAESHT AHECR FREEH, 54
Qb2 Il AAA oA frefiste A =
belm, AEHESHE AIAow FuHH 5AI
Aol olal] PAH o' dojib= E ko] tH(Lim, K.

& Lim, W., 2007;
A Eote e

Hembree(1990) =

Derakshan & Eysenck, 2009).
B¢ AFESS x2FSH
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ol
o}t Aokt Young, Wusth
2 o] JoE ARgEto] 73k Bk

e A3 g3l 5

g Bt EYHom
FE BAAL FHHAL B ATAAE o] Ho
g neg

-

195739 Dreger$} Aikeno| thstAe] <o 3}
S FARE I EQEs AS BHid o=
(Ashcraft & Ridley, 200594 ¢1&), Lo Ae <=
g EQrE =olgle dATES vt o =(Tobias,
1987; Hembree, 1990), A= ®e AFEo]
o] Fo] HtH(Won, S., 2009; Yoon, R. & Jeon, L,
2010; Jung, J. & Whang, W., 2013).

stA R olefg eulEl wHolk: &St AA
#de  AY¥ 719 (Organization for Economic
Co-operation and Development: OECD)7} =3+
=A s #Hryl  ZZ IO (Programme  for
International Student Assessment: PISA)o Al $-2]
vt HAES] 3t Eoto] 4HAR A e
A o] tHOECD, 2014a). 8oz 7]E3= te

Mz w52 228 daido] tiFdr

N

Aol X Hete] waE X AAHet o
FEo] B oo : Yk FIWE Fo) A
= Campbell(2005)0] 19] AA o)A “F3tm$ 217
Beprolet: g0l 2/lEEA FHREA L £
ATAEA AA APt WAL FHWKH A
BAAG Bhn FARAL. ol Hge] A
= E!

e AANE7IHE ARS8 &tk
g A7 &ds] olFoixa Y (Colome,
Nucez-Pena, & Suarez-Pellicioni, 2013; Sheffield,
& Hunt, 2006; Suarez-Pellicioni, Nucez-Pena, &
Colome, 2013; Young, Wu, & Menon, 2012). °|&
& 3 7] (electro-encephalogram: eeg), 7]1% %
Z}7] &5 dA 7] (funtional magnetic resonance
imaging: fMRID), A4 F47](eye-tracker)E& ©|&
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Theoretical Background

Krathwohl> Rt} U2 AF3+E & & Q& o9
5 AlFd 75 Aol £ nFo] e 9%
3t o™ Marshal?t Rosmane 7]&
AR &> LAl A= A
FEel A " A7 g EAEE sl

A = A

i =42 & Aolghs RS B3
ggolgti S Yrh(Kim, Y. C,
= dA7Rg doa Azt

=]

Rin

[e) I~

2 # Qi BEHoR Fi
C 3

Fsloksts a4 A4A Wue A7 4A
2id, oo BE BAe

st
@ ol HES vgor, B dATe olgd )
= A9 Jse] FoAAS 49 en
bibe] wey, o Boke 29, 49 /)%

What is the Executive

solw Aste ZEE ] st
J

Qe AE ARE <l

st s ol



=
EA7E Qs T AS =W
A 75 A7 A, AA As, vhe olE 3
d 12 ATl E ool s Z
Al BekA] ek, Frledmanfl} Miake(2004), Raver
o} Blair(2016)9} & #HA A& 7]5& A 7F
A 8402 BiE do %3 ?Pﬂr
Friedman®} Miake(2004)= 2
of E3IHETIL AAAE= ‘é—l% ?erﬂg—% A8k
AA 7, A 7e, Y 7199
b4 2 S I B ol B <
Baddeley ¢} Hitch(1974)= 2t
g, A= e 4 A e et B
Pl A

o] o) Z] o

=, A= A=,

Eysenck, 2009).

Ao A= Friedman®t Miake(2004)2] 4
o Ho] AF2 Raverd Blair(2016)9] #4372
e Wgor AP Jes A A 8A4AR HEH,
Baddeley 2} Hitch(1974)2} Zo] 21 719 <to] 4
g 715y Mds st Be #3HY s
WA13k7] 918 Friedman®t Miake(2004)¢] 7841 7]
solgk &o Wil Ay el &olE A5t

A 71eje]l A& 7wl x3¢ES =Huid
x H

£ " o/FE Fsy] Sl wdl ATE Fa
st o™ (Lee, H.,, 2013; Cho, E., 2014), o] =4
Ao A ALgE g “FTETold &of dile “F
o] HM3tolgk gojrt A “r]F ol &olE i1y
F& we] VY g on] FHEE 9T F
Atk oAF 7] wie] ARHoR B AFolA =
A 7lss A 71, oA BA, 7 Mol
= &olE AMgs YERdth o)A ZF 75 e A
oF 54 gl o9 FrF Wy, Adr]ee] W o
&l Z7h sk

Definition

Working memory

AT A 2] 7ol &ole A} 7Y

S om0t} #q 719 §FE Aol

Brain, Digital, & Learning 7(2)

Ao, ol gt Alghe= sHQIA7E QU

717190l ©Esl V19s B A S A
b= Aok Jidel Higte] &g 71 719S
Z2kstal Aesks NE7AA x29eE Aolv. dE
59 2 2,7, 3, 6% E1 wgste e w@r] 7]
o] FAo|A g AXRZ 6, 3, 7, 25 LIHE A
24 719s SA38E Aol th(Kim, Y. M., 2016).

AEA #ZAY 7199 <1x% =l Baddeley 2}

H

Hitch(1974)9] R dolA = A4 7|9& % 719%
A2 At g4F 719 A 2l
Hog MAustH, A HAHE

o= AR HFol 8FHE Al #HH HHE AA
Aoz HAfsH CPUA 93] AHzH st= =2fo
BEEHe AR gzt n&H7|gFAEA ] AT
S = #HAFEHY RAMI  #FASEHD! Esposito,
2007). =, 24 79L& ARE #HS AR B35
=

_‘:_E.]Q
=

L]

Inhibitory control

van der Sluis, de Jong® van der Leij(2007)=
AA TA= Hxo A% AES st oJ=H

—|~
rr
olr
JE
o
*
2
=X
=
o
=)
Q
=
(9]
7
R T

Diamond, 2003).

Attention shift
F Ao #AAQYE wrgol} Heko A "ol
=

W og A4

Jong, & van der Leij, 2007)

Examples

Raver®} Blair(2016)7} $-=(UNO)®} 2 7}
AYE d=2 5o A 7le9 24 7es A9
Aol QlEolx Adstalth

e
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Working memory

7t Ade w97 M E otolEL oW 7}

o] el 2FS AA AT A gig B2 A
HE wpg&e g@a glojof gtk AQle] i3S

S oAWG ole 3 FHE owa AA A
Al A FeSA AEEA whegol A st
ol 2 7lele] B ozt

Inhibitory control

Aol elsts 8 1AE A oheh of/elt
obolEe EY ABHon WA FFS B

A oF Fth o2 Eo], 1EL Y& ZoloEd
A "HE 724 &7 28l :L-gA Fes & HAu 9

olof @,

Attentional shift
ofelEe Ft=o Ao} RFO F2F AA

EP N

Tasks

Working memory
ZA AFZ et ] 97] FA, o] AFE et
71 A, 8709 Ak #A] Fo] AbgET

Inhibitory control

H2aZAl =8 F 32 (Wisconsin Card Sorting
Test: WCST), A2 9l”7] A (Children’s Color
Trails Test: CCTT), 2E% A (Stroop task) %
o] AR-&¥t}

Attentional shift
Gl wk 3pA| G ARRE A 21 2RA| Aol
Al o] Z(Symon says) 5°] A&}

Development of executive function

A8 ey 2 QA e wad FAFQe
W=t}(Lawson, 2016). A5

& A 271HA AEEA AR, Lurias A

THol 3438 Asste AlVIR v 35~449F w7
~8A419] A#ES FAt(Lawson, 20169014 2A-&).

49 el wae ol

oA SAZE HEE A gkt 1Y

A5k Zlol FEHNA Row FH %

dm eoh, ma, 7o anel weHA wwl W
Bol ukg me vt mF AU R
EeE 0 gugel FoE &om YnkE Yol
A i o

w7l Adelth gy vk 24 wgke] oy &
FEEADANA o775 =37 A, &
Ade] 3 AAE 719eta olad 5 §
91t (Raver & Blair, 2016).

olg % ol7lES A 7T g JHA I EHouA =
A7 Carlson(2015)2 ofolEo] wh 241} 34 0]
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Aot 7 A Q1A 5 E o]
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W oolo] 52 olm A3 Yw o 7]§]% =l
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How is the EF Related to Math

Anxiety?
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The Attentional Control Theory
Executive Function & Anxiety
Fo] E7 o]&(Eysenck, Derakshan, Santos, &
Calvo, 2007 A= A &3 o]Zo] AAstA A
HohA kg FiEs Adsit F4 Ade we 7

=
& ssten, Bool Faty A=A Fsie}

© il

AFatel ARG P9 RES GaANGT Y

ohothe wR, B A9 oo 4 4y 8

o Fo® 7% Fo FAl dBe Fm o

A, Fo A%, Y s1%e] ool FHdE F
[o=]

New Attentional Control Theory

Inhibitory Control,  Attentional shift
& Anxiety

AMzE 2 BA o]Z([Derakshan & Eysenck,

2009)0 A= 2y 719lS W oA SALE T dg
7150l B3-S ek FE lsoldt HAs AT
Derakshan®} Eysenck(2009)= A3 75 thst &
o] ZHE FAste] 1 Ag=gFdd AAHS A
oJat= Ao] Fastthal F4eH =95 vt

Components of Executive Function
A B2 olEe FAGE AW Fo FTA o
29 7tHol MEE Fo FA| o]EA nidl "L
A 75 845 He #AHe W) o3 o
2 ®elt}
HAH8Y o2 F9o FA o] A& Baddeley

g} Hitch(1974)9} o] #+q) 7]olo] 23 7%
Ye 3ty BHeta, MRS Fo| BA o
Al
=

/= Friedman$® Miake(2004)7} =i 70 3} 3¢

olf
Lo
=

A A upel o] A& 7wl ok Ao
ek L A7) /\1:]'. Derakshan®} Eysenck(2009)<&
o2 <lsf E<ctel ol oW 7]Eo] Hup © HE=
g 9 ve= 1 T A= Aol Tt 5k
om, o] olfp7} F A o] AFPYHoR v F

Aok v AR Fo SA g AMERE F
o] FAl ©]&(Derakshan & Eysenck, 2009)°l4 =
= ZlsE TASSAL, b o] & Tl A
“ = 72 AR HE

Cognitive Neurobiological Studies

UM AFHL g oz AR Jdgoz
R i Lué}%{lﬁr. T3l Duncan et al®] fMRI
29 A}, HJe] oste] A y|Font =g

qdgFs Fa, #AAHL "h*—. 3} 4 (Bottom—up
processing) .2 Ad 7|5 9GS Frial BEALG
ok 74 e 4 o
Aol M= ok

o
"AbehE ol 2qr

Cerebral cortex

Frontal lobe | Parietal lobe

Cerebrum medulla

- Connecting cerebral cortex with another area
- Neurotransmitter is connected with cortisol.

— Cortisol through HPA axis

Limbic system

Amygdala \ Hippocampus

[Figure 1] Interaction between limbic system and the cerebral cortex(Raver & Blair, 2016)
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Brain, Digital, & Learning 7(2)

Executive fiinction & Math anxiety

Aaw7NA = Al 75 Eete] #AAd s
dolr gttt ¥ 8k Bty A3 VTR A

FFE E717 olel did]l Lolrr] Mo, A4,

E\__
A5 AgolAe] Betolr, dejmm 49
} e ggeae] Beke] dg AXA, A7 4
BARA A7sel tal Gon A

Cognitive Theory

Cognitive Theory in 1950s
Tobias(1987)= 48 Bote] 7|4 e Abi A
28-S Hidlo] A X oz Myt 1% T3
22 Aol AW FAE AT = §lo] Holm
2 2A2nS GA Ha, AH"E A H Aa
_] =)

TEE GA AHE ol 3

The Processing Efiiciency Theory
Working memory & Math anxiety
Adult Studies

Beilock® DeCaro(2007)+= #34 & 3 o] 2o 7|4k
ato] 8F Eoto] ojwgh RS Fa gl 3
A A s FeAE welr] s A sl
A B M e At oM F FEEHE A
= Aljkstnt o= A4 7ol v A Eo] F

2 AHESHE A B3 A Jloje] Ee HAE

FoaA AgAE AAel 94 Bl o e
A%E AAeE FA ANFLGNE, B ¢
Aol A Ee A sle) Al % = ]

ool Mnr} wed Ad AL W ALgaH

*Dopamine and Norepinephrine
wxxHypothalamic—Pituitary—Adrenal Axis
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(Beilock & DeCaro, 200794 <1
T 7HA AgS FEed, &g 7190 =

o] BEAo] Zom 01‘@7%] éjl?fﬂ 7]%01]*194 A
7<]—7} 29 719o] =

= o] A 4 7&‘2 747\1011’\19] B E=)
}—‘C‘ A7} AA dEFoeng As 5o o=
HeS oldsle o]y HA ANS HYdt= A

o] Tasttta Fxs =oF vt
39S taer @ g2 AFdME Zg 7]
gat7] HAES Euel

ol
o] & AlgEo] st
(Colome et al, 2013), =222 O HFE AAT ud

>

(Suarez-Pellicioni et al., 2013), #3 &7 o]&<&
ZIRko 2 2§ 7]olo] vre AlgEe] wlE] A4 A

A FFE wFo] THEIALH

Hunt et al. (2015)& AJA %7 7](eyeftracker)'§—
o]&3t ¢t F wAHS T, FT EQde] &
&, 5 T #AHol gl vehdta sk ‘jr.
olZM A gy o9 JIHE AR AAHHoR

g shect

Children Studies
%‘j /ﬂo] o:]:rLL:_jﬂr 7L.O_ {\j}\]'oi,
Gunderson, Levine¥} Beilock(2013)2 %%l 1, 2%+
el ofsEs didem 8 Bty 73 AdFH 1He
Z 5

WAS Yoh gtk o B £ 4 Dol 23
4ol A AAoR we A9 719e 4 ohEE
A el Ao we 3 JlolE ko
Sol7lt 28 eeh AAR, 4 slele] ve of
FEE 9t Hero] ¥9A 9RA A7} A% alth
A4q 7l e Aol ofd doldx s
A A 23 S GFe F7) Wi, o &
42 5% BAS F 0 A9 Ao A I
sh otol59] Fo] wd Ao £ FAL A
At AAH UL WASE, A Ao s
da gdhom Mystgch woE W 2 7o
2 M SAES W BPS BA A2 A% A
g7 WE £ AAN S Bero] @ I
& e wA erg)

New Attentional Control Theory
Inhibitory Control,  Attentional shift
& Math anxiety

Hunt et al.(2015)2 3% &3 S8 A+
g8 A #AVE ARoernE o= AMELE F9
A ol&Y A AA FA Fo dES AA
Fig= i 3 Colome et al.(2013) 7}
Suarez—Pellicioni et al.(2013)& ¥4 J 3} o] =¥ nt

<Table 1> The fMRI results as per the students’ math anxiety(Young et al., 2012)

Students
The fMRI res

Low math anxiety students

High math anxiety students

- Left IPS/ SPL

The brain’s areas of | — Left VMPFC

activation - Right DLPFC

putamen)

- Right primary somatosensory cortex

- Right and left basal ganglia(caudate,

- Right basolateral amygdala

- Right anterior hippocampus

The brain’s areas of )
- Right SPL/ IPS

dal
amyecatatl yoSPL/ IPS

connectivity

- Left and right thalamus
- Left basolateral amygdala
- Left and right VMPFC
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*5 6 M 12 M 26 M 12 H
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<Appendix> The recording paper to record 1st grade students’ executive function & math anxiety
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