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8] o] FA = ZFolth(Moll, Zahn, de
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g}, FAR R A
& AN AFY
A AT Frontopolar)hL v (Septal) <]
Ao z]/\}gpa ANE wle AL o84 s,
1532 (Medial Frontopolar Cortex)«] z
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o $9e A9, 494 BYL B 294 Beko]
o] FJ Xt} (Greene, Sommerville, Nystrom
Darley, & Cohen, 2001). £3], W= AAF

(Medial Prefrontal Cortex: mPFC)¥} Hﬂﬂz
54 (Dorsolateral Prefrontal Cortex: dIPFC)
< 594 Ads Faete A4 HG 9 (Forbes
& Grafman, 2010), A8 A7 275 HA9Ed

T4 AR & wl ske

=94 BHe 4%
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Cingulate Cortex: ACC)E I3l AFY =
¢ H‘joﬂ’ﬂ A ete Huh, 59 7]E AT n=2

Aetst 294 QA7 5 2adtta delA
%‘ﬂr(Cavanagh et al., 2011: Jones & Wilson,
20057 Nyhus & Curran, 2010; Tsujimoto,
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A e stAY BT AhE AL 2R S &
o] DA d#g ¥eltky v Botvinick, Cohen,
& Carter, 2004).
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‘22 o 2FE|A(Homo Evolutis)'e| 7Ho{Qle MEd: A

D aHAE ASTEs AFYEE HRE
o, A FHE =EHAS wel v
X dFhel est o =4 derd

tH(Salvador & Folger, 2009). o|& A &7Vs A&
of Fujejarage]l B XA o] SFHE &
e gaAA g o] AtEole As 9vlett
3 50 QAR nALA AAFYo| AT W
ofel, AFEH THHs 92t AF-F44
AAYEY A (Fronto-Parietal Network)7} Z o]
Holgtks d7dart Buda e, 4574
A AAUES e 583 FHE WolEd A3t
, A3e FEII Pl Rkgste 98 59
glth(Watson & Chatterjee, 2011: Woolgar,
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Function), & (Reasoning), 21719 (Working
Memory), YAF274 (Decision-making)Z & 11
HUA7 e 4=} o] =tH Capotosto, Babiloni,
Romani, & Corbetta, 2008 Jacobs, Hwang,
Curran, & Kahana, 2006; Sauseng, Klimesch,
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7S AFE(AFA S e o] AgEger, A AFFE 77 LFHAT. F AR Aol e
Abdel @A e Al F @ 7RZE RS M eR ASTks AlEe 72 It A 74
2 AgEda gAFAn AP A58 Ho 10% EA A AXEUTHE 1),

g AlFe Adrke T dut AFHEES 2ok =4, geele A%, ©ed o AT g
onl, A&7t AFFRANE A&7 9 3] EBe oA aitlolgke ekl veFd A%,
Z(3P: 7AA, A3, 37) FolA AR TR & Hold a7 FAL 93 F93 AL B) H

9 97 047k @A BgEe A, 9 Bel'te A9ee Ak AED L AF
SASY BS, ASks AFF QW AF Auel B ANAUG. T AF 2 AoHe AF
599 A=, Y el FRgT @ wB we ) A o] AND FRE AN AF AS
FAd 2R S $LF Aol REAe A AR A2 A Ee 10%S 287 AR
F ARG 299, QU0 AL 4B A (3L B) ¥ A9e 9w A A% 27 26
QEANIS g AS7ks AFR A A 2 Ao GEAR G9F wyeldt 49 X
F 20 Aol e R, AFA R BAANE 4 Fhon, Ak AFe Aol 9w AFu
2 A%7ks AFE ARA o4E MR TAT  10% B4 AREG. ASoks AT A AE
o AW, olgez AT AA AY AL ke o ANEAE e g TASA] AR
As7ks B AFYEL BE0h A AFL AL HE B
F AT, ol eselt A3 99 FF ek 344

EEG A8 BE g3ty

g x|A2 AMEZD2T | BHE 3287 F2ANE A|E 317 BEAY | s yMTR 2377 700§ 28 72
(5s) (15s) (15s) (5s) (55) (5 (20)

1 Trial = 1055

(Og 1) =ob Ae T ook

(E 1) et MEL XE7Es HE 7H Aol

A F 7} 4 3} o
oly 3L ]
. guy E;jﬂ?ﬂ 15,000¢ 10%A
A&7Vs AE 16,5004
gt A& 10,0009
ol =] 3] = ! %A
2 s A&7V AE 11,0004 10%
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= (Post-test Questionnaire)
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3.2.1 Telescan

XL.Q.

59 7<ﬂ
Tl o

Hot 34 A ““ﬁf‘f}
el 0~4Hz9] B

EREEE
e A

=
=
o

Agt T ]E]r«l}oﬂ/ﬂ Autate] gsh= 4~50Hz
£ #Z3}= Band Pass Filtering A& Alds}
Aot O F AE ~"EY EAE B AlAGL s
£ FoFggdor Hgsgon, 7t Ad ¥ &

% Tk dlolg o] Al A=kl sfdste %

£ 3%, W, BAAGT AE AFYR 279
812

F SRS dAag S
FM A&7k AFS Ao
AFES A QA 25
aﬂﬁm BEwE ﬂ‘é}%’i‘i}.

HOH BramMap 2
aPjEulo 2 Holx| 9 wnhe] ok =
< 3AA e & A ZtEtste] A6

(3% 2) Telescan &40f AlgE 17719 zd HE
3.2.2 EEGLAB

MATLAB 7]/} +3h24-8- 2239 EEGLAB
(An open source toolbox for analysis of single-
trial EEG dynamics)< ©]-23} TelescanolA A
A2 v dolE e SYHATEA
Component Analysis, [CA)< A3 &ATH Delorme

& Makeig, 2004). ICAE HolEE HUg +A

(Independent
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A% (Electromyogram), %Cﬁ
(Discontinuous Data) & #| A3
E Aota, &S0 R 2t AEEY AlF3t
= % F JE AL gilHe A
AstAtH " 3). o] W, wlolg & 1974
= 87l olde Aol AA" Afo g ¢
2 ZE7F 80Veldel A=

o

Edo?.:
Mz 4o fr 2

(08 3) ICAE z
(ICT:& 2, IC2:ANE, IC14: 2055l

EM HHE MEE
¢l tflof&])

3.2.3 sLORETA(Standardized Low
Resolution Brain Electromagnetic

Tomography)

EEG "HolHe AFY E4(Source Analysis)

Ui H42A M3E 20134 68

2HIRte| X&7Es MIE MED MF-FEY UEUELT 24T

< 913l sSLORETA(Standardized Low Resolution
Brain Electromagnetic Tomography) X~z 1%
< o] &38}%¥ th(Pascual-Marqui, 2002). % 471¢]
W= (Aek}4-8Hz, €9to}:8-13Hz, WER}: 13-30Hz,
kst 30-50Hz, Total:4-50Hz)ol thet 45
AR

V. Z1t

4.1 HEEE 72| sLORETA &4

1 2t

2

L@EQ} ot Xﬂ%xéi‘é % m, AFg 24l 3
2~ o
T T

ﬂﬂé@ﬂﬂt%llﬁﬂﬂﬁﬂ
AAA A o] Aol A
264 9] "ol BEAEt 4FAY AF o

)
s
—
Q1
o
tilo
2

Me AR AFHEE Hoke i A&7k AlE
AEE Bk o, AFHY] A3 (ACC), &
ol#H(Rectal Gyrus)¥d9el AEetgH(4-8Hz)
A froveiA o & 24=E YAt

4(A), p=0.005).

iy ddde & 4199 I T ICA &
A= AA 87 o4 ’“EO] AAE 2272 A9
g 1999 HolHE A8t "HEd Al
A dRt Xﬂﬁ@iﬂ Sk= W A&7bs Al
FEE BtE o, AF9Y shdFol#(Inferior
Frontal Gyrus), &7Hd%o|3(Middle Frontal
Gyrus)9ge] #vtaH(30-50Hz) ol F2ln|
s B & GAEE YEUTH Y 4(B), p=
0.04).
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o U AEY A
AFHBE B
Arke 7
A 8 749 A

WA EHEE
=

B
HE & wjEr A
d9¢ At o
AT, et £ Ao

1&7bs AFHEE Boks o, o
Hoks wo vla] A7 A3t
A vebd Aolehe oSl ARt o|g
+ A3 2= AFE WS AHFY (mPFC)
I A3 (ACC) T HPqol JAEA 9 1w
1Az e oA F83 gL dve 7|E
A+Aze} YA gt (Cavanagh, Cohen, & Allen,

B
=

4

AF

o,
FE e+

1

%

¢

)

o

¢

2009: Cavanagh, Frank, Klein, & Allen, 2010:
Oya, Adolphs, Bechara, Damasio, & Howard,
2005).

4.2 XE7bs/Let HZYE 72+ dujntol

=
=4 Znt

Telescan

o 2 Zf‘I-—i OLJ]"‘L]'(S 13HZ 5:]7]' o]— Idhng)
Aol AY 2 g IS | A, A3
Aol ®al(Load) 7} &8 24=E gyl 7wy 7+

172 ARTHE 970l BT AR A2 SN
[.%.Z21=(0,10,-10) [mm] : (3.85E-1]1 [ ;Ums] ' m, sLORETA
- |
A P
[Z] [Z]
+5 +5
f 0 o
B P
5 { -5
£ 0 VS om (%] ['v] +5 0 5 -10em +Bom %)
[%.%.Z =25 30 15 | [mm] : [4.53E-1] [2.11.72) NN | SLORETA
v = !
& P L R
[Z] (2]
. ﬁ i
o 0
5 B
5 i} +Bom (%] [7] +5 1} 5 -10em -5 0 +5-cm (=1
A&5E 3 (Horizontal), A’4W (Sagittal), 3% (Coronal). A5 9 AEbs AFYRETE 23S wo} gt A
FHEHETE E%E— wjo] Wm: AERsH(4-8 Hz) oA frolm| e Apo] p<0 005 two tailed) & Wehlglen] 71¢ 2 Aoz & 9
92 A5 F4 F Add3(ACC) 499 (xyz=0,10,-10: BA=25): (B) B89 A&7ts AFHRETE kS wet
ELs Zﬂ%@i—%—?—% HokE W] Hla ¢ Ankgk(30-50 Hz) A fofnle x}O] (0.05: two-tailed)& YetiR e 7+ 2 A
ol7h v 49 AF] s FolF (Inferior Frontal Gyrus) 99 (xyz=25,30,-15; BA=47).

(3% 4) sLORETA &4 &zt
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‘22 o 8FE|A(Homo Evolutis)'9| 7Ho{Qle MEL:

Bup7h ges] A9 dolmof| whH|#|ste] 4173 g
g Hole Atk opehes A7 23} Hausn
2ltH(Jensen, Gelfand, Kounious, & Lisman,
2002). &3], N-back TaskY Sternberg Task
o} 2L @171 B M BA o ol vt Sebar
2 3% (Posterior Cortex)® T34 (Parietal
Cortex) ¥ F41%(Central Region)olAel &3}
Bo] Zert Ttete 59 71E A7 27 Y
T AFAIEC] e vt webA dniairt ¢
T Solee A4 HEE A Aldsta, zbo}
g YRE FI5 S AGE T 7194 R
g AE 9 Fske AR AR gl
F538 da7l dh(Cooper, Croft, Dominey,
Burgess, & Gruzelier, 2003).

Aetshs DTG Tete v, doige 74
L2 (Parieto-occipital Sulcus)ollA 2A3k
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O 2 g QAAS] Y] B E njste JoR B
53 th(von Stein & Sarnthein, 2000). &
e gutoke} 3 Fodo AdE glon, 7
A9 ol =7t F7Hel whet dutuke] st St
ot A4S 74 A FAE JFot, £LL

H&i] Fo7t ke AE dAs] Hla)

Aoz AWd & it (Ward, 2003). tf
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HAFY ol Fo5 HFotn, HA A §le ¢
AR o] Adehs A lA A Lot
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T 3e Aol

AFAT G dEe] AZoA BF A&7 AF
< TofetAtta AEd 9@ 25 (n=5)% =¥
Uk AlE2 stk Aee @At 2g(n=15)
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E SN AU 45 e B2 dAdAE =
o7} A& 3 U (Croson, 2007). ol&F77}
Ao 5EQ 7197 oy E HAR & A&7}
79 e WA= A% ojge] Kol AR o
Ale A&7be Aol 7199 A&4<1 TS S8
A FESoF & AdAgolgt= Ao Wl T
% o9& AV ¥ Aot} o] # oA
7198 B EE A&7 AYPRE A 3oy
A A7 A skE Aolgle ], ALSl T A x
$AA AL Feste 7199 AFS MYste &
214 2HE f28 5 9o

24 AvE Tt el gAY (Sacrifice) <] )
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olm, BRI JAEG IS AXA Hrt. o]}
2o wgoz & uf A&7 AES s &
B 97t 2t AXRE it AE S AEF S vi
oo 718 B A thabgolw TEH Q14|
Atnay & ukg st & 4 9l

A&7V A ES Aeehe wAg4 2uaE 13
g Q7 AoldE AR TR o E2E 2 (Homo
Evolutis) gt MH& 4 A& AHolt}, o]&L A

=

9%<| Ane 22l AHFAHY 292 el
£ e DAY A7), A 2 el
= g e s,

759 9EE Aks TP E F2 YA

AASIT H42d M3z 20134 6¥

AJAREHTY, o] 2] gl i 2tol A
PABE 2HAe A5G AALHE
229 (Neurographic) ¥4E A2 A%
715 (Market Segmentation Basis) o= A|
ZF gk, B &Hlte] WA A e &
< 7oz Apdstd A&vks AFHEE AT
A ek FHsty, AT UES
A A 2ol A5 5 7Fs 719l
F7ete " 298 =9 F JZ FeE AG
1=
= AT AR

= rr orie _V% e
Ol .

Iy

o

ok

Ko

rr

poS)

>,

o ol M
<

o x
iorr w

fu
Wl
me o
T
rg
R
Ip

TL_: =2
Yo 49 ARSI Aow FF 4L
sote] v AR T, 4 T2 adste] A&7t
T AFe Aol £2 AdE e 4¥e A
Pankd Ad7bs ebgel 2ulxte) o) 5l
AE Ge Boh AR BRE 9L Aole

AAZIY. g B Ao d3dMe 197] Ad9
EEGE AHESIIAIRE, olHnt B2 Ee EEGE
gggitid Ho o AFeg o SAde 4o
7Fed Zolgt sdEh, E3 AR dRFS
4% 4 9l INIRS(Functional Near Infrared
Spectroscopy), A3t A} E SN S 7}
A1 e MEG(Magneticencephalogram), &
7t A= FHold fMRI(Functional Magnetic
Resonance Imaging) & 4173 Fofo theF
& wRoMA Ve 49 ¢ AR AT A

817



=3
rlo
M
>
el
MY

9. (2012). AH34 71949 =&
= g ‘é%ﬂr 471 AHA-571A] Ak
£ TR F2 Il A7ISE H3AR
Aoadidta 9T & AFAAAARS

)

oJAA. (2012 7€ 18%). W 12A] Y& A4 ofe] &

BE BYAE, ol f Yt 2HHU 2
A&7Vs7d oz, 3 (2012). 21417] Mega Trend
A&7V s739 ARl KSA SMA.

Bowen, H. R. (1953). Social Responsibilities of the
Businessman. New York: Haper & Row.

Capotosto, P., Babiloni, C., Romani, G. L., &
Corbetta, M. (2008). Posterior parietal cor-
tex controls spatial attention through mo-
dulation of anticipatory alpha rhytms.

Carroll, A. B. (1998). The four faces of corporate
citizenship. Business and Society Review,
100(1), 7.

Carter, R., Aldridge, S., Page, M., Parker, S., &
Frith, C. (2009).
Dorling Kindersley.

Cavanagh, J. F., Cohen, M. X., & Allen, J. J. B.
(2009).
error: EEG phase synchrony reveals cogni-

The human brain book:

Prelude to and resolution of an

tive control dynamics during action moni-
toring. Journal of Neuroscience, 29, 8.
Cavanagh, J. F., Frank, M. J., Klein, T. J., &
Allen, J. J. B. (2010). Frontal theta links
prediction errors to behavioral adaptation
in reinforcement learning. Neuro Image, 49, 12.
Cavanagh, J. F., Wiecki, T. V., Cohen, M. X., Fi-
gueroa, C. M., Samanta, J., Sherman, S.
J., & Frank, M. J. (2011). Subthalamic
nucleus stimulation reverses mediofrontal

818

rlo

influence over decision threshold. Nature
Neuroscience, 14, 6.

Cooper, N. R., Croft, R. J., Dominey, S. J. J.,
Burgess, A. P., & Gruzelier, J. H. (2003).
Paradox lost? Exploring the role of alpha
oscillations during externally vs. internally
directed attention and the implications for
idling and inhibition hypotheses. /nter-
national Journal of Psychophysiology, 47
(1), 65-74. doi: http://dx.doi.org/10.1016/
S0167-8760(02)00107-1

Croson, R. T. A. (2007). Theories of commitment,
altruism and reciprocity: Evidence from
linear public goods games. Zconomic Inquiry,
45(2), 18.

Delorme, A., & Makeig, S. (2004). EEGLAB: an
open source toolbox for analysis of single-
trial EEG dynamics. Journal of Neuroscience
Methods, 134, 13.

Forbes, C. E., & Grafman, J. (2010). The role of
the human prefrontal cortex in social cog-
nition and moral judgment. Annual Review
of Neuroscience, 33, 26.

Greene, J. D., Sommerville, R. B., Nystrom, L. E.,
Darley, J. M., & Cohen, J. D. (2001). An
fMRI Investigation of Emotional Engage-
ment in Moral Judgment. Science, 293
(5537), 2105-2108.

Jacobs, J., Hwang, G., Curran, T., & Kahana, M.
J. (2006). EEG oscillations and recognition
memory: Theta correlates of memory re-
trieval and decision making. Neuro Image,
32, 10.

A. (1958). The ten-twenty system of the

international Federation. Alectroencepholography

Jasper, H

and Clinical Neurophysiology, 10, 5.
Jensen, O., Gelfand, J., Kounious, K., & Lisman,

ZASHIT H42A M3E 20134 6



‘Z2 ofERE|A(Homo Evolutis) o 7Hoil= B AH|RS] X|&7ks HIE MEit HF-FHY MBUEST 4T

J. E. (2002). Oscillations in the alpha band
(9-12 Hz) increase with memory load during
retention in a short-term memory task.
Cerebral Cortex, 12, 6.

Jones, M. W., & Wilson, M. A. (2005). Theta
rhythms coordinate hippocapal-prefrontal
interactions in a spatial memory task. PLoS
Biology, 3:e402, 13.

Klimesch, W. (1999). EEG alpha and theta oscil-
lations reflect cognitive and memory per-
formance: a review and analysis. (Review).
Brain Research Reviews, 29(2-3), 169-195.
doi: 10.1016/50165-0173(98)00056-3

Moll, J., Zahn, R., de Oliveira-Souza, R., Bramati,
I. E., Krueger, F., Tura, B., . . . Grafman, J.
(2011). Impairment of prosocial sentiments
is associted with frontopolar and septal
damage in frontotemporal dementia. Neuro
Image, 54(2), 8.

Moll, J., Zahn, R., de Oliveira-Souza, R., Krueger,
F., & Grafman, J. (2005). Opinion: the
neural basis of human moral cognition.
Nature Reviews Neuroscience, 6(10), 11.

Nyhus, E., & Curran, T. (2010). Functional role of
gamma and theta oscillations in episodic
memory. Neuroscience and Biobehavioral
Reviews, 34, 13.

Oya, H., Adolphs, R. K., H., Bechara, A., Damasio,
A., & Howard, M. A. (2005). Electrophy-
sicological correlates of reward prediction
error recorded in the human prefrontal
cortex. Proceedings of the National Academy
of Sciences of the USA, 102, 6.

Pascual-Marqui, R. D. (2002). Standardized low-
resolution brain electromagnetic tomography
(sLORETA): technical details. Methods and
Findings in FExperimental and Clinical

AASIT H42d M3z 20134 6¥

Pharmacology, 24D, 8.

Salvador, R., & Folger, R. G. (2009). Business ethics
and the brain. Business Ethics Quarterly,
19(1), 31.

Sauseng, P., Klimesch, W., Schabus, M., &
Doppelmayr, M. (2005). Fronro-Parietal EEG
coherence in theta and upper alpha reflect
central executive functions of working me-
mory. [International Journal of Psycho-
physiology, 57(2), 7.

Tsujimoto, T., Shimazu, H., & Isomura, Y. (2006).
Direct recording of theta oscillations in
primate prefrontal and anterior cingulate
cortices. Journal of Neurophysiology, 95, 14.

von Stein, A., & Sarnthein, J. (2000). Different
frequencies for different scales of cortical
integration: from local gamma to long range
alpha/theta synchronization. (Article). /n-
ternational Journal of Psychophysiology,
38(3), 301-313. doi: 10.1016/s0167-8760
(00)00172-0

Ward, L. M. (2003). Synchronous neural oscilla-
tions and cognitive processes. 7rends in
Cognitive Sciences, T, T.

Watson, C. E., & Chatterjee, A. (2011). A bilateral
frontoparietal network underlies visuos-
patial analogical reasoning. Neuro/mage,
59(2012), 8.

Woolgar, A., Hampshire, A., Thompson, R., &
Duncan, J. (2011). Adaptive coding of task-
relevant information in human frontoparietal
cortex. The Journal of Neuroscience, 31
41), 8.

Ying-Ching, L., & Chang, C.-C. A. (2012). Double
Standard: The Role of Environmental Con-
sciousness in Green Product Usage. [Article].
Journal of Marketing, 76(5), 125-134.

819



=3
rlo
M
>
el
MY
02
o>
rlo
rH
-
0z
x
g
2

The Conscious Choice of Homo Evolutis:
Can Fronto-Parietal EEG Activations Predict the
Consumer Choice of Sustainable Products?

Eun-Ju Lee* - Hyun Jun Shin** - Seungeun Yang*** - Gusang Kwon**** - Minah Suh™****

Abstract

Increasingly, companies are inspired by the call of sustainability management. Companies
with the sustainable orientation pursue triple business objectives with the aim of protecting
people and the planet Earth as well as creating economic profits. The current research examines
consumers brain wave responses to the products that are sold under the sustainability
management initiatives. In the current market, sustainable products, such as fair trade or
eco-friendly products tend to incur higher costs to consumers than do most conventional alternative
products. Therefore, it is not easy for ordinary consumers to choose sustainable products with
high price over cheaper and readily available conventional alternatives. In this neuromarketing
study, the neural responses of 41 consumers were recorded using electroencephalography
(EEG). Two product categories of cups of coffee and travel mugs were used in the experiments.
Subjects were given information about the product features and the price of a sustainable
product and a conventional product, and asked to choose a product they intended to purchase.
While they were reading information about the product features and the price, their brain
waves from the frontal and parietal lobes were recorded and analyzed. The results showed that
there were stronger frontal theta and gamma activations while consumers were reading sustainable

product features, compared to conventional product features. In addition, significantly higher
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alpha activations in the fronto—parietal network were found among the consumers who chose
sustainable products over conventional products.

Key words: Sustainability Management, Frontal Cortex, Fronto-Parietal Network, Brain
Waves, Alpha band, Theta band, Gamma band, Consumer Neuroscience,

Neuromarketing
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