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TR A R S ) D O S S I T R AU . X
ANTERIH A ShAb i TEE, PR RIBAR 25 5 W5 | ik
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(EREMSEREm, mE% R E R BeeE
115 EWARE Z T ARSI ATE . THRE, &
A 1 TCAHE 5T UIE B A 45 S AL IO B A T A R
R Z I TR B, anRAF7E, AR R4 A shfkim T
B Bt 5 0 A BT A2 5 TR B, AT 46 R
() > AR RO A ] S Rl S8R TG 2, 38975 15 Bl & B 1]
STHERRR AN ) 54T R RN . EUWIEM AELE A 1R

B LA 25

BeAh, DMEOFFEAR R, > BN Z AR 2 R 3R 1Y
SR, R R AT 1 2 R 2 o R T R
AR g — AT ZE R R filhn, AR )
A Ao AN [ 5 £ L R oA R SN sl 0 14 T e
DI, AIF 5 e R S AT 1 ~J 488 1 5 38 R M) ) 5 R
BEALIRMT, AR5 B0 L e o R R AR B AT AR
LI QAL IR TS b N S EMUN EPS S A RS
A A0, L 530 T AR T S5 0 A 2 ORI B T RS
SetEE L. Mo, HE 5 IUR R 45 18] 7 i i 1
LR IR, R S AR R AR, X — kT
FURTIEANTEAE, 5 Bt — 2D i SRR AT IR R

PAErirdeos, s, ANITR-FERs)
X IEPERI & 2R TR AP A RN, R
I P A T 3 2 ) 5o R R R s D
B oy R ) IRk, R 5 D) A o B e A
T3 00 S AL R AR TR S T R R X
AN TR A7 £ 56k J5E 1) TE A AN G0 R A 2 ST AR A, R
WFFE Pl BN IE | SRR 2 R, R
S I B 4 N, A TE R RO g L P RO
AT 26 A 5y e A B 2D Bk TEPEZRAET,
TN S F 5 0 s R i R O A R 2, N —
W Be 3 B BOARAS K A R AT B, Sy T RS E
25 5 X 25 1 AL B2 TR, fdl ] oddball 4T 55 Al =
PERISCHLAE. (2 H WA TG rh, 28 Wk w6 A ek
15 26 PE ARG 2 5t 2 rh ) BSR4 1 7 A
SRR ET T A, H R A T bR 0 R S T kO
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34 i 25 ) B I 4 S0 R 22 5 B 3 O S8
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Figure 1 (Color online) Schematic illustration of the behavioral procedure and stimulus examples in a block. Each trial presented a single stimulus. In
each session, a standard stimulus was presented in 55% of the trials, while stimulus in each deviant condition were presented in 45% of trials
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PIOSCH-FLR B PE 2 2%, [l i s /K1 IR F
AR AL, JE IR 18 N DC~100 Hz, R HEH 3 K500
HZ, BB Ak B BB 2 10 kQLATF. FVision
Analyzer AT BT, B4 LFIEE 21 block 1y
EEG& JAE M —Br B, 553554 block ) EEGE I
YER BB, B4l Ay 8 0% (0.1~24 Hz), 4%
HrisfF2 471200 ms, A% 12 BLET200 msiy 3k,
B s 1E Bz AR 458 h 3, 7F & ik i B, Bk iR R T
=100 WVl F Zh AR,

FE F2 I IE s HL RN B[] E 100~1500 ms 9 A7 42
T, A B 24 B B %) 3 1 28 % T % & B EEG
fTEBIMAF-Y . anE2FI3/i 2%, N1(70~130 ms)5N2
(220~280 ms) Y43 B H BLAE G EB A e X . R
PEPERTH - 9 A (Fz, F3, F4, FCz, FC3, FC4,
Cz, C3, CHXMNI SN2 AT . 55— i,
P33 ) e R R HH B T [X 1 380~480 misHif [i] 4 11
Y, L REAS 1 22 ] ) 08 T 2 5 A6 T30 A5 v e DX e
A (2 F03). R, BREEEELL O AR AN, B
CPz, CP3, CP4t— B AP IR I8 Ge 0. H
TIP3 P IR A B B 45 R, 7E380~680 ms
XTP3VEATIEME I B AN ST, R = IR EE &
T7 25 MRt iR & AT gt b, R 051N
WPk TEME, fatk), BrBe@KkF: —BrB, —Br
BY), sRBEGAK: Mo, A, HPE). Sk HIGreenhouse-
Geisser J7 % X FR: 86 A9 B B 2547 %7 15, IR A
Bonferroni /% %) 5 f5 £ & LR PIESEA 705 1.

2 SEGEER

2.1 frhaii

BT A B R R N AR D, 2P S5 S5 T B A
11 26 R 19 IE B SR A0 38 21 90% LA . % 43k 1Y) 1E #ff
AT =N R Z 0w, EEQd, 38)=1.97,
NS). MrBi(F(1, 38)=0.18, NS). 3RJE(F(2, 75)=0.27,
NS FERN S = F M58 EAEH(F(2, 74)=0.51, NS)
PO E. pl ke S g ) s B AT — R Ry 22
M RIL, BrBR(F(1, 38)=9.87, P<0.05)HY =200 i35
Bonferroni = J5 2 L & B, B 7E 28 B Be (556
ms) 1) S I I 35 R T4 — B Be (546 ms). Ab,
x5 (4 22 AR HTIA B B 3 (F(2, 72)=5.17, P<0.05).
iE— AT R B, FER S 55 (1(38)= —2.92, P=0.01)Fll
25 2% (1(38)= —2.46, P=0.02) I X 7 14 3] 34 1) 2
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1 TS N Rl o e GO D A N T R e 1 g d it
2 22 B) A 521 B 22 57 38 3 (4(38)=—0.97, P=0.34).

22 HgEE

O3 B 2R S8 S, — B B o B 38
1 & ] 5 B4 1 4 R A R R T 3 BRHE A TR 38, Ok
T =R EE M7 225007, 1H L3 500 o b &
B, WEFEQ, 38)=263.23, P<0.05)F15% FE (F(2, 63)=
69.56, P<0.05) FR00 i 2, < B 1) 38 B AE
B E(F(1, 54)=315.68, P<0.05). &80 73 Hr s,
WEME SRR, 5 A R RN B (F(, 52)=109.27,
P<0.05). Bonferronit J5 Z2 1 LA & B, HP(6.67) 4134
05 i T T MP(6.15) il 8 (F(1, 38)=83.65, P<
0.05), MP(6.15)41] 3 B9 & 2 3 & T neutral(5.45)
PA(F(1, 38)=78.46, P<0.05). k&, S0 344
R (F(2, 60)=309.72, P<0.05). Bonferroni% 5 %
LRI, HN(2.60) I3 1354 B 2K TMN(3.97)
HM(F(1, 38)=36.93, P<0.05), MN(3.97) 4l 34 %t
K Fneutral (5.09)HI# (F(1, 38)=183.27, P<0.05).
XU A AR AIF 5% 45 A 104 1 67 1 o 8 ) 17 4 i R A K
(). B B AR 30 7 R B s A I 3

5 5 W R 5 53 B 0 BT A IR, ARPE B B x ik BE
132 HAEFH B2 (F(2, 70)=4.62, P<0.05). ]84 43
Mr @, IEMEZE P B Bexom B 1Y 3 AR F 43T B 3
(F(2, 59)=3.27, P=0.056). H ' — Bt (F(2, 60)=
61.55, P<0.05)F1 B BL(F(2, 65)=47.95, P<0.05)4% )&
M ER N ER R 2, H BonferroniZh 5 Z2 H LK TR, 3
Tl Ish & 5o 3 1) 22 5 T I 3 (P,<0.001). >k T S 43
8 7 17 28 5 B X 2 AR R 2, X — B B B B
i HP-neutral 1 MP-neutral 25 5 & (1 25 M [ 35 b &)
PEATEC XS FEAS ek 6. 445 S & I HP R 55 & 1Y) 15 2 e
R 3500 17 i B B (0.65) . 3 (X T — By B 0.78)(1(38)=
2.05, P=0.047), MPHIBIE K 1)1 26 e BEAL LY 2 By
BEO31)M e — BB (0.39) 5 F I #a#, 255 E
% (1(38)=1.90, P=0.065). k&4 v B 32 200
F(F(1, 48)=120.15, P<0.05), HN(6.77)FIMN(5.74) ]
B AR 2 TR B Y 5 Fneutral (5.06) L. B BExiiR
B BYAZ B AE AN B35 (F(2, 75)=2.30, P=0.11), FH K
PR 2 ) 15k

2.3 ERP&H
(1) Wit H BRI 2 I B RN K= b
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Tr 2500, I E S BRI, ).
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SR M, A, k). g R, A
B I b, B B B S TS (F(2, 87)max=
2.96, P:>0.05), ZE4(F(3, 112)ma=0.94, P>0.42))38
HAEHA R, H5H15E <A1 (F(6, 224)m,=1.55,
P>0.16)sC HAEMA B . 78 Liddstr b, Al
FIZE A7 R 28 6 A B B s J3E 1) A8 AR FH G i 35 5%
M. PR, FEREJS RIS b, RO . B B
5 EE 3 R R HEA T 7 22 04T

(ii) N1(70~130 ms)ZR.  N1-2 3% 843 Hr Gk
N, BE(F(L, 38)=1.44, NS) BBt (F(1, 38)=0.25, ns) ,
HRE(F(2, 65)=0.41, NS)AY TR M =4 0] 38 H AR
F(F2, 63)=0.36, NS)XIAN 3. N1EIR 40 #7 A& 2,
AR x B B 9 28 BAE ] 3 (F(1, 38)=4.94, P<0.05).
] O A3 BT s, IEME AT B B F2 00 B
(F(1, 38)=6.09, P<0.05), —-KrB(97.35 ms)i &Ik
B/ T —BrBe(100.65 ms); k&0 T BB EAL
i A 3 (F(1, 38)=0.17, P=0.68).

(iii) N2(220~280 ms)&i. N2 3430k i 47
7N, M MER) ERON 2 (F(1, 38)=14.49, P<0.05), fi
PR (=517 WV)I & BN I8 582 K T 1F P 3
(—4.00 pV). X5 Yuan¥E AR BFIT A R —5, R
ok O ) B9 F B A7 AE . AN, B BER 32800 (FAL,
38)=0.04, NS). ¥ x ¥ Br x5 5 19 32 B AE H (F(2,
74)=0.81, NS)XJA g 2. N2y AR 31 70 b oK % BHL i 2 14
TR NS HAE .

(iv) P3(380~480 ms)&Ni. P33 iiE 4 #7 .
7N, WePEx B Bk BE 1 22 BAE B (F2, 74)=4.50,
P<0.05). IEHERMAT, B Boxid B 022 B/ B %
(F(2, 75)=5.99, P<0.05). faj 550 /0 #r wos, — BB
(F(2, 72)=18.32, P<0.05)F1 — K Bk (F(2, 76)=5.14,
P<0.05)55 & F 00 A0 3 — By Be, HP(8.65 uv,
P=0.000)HIMP(7.66 uV, P=0.001)H§I#4i% % (I P3IL IR
98 2 K Foeutral HIEL(5.70 uV); —FrBe, HPHIEK
(7.57 uv, P=0.01) i & K P3U iF . % K T neutral fi
(6.24 nV), MMP(6.52 wV)AH B Ak A7 & rY ik
WREH RN AR TR B B /K- (P=0.54). 2 T B4 b4
71 2 i B AR 5 2T IR AR S R, 6 — B B By

B% 1Y) HP-neutral fl MP-neutral 22 55 12 (I} 25 % b &) 17
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Figure 2 (Color online) Averaged ERPs for the first presentation and the second presentation conditions subjects during the highly positive (HP),
mildly positive (MP), and neutral conditions in the positive experimental session
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Figure 3 (Color online) Averaged ERPs for the first presentation and the second presentation conditions subjects during the highly negative (HN),
mildly negative (MN), and neutral conditions in the negative experimental session
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Humans’ emotional habituation to pleasant stimuli: Behavioral and
electrophysiological evidence

LONG QuanShan, YANG JieMin, LOU YiXue, CAI AYan & YUAN lJiaJin

Key Laboratory of Cognition and Personality of Ministry of Education, School of Psychology, Southwest University, Chongqing 400715, China

The emotional habituation plays an important role in individuals’ adaptation to the environment. The present study explored the brain’s
emotional habituation to positive and negative pictures of diverse emotional intensities. Event-related potentials (ERPs) were recorded
in two different experimental sessions, for highly positive (HP), mildly positive (MP) and neutral picture and for highly negative (HN),
mildly negative (MN) and neutral picture. Subjects were asked to perform a standard/deviant categorization task, irrespective of
emotionality of the deviants. The behavior results showed that the arousal ratings for HP stimuli decreased significantly with stimulus
repetition. In addition, the ERP results displayed earlier N1 peak latencies with stimulus repetition in the positive session. Furthermore,
the size of the emotion effect, which was computed by the emotion-neutral differences, decreased significantly for HP and MP stimuli
with stimulus repetition in P3 amplitudes. Conversely, the current study failed to observe an emotional habituation effect to negative
stimuli in any behavioral or ERP indexes. These results suggest that the humans’ emotional reactions to positive stimuli, irrespective
of the emotional intensity, are susceptible to habituation, irrespective of information processing stage. However, the humans’
emotional reactions to negative stimuli are resistant to habituation, irrespective of the emotional intensities of the stimuli and the
information processing stage. This valence-specific habituation effect is independent of the emotional intensity of the stimuli.

negative bias, emotional habituation, emotional intensity, ERP
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