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Abstract

Uncanny valley refers to the condition where the affinity of a human-like object decreases dramatically if the
object becomes extremely similar to human, and has been hypothesized to derive from the cognitive load of
categorical conflict against an uncanny object. According to the hypothesis, the present study ran an oddball task
consisting of trials each displaying one among a non-human, human and uncanny face, and measured event-related
potentials (ERPs) for each trial condition. In Experiment 1, a non-human face was presented in 80% of the trials
(standard) whereas a human face for another 10% trials (target) and an uncanny face for the remaining 10% trials
(uncanny). Participants’ responses were relatively inaccurate and delayed in both the target and uncanny oddball
trials, but neither P3 nor N170 component differed across the three trial conditions. Experiment 2 used 3-D rendered
realistic faces to increase the degree of categorical conflict, and found the behavioral results were similar to
Experiment 1. However, the peak amplitude of N170 of the target and uncanny trials were higher than the standard
trials while P3 mean amplitudes for both the target and uncanny trials were comparable but higher than the
amplitude for the standard trials. P3 latencies were delayed in the order of the standard, target, and uncanny trials.
The changes in N170 and P3 patterns across the experiments appear to arise from the categorical conflict that the
uncanny face must be categorized as a non-target according to the oddball-task requirement despite its perceived
category of a human face. The observed increase of cognitive load following the added reality to the uncanny face
also indicates that the cognitive load, supposedly responsible for the uncanny experience, would depend on the

increase of categorical conflict information subsequent to added stimulus complexity.

Key words: uncanny valley, human-likeness, cognitive load, oddball task, event-related potentials (ERPs),
N170, P3
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1. ME
o Uncanny Valley o Healthy Person
—_—
Mori(1970)el  oJaf 8 A1y 2] (uncanny = Toy Robot

Valley)L 2EI} 2 ?_%’-%oﬂ sl A 7tE= 3™ § Bunraku Puppet
ZHaffinity)o] 1 Q132 AQ Ao FA £ £ {Incustrial Robot
(human-likeness)oll oJsll A™E 4 vk 7HlA £
- £
%Hetﬂ'q EH7H 17F _‘,]_o] %A}}\é Zr_%o] i_-;—o]-xﬁ = & Human Likeness 50% 100%

_ Prosthetic Hand
B3 e Ao @ AUzl Z/1E Rolahs e
A1 ool 7hs kAR SolsA N

Fig. 1. Mori (1970)'s prediction of the uncanny valley. The x-axis

¢35 1 U] FA A" 5 vty =435 represents the similarity between human and a robot and y-axis
represent the evoked affinity. When the human-likeness
AthFig. 1). ol< QIZHE EAle] +dE 248 3 % approximates to human, the curve was supposed to yield
2 Axo] ofUmo]d So| Yz B3y ) a local valley from a dramatic drop of the affinity.
ALHA AR DAL R AEE Fal
AA A& ThsE B ek, Morid] 45 AA @ Ao geEsiaRl Fol SAoltk o3 T
e AR AL B2 2 A0E WHAT(amg 5 WAE W9 H2e) AFSAME AZ4H fA}
2007; Burleigh et al., 2013). A3 B3 Abele] dat dhE AAETHE 7Y
Mori(1970)¢] 170y We] 7Hd2 FRoe Q17 A=8] Ao thEk AlFA Aeleh 19k AEH Al
He] JAFEe] fA L I fAe) el ZAEE A AR 546 0@ A4S AFToEN M1E )
D7t A BAE s, Ay B Y e A7) FAE Bloludes F23% o] &

B 93 A2 £ALS A7 JARA FFo|El= ZrE thBurleigh et al, 2013; Seyama & Nagayama,



2007; Ferrey et al., 2015). & £°1, Seyama2} Nagayama sl AMY WS LA 7o) JE AFE
(2007)= Q17+ fALSE 2E-o] dFoA] A7y We of thek W3t JEAD Y FFs HFEAT ol
Aol Yehe s s oy olig Ay Qe A7+e] daEH FABIAY F42 A S B
AL 222 9] 48 AFEEA AAANA F sk 2=l dist Wash S sk en, I 3
o] &Hbizarre)’ 7d ol o2 wiv vehs RS O ol Al A== ARITE ] A (event-related potentials,
sttt ol =9 HANAQ A2 F-AMd (summed ERPs)#} ¥H3A17F 2 e = %?“6}0311} A2 o
similarity)©] A7NY Ao F Q3 221071 AT Aol # AABEAS] ARl 2E = A= s
A AREA ] FAA g Fo] FRkE wolvt  AzbE ®Fske] S7F H= N170 /3 (Eimer, 2000,
olglgk FAMd el FAFAQ HA AFLRE olojd F 2013 FEAR FHe] HEo Xx7F F F Ue
A= AlAbgHTL P3 A E(Kok, 2001; Eom et al., 2010)S A= 0H,

o] H# FZ(mean amplitude)} A 7](latency)

ojg gt AMY W @l e NER A F T AE
FH woll B A T3t - (category conflict)ol of thet ST A AFH SAHA ] HHA
A 875 = AAA Al(cognitive inhibition) 7Hd o] S A
ok AR A oA 7P AN vt A7kte] Fu
A A wlEo] obd, A= WFst HA A 9 o]
E e 4% BEol tigk oA F-H(inhibition load) ™ 2. M3 1
o] 2AEH-S- 714 3ok Burleigh et al., 2013; Ferrey
et al,, 2015). o] A7HY W] #2Fo]l Mori7b = AF 19 XA AA 7P 7128 AAY
P A7oh e FEEUE MFs R oE Aol tigk WaEsk AdA ddEE JEAR F
ARAE FgFo] 3ol o3 AeHEvhe A4 w@ol Iy o RE AT 71E A de o
A A 71xgth €& 9] Ferrey 5(2015)> T-o] vj7do] HAY 1A Z A 7}"4—0‘(Burleigh et
32 AYE S B A4 18 9¥Few o al., 2013; Ferrey et al., 2015), 57} £5 %] k2 =
3 FREE T HFE dxste A 28- =9 A4 AFAR WFst A7t olg R HA9H
a7, A-E7], 2E-A7, FE5-07 )2 A4 2 42 AlF-EA(global and local features)oll th3dh
o, A= W g A5E 29 g o]FE o B2t 55 S8l 7o FFol Fukdvie ddA Fo
E AFo 2 FRFHoRE HIANIE HXE B F (selective attention) ©|&3} WS 7ro] SFti(Pashler,
ol £317] o R g W] 2H=E(bistable 1998). wetr] 574 A=ol gk WF3t oA F

figures)& A etATE AAE A543 F= st o] Al AR Yol AHHTH A= A A 2
SAEE BAS A A7 FAMS ool AAIRL Tk A=l gk JEAE A QIAAH e
o] =7} BHAle] R E 3 WFE 2} i3k Maws} A (cognitive load)°] 55 oJn|abH 1ol whE WFs) ¢
X O F 7I4dte AL HASATE olgE AHE E AVAZ(category decision) % WHS- AE(response selection)
N2 52 WFs des dshr] g A4 o o] Ade] FHusks 7Fs/dol Arh weEbA <Y
Al HAeA A sHE B2 A A(negative  affection) A8 RFH Bogdo] tigk S2H7 WFske] oA
ol AfY M7t vebd 7hsAdol Avkal F4st H-oF T1o thE A" A Fo) 8] Wy o RE AR
P OB AAMY W] FAgel ek IAF oA 7Hd el
ATl A= ol A" Y W] gl e o ek daFAQl H5o] 7hsalxith
A Mo ® HT T QXA oA 7 712 A=l gk M3t Ao AR A FEe]

sl Q7Y Aol ek Aeld TRl ANH B w4 L T B T A B AY A= v
(cognitive load)ol| 23] ZIEES 7HHsIoH, A7) SN A AL 2 ¥FH o R e E
&

U A5l Ud 944 Bue) WA o¥E A A AESCl U WIS B 23 bssdh 9nd
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4% #(converging)

A4 F sht= SE%@ X]E% AHEE717EA 9]
Ao] 7hsgt 21734

Atk olH g 2l

= 5 W=e] Ardeety 2443

APARAA S I(ERP waveform)= A AF=Hol
2l gzo] 2T Fude vA
3l A 9] W3Kscalp potential)ol]l Th3F WHEZ ol =

g s T8 AEEN ol T 4A A 54
= 2 dd == o8] AEE(P1, NI, P2, N2

id’&

2,
o
N

T/ 1 THLuck,
T3t Ao A
e TJrZé«] MY AF-E ZAlst

= p3 AEo|t. p3 HEL

= AAg AP A=A P
A= =3 o]F oF 300ms~800ms -7Fel| A I/}E}I/P’
AR 9] R e = T 3K(positive deflection) 2
2 s ol sig A Wel 1% Z2 A7)
SHA WA TheFet el o] dH(correlation)
< HRTHP3 A9 T8 5442 A 8+
v AEAD HHAA w3 AES AT AL 2F
5oRkg A g o] it B Fo HF AFE WY
ghobs AR, il skl sk 2= 5 oA 2
A Aol §olgh A=l tisliAe 1 ¥ Zrrt
TAEN OHA ok 7 wEe] Ae U 9
8l A= 7ol ElE](Hagen et al., 2006). P3of th3+ &
o

A3 et S == oddball
A (oddball task)7F At} LW Sl oddball A o A
= %4 AF(target)?t YWk(standard) A= T S
mf Aol A AlERE, AA Al T 80% FEC] o
T Aol = ARk A5g AAISL YA 20%
Al M= 245 AAgE 7k 7 Al

A ANE AFe) 4 RS s B shs, o)

¢

| Aol dnt Aol gk whgo] Fe
3L &t Kok, 2001; Polich, 2003).
W A3 ZENAS NFoR ZAH AR
s )
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>
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DY
i
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S48 e A7 ANk A5 gho] Aolat o] &

7 (maintenance or update) SHAA 3|4 = 7| = ko

(Donchin, 1981; Polich, 2003, 2007).

ITI: Inter-trial interval
(1500 ~ 2500ms)

1 A
A fixation blank stimulus blank
(400ms) (500ms) (600ms)  (2000ms)
B ( D
a D
Standard Target Uncanny
(80%) (10%) (10%)

Fig. 2. Stimuli and procedure in Experiment 1. Stimuli onset and
duration (A) in each trial. Schematic faces in Experiment 1
(B) and realistic faces in Experiment 2 (C)
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2.1. A}
A9 1elE FYistael A FA @A 59, o
A sHo] sttt ZAUALe] A#H L 18~254I(M =

22, SD = 2.16)°1t}. 1099 F71A 5 9ol A7}
AL QE&o0] QA Eo|glom dgulo] I&S
Agolgty Byaty RE mEAE AAA Y ©

AATAAEE Byt AL AR A

A7} oMo NHElgon, 2o A Atgn S

i) rlr

Y

AY 1914 AMEE D= ASS A LAGE )
o] 9]Fo] FEE+= 2l7Ktarget), H]Q17H(standard) 2
A Y A= (uncanny) 2.2 F+/J = ATHFig. 2B F37).

FNAEL w) Algeiet 2312 RUEH S T4 5
Al f1A] o] E8 e A5 53 Z2 HEF oF

Rt s 9 Wekth s Aol A= 2321
ol 24 w7 s FFGel SAIA
400ms F<F A =] Aol AR ERTh 34

T Folo] Hls}H(blank)©] 500ms F<F A A
HAew, 11 A5 A& Aol 600msEet shol A

A= A THFig. 2A FH30). F7EAES vl Algjell A d=
A5 28 AFSZREH 2% ool AJHE o +
@5 F shUE =8 ®40) sidete QI dFe] A
|E A=A 0] 75 Byt v Algfo] FEH
°] % 1500~3500ms W] A7k 7kA o] Az o7 stk
(variable inter-trial interval)®| 1T},

A 400 A3 5 320 A13(80%)> BIAZE L=l
A A== v %4 UWHnon-target standard) A]3] ],
WA 20%91 80413 5 AREQ] 40413 (10%)2> 17N
Y d=Zo] AAEHE B ohE HEE Aol lon nt

Aeto 7 A 40A18(10%)> 17+ o] AAE]

F4] Algoldth BE Al e oAlE A8 3
o g3l AREE AlYIANE ] T 91X w3 3

A el AR S AR el
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D A% 13 29 A5 STy A e Sds
(Institutional Review Board, IRB)®| % <1(1041078-201509-
HRSB-155-01)2 5% & 3=k

A@O

A=2] AL H vt S 7] AF 1e]a P Fehe-e]
=74 9 7155 913l Matlaboll 4] 5= Psychophysics
Toolbox (Brainard, 1997)7} A= th BE 7kt
o] REZAIZHE A vhguhs o E AEESS
o A A= E8 AP ZHE 200~1500ms ©]£] 2]
e QWRE o R AEEo] WhEAIZE A A A
1=tk 3t S7ol= International 10-20 system
| wel kAol T3] Aol Ag/AgCl A=o] H-2hy
+ Biosemi A Amsterdam, Netherlands)®] Active Two
J2=glo] ARE-E AT FE AT (reference electrode)
29 mastoid 913 F2E oW, FFE o F
= el |AE S8l F o] v & SAd F
o] et A F7F A5e FES T EEG
155 AF9 53019 100Hz ©l8t I8]3 253}
W 0.16Hz olde] 2ol A 256Hz9] &
(sampling rate)= % < ZH(bandpass filtered)= STt

] 9pAt g 9] #-4]0l:= EEGLAB (Delorme & Makeig,
2004)3}+ ERPLAB Toolbox (Lopez-Calderon & Luck,
2014)°] AH&-= Atk EEGeF EOGAI &
9} = mastoide] Hytoll 71%8] A - (re-reference)
H Atk EEGAI 2ol thal] m) As)e] A= SdAIHE S
ZHE -200ms F-E 800ms 7FAe] Al7F 7HS- ERP A}

TZHepoch) & 2 A8t 0m s -7+ W -200~0m
T2l A AEE 91y ZFe 7]
Z(baseline correction)S A3 T 200ms oW
1500ms ©]9] 9] WkgA|Zbo] 22 HAY & A3 B
oy = Al ol EFHE AlF HAl AlA
HATh AA A& F AAR Al EE AR 7]
& Wi 16.7%ATh

P3 AEL2 AEYXA HA=FE(midline electrodes) =
oddball FAell A WHEE P3e] F9 #F o] H
= Pz A58 dide = F4 5 2 th(Johnson, 1993; Kok,
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100 2o - 2@ - 27I% - B - H2H - BFA

2001). P3 Ao g AL 2 ZAbsl7] s WA 3
o JEE A=E3eH A= &9 o% 300~800ms T+
7he Agls] g 2 He] A9 pES iE FEF
HE stk o2 i VA wHd S
EdE 59 77 Holl vHE
latency measurement) A P3 98] IR 71E =

A3t (Hyun et al., 2009; Hyun, 2008, 2009).
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3.1, A FEE 3 EESAIZE

A 19] At G WAL A3E Fig. 390 A
SiATh Al 79 24 ¥ A8es dii99.440.1%),
N (97.3+2.5%), ¥ 2|(88.0£10.2%) A3 =07 7hA
st o weba HIQIZE Aol AAE Lnk Al
A ko] 7 Ak Al =21 7 A

zolef tigk BAA HE5e 180
2 (repeated-measure one-way ANOVA)= 53] 3F
I A FEol mE FaHy

=945, p<.05 /N8 27 7}
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300 4
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Standard Target

w
Reaction time (ms)
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Fig. 3. Mean reaction times (A) and accuracies (B) in
Experiment 1. Error bars and asterisks or n.s. here and in all
subsequent charts represent 95% confidence interval (Loftus
& Masson, 1997) and statistical significance (* p<.05; ** p<.01;
*** p<.001) or non-significance, respectively.
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Fig. 40 £7], 4t 2 A7Y D= Al A8
= 2] &

z7e Azl pzAFoAA A

I Gt AF 3 FA7IE AASAT P3 Awel

Pz
A uv
5 -
-200
e,
5 4
10 4
15 ] Standard
— Target
20 4 = Uncanny
B 16

Amplitude (uV)
oo

i

Standard Target

111

Standard Target

Uncanny

C 600 -

(o)
o
o

Latency (ms)
N
o
o

w
o
o

N
o
o

Uncanny

Fig. 4. ERP results of Experiment1. Grand average ERP
waveforms at Pz electrode (A). Mean Amplitudes (B) and 50%
fractional area latency measures (C) across three conditions
(300~800ms measurement window)
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TE Y I A= At A= AFo] P3 Al
Hredd QXA e g FO] HFs o v A
A ARE 7HAA A=A 9] ooty AF 19] A=
2 T AR FREE AFELE 7K AFEC]

= HollA M5 R3S g FO R ofEon,
AAZE A= Azl g o8] & fIxeF
< FA AFEA A Wdo] o]FoiH S Ths
Aol Atk F A3 19 =244 Ay A= 2437
At 2= Atolo] WFs) FolA] o AdE = thekst
HEAR FEs Zslde thi FHES A5E
o] & AUtk AARE Ferrey 5(2015)2] Aol %

Q8-E7eh 22 w44 A5 AREEE 79l A
Hog ok3l Fyy} FFH v QU

T 7 2T S Ferrey 5(2015)°] AA|%E
WA Aol A7te] 9 AFl fs HEoE
WE 7] Bk ASAES] M2 Wsks A4
T Adshs AAA AxEAE 7FsAolth o A
AABAAYE Z2H317] 98 Ml A=43 oddball

Ae 3D AUFE B8 7Y AFS AETOER
zZtzre] o] Ui Bk Be AJRE AFeor
N 02 T UE AT ARsYe B 747
o] MFTE HREo] A& TE WF AT} FY3
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