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ABSTRACT

Habitual Food Response in Overweight and Obese
People: Evidence from Behavior and Event-Related
Potentials

ABSTRACT

The escalating prevalence of overweight and obesity globally poses significant threats to human
health and longevity. Despite successful weight loss endeavors by many individuals within this
demographic, sustaining such results remains a formidable challenge. Research delineates a
resemblance between the persisting nature of obesity and addiction, attributing the difficulty in
altering detrimental behaviors to an imbalance between goal-directed and habitual control systems.
This leads to a predilection for habitual responses to addictive stimuli. The dual-system theory
identifies two distinct behavioral control systems: the goal-directed system, which links actions to
their outcomes, enabling adjustable responses based on the changing values of outcomes, thereby
offering flexibility at the expense of cognitive resources; and the habitual control system, an
automated, efficient mechanism that, devoid of outcome valuation, continues responding to stimuli
despite depreciated outcomes, lacking flexibility. Repeated instrumental learning within the same
context can morph goal-directed behaviors into habitual ones. In dietary contexts, if eating behavior
is predominantly habitual, it is elicited by food cues rather than actual nutritional needs, propelling
individuals towards eating even when not hungry or already sated, thereby disrupting control over
eating behaviors and perpetuating a cycle of weight loss and regain. This study focused on the
dual-process nature of learning and behavioral control in the overweight/obese population,
examining their food acquisition traits to enhance the understanding of persistent high-calorie dietary
behaviors prevalent among them. This study is divided into three parts:

Study 1 used an instrumental learning task proposed by Luque et al. (2020), with both
time-pressure and non-time-pressure versions, to examine whether there is an imbalance between
goal-directed and habitual control system in overweight/obese individuals, and whether this
imbalance is food-specific. The results showed that under time pressure, the RT switching cost (The
additional reaction time required to modify existing habitual responses to align with the current goal)
of the overweight/obese group was significantly higher than that of the healthy weight group,
indicating an imbalance between the goal-directed control system and the habitual control system in
the overweight/obese population, who exhibited higher habitual responses when acquiring food and

general (monetary) rewards. Under non-time-pressure conditions, the behavioral differences between
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the two groups were not significant, indicating that time pressure can effectively reveal underlying
habitual responses, thus being adopted in Study 2.

In Study 2, we further explored the habitual responses of the overweight/obese population to
food in a real eating situation. Combining the sensory-specific satiety paradigm by requiring
participants to directly eat snacks to reduce the reward value of the snacks made the experiment
more aligned with daily eating situations. Event-related potentials (ERPs) technology was used
simultaneously to explore the neural mechanisms of habituated responses. Behavioral results showed
that the RT switching cost of the overweight/obese group for devalued snacks in the instrumental
learning task was significantly higher than that of the healthy weight group, again proving the
habitual response of the overweight/obese individuals to food, i.e., even if they no longer want to eat
that food, they still exhibit habitual acquisition of it. ERP results showed that during the test phase of
the instrumental learning task, the P1 amplitude of the healthy weight group when viewing devalued
cues was significantly smaller than that for non-devalued cues, while there was no significant
difference in the P1 amplitude of the overweight/obese group. Examining P3, it was found that at the
POz position, the P3 amplitude of the overweight/obese group was significantly greater than that of
the healthy weight group; moreover, at the Oz position, under devalued cue conditions, the P3
amplitude of the overweight/obese group was significantly greater than that of the healthy weight
group, while there was no significant difference between the groups for non-devalued cues. The
results of MVPA decoding analysis on the learning stages of tool-based learning tasks showed that,
compared to the healthy weight group, the overweight/obese group exhibited a significant reduction
in result representation in the later stages of learning, meaning that after a period of learning, the
goal-directed control of the overweight/obese group weakened when acquiring snacks. Related
analyses of behavioral and EEG data revealed that the RT conversion cost was significantly
negatively correlated with the accuracy of the late reward outcome classifier, and there was a
negative trend in correlation with the change in response representation strength between the early
and late stages. Additionally, it was also found that the accuracy of the reward outcome classifier in
the later stages of learning was significantly positively correlated with the P1 and P3 difference
waves at the Oz location.

Study 3 followed up on the participants from Study 2 eight months later to measure their dietary
behaviors and BMI. It employed the behavioral indicators of habitual responses and related neural
indicators from Study 2 to predict individuals' BMI eight months later. This was done to explore
whether the behavioral and neural indicators of habitual responses could predict future weight. The
results found that dietary behaviors, RT switching costs, and the accuracy of the reward outcome

classifier in the later stages of learning could not predict changes in BMI. However, the difference
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ABSTRACT

wave at the Oz location P1 significantly predicted the change amount, indicating that the smaller the
decrease in the amplitude of the Oz location P1 under devaluation conditions, the greater the
subsequent increase in BMI.

In conclusion, the study found: (1) An imbalance exists between the goal-directed control
system and the habitual control system in the overweight/obese population, showing a higher
habitual response to food and general rewards; (2) The habitual response to food in the
overweight/obese group may be related to the increased amplitude of P1 and P3 at the Oz location
and the decreased representation of outcomes when facing clues in the later stages of instrumental
learning. (3) The difference wave of P1 at the Oz location during the test phase can predict changes
in BMI eight months later, suggesting that increased attention to devalued food cues can predict
future increases in BMI.

The main innovations of this study are: (1) From the perspective of reward learning, based on
the dual-system theory of learning and behavioral control, this study explores one possible reason for
the uncontrolled eating of overweight/obese individuals, providing possible behavioral and
electrophysiological support for the hypothesis of habitual eating behavior in overweight/obese
individuals; (2) Further using the MVPA method to separate the goal-directed and habitual systems,
the study explored the imbalance between the goal-directed control system and the habitual control
system in the overweight/obese population, whether it stems from an enhancement of goal-directed
or a weakening of the habitual control system; (3) Combining the instrumental learning task, which
is more sensitive to habitual responses as proposed by Luque et al. (2020), and the sensory-specific
satiety paradigm with certain ecological validity, the study systematically investigated the habitual
response to food in the overweight/obese population.

The findings indicated that the overweight/obese population shows a higher habitual response
to rewards, and their habitual response to food may be related to increased attention to devalued food
cues and a weakened representation of outcomes in the later stages of learning. Moreover, increased
attention to devalued food cues can predict weight gain six months later to some extent. Therefore, it
is necessary to pay attention to the role of habits in weight loss interventions in the future, and by
establishing new habits or enhancing attention to the outcomes after eating, to prevent the

overweight/obese population from falling into the vicious cycle of weight regain.

Keywords: overweight/obesity, goal directed and habitual control, habitual response, MVPA



1 SCBRGRIA
1.1 BESEMIREESE

AR, TR AR E TS QAR A tH G Py R E S A N R A K (Bzzati et all,
2017), MEREC AT E R ERASMER N B —. Jagiit, SREHILE. FOEMBRA
HERE A O 1014, 2022 F4RR)LE. FAERNLHRLN 1990 FRIDULRE, BANL Y
fin Y —4£%LL_E(NCD Risk Factor Collaboration, 2024). 73 [H , 8 5 5 JE B ] @ 1 [ A 18 2020
FH P EERE R SRR S ) 8RR, REREEALEA D2 ETHES,
LE OB 172 WEEE BRI, 6~17 & /Erir 1/5 @Ea AL, me $ LI F)JLE
A 1/10 ESALE. HA TAEHLZL (World Health Organization, WHO) 3 B 745 &= 45 44

(body mass index, BMI) |73 1F ' 44 BRIk B JEJE (R AR 7B PR, KF BMI 4540 4E 18.5 - 24.9
kg/m? VS FE IR 20 N IEH R, BMI F857E 25.0 - 29.9 kg/m? & Fl 9% 4> JytB 2, 1 BMI #id
30 kg/m? [ X1 53 R JRE o b4, FEEFE] (waist circumference )  FE A LE (waist-to-hip ratio, WHR).
R NETE % (fat mass index, FMI) S&fi b5t AF 08 X 70l S I 5 1R W AR A A . S8 B E K
Lo I FC B (National Heart, Lung, and Blood Institute, NHLBI) 7& BMI $5 % 1 3&fifi 45 &
T, D E AR I A BRI IR 102 JEOK, BRIk EIE 88
JE K DA PN I DA 8 R B A, TR X — A T B DA 8 D9 % 7™ B (Pi-Sunyer et al., 1998).
HEEE 5 E e R SR OB B . EENIIE S R A B e L i T A R
JH, IR LEPR 3R 2 B[R] £ T8 A A 28 e Lo AT e XU XU (L et al., 2014). BEM
P A 70 o, T A R AT IS PR A 2 ) B 22 (AR S HE R AT 5, X Nl 3 S sz 244 B35 444k
XA ORI S AIESRAR . KA, I a3 2 5 R EAITHE 45 (Wu & Berry, 2018). B4},
AR = B T AR & 5 ST e S EORIN B8 28 5E, PR IA TN E(A.A. Miller & Spencer,
2014). LMERTefrda il JEREREARE LT IR W R SRR A CE ] g 0 A0 ARSI 07 T # A W
A EFE (Yang et al., 2018).

1.2 WHELGHER

WARGHILIR L,  Hbx S0 M SR 6] RGN & T2 5 22 508 SRR SRR o - g K
T RSt (Malvaez, 2020; O'Doherty et al., 2017) (JLE 1) . Hbx T F4%H] RGURHE 22 5 45 F 1)
IMEIEBEATS), FFRERIEHEAT G N S . ML R, ST M REUKE T S-R %
B, iR, EXFEE RAE AR AU, B RIE . fEREN S, SRR E
b, HFRSA4T A LA 31 1 (Mazar & Wood, 2018). H 55 147 9 75 B3 2 LR /S 464
(1) EAEFETIEEREE RN (2) AT DRSS I 257 (10 75 R AR VPG 45 R
{H, FFHIR R E & B IATIZAT AN, B NAT N T 2 ik (de Wit & Dickinson, 2009; Schreiner
etal., 2020). 1745 S BHEHIIFIEREAT R, ©rDBEE P AR s sk, 2B,



i PN 2T = 2 VAT
H B S B T AR R B T AR BE A 1945 (O Doherty et al., 2017); AT, 4
SIARIIAT NS B AR RIS, e & AN IE N (Pierce-Messick & Corbit, 2021). W1, —/
NABZLGAE, (R A2 ST Bz s R i, B I B AT A BEAS TAN A AR, A
N —FRANIE BEAT A o

response habit
stimulus ——Jp response ——Jp outcome

goal-directed action

Current Opinion in Behavioral Sciences

1 B#RSME5 SJIRIEH)1TH(Corbit, 2016)

Daw 5N (20050 #&H1, H A5 -3 ) M1 S5 2 ) 28 48 2 18] B4 DX 00 /T U] P A A [R) S B 1) i
% >] (reinforcement learning, RL) HLHIRAERE: HER-T M2 H] RGPy e 5 T B 42 il
ARG, T SRR R GRS B N TR ] R 48P (Daw et al., 2005; Dolan & Dayan, 2013;
O'Doherty et al., 2017). HARNKE, e T #2720 FOAEAL 5K 4T3 AR 45 2R,
ERETERN. FEUER. ATIEVERIR, A 2 o) 3 R ER ST A SRR AR AL AT RE AR
RRSHATAHI RN, DLIERIS B R HIE . Forb, TSR o AR AR L AR
BEATVRAL, DRI 25 SR A ANAT 45 R — B PR . TR RS AN 7 R 2R i SR A,
ERIET g7 QUL BT S HKHIARCRIMMER R R) S8BT 8, BETHH R
faf 5L, AHRAGRZ RIS AN . SAF 1T 2 LIRS SO B 2B A% 2 P e AT R b, 2%
FESERAS I E, B 45 R R AR, TR 22 Gt AN RE SRR it o se
(Daw et al., 2005).

1.2.1 BiRSEM IS REHMEH N

S5 RIZMEAF 5 (outcome devaluation task) & H FiI & H A5 T m) A1 )45 3% i R 408 H 070
Ao ZEAIS A=A B FAB B AR BI5GB By (Mazar & Wood, 2018). %G, 1E
BB, M S R 07 TR RN BRI S R R AR R . B, I EEL
PR RESR) « &5, BRI RN MR ZEFM LR
MR e IR 1 R T WA S5 SRARRAT I S SE, WA DY HAT g BL H AR A3
A AT R SEAT S5 W A 285 AR AT D, A2 ik 45 SR E AR A AN UK, BPR I
SHBAAT N RFAEFIEHE R TR S UTETEAE MR, RS B a8ER%

BEE R
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TGRS R AR, Gillan 28 A (2011) $2H slip-of-action 1155, S48 u &
AMAITIZ (E LR BRI R BL AR, X — 3 2 A A I A 2 R 4l R . e &%)
FIWU 565 N5 4 (Gillan et al., 2011). fE52 SIBYEL, bR B 20— KA A /KRB R AT,
AT 58 28 I i Sk 5 23 2 AT P/ b s N B PT DL SR LB RS, BT R
T9F, B SR — DK BB WA —E 8. AR 25 2 DIk 5 e REs BEAR G,
ERT R R, i . TEIIRRAT, MRS B B —A g R RE T — AN, KR
EAFEARM S H, BRI E. B, ENNE, St 20— K50, A
R T B4R SR TN A I 45 Rk (U8R I, BRI A 220D (i 8E, fE 33
IBA MBS R CR R /A0 0 R, B LRZRD M. RAEIIHIX % &R
ISR, RN RIRIRE (slip-of-action) , IX—RIEBEIN A ST F B FRIIEHE .

BT slip-of-action 1155 ¥ HTIIZ L FEFF G eSS B Bl 17—, &5 rpitizsds
AT S, EVIRIRETC AR B RO R o — P R 7 M MU K (Sensory-specific
satiety) 4200 4 FH SR R B0 4 2 i (R 2 B, T =% 58 B 28 B A 2 AL JS AN Ao 2 A8
A BUR: (Horstmann et al., 2015; Reber et al., 2017). ‘©HIEAERERF N: H%, MEELEAFE
LR TR N, o JURPERER . RV EWas IR, 8% K Bk & Ak &
P B, BORMPERE AT R, WZEIAEAIE. I, 2B SR
PRI & 2 HAME PR, WA B a2 M E A4 . Horstmann %5 A (2015) R ZE 0
B BRI AL Btk & 1 & R RE W B, i R i e B E A 5
—MIZAERE P K & 5 DR SOV I & (i, Sl 7t b i 5 40 S (Adams & Dickinson, 1981))
M B IREAT AR, 7E N JSHIF 50 SR K 5 RO B AL 3R 1 77 V2 PR AR ) 2 3 A
{H (Heriseanu et al., 2020).

SR, de Wit FIFEZE (2018) RGHHELE 18 ML RIZMEIEN, RINX KGRI
NS BAAT AT BOR AN, nTREVR T BB WS AE AN SZ I () Ry R 0 R 55 RS2 I R
F B AR S B47 A 5 B O ST B (de Wit et al., 2018; Wood et al., 2022). Luque 17
(2020) T Aeaiit 7o b SRR PR A BRI R 3, ok TR ATIE R, BRE TR I R
br: RT B4 A (RT switch cost) , BIECRJEA IR B, A2 #5614 55 i i ZE A
(RIRRAINSS E], AFTC A I 36 b b A% G2 $a bk BE U (Luque et al., 2020). [FRF, 2455551 1 IF[E
JE I RARE STIAAT AR o B FCR I, I 8] 7 A6 2 i P ) 55 E AR g, R
TELE 1 ST AL AT N R B SR (de Wit et al., 2014; Hardwick et al., 2019; Luque et al., 2020). — i
WEFCAE T HH O i SR PR R 1 S A OB, 45 SRR IAE A B[] BRI PR 25 A2 T
PAAT 5 AT DA SR SR SR, T 244 5 T B ) BIR 5 R AT 2 D O ¥ 25 3 ST B4 S i (Betsch
etal., 2004). K, ) FH B8 U 1 H8 B e DR 8] i 6 R T 38 2RV T 19 S 54 OB



G P R 2 2 18 S
1.2.2 BArSEMRIEE R GRS B E TR E

H BT IR 2 K A SR BOARAR IE H b 3 ) 55 STAR 2 1 AH G (0 K 45 4 ATl e 2 B
{H 2 e/ A ) TR RO 5 B S A DG R AL H R (Event-related potentials, ERP) %2 H AR
[ A1 SR R Gt TSI B R B A R R BB RN, BRI R . DR TR
RS S R 7%, RIMERAMALZ T 4 RER SR MIIZE, £ 300-600ms ¥ 8] B 4
B o ML IBAT N, Tk 600ms 5 H A5 F M4T A B3 £ (Hardwick et al., 2019). Ft, R
FH B T g e P v 1) ERP R 7T AT B 17 BRI 18] P 8 A2 1) S) R AT A 22 B A
L LS

A LR ERP W5 20 3R T T 2% ST 55 F0 Slip-of-action {E45 17547 75T . SRA T
FLAE SR S5 W 9 2 R T R LS M S S, RIURIEUS 1 P1 A0 P3 Ry BT TTRE
5 SR I SR I B R AT O PRI RIS S — AN IR LR IS 8oms Ao AT HELTERL
X B IE ) v, A 5 A58 1 193 7 B8 D% (Hillyard, Vogel, & Luck, 1998). 583K 8,
53 R R RS IRENIE & ), K H = 1) P1(Hickey et al., 2010), Ff HEM#iZRAES T
MR 55 HR R TIIN 22 5 )5, P1 AN K IH 77 7F (MacLean & Giesbrecht, 2015; Luque et al., 2017).
Luque %A (2017) FIH LR SMESRKI, MR EWIAENE, 5% FE RN PR
IHAATE, RIS ISR T AR SRR ARG, BE s Ee, 5
B A B IHBE SRR P I, I P1 S T 05 R 2 i 2R AT ST I i 2 0
3. P3 & —MNMIELE 300-600ms ) IE [ wFE e, HE R WA P3a EHIX R, X
B} A 858 Hh e A 8 B AR (V3 ROE 1) P3b (ERRITA ek, 5 TAEICIZ T8 9% (Polich,
2007). Mok, WHFEHRIL, P3 ARG S RBHRIBUN L FOR/NE G, BRI E, e mE s
FHCE I P3(Sato et al.,2005), BE—DBHTTTRI, P3 ARl 8 I07E TP A # 2 2R SN A
ST, X— P3 IRIEH) _ETFRATRESR N 1 BIHL )4 55 (Kleih et al., 2010; Pornpattananangkul
& Nusslock, 2015). th4bh, P3b 7] G855 Il - e S 54 1 55 BT30S A % (Verleger, 2020; Verleger et
al., 2014), —JUFF 5 R TR MES%, @il iBL R 5 RN Z RN LR, FFEE
350-400ms K I T THX P3 7E5# (1 RI- S MLERES 2640 (R — S, AHFEI RN T HE 7E 55 1ol
W RSLERES A (Rl —Hil, WIANAFEIR B A RMPRIE (Molinero et al.,2020) . 7
— IR TR I T — AN BT R ORI B FEAT 55 SR AT B85 A M- S S Bk 2 i v, BRZ A
ST, BAORULZ O TERIBOT R 5 330-440ms AR XA B S 25, HHiZER
£ 550-700ms HIE) 5] Z M Ap AR AERR DX . R XCNITHX, i 857 T RE P3b XA (Luque et
al.,2017) . 5 —IiRH slips-of-action I FLth &I, 2% T B 1) P3 HRME BE 1 [ S0 I 46 iF (1)
ST AR ORI B 5 Bl (Y ousuf et al., 2019).

S HETIAT A ERP A SR HE A IME R WL, (RS A5 3 =546 S R AT ERP b
HBESRL 5 1) R0 ) 18 1) R G AN A7, BIDZE R BNk 1) >3 454 o ek i e 5



CERZRIA
Fhilo P, AT A0 ERP 73 B 70 AT o120 8 S o I A8 0 2R 00 S B2 3G n o ] T H A 3t ) 428
il BRI 3 SR R B G 58, TR I A S . R, — TR SR 2 AR E AR 5 A
(multivariate pattern analysis, MVPA) 1] AZE— 3@ R FFifIRIX — BRI (Meier et al., 2022).

Z AR (MVPAD J&— Mt [F] i 25 18 22 2208 3 B R AL SR W 78 RN T RE A T
%o SEGIN AR BRI AR, MVPA VR E M 252 8 80 b (R  3R 2 AN REAE
AR, AN RS ks 2 A AN BB A A R I, 3R T R DA SRS 40 3R 6 DR 0T A =] Sl
55 BLAK [X 43 Fi 43 2568 71 (Grootswagers et al., 2017; Peelen & Downing, 2023; Treder, 2020).
[E, X Ah o A AN ERAS R 2 (8] ) ERP Hikiig oA — v, M2 i T ERP 15 5 1E il 9
N EA — 2, BHAEAS AH) ERP 15 5 1 J5 AAAE AN A2 € BIAE BENLHI (3T 30, A, &
TR, 2023)0 A TEIFERE A, B P 0 AS RIS A B PP RAEAAAE RS E 22 S 16, i
T 73 A7 P] DATE AR 22 RAE 75 () $R 3 — S I 7 CERSRILFY) K AN IR AR e 1 o) & (X 23 IR
IXRE, AN]SR A 1 DR i v 288 2t RE A e R X 23 IF, - SEILAMAAS A KRS 1 40 55
AP TTIRFERE T A% G0 M SR AEREAARIK B iR BR 30 3o 43 57 e ik A7 1) R 30
B REAT 00, 3R T AMAIKE B SETHr E R, A BT BE RO M B AR O R AL B (SRR
L 4%, 2023).

I — I AR 2 A2 B0/ M (Multivariate Pattern Analysis, MVPA) ¥ 554} 2% 3]
B BX ) ERP 15 5 BEAT 6D, I DL 2> R AR MR BE AT 22 B 45 AN [ SR AL 4 B (Meeier et al., 2022).
ERFFEH, B E R RSB FEAR LD (DMS) AR5 M TR % S F55 . (BB FEA LD
55 SRR H i e I, BoE AR — BON TR REIR J5 , 6 Y e i i 5K 1 . DMS
55 A8 Y AR 0T I T B 27 ST 55 o 14 e 2 i TN 45 SR S0 1) By, FFAE BEME 55 Hhid 3k ERP
B, RAAUE DMS AR5 s R K B v g SR A (1 B R I fK) ERP 24T 23047
M MVPA ZRRIT7%, o ml NGRS RE e LRy () 3 R8s P s B i) 70988, kit X0 A
[F) Js N2 326 THURT AN [R] 45 SRR MRs M R 1k . Bm, B FHINZRIT I 0 et TR 7 S 553
17 MVPA fi#h%, LAy SEESAE TR 7 SRS T It BE RS S N R AE AN S REARAE I 1B 0L, A\
T MAR G 31 2 1 73 2 Y H AR A S5 . BRI, &5 RIE T B0 KX — 1
S RS A R FOR B bR T s RGNS 5, RIERIECR I B R B B, Bt E
B PN Sz LI PRI 28 1 B R AL B BE X 7 2R A5 R, RUIMATE 25 H AR, BRI R
S-R-O 27 5 TS S 35T L 1 73 28 8 3 os SIBHE I R G2 5, RITEE R B2 I B
WA BRI PP 05 B R AEBRBE X 7> PSR, SR WIMATTSE 2 328 pR S 5, BISR A I 2
S-R )5 2] 6

1.3 BERBRSN RS

WFFLR IR R 5 Bl —J7 1, SRR AT A — R R RRate . R KRR
i 2 AR R A T E AR BRI, (R AR AT N BE BRI IR 4EHF B SN E AR (Flore et al.,



[ PN 1 R 2 A0S
2022). AEACHIEHEE EE SN N RER R TERE XRREENRE, X5
(f_EE. MR B K IR ZRBA(Volkow et al., 2017). H— 5T, #HEEmBEI T —& 1
FHABLTE (Tomasi & Volkow, 2013; Volkow et al., 2013, 2017), ARRE S SE#E -5 DL 2 B R At
PLRGRI S HEA R, X — RGN 8 2 BCE T 2 I8 2% 58 77 TH (Volkow et al.,
2013; Volkow et al., 2017).

DAERF TR B, Bk i LA S (V8 AR AT 9 547 32 ST 5 145 5% (Everitt & Robbins,
2016; Wood & Riinger, 2016), 41, S5ZWHKKLR WL B KFAT RN, SFEIH RS
Toi e P A 1% 2 S B (Belin et al., 2013)0 SXFAT AR 1 2 545 B AMA R 4 mT i E, =2
— PRI M 2 F TR AT N (Malvaez, 2020).

BTN B AR A A RAH G AT, 223 IR Gt AR 10 A FE AR L T A e S A
(T B AR, RN v B AR A 2 R IR AT ISR, 2t T H AR S R 315
P RG A I, AR L TR E SR EAT NI (Ciria et al., 2021; Corbit, 2016,
2018). HI T BEMRH ST 0 R 4, MEEMAREMEAE S R A RER, AR T E
B BT R ISR S AEIR BN 2 DR RS, B ERAT AR R A,
ST M 1) ST 115448 (Corbit, 2016; Hartmann et al., 2020), P57 8 25 JEJE 7T g & ST Ak gk &
HOESE N

1.3.1 BERME IR RARRIR

HAT, 5% T BN REREAAR K S AR A SR AT Uk B /b, HHORATE 78 i) 45 R A —
Hodr, DYTRBE TS T IR REREAR B SR BMI AMA I &4 SISO, 133 T A—BUN 4518 .
PAIITRTE 7E LU AE I @ AR 3 2 [ 22 53, RIS BB B 0 RE IR N PR AR B R I HH
151 1) 2 5L A ] (Heriseanu et al., 2020; P. Watson et al., 2017); 2R, 4RI R IAEBEH
KBRS AR, B9 I S FE BMI (1) _E M _E F+(Horstmann et al., 2015; Janssen et al.,
2017). Heriseanu %5 A (20200 SRH 1 45 RIZAE 0T GEA 2 B0Al 1 NI AT 2 60l 1) e e
BRI RN 5, T 5 ST AR PRI AT SONE, AT ERAG R B ) B2 5
FAWBUE, MATHES B FAEH M BIRKREAT, X AT I E % )
YHE, B e E N H NG )G B HI R B e AR, SR KA B B I T
XA EMR R EREZ RN, BIRERERICRE 5 MRk e N bR %
T, WA B R E R B A S R SR OB, T R R R .
TR F K T slips-of-action F£55,  [RIAE AR S JUL 9 SIS T4 0410 1 0 D02 1 2 5 QIR 2 2R 1) S B |
(¥ 22 7 (P. Watson et al., 2017). A1, MBI HELE T, FERARERESRRF AT, REHRY
(BMD 55X &) IR SR SC &R, X PIUTFE R A 1 s R e M MR B U A 2 )
(Horstmann et al., 2015; Janssen et al., 2017). BFFCH, #I B 26 Z 242 5 W Fh 0 i SR A T3
N, DAFRAS AR PR GRIERARR ), FFie skl il AE AN [8] ) 3 B0 42 1)



CERZRIA
i, IRNJE, FEWAERT B, AT 30 2B (B AT e 2 sk & Horp—Fh gy, it ix A~
M EEH e EMNE. &5, BT —IREZ I BAIE RS, BRI AN
BRI RN SRR, SOBRATEEE S BMI FUHK, BRI & BMI M 25 2 (8
FIRURE BAG, I A0t d il 185 58 (Horstmann et al., 2015). [F], BF503E 8 R B TC1E W R A28 4L
FEEE RN, #R R AR 7 XA & Y 1 2298 /> (Horstmann et al., 2015).

AR EYIIRTT T, AE— MR il 77 TH e P 2 5 AR A B e ) ST A S B, B AT s
RMAFEA 2. AT T LA ARAE Dy 22 il 44 FlE S mUIE I e A7 AE H AR ) 5 S HE
HIHIA . o, — IR T 245 R IR b A AR A 2, e B RS 1 N A A2
WEAL S A S E ) 21 AR (Janssen et al., 2020), {5 575 — WAl 58 3 & BTG 2 B6E I AR e
S g R AR E F AR SIS T R ZE 5, A, WA IR HL AT AT B BORE A R A
FEHE S 1 SRR (Voon et al., 2015).

WS R MAS— AT B 5 P Y SR IR P RO BBUREAN R 56 . - AR REMSAE AN 32 I [] s
I~ RIS s T, A B bR S AT 9 a5 ) 15K SR (de Wit et al., 2018; Wood et al.,
2022), PRI AL A AT RE A DU I A S PR A B e IR SR AR = 5 4 B LR 22 5

1.3.2 BERMETREFE SRR NAE)EIER

S H AR T EE MR 8 ST SR T bU > B RAN— B, —LEx) i A
P T RRE AR S B 28 G ORI RT RE T LATa] 558 B e EAE ik AT I AL e bz

X A ERH IR I 2R R B BB T 1 7 S B I HF 2 2 — (Pierce-Messick & Corbit, 2021), X
BARSR IR R = AR BB U, (e AR AE JE3E B BlHLIN (Colagiuri & Lovibond,
2015)8 4k T M IR ZAS IS (Jansen et al., 2016)3RHUE Y 11 2R A JhE 3 38 5 1 R N B 26 R
R BUE, IXFh s AR IAEAT N Z T, 9 BEAE A4 JZ 1 (Giel et al., 2017; Schag et al., 2013;
van den Akker et al., 2014), PRI, 1XEe 428 2 1R T Ge e {568 AL A AR 1k 47 o i es B &
AEBRRRE, A I ARHE R

FAG R BAT N T EEARSERT V-G AT IS5 RAE,  IFAE 45 RS T AAH 5 i L I B8
W AME I 29 45 SR AT o RTAT,  — LERIF 50 A I M PR T A M DA AR 5 25 SR I A 0 24 2% 1) Tt
M (Zhang et al., 2014), JCHE 2 H B AREE RIS, JEIHAE R I H 3 LT AR 45 R o 2 )
(Coppin et al., 2014; Mathar et al., 2017), X 7] G815 FF 22 A R ) )WV A 55 - Coppin 55 A (2014)
FORBOART 3 MARFFSHAT RN, X 3 MURFF SR HE R, T RIBR SR,
it 5 BRI S 2R — BN RAE RO 2B BRI AR A, a5 RO ITE R L &L
SR TR T, MHEEBUE R A EAME, LR ARIL 1 AR R ORI R ) i
Uf o 5 — TR TOR I IR - I b2 29 s, BERARRWIREET T, AR RE 75 R AT R 2
f&5 (aprediction error signal, PE {55 ) Kif7{7 y(Mathar et al., 2017). &5 R&KI, NEREH
AR PE {5 5 K4 5 N B S BRETRCRBUR, BRI XE AR AR PE 15 5 K 38T i



VO R K2R 2 A 18 S
I 23247 Jy(Mathar et al., 2017), XM TH AR 45 B 2 =) B8 1 (0 32 45 7] RE 2 A AN S2 421 1)
AR & JE Bl (Horstmann et al., 2015).

FEMZ T b, DA 70 R 38 3 2 1 0 A0 (0 SOIR A 375 B 7E 5 S S UL e
EEWE Y IR, TR E AR X 550 5 H AR -3 ) A2 52 A 55 (Belin et al., 2013;
Malvaez, 2020; #/RAN, Rhtdn, HEB, A, & 3273 2018). HFFLRY], AHE{@RAE
&, EEALREE WG E R B BRI N SCIR AR E0E 7K F 5 i (Rothemund et al., 2007),

I HL ST ML R XU 5E R 0719 1B R R PR (Bacek et al., 2017). B64h, SR TS AR B,
FERAZ AN FERZ N B W) S A PR AR AR BB 0% ST AR R AR B 384 1 . Burger A1 Stice (2014) K2
WRAZAS B VR A IO T P e 35 B 0 T30 75 4391 2 22 1) BMI F 8 11 (Burger & Stice, 2014),

M RRAZ A e # B N BT BEIE LSS 5 B o s R vh SE R ph Bl AR 5, FRRE T

FAE 5 BMI HIHEIN(Gao et al., 2018), I RIRIZ 5818 3 B 2 1) D REIBC 45 484 0 T LA Tt —
4 J5 1) BMI 34 Jl(Contreras-Rodriguez et al., 2017). X £& 28 77 THI (1) 24048 7T B 55k o 0 frf a1
FY S ABEH 1 6 ) K

gi b, W H AT OCTE E EIEEANMA STR AL SR SRB FEAR XS BR = AN — 3, (H MGEE A
JIES PR A Xof 2 B0 AH O 1 2 2 RO T v DUORI FH 45 SR8 s ot R 28 2 2 F0U A1 A SR AR T
BT A R, ASHIE T AR R = AL A T R AE HE AT O EARAE H AR S A1)
RIS RGO ATHG, AT A B A5 30 RGHEH], RPN SRS R G



fe] R R 7T S X

2 [lEEL RFFREX
2.1 [ElRE

6 Tk E IR ST AR SRR TR b, AR S5 DB O BUR I AN, 2 B A AT 55
slip-of-action 1155« P B AT 55 (two-stage task) %5, 13 2| 1945 R AFAE R K 73 B (Ciria et al., 2021).
— BRI T I B A B AR S S B0 AR, RIS REAT Oy, R WIBA T ST
il R G A 1 E K HSi(Heriseanu et al., 2020; Voon et al., 2015); #R1M0, 55— Lm0 L BUIERE & AH
Bt T8 E R (g B A 21 0 H AR T 1142 1) R G (R OIS B (IR (Jansssen et al., 2020), &35 BMI
AN £ W) 22 B 0 A ) BUEME [ (Horstmann, Fenske, & Hankir, 2015; Janssen et al., 2017). 1X
AT RE T SE AU AT SR FH B SR IR R A1 H AR a6 R G o 17 IR, FHAS T >3 45H4K
SN B (de Wit et al., 2018). [BlitG, Dy 1 5 AR b I 756 B IR 25 VT RE A7 AE I B4 2T 1AL
S, AWFFERA T Luque 28N (20200 SEFE 0 T H A2 IR 55 N fa) g AR ] 9
ANRRAD 5 FET SIS SR B SIAG A SR, DA B o 1A AE B ST AR AR SR )
fliE — ¥ IE (Luque et al., 2020). HLR, DAMERT TSR 2 R H # S MK FAAR (1 77 1575 54k = I
B IR RS, ZITEN T &g S (8] AR IEAEUR . BT SIAT R AR,
PR A FUR T B AT I 1] 23 28 1) ERP ORI F A 31 T g e S PR3 1) ST A5 S
RIFRBEIESE . [FIS, DA T BB R 2k E IR PR o > A4 o) (R AR VR T B b e 4 ) PR il 2>
B SIS A 08, B B E A, AWTFCRA] MVPA BIT7VER TR SRS B2 ST B B
BEAT NS, T B 2 > B B i 48 F A TS ) R FUIU B i 10 ST A B 2, D I ) = 45
WS RS AL SR R AR . e, MR ST 78 A B bl v IR IR B 7 S SO K Thgg, AT
REASAMA R AT 9 A2 2 o) 1 R A S B 1 A AR R I AT e R AR e e, IRt — 5
MRS R R . I, SRR G RIB BRI T, 2558 ST SR BA R AH SR B FR B o 45 Ja 14
AR TR SR
2.2 Wi

N T AR R A R B SR AL S B IAT RIS ML, ARBE 0 A =AY

Wt —, R ENEE SR AT R I DU AIF 00T 8 3 I I 2 75 AR AE T M8t
WL BRI FE G5 RAN—B, X 7] e 5 L0y iU E 4R PR AU 5. R, WTFE—RH]
Luque %5 N (20200 #2 8T H S5 CRAJI B AT (8] AR AN A, SR>
AL SEBURI AR PR RT FedfepliAs (U JRAA SR OB, A AT & HHTAT -2 5 0% R P s 1Y
SIS AEAT IR TR Z B AR B SR N . A, Mk 22 5, %
S E IE R I B A S N 75 o B R S

WFFE =, FERIF JE— A Bt L, B o025 Sk E I P ) I B SO o K D Luquie 55 A (2020)
W) 70 B LR SRS S R i B R e VB IR IRV U &, fSEgn s RAES U . K



P8 R RS 5 S

S AR I R AR SE R AR T S B BRI A B, EORARAIAE — e I R Rz B A AR
MMk, DLMORFERIX A RS E. XA BRI & H & e, FRAESME
o 25 SRR LR P B RN, IR H, SR ERP BOR, FERE s AR PSSl J2 TR
HACIEE M BV SRR, DI — i R pt a2 R A BRIEYE s SREUMVPA fif#h5, #3t—
B & SIS B T F AR T AP R ST, 0 SIS R R, (a2 Gk
A

WETE =, FERTP TR FC A A, i S AT ) SIS S L (AT D A 2 H A
TRFR, PRINMAEE 5 ROIERER S, DLEER TE R4 ST A S N A 75 0 4 S AR A B T4

2.3 iIREX
2.3.1 IBigENX

AT U R TR LR AR RRFAE, PR U B NE AR BRI B s v, A BT
RO A PP AR A 3l A A (R SR ) i R B B AT OO IAR . DMERE TR B, AL S MR
TR ECIRES, STEARRE H AT NI A S = IR RE R (Mazar & Wood, 2021). #R1M0,  H AT
OV T FERS Tl A o 75 b AR B8 A 5 2 () SIS S N AP AR B I R — &5
RSP, — 7 T AT RE A TIN5 br s ST SN AE BBURS 3 — T T AT e Sk 4R S VF H
PRFRAT R (IR, AR SR SN TR]D RIS S B R N o 1. BRI, A
WHFERH Luque S8\ (20200 $2H 10 TH 22 SI4E55,  SRAIIE 18] 5 77 R I [ e 7 ) i A il
AHNEI, LU RT Fe AR o SIBAL SOBE R R, 7F T B S PR T A 1) ST IS BN

RIS, ASHIF FO0T b 2 P B4 >3 15 B L R A 22 i A B B BEAT R T, AU ERP 70
Hr AT MVPA A5 475 3, B9 FEAR M 73 Ak ST B ST S S s e L], AR TE 58
W5 THT ) 2R SR P S 250 1 R P B ST ARG SR BE I, Dy B JIE PR A7 A S B A it
B ABR SR AR (AT AT A B IR AR

2.3.2 LEEX

e IS ) R A N SRR R T o IR AT N SIS ], & S B B R
Tk, MR ETRRSE BT, 68 AR AR R i i 2 SRR G 3,
{EAS 1B T4 EH 2R34T I (Moore et al., 2017), It 48 8 55 A1 IE BEFE AR 25 55 B N DR AE <
SR AT R AR PR A, e LK BAZE FR DI 250 (Gardner et al., 2021). JTE84E, STEH E AL
FERT-H A # AL (Cleo et al., 2020; Cleo, Isenring et al., 2017; Gardner et al., 2021). 51—
BT TR, FT IR E IR B AR, JF BB i ek & 7 X 4RI =
REAFEM (Cleo etal., 2020). [Rtk, PRI HEALMFE K BAT N2 SR, FF55
FOMOGHIM e i AR BAESS, A B T4 et — PR R T HUIE YRR E SR 7, B —
JE R SE B

10



I EU H % 9 2
2.4 BB

B, BIRTURII T . AN ECESTNA, BT ST OB AR SR,
PRUT i B I O A R BB IR A 2 — o H1 T H TS0 78 E I A ST AR S L A 7
AR EEZ HA 20, 25 R8BI AERT 7% 1078 3500 NS ST S LA URR, AT SR
Luque 58\ (2020) #2& M TR 2SR5, Tl EACME AA £ SR AT e de it 1]
REMIAT AN AL S B BRI SCRE . BEAh, HATHETC R B Gt 5 52 1 E AL 2 15 A7 4E H s
SRS BRI RGP, TR T 5 7052 H bR T A2 ] R G834 /& > A5
AGUE R, I, ABTTERA MVPA (TR R T B PR SR, DURHRE—8 T A
TR SR A o

= JHERSET. AWEFUMAT I RS AR P TS T PR AR ) B ST AR A S
BEATWESL . ESE, KA T Luque 58N (20200 $&H AR I3 4k S B BE sk ) TR 22 ST 55
PRI AR T AR (1 SIS B B AT it s R, WETE A 4 B e S I R S R AR
VB, 0 H L A LSt (i Je R S AEAE ST BB, (7T S R A A AR
[FIRF, SERGHARFI M 75 E45 6 TAT A5 ERPs £0R, St 18 = AR BERH (A I 1 ST AR AL I
JSLFRIAT D9 AN 8 EL A B R T PR AE 9

W=, NMAOME L, 2R EE R E AT CRREEE G, PR AL R A BT DA R
Ja REAT B S AW TOIR TU AR K B SIS A B B DU Hp 2 B AR BRG], AR
TARMRA XS ST AIAS RAK R STREAT T, Rt I T PR I e F

11



P8 R RS 5 S

35— BERRE JBUREHR
3.1 BMSER

KM Luque 88N (20200 9 T B A4 IS5 A 8] IS D AR 18] AN RcAS, 5858
LML 51 e A B A SIS B EoR AP AE 225 . [, SR EM B Rh 8y, B5
TSR BRI BB

(1) TR AT, BRGSOk AF Tl EL L4 5 (i R AR 4 ) RT ek
AT RFE S, HPTAREA I SIE SON B RILH 2 57

(2) WSS, AP AR A, i LA VD251 N A RT Bl T =,
AL SHGRT TABCE 25, B S AU B W0 R e PR A ST S

3.2 7%
3.2.1 #ik

TEVHRE KA IR 35 SR IR SR A R, RS 210 6y, gt
HALREE 31 44, FEUCHCAE 1A F 2 36 44, E AR EA 225k BMI 1E 25kg/m? PA b, fi# FRfA =R
HAE 18-24kg/m?. M 3 %4 EDDS XI5 Ak GRS HHK, 6 AE&/E —1~% > block H11E
BT 75% M0 e B EAMARE 7 27 Lk G 8 LB |, Rk EAR Y
131 ARl (i 8 &4 5 m%ds . B ENEHAPEARFER y (M=20.41, SD=1.28),
BMI Ju [N 25.23-31.47kg/m?, “F¥) BMI y (M=27.83, SD=2.09) ; fi#{AE 441715
SR N (M=20.39, SD=1.15) , BMI 5 [l y 18.03-23.93kg/m2, “F-#4) BMI >4 (M=20.95, SD=1.72)
AR BUF B IR, WG EEESS, T mas, TR BRSO s .
SLUG T 3 /N AR AT . AURSEIGIE I PG F K S O B A B L A O, SRIG AT R A
THEIE RS SEIEHRE, SRS H I 45 T A R AR .

3.2.2 [O)&#MHE

fuf 25X B 17 N M4 (The Dutch Eating Behavior Questionnaire, DEBQ) . i% 7| % H van Strien
FIFSE (1986) %iffill(van Strien et al., 1986), F TSR EAT A A5 33 N8H, HTM
BEMIREAT N, REMERE (10 MDD , B ERE (3 A8 MAMETERE (10 D .
KI5 matarik (L=MA, 5=542) , 1370 BE RS HZ I & AT R 1A R R R
DEBQ 7& H EFEA H BA R I 25 H 305 (Kong et al., 2013). ABFFH, REITHERE 2R
Cronbach’s alpha Z#N 0.723, 1541 5> B3R 1) Cronbach’s alpha 24 0.909, AR &
78K Cronbach’s alpha 2% 0.770,

a2 W E3R (the Eating Disorder Diagnostic Scale, EDDS) o 1% A #8522 ANt I,
T 7Efl DSM-IV P&t IREAE . #0221 B0 B0E AR AR BORE A2 WTRER, A3 F 25 v s

12



WFgE— e IR S S B A F 7T
Je-m MR R R, BT SRR X 7 AT A IR BG4 (Stice et al., 2000). %52 A4
AR A ISRt GRS B U4RAR, B A PR b v i 24O 75 JofT 1 B IR hS (Stice et
al. 2000;Stice et al. 2004), ILA B 7T R % R T HEBR TT #g 0GR PR AS 8% 18 (Simpson et
al., 2020). AHFFARHE 12820 7T e A 2E BEAT a7 HR B .

AR FERE K /15 38-21 (the Depression Anxiety Stress Scales, DASS-21) . Hi Lovibond F1
Lovibond (1995) 4E%if(Lovibond & Lovibond, 1995), 7 LI EHIHS . FEREME ) =AJ7 1,
AL ER S 7 AEH, WES5EEES s E) MK IAER . ZEEXH 4
Hitr, A0 CAA)Y B3 G, 7 Bidliim Romxt MG 28R e . AP R 1% &
FKOVPNARLERE . FIARYESE 73 8K ) Cronbach’s alpha R %N 0.859.

IEf S 283 (Positive and Negative Affect Scale, PANAS) . iZE RS 10 M
JEGRITEAT 10 AN IR RN, BER a0 o 2 7 i A AR 6 3813 175 28 71 25 1) RO RS E AT N 1

(GE4EA) 25 AREREZD MIEH(D. Watson et al., 1988). MG /> BR SHWIEZ )
3R M Cronbach’ salpha &% 7N 0.879 F1 0.886.

FERVEREVE o AL E R (visual-analog scale, VAS) VEAHYLIREE . 1 G EAD

BEEEERE, RH 0 (—A#HA) B 100 GEHED HIFES.

3.2.3 TEZIJEFSH

K Bt i 1 B 2% SI{E 55 (Luque et al., 2017; Luque et al., 2020), 2% H by 517 1 3] 5%
HIRAT AT . ZAESEEMADHBL: 5 ST Boriigs i L.

oM B WA SR E R AL G L, SRR AN SN E AT S,
HEREWANERE (EIEMEME IR MM N BB R s . b T

AT R EXCR E R IK LT, Bt BL 228 T A0 B NABAT T & X B R I 23R 15 5 R8T
G TAAIA BB, R REIRTG /N2 . XA B e A0 B AL &

XF TR Bk A, H DU S PR A e (B RORT 9 M E SO A
=MAL A, RORKEEER (i R =R s PR TN ED o X T E i E R
BETERERIEN (BIRRBD J5, SRGmEEALE: M TR ERE, Atk N
SECPERTEALG . M THARRE, BETAERERINEN QRIURRD 27 AR H
ALE. B B SN, e gy AR B AL, AR B R RS T A
B, JFEREE CRERE” / CHRABR” BEE . BB R ORI, 3R AT /A
REAE, REREIMN AR E, IHMEEE “REXE” MG Bl itk
Rl , SRR FEALE, IS “BRAERE” HEE.

FERERIRA T, M2 ERIR 100 MM, a2 H KR 10 MU, R HFR 5 MU
EEWFMT, MEEIORRKERY) (N, —HZE R , PERERRPEREEY (U,
PR, REERROERY (N, —RER) o EEYFKE MERREYZHE

0
A
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P8 R RS 5 S
MCREAESTITIR TN NFI D) (MY =FET ) hakfem. FAIBBRER. X
IV~ (Pl
® 1 FIMRER, REMRENXR

SR SR BYMES SR GEAE SR
EES % S RN —~ KERY) 100 ML
R R IR~ Wy B 5
R F LR~ RSN~ TEMERY 10 ML
REF LR~ A~ W B 5 MU

FERRANRIKTF IR, 72 BRI o 223 200-300ms (AR ERL . SR)5, BEerf o 2
—5KE R, 200ms J5EBERERIIN 23 ] I A AME N . AT I i “F7 B “)7 BRIk
BN SNE NHATAE 5 ( “F” RN SEMPMINENRATRE S, “17 SRR S5 H M
NHATEE S o FESEREREIG, HRAEIE R AN [F] 57 %8 b s 2 M BT R — AL &L . 800ms Ji5
FEAL GO E RIALE A 2B A R [ 2 (A PR e i |], e B tHBL R,
TP N RS, FESE 1000 2. HRYE Luque 25N (20200 T H2ESMESHIRET, KA
P52 2 R s I 18] o — b e ) g B L, g — AT I 1) s g A 5L . AR TC I 8] 7
(R 0 T S PR A B 8] 24 4000ms, T ZE B [8] s 75 (1850 s 2 R 5 B 18]y 500ms R SE e B
IS Te) R4 A T DAREEAIG e 3 o 428 1) 2R 0 70 D00 8 ST B A0 S SE I R4, A R T 23 A0 e L FR 4R
Ml (Hardwick et al., 2019). SZIGHT, BB AN, ARATIERR R SEI6 H SR1F 12 B0k £ R K,
SR S5 R AT LU A 4. TEIXANY B, Blalid il i R 5T S-R-0 IR R

IIBY B . TR H AR S AT R0 SR IAT Dy 2 8] 00 D% 5 DX BT 9 e 75 0 45 SR
E U (Adams & Dickinson, 1981), Fr LAZENIN G MY B i i (8 m 22 3 a5 2, Rk k2
SRR BEPATIX — BB B RN o Bl S 0, BT AN R NIBR L, ST BT e A e e 2
AL B A AR BT . B, EMRH B, XTI 2D X AL G A TE i in 3R A3 3
o (ERGE RAEIAE 1) o sbi), Bl 42 53 — M i s, 2EA4T LR RR SR
BEALE, ARORIETEIX — IR 5 R AR AFE 3 . WFF0RI, DIRIX — SNV RE 77 BE A% St
Hﬁ%&&mm%wmmmhmnmmma&gmmo&&mw&aﬁTﬁﬁ%@%%%%
S PER R (BB PSR, Bk 5 24 BTSSR 0B AR 5 B S S R I ) o X — Py
BRAAIME S S [R) 4R A RT e pliAs, B0 0) 2 30 (0 SI A ) L B BRI AR P 5% 2]
PrBOEEAR—E, BRTALEJE LA <227 RERH MR, P EIIGH BRI 2 o ISR BL 4R
R AEE KRN 2,

2 OMEMELR, REMEENXR

\In]:

=i
SEA

\]n]s

HR i VLSS BEAE ST
R (EER) —~ AN —~ T 0 MM
[GESGE5 % Sug A — W B 5
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T E— e E AR IR SRR AT T

R LR~ RSN —~ TEMERY 10 MR
R B LR~ UL~ Wy By 5 MU

Ak, 97l S-O 1R, 4 block N 1 M 3R1FIKIX (consumption trial) , i A]
PLE 3 P25 R e 32— AT 250 A block AL E 50 MR, AL 48 N5 2kl 2
AERAFIIR . FEFE block W, FRAFIAIUERAES 20 A1 40 MR BL. FEX PIFR R E K L
T, ARSI N=AN TR R /7 )% 2 block A1I—MIZAE IS block FTFAa, SRJG, Bika
FANRENRA, B DAt 7 R R G UL 5 . 25, MATIEE i 8] 0 R S8 ile— >

>] block (S-R-O KR 55HTIT 3 /M2~ 2] block AR F—AME1E block. SLIGIRFEUIE 2 Fiaw.

A HEWE
LA H®E= = :
200-300ms 200ms

Te{EmE

v

B

blockl 1 block2 ! block3 block4 [ block5 | block6
I I | >
g [ 2, BEHER

FIHR T EHER

I

B2 Wit KRR

3.2.4 SLEIIE

P WO ERAE SCIRTT AT 3 AN A HERT, FTRIOK. RS % 5 56 78 LR |
IR, BEREmBEREE . B SR ARGy, BRT THREIMES, SERNEY
FE55 58 R AE R R P fm DI AR

3.2.5 BIESH

B, SRASIREAR T RIGHEEER . BMLL 1%, BT M B aaGE & A 4N
ZE5, KHRITRRHEEMERE T RAHRZESR. BT AR O ERsET 7,
It CALEE— 25 [ 0 Hr ohofs B8 1 i (B2 ST 52 ST R S B OB B 355, 0 il EL AR
P LR A TG I (8] s g AN B T [ 7 2 ST B BUIR) 22 ST REPE A R AFAE 22 57 AR » FHAENZAH block
AR R 32 B R T RO AR S LI 925 85 J — A5 23 block A 3RASH i 2 B4 (K e 10 S 2 1 S LR

15



P8 R RS 5 S
KPS RT A, RT Sl AN R ST S N o #E AR b, SR A SR
BT 2T A BEBAS R (] 9830, XA AN B SRR RT B4 A OS2 . B i
TR R P R R AR B 2 AR IEA 7046, RA Mann-Whitney U 636 7230 56 i B 45 RANME A
PR SR AZ RATA SR . Greenhouse-Geisser 771514 p (EMIBRILE . S5 R 50 ff
M Bonferroni %47 % H HAL.

3.3 458
3.3.1 IR MLt

PR PEGETH 45 R 3R 3 o, B B IR A MM et U POk fE AR e . LR
& MR M EEE . IRFITER NS ER0 LA EEER (ps>0.05) .
*IBEEMASRRAEEAETTE ENERGHTMERKE (M:SD)

AR HEEME (=27 fEREREMH (=31 t P
R 20.407+1.279 20.387+1.145 0.064 0.949
BMI*** 27.83342.093 20.945+1.721 13.750  <0.001
DURFRRE 54.000423.823 51.194422.279 0.463  0.645
ol g 25.963+22.449 33.065+22.399 -1.203  0.234
i 55.519+26.257 50.9361+22.463 0.717 0.477
PR TR £ 3.171£0.686 3.296+0.816 -0.626  0.534
IEEAEL/ 6=y 2.615+0.479 2.692+0.682 -0.502  0.618
CANPIRE VG EY 3.519£0.471 3.565+0.507 0356  0.723
HIARAZ 53 3.70443.473 4.48413.749 -0.818  0.417
RUaES 26.92616.586 27.290+5.197 0235 0815
NEL S 22.407+8.168 22.71016.944 -0.152  0.879

VE: #p<0.05, **p<0.01.

3.3.2 FIMBFIRNEFQE

N BB R A P 2L R A B A A 2 ) SR A B B R N R R, AR 2
X0 GEEEAEPEA, (R X2 B RA (&Y, &8 X3 I (blockl, block2, block3)
(i B 52 00 5 5 222 43 AT KT T T T80 5 PR B PR S 3 R SEBE 43T, SR FHARSEAE A T A 56 %o i)
6] /3 R 2% > block (blockS) IR 5N F AN SIS 434 o 4 AN BB AR SR 2R A8 s ()
MR GE WE 4.

* 4 BEREMASERAEENERSET (MLSD)

A BEEBAE =27 R EH (n=31)

16



T E— e E AR IR SRR AT T

AR N HE
) blockl 0.821£0.111 0.781£0.153
) block2 0.926+0.118 0.936+0.088
) block3 0.92740.122 0.948+0.053
) blocks 0.870£0.116 0.893+0.107
44§ block] 0.778£0.127 0.758£0.164
448 block2 0.90940.086 0.890+0.107
4% block3 0.928+0.068 0.9520.048
448 blocks 0.843£0.115 0.847+0.128

SR IR
) blockl 0.565+0.172 0.544+0.161
&) block2 0.408+0.153 0.387+0.142
¥ block3 0.39040.148 0.356+0.126
9 blocks 0.341£0.060 0.330£0.051
44§ block] 0.589+0.192 0.551£0.158
448 block2 0.511+0.216 0.458+£0.172
4% block3 0.456+0.160 0.403+0.156
44K blocks 0.360£0.081 0.342£0.062

SRR, TER I, TR R, R E RN 3 (Fo 112 -80.428, p <
0.001, 2=0.590), 45 R I 35 xFF B, WX ZERBML TIEHEE (Fo 112-4.755,
p=0.010, 2=0.078) , LR EBNEZE (Fpo 12-102.829, p<0.001, 2=0.647) , E3K
R F BT (Fu s -4.443, p=0.004, 2=0.074) , HAWERIAEE (ps>0.200) , 4
B 40 HE— BT R R BONAT IO R I, YIRS P block HH A& 1F R 1 S BLI 2 /N
FE BRI SR (block2 Y (Fyr, s - 8.334, p=0.006, 2=10.130), block3 1 (Fy;, 56 -5.813,
p=0.019, 2=0.094)) , KWL EWLR-IB-5 T K RRT X T SR L R - )N
SSERBIR R, I EHXT AR SRR TR AR 2 21ROk . Bbdt, B R I E L
JHELELRO g B4 B 2 A/E G B RIT 55 12 20 %6 B2 57, I HL7E block3 H-F R Bt 326 B
90%LA b, RIAFANF MG TERR S KM R,
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P8 R RS 5 S

e B
07 m AL 4
e A )
e R -t

0.6 T T T
blockl block2 block3

Blocks
E 3 MAEFINMENEMREETL (EREEDT)
i REAFORMMER 95 wEEXE (FATF) .

-o- AEAMAH-EY)
0-77 S R Rl T
R A
- A -4

sw) ZRR
T

0. 4
0. 34
blockl block2 block3
Blocks

4 FAEZIMENRNFTY (TRHEEAT)

FERF IR JI56E R, MOTAEA T RISt R R ALE R N ('Y (14,56 - -0.752,
p=0.455,d=-0.206), &% (1156 - -0.130, p=0.897, d = -0.033) F s NI _E ({25573 CEYI (.56
-0.880,p=0.423,d=0.198) , &% (t156-0.927, p=0.358d=0.250) , FHILEWA]E F15%
PERIZAEMIRIN BLAT, PR ARSI AP, SR ILEK 5.

x5 BEEHDTHEFIRMALLE (M+SD)

AR HEEME (=27 R EH (=31 t p
BRI 0.341£0.060 0.330£0.051 0.800 0.427
BB R 0.870%+0.116 0.893+0.107 -0.752 0.455
RS RE IR 0.36010.081 0.34240.062 0.927 0.358
SR SN 0.84340.115 0.84710.128 -0.130 0.897
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T E— e E AR IR SRR AT T
3.3.3 JIRURNENERIEN

N S B I PP ZEL R A 3 4 B 2 0 < R M B ) 22 B S I A AE ST IS B v P 22
KH 2 BHE A (BREED), BIEESD X2 KA GEEAEMA, {@RAEH) X2 HEK
BBy, 80 MEENEDZSHr KRR NAT RT 3H A . kgt Ik 6.
* 6 BERMASHRREAERSVRURMERSEIT (M£SD)

A R (=27 fREERES (n=3D

TG T K

B)- I35 R 2.741+3.392 3.710+3.681

BYI-RT 4 A 0.161+0.117 0.184£0.151

SRR RN 3.630+2.589 4.452+5.347

S BR-RT Fe4fe A 0.209+0.152 0.206+0.178
ToIFIA) R

BY-IR R 5.8524+2.783 4.871+2.814

BYI-RT A 0.048+0.049 0.017£0.063

k- AR SN 6.444+2.873 6.613+4.522

S B-RT Ff i A 0.049+0.079 0.03140.059

Xt A5 S SR AT R B, B ) A7 10 3 RN 53 (Fase = 38.261, p < 0.001, 2 =0.406)
(WLELS () ), KB E TG 2L KRB RN R (F s -3.848, p = 0.055,
2=0.064) (WS () ), FREFA NI A LE S T 20 B R i ]
FIxXA AL AR LG 53 (Fuse-3.031,p=0.087, 2=0.051) (WES5 (£ ), #—F
SARBEAT ) B SAT I0 AR R I — SR AR ) — kA ERE B2 . REERA R LR,
IX A8 EL IR 25 A PTE Je E R J) s g 40 ) 3% I PR 2L 100 ST S AT BE R RS o At
RN EZE (ps> 270D

mm oA R R - Y - EHEAEREA
= AT = 4k - R A
85 8- 8-
4 1T r 2
O 50 T & o
N, N, W
5" % % |
3%2- %gz— %%
2_
0= 0

ERIUE S REE
B s FEMEES, AR TAREETRMNEE D FTHLRRERNES
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[ PN 1 R 2 A0S

XF RT B A 04 R B, B 27 208 53 (Frrsg - 120,293, p<0.001, 2 =
0.682) , HABRPIIYAEZE (ps>0.230) o HTHEE SN RT F# A MR, Fik
G300 AN RS (8] e SO 8] R 078 0 1) RT $4e loAidiAT 2 XA G IR REAE., fi R
READ X2 HERM (B, &8O MEZNETZ5T.

ToRF AR 3760 F, EREME S 2o & RRIIX A5 ERANZT EERAAEE (Fuse
=1.503, p=0.225, 2=0.026) ; XAMTHNAREZE (Fuse-0.126,p=0.724, 2=0.002), *
BRI E A RE (Fuse-0203, p=0.654, 2=0.04) .

IR R Va2 o Mgl BRI IX 2 1 RN 35 (Fruse - 4.303, p = 0.043,
2=0.07D (LA 6) . X458 E R HAE AL (Fise-0.296, p=0.588, 2 =0.005);
KEEME BN AEE (Fuse-0437,p=0511, 2=0.08) . LU THRAEH, #
TP £ 5 B 2 U R ST A RO, A e 1 SR A RO

E 3

0. 10 -
7 0.08- = R

3 R
A 0,014
g a
2 0.024

0. 00— T

WA Rk
B 6 RT SR BANES

3.3. 4 MG BIR1SIR AR N & F 1450

N T R 2L R A R 7 BRI AN, SR Mann-Whitney U #6536 % 220056 i B IR 4380k
(R IE A 262 AR TE LR 22 57 o 25 SR ORI, 7E 4 R R £ W 218 5 el 9 4L 1) T 3580 TE A 2 U7 80%
KA, HEEYEME (2=-0.255p=0.799) F&E%&ME (Z=-0.402,p=0.688) F4lH%R
SR NTE

3.4 iR

TS AT MBI R SR, ATSURA Luque A (2020) HUIEJR 9T R3]
(5, HGREINER R EA SRR, SRR, AT B2, BTN
RT3 0 £ G RS20 R B 2 00, ) A% 0 3 AL IR S I,
B 244 S L P RSB, R T A K O TR 3 1 CLRAT 0, OB
METESS 0 bR, AT, (ERCATRE DIOM K, PLLIN RT SHRAN A BELR, B
Tornt 1) 5 T B TN 0 ST LIRS . b, AR DB AR LR e
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WEFC— R IR ) AL S R ) 5T
HAZ AAAEIUREE . iR 159 LIER, R RT #4240 ) 2 7 A 2 X ey
(RIS o

WHFC s AR 1B E R 10 B bR T 4 ] R G S R G AP . T an
(IARAE, AHLC AR A 2, 8 A R HE X 2 5 0 S S R N, RS 24 H A )
Pt R G0 s2 BIRBINT o 36045 4 6 A x5 742 BMI AR ST SOSE IORF 7T, RIVES i 1) BMI
5 0 I Ak s N 38 I % (Horstmann et al., 2015; Janssen et al., 2017).

SIBUE ERE S B AR WA, M B R g 45 R E A A SR FUT(Wood et al.,
2022), IR AR 1 AR SR B 0 AT e 5 At A T X B B 2R R 1 i FE UM G SR AT
LR, AR 50 Y4k & (Hendrikse et al., 2014; Verdejo-Roman et al., 2017)F14: %%
2k % (Verdejo-Roman et al., 2017; Balodis et al., 2013) [ e SPEIE 0, 56 & 1) BMI 5 32 5 sk
PG 147 % (De Decker et al., 2016). IUHWFFLR ], 5 Jaml 135 A KM RAT LA 51 AT
WAy, st HAR S A EIn LI B, Wl ahi Loxh G4z, BI04
(15 5 24 1T H AR ARF J& (Anderson et al., 2016). [RI1t, 85 AMA R S48 4k S8 7] B 550 22
LR AR U R AT K

BbAh, RGVELRIR TR, BMIMAEIE AN A5 ST RS R Re ks, 2RI MELL
T FUBRALHEAT T B2 5 DL TR 1 3 2 5] R BLK P (Weydmann et al., 2024) . AR 78 & 31
JIEJEAN A S AR 9 &35 3R S ot R0 1R B 2 2% 1) U A7 {E (Zhang et al., 2014), J H A& 2 T #T
FUAR R IR AN P 3 LAY B TR0 £ 5% P 2 5 (Maathar et al., 2017). 1% SEAJF 75 & BLEE B AR PEAS
PR LE 2 BB A B 27 ST AR S5 R AR i35, DRI, 2 I BUAN S 45t As — B,
ML AT, R ST R

EAFERIA, AW TC 45 F0T BE o0 ARE T S it e = A H A 5 1) A0 > 5428 i
FAHHA G R —J7H, FH AR SR S5 A ST SRR R5 IR AA FIN 1] (RT e 46 b
A AER I RS FE bR, AH LT B R ST A R RORL (RAR RS 2 TR
Sy 51, i 1] B R TR I A5 Ak SOV . Hardwick IR $5(2019) & B 8] & 7 B 44
MR R T AE ST SORE o AT st oo 82 e ke PR A s 1 P s RRE P ) J5 R B, 243X
WA 18 AR IR A A B (] il S RET B it 2 U ST B B i, RIVEARAT 2945 7 9T S-R
Kk 5HWIFIZEMEI—E, Eshif&kT a3, 3583075 % (Haith, Pakpoor, &
Krakauer 2016), PRI #5 45 1) I 18 4k S BT Be AN St RTE B, — BLA 2 B it Ia), ermf A
W H br 5 1047 1) 52 4878 26 (Hardwick et al., 2019). HABBF L LB, @b E /T, KE
SR T NI 1% S (Buabang et al., 2023), {H 24 il fo VFAE 78 AL R ) T A s
i, IR STk S S35 A 540 (de Wit et al., 2018; Pool et al., 2022). K, ASHEF 7T 45 5
BOAIE T, did RT F46 soAS A et 8] F 0ok 542 N9 H AR5 1) A0 ) 182 ) R A Rt ax
YA Bh T AR 2 2] 54T Ry il 1 SR GURRAE I ¢
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[ PN 1 R 2 A0S
BT, I ISR EEEUE I, JEARZ BRI (Wood et al,, 2022). Hith, #HE
B 0 B YR & B ORI T A S BRRILE . JEH T &7 ok ul, Bz T s If
AERZ BRI, B E AR IS S S SR AT, R BIIAR I AR TR B R T
Wigkz, EEALREE H R30S SR AT s R 5 8 AP ET A 7T B S BOE AT N RAN
SRR Rk, Ehxd AR ) ST R B BT IR N AR T, B R T e
T FLSE M HE R B T IR B R A2 R A, ARG P S A R B 1 IS 1R e L2 A
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Tt 78— e EE AP 1) ST A A f) e 0 B A BT

4 5" BEERENRY SRR NAVHZEE IR
4.1 HEVSHRK

WA — KRR T ENLEE SRR E A — A BB R I ST S, 4Rk
IR FH B 0] 5 ) 1 T SIAT S5 B, e i L e 5 22 5 2 PR () SR 52 S T I A5 1947 9,
PR T S 0 SR S R DA S0 BN AT L S (K B ik A 55, SR A S IR K AR 35
FE, AW U FH 28 S R R S 1 P R R PR AR B0 B B B DB OB LN, AT
DT ERP 153 B1 R RESR ALAT Az il 75 ) SIS AR IUE SR, (HJE4R Fo i e 1
YIRS BT B bR 486 RGN T BE, 82 BT IR RS sR,  BE AT
Ao Jik, AHTFEHH Meier A (20200 1757, KA MVPA fifhS 735t 27 > B B ik e s
o

ESTVIR S

(D M T ERAEA, BEENAELNELER VI EE, SUEITE R aYZ
IR RT et AT R, BRIV 3 R B 2E A AE B ST A8 A S s

(2) ELHAE SRS SR B, AL T FRAR 20, S AL (H R R %A T Pl
A P3 YR Tt e

(3) % DSM LA 2 SE 5 (15 ST BUAT MVPA @S o ir, 722 By, AHEG T8
REAREEA, SR AT PELE 10 45 R RAE RS I SR8 201 35 R e, SRR AE R A I 2R 22 170 5 3%
Tt

4.2 &
4.2.1 #iRk

TEPURE KN IE L) 5 BOSIE BELIA B Lot KA IR, LI S0 o A PP 2E R {4
HA% 30N, SLRTHIARSIIEAMSEE . TR TS, 2 AR g A REEEARAT 55 T b
TR, A3k 58 AR NEE i, o E A 29 44, fERIREZE 29 . HEAT
FELH AR 1P EI RN (M=20.207, SD=1.698) , BMI [}y 25.22-33.06kg/m?, “F-¥) BMI N
(M=27.162, SD=1.857) 1@ Fefk MR FIIER Dy (M=20.690, SD=1.583) , BMI jiil#
N 18.49-23.15kg/m?, “F-¥) BMI A (M=20.516, SD=1.211) . B #4185 IEAL /1 1E %,
BT EESEE, TR, T TR EORE PR S . ARSI 7 R R0 B
AR AR, LR AT RSB T RE . LRAHE, & Reik s H ot
5T AH AR -
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P8 R RS 5 S
4.2.2 [a)E&iH

i AR EAT ARG R ERSIZRr R IEAVERE SRR VAS YR FAT 7T
— AHFFE T, far 22K AT A ) B BRI R B AR L8 I ISR PE R B 4 B3R 1Y Cronbach’s
alpha Z%73 1179 0.889. 0.935 Al 0.680; IE A7 4 475 45 5% AR A7 26 AR AR 26 170 26 14
Cronbach’s alpha Z %7771/ 0.764 1 0.731.

BT R VAS 70 70 Al HGS SR AR ) AR AN XA E, SR 0 (— A
2100 CGEHD MIPEIT o PP R IR G DR 26 % PR, 70 1) 126 39 vy Bl IR AT ROR 2 e o
o S R RN TR SRS R 25

4.2.3 TEZIJES

KA et )5 (19 T 2% 514 5% (Luque et al., 2017; Luque et al., 2020), ARy 7 P AR
I O 5L 27 T B B B AT I AH

M B M B RAE S T — Rl B T RS S R, SREAHA
g (EOSNEHVERIIE ANERED MBS (s G ) SR (B
DRECRR YD) o FEANETE R EXCRE M E R, H AR e s gy Ry (BT
BRREDD) o 10 RAERSRA R EY R T DUU AR L OHERR &Y, By~ mnE
HEMRIRZ . AR5, WRG THMETESRME R, SR NSRBI ER Y EeE),
&% TABERME R, AMENNZIREIE/REY R R o #lh iR nIae 2 1
PR EY . IF B, $0k & s TR E R EM B, SN T — R e Gt
B .

FERRUCRIRTT AR, 72 B o o RILEM AL, #7282 200ms F) 300ms. 2AJ5, B R E
W5k . 500ms J&, SEERIRE O H LA VR AN RN BRI i R “F7 B
“J7 BERIEFRAMA R EAE B R B A A T AN RN o ARSR R BRI R R A BN [ e /A A
BEALI . BT FE— I, B IR) A R T 000 81 e A P 1) SIS R, R AT 45 o
W T T — ot SRR PR R 2% . — BLBUS R (TR HH 500ms, B B R “KIE,
KRIRMFALE” o MELN NG, B4 23 1000ms fLE&, BEJE 230 1000ms Frik1G &Y
(REEVFRA) -

GRS S VEV I IRAT 5% o B i A AT — N RO AR BN 8], I A AT ) 2> SR AF AT —
B BRI 5 2 — . EAR B, AT 15 b RS TR], AT DULE — MR XSO
WO AR Y, HEEH AR EYIN L. REBTBRERE, HOAHEERE —h A
R I A N, AR AT I ) R AR NI NIz S R AR ) D
Py Cg, BRIE AT CRBIED « SRR & ARz A s R, DL
XA W B ARNZ AN B R o 1K — B B BV R 0 AT Rk A
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S0 R R ) ST 1) 1) e 4 o A FRATE 5T
BB X —Fr B AR S8 — M, BT T B, 0 BAHERAL
BNMAZ. X—Bh, BTN —ME AT ZEEY) , MURA ERE
S—Mal GEEaY) , Eik, pE T RRSUREI A SRR TR, B ke
YRR T SRS 5 — R ARSI ) .
M BT 6 block, WG BLAL A 4 A block. & block £ 24 MK, ALFE 12
ANEHRE YRR 12 SRR iR .

4.2. 4 FERFFARLEIES

JEIRFEARVLHCAESS (delayed-matching-to-sample task, DMS {E£55) 7] PAyI 2R 3E T i H &I
Ir2RAE, HIRI T I N FEANAT N 45 R A 4 R AE(Meier et al., 2022). AR5 6 & PUFANE ) H
WE R BEAMEN. GESNEN WOADEMAL ALY E. WRINE N RAL &R
TGO EA YR X AL, HARFEAAAR . S EAREIA 36 K, w3k 144 5k . BN
O 144 5K I8 e BENLIE R E R AE D B bR, [R—200 B v A g I =k . ek,
H bR FL B 4 (1 0 s 500ms o 4T ZERAE B A (1) 500ms FUREIR BT BOCAEE, £
e L bt. E, HMIL—MREIE (B —NTHYE TR—2K5D , #iles

WAZT “F” 8/ “17 BORIGEAA AT E 2R A/ AN E . e NMEFE RS, HiRH
P CHFIED 2B . Oy 7 5 TR S E55 20 DMS AR 55 R 1, Rl s 2
R R GIEE RIER, XMEFSAEPO R T B SRS AT . ARSI 7.

g
200-300ms

500ms

500ms

52 43 2R K LIRS

[ 7 DMS E&5R1E
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[N T = DA 'S
4.2.5 LIIHIE

P B EERAE SEIRTT AR AT 4 /DI AREER, HATDAYOK. BP0l Bliksesn s s, &Al
MATZSRIS A 1 MCIZAES A L ANESES, PRISA K 15 708 AR S a], e ar Bl
—IESEREREGE S, U2 el. aPAEENERENR, Bk, #THRERNE.
ey, SERO N DR RE NG, ERHEER. VAS FM YU RI 64 5 ARz R
BEATVESE, I EORPARAE T RAN R B & i — RN 2 2 SRS 5. Bila, SE
SEIRFEAVEHCAE S5 0 TR A2 SRS IS ST Bl 22 ST B BUR B RBER AT SE AT FE A R i )
IR IF Al — B BORG R T S 2 ) L BN LR £ — Rz LU il g 2a it #5252 20 4F
FEER G, BORAG— KBRS AT PP 0 AR R s B, IR ERAERE TR 15 70
PNLE R IR, RTINS A Qg A EIZ N IE . X —FrBUR FEX VAS EM YLK
THMEY JZEaRY) FMREHANEY AREEY) WERMEEREETE Y. &a,
HBEAT THEE SRS BB B X R RE R 5 RUR AT RE 2 (MBS R B2 I &, JF HoPr
WA I B S AEAR S5 850 a At AT e Se it = A AR SR 2 1

4.2.6 YRS

4.2.6.1 AT NEHE M

KAVHSIEEAR T R0 HraEhe . BMIL BURAIE ARG 48 . At &l UL . Haiiek.
BEEVR R . YT AR Z S . BIBRN RT #H 38D FIRMIRIR (IR B L5
BR 1.00%, MISHBILGIER 1.61%) o N T GRS [HAF 55 5 UK 57 R40R00) SE56 25 SR e,
KW TEHIBE T 2 1B Be JE I blocks IEBIZFALT 50%K 264 (E5IFB% 0.70%) - RH 2 X
Y GRHEE AR, fERERE L) X2 A GHnk, k) X6 Ik (blockl, block2, block3,
block4, blockS, block6) 1) &5 75 7 43 %t 2% S B B S SR 2 0 S BB 434, BLER
PATES IR R S BRI R RN 1) IR R BAAEE R RAMIEAR T K5 LA
HHTEECIIEMIR . RT B4, KRR EMZER . oAb, AW a0 TIRELR GE
W AE B xR 0D R S RERRE 2 22, RIS B B (o 6f A M7 A1 28 2 SS9 RT ik 26 2% T By
B HIAHZ LR R VI RT. H] Greenhouse-Geisser /5% p [EHIIERIEE . FEHE50HH
Bonferroni %317 2 B L. B /0 #>K A SPSS 23.0 117
4.2.6.2 s EHERE S PALH

10 FELTC S AN A3 BT o SR FH T R4 A R R 1Y) Neusen W JC£Rfibi f R4 R AUE M A5 5
KHB& B 64 FHAMKIE, Hr 59 ANHER /AT Koo R X A& E R 10-20 R G0(RM
5, 2024). [RIRS s A A AR HES MU 5% 2373 /KT IR B (HEOL #1 HEOR) , ZcfiR b i sk 3
HAR L (VEOL Ml VEOU) . B4 RFEF N 1000 Hz, fEBAMCR Y, BRHPUREFE 5kQ
AR
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¥ MATLAB R2020 . EEGLAB2021.1 fll MVPA-Light T 5 A0 HE47 i B 5088 10 0 Hr o
AR I 23 3 0.5Hz 1 30 Hz, FLL 250 Hz (AR 3 R AE . SR 4l P34 i) 7 =tk
ITESH . W EE I R @ G AT IR (BRI AEE 715D o SRS &4 43
B (ICA) X AIEBEATRZIE . X DMS L H 2% SR 55 73 il 2 B PSP BUN (8] & . #E DMSS
RS, LIRS B[R] 9 25 p $2 3L 1200ms . R BLRT 200ms, HIEE IS 1000ms) (157
B, LRI LR 200ms /E A SRR BT RS IR £ THRZESIES T, LB R
DU ]y % 52 700ms B )3 2 BURT 200ms, B R 2 BLUE 500ms) (5B, LK
Fro S BRRT G 200ms [OVE IS LRIEAT IR IE . AR5, AT ORI HERR, HEBRCEAT BR8] £
FHEEES L0000V BB, —B—MESE T 40%10 5 B, 2 R4
WelEbr. BJa, BT 2 BRI NEREY B R A e B, s A2 ST NG Y B 1) ERP 43
Brefric 43t 56 LRI A I BAR AT, B ERREA 29 4, (ERAEL 27 4, K
PP 1.3% (SD=0.031) MR E A . DMS (B4 1 T H 2SBS0 ST BRI N S5
22 MVPA I3 54 £ 450K, Hrd DMS AE%-T3H 0.93% (SD =0.03) Xk & A ik,
M BOF A 0.58% (SD =0.02) FIRIRE A thik
4.2.6.3 ERP it

ZERTNBIRTIE, K P1 RN ] %52 SO H bR IS B 75-200ms,  P3 F 8] & 5E SO H
PRI IR 380-440ms. T A RIS h 2 3, BT AMUE UL T 2L L) Oz(Luque et al.,
2017; Meier et al., 2022; Smith et al., 2003). [Klt, X} P1 KA KH 2 X4 GHECREH, @5
WREHD <2 MBS AR, WA , %P3 RA 2 X4 GREEERA, fdREkE
) x2 e MR OZAERIB, FEWERED <7 Bikfr & (Fz, FCz, Cz, CPz, Pz, POz,
0z) MEENET Z/7Hr. F Greenhouse-Geisser /775 p (HIIEKIEEE . = a R 5 fd H
Bonferroni %3 17 %2 B L
4.2.6.4 MVPA 73 #7

N T PRFUER TR (1 S S R U2 YR T H bR S A AR (R 34 2 ST B ) ) 1
5, HIECE PIE A . RAH Meier 558 \(2022)[#1757%, FIFH—Fh: T ERP RIMERS T VERIRER H
AP R e AN 5 SR RAE R R o 1% 5 R — AL I i 52 (DMS A£55) , FIH MVPA
1518 0 IR AN L 1 S 7R AL (support vector machines, SVM) 7028488, PAX /7R
THESMEE RN BLRIZ GIE GRS EINE N RE NS R 120 (i
ETMGEAME) « R, XA KB HRARE BN TR TS5 b [ AN 2 R 3%
ez 5HEE,

MVPA ll%. 8] MVPA-Light T E.f0(Treder, 2020)31T MVPA 7347, 7038 EHR
K BT ISR, LLFTA ) ERP GEIEARAE, RAZMER SVM. fKE] Meier 5 A (2022) (1
Jiiks Xt DMS ARSHHT THAMOLE T (1D XKaEEasNEAMGEAEN (2) Kol
R TS EAYE) « N THEG M RER % H, SKH— 100ms, FKH
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10ms [IEZNE 11, % DMS 4155 Fl 2 905 BIE £ 57 50 1) 1000ms JEAT 2047 o RAG ) S U A
VBB A& VR ZAAR I 70 2688, 180 T )5 SRR TR 2 ST S5 P i) | LA 25 JRARATE .
I REIZ AR 10 158 IGUERAT I /0 KBS VERE . W SR/ KB I MERE U8R 38 T L4
7KF (chance level) , &ML IR A& € TRIER, I BT LA ERP B e s v]
FEHLARIG 12257 (Murphy et al., 2011). DMEHFFEHR HAE— DRI B 22 AL, Bl P
FE—E M 50%. I, FIR/IMEAR IR Wald XAHHE 7T IXAMXE, 5505 2K88 L2k
SERI{E A 61.42%(Agresti & Caffo, 2000; Miiller-Putz et al., 2008). 7£ DMS fF-5% 14y 25 #8 ki 2
RTINS0 T (IR ORI AL AL & o 2R FE b, 5 4k 402
FUEI R AT IR BN SR R aME G E NI B, B sl n s R By ik
FIML LA Hk, B H T 45 REBAE GET H /2 L &M SVM 40288 FIR BERAE (F
THE /G B AMNE NI SVM 73 3688) M ITREAR N IR 49 N GRHEEAEIEA 27 4, fERIAE
422 %) FIis4 N GHEACMEA 28 4, EEREREA 26 %) .

MVPA fi#hith. K DMS E45 HH I 50085 (/20 L & SVM 23 S8 R (/4 s BN
(¥ SVM 432838 N FAE T H 32 SIE 55 (05 SIB BL, F DSB8 TR 2% ST 55 (12 ST B BV RS
FZERFAE. 73 WFIH DMS RSB RI W 250 688, W TR SRS 12 ST B R R BE 1
500ms HEAT RS, fEH—DNEBEWSE D, BEFE 100ms, KA 10ms, BEIHIHA
(17 24 P R 2 A ) Y80 2 LT 2 5 BN SR B AE I B . H AR T R il R AR AE R 2 TAT A
SERMNOCHE, X2 T EUR PR B AR 20 UL B g BT RAE, BRI X B8R (i
BETFMSEAED) KRNI RIE LAY TS h R, SRR I 4 RRAE M3
FERRSR, AT BRG] T H AR S sy 1 SRR TR S R IR A, A R AR AL
AU, BRI X ) N G s RN RIS AR N 85010 73 FE 8 M Be ki, R AR
L AE R AR, AT A T oI . BEE VISR, E AR S AT 2 i ST 15
7R3 (Dolan & Dayan, 2013).

XF 2 ST BEAr AT 3 A block Al 3 AN block 43 AT MRS . SR 2 X240 GHEE AR,
R EAD X2 YIS AT, JEHD MERNE T 200, RN R 2 A HrE 42
8 M ahs 5 BB BUAT A8 bR RT F4 AR Z 0GR, 8 MBI HIA: 4 NHTE 263
HERR R . YIRS 45 R AE SR B 1N B Ak (R0 (/2T (AL &K SVM J3 2888 B K I o 2 ik
fE-J5 W (/L AL B SVM 3 2R AR BRI 70 SR IERE )  SOSLRAE TR AL CHITH 6/
SREHNE NI SVM 43 28 88 55 K 1 43 2 Mk B - W16 (/2 (0 0B NIV SVM 43 28 88 B K I o3 2 1k
8D o EENE T Z 0 MAH SR 0 AR FH SPSS 23.0 #E4T .
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4.3 $£R

4.3.1 iRttt

PIEAAE IR IR IR PE e v 45 RSk 7 Fow, e R REAE I BMI 35 i T AR 2 (10,50 =
16.143, p<0.001, d =4.240) , #EEYVHFEE FB2E S THBEIAEL (14,569=2.326, p=0.024,
d=0.611) , HEEACEH PRI SRR B & m TR EA (14,567=2.105, p=0.004, d=
0.552), T FEAE RS | 15 26 R €T A J5 0 PSS W01 B ORI AR Nz 2545 4 B 232 %2 57 (ps > 0.05)

*7 BERRASERAEAEHENERLE (M£SD)

%

il

HEERREA (1=29)

R EH (1=29)

t r
N O SR EAREAT AN
age 20.20741.698 20.690+1.583 -1.120 0.268
BMI*#* 27.162+1.857 20.5164+1.211 16.143 <0.001
B A T 3.310%0.785 2.89710.710 2.105 0.040
BRI E 3.0421+0.848 2.785+0.822 1.173 0.246
HARER & 3.845+0.457 3.87610.328 -0.297 0.768
HBEECTHT
PIRE 66.655+16.380 61.414+23.242 0.993 0.325
s Jk 23.207+19.104 19.1384+21.430 0.763 0.449
bii = laEE] 65.207420.972 65.966+23.760 -0.129 0.898
NG R YRR B 54.379424.255 54.000423.286 0.061 0.952
RN R BV B 67.621124.094 57.897425.038 1.507 0.137
HXE R B YR 67.483+24.732 57.69423.126 1.558 0.125
BRI VIR B 73.724+22.163 64.414+22.784 1.577 0.120
LS 2.5314+0.621 2.35540.555 1.137 0.260
ARG 2.676£0.667 2.652£0.473 0.159 0.874
B
BT E (CaD 323.362+311.575 278.935+289.565 0.562 0.576
DU i 29.172+24.795 15.759+18.704 2.326 0.024
00 i I 70.379+17.923 70.3104+26.954 0.011 0.991
biig=laEE] 35.241+24.361 23.966+27.460 1.654 0.104
LA R =R /Y 9.035+17.359 8.069+16.763 0.215 0.830
RNz IEN (H YRR 46.897+22.888 44.828+28.145 0.307 0.760
BRI AE VIR 33.000+23.014 30.2414+24.306 0.444 0.659
HXRIAEN (H IR 52.759+20.632 52.621423.743 0.024 0.981

e WREEY), ER P BOCEIARZ R Bk s R E R, SR RA R R/ ETTR B #p<0. 05, skp<0. 001,
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N e S ATe's
4.3.2 ITRER

4.3.2.1 S B

N T A S PR LA i R A B 2 2 ST PR BN R R R AR ZE R, SR 2
X ZH GEEEE AR PR, (PR EE 2D X2 3 A GRltR, Sk ) X6 YIlZk (blockl, block2, block3,
block4, block5, block6) [ E 5 J5 72 43 B %) 2 S B B 1) s A S5 3 26 1 s 87 B 534

ZERIRIL, ST RN R, IR 5 (Fps 250-87.127, p<0.001, 2=0.609),
SR 8. FHEtuLn &I, blockl M M B Z LT HAR block (ps<0.001) , block2
() e B2 12 2 /T block4 \block5 Al block6 (43124 p = 0.004, p < 0.001, p < 0.00 1), block3
() S B2 2 2 /N T blockS A block6 (4351124 p = 0.007, p < 0.002) o XF TSI, YR
TR B (Frs 275 -9.482,p<0.001, 2=0.147) , SR WE 9. FH/FKLK KL, blockl 1%
B 552 1T block2  block3 - blockS Fil block6( 4} 524 p = 0.013, p = 0.008, p = 0.013, p = 0.001).
A, AP EE (ps>0200) o X —45 RRIPAGRY B T EWLR- I P-45 3
oG &R, H I 008 B R R B B3 2 5

1.0 mall sk faYis S IR U

AR P

R R 4 R
A R O 4 R

e
o0
1

(%) RS
T T

=
™o
1

e
o

1 1 I I I 1
blockl block2 block3 block4 blockd block6
VIAFEE

8 MAEEFIMERMENENTK
150 = - R AR AT H R

—a I PR H - R

B 400 - Bl @%ﬁiﬁéﬂ—mﬁ%

}%‘ A i AR B 2H - R
?_, 350
300

T T T T T T
blockl block2 block3 block4 blockd block6

VAR

B9 MBEF MR NAITIIZEL
VE: WRHEIKTEAL, H 1 AR T B blockl AR SRR, BHERGIA Y IIBL RT 25K,
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4.3.2.2 PGB
MSTAEAR T RS0 R I, WZHAE RT B4 UAAF i35 22 7 (t,50 = -2.397, p = 0.020,d = 0.629),
BRI S RT F# iAs B35 m T R B2 ik, a5 R 10 (Fo) o PIZHm
XA A 28 R R N 2 ZEMAF B EE R (ta,56=-2.838, p=0.006,d = 0.74 5) , B3 5L 4L 11
AW AE 263 [ B bF 2 ZE [RIRE 0 2 o T R AR A, SR WK 10 (£ o 74, WATERIR
N R EEER (ase=-0419, p=0.667,d=-0.110) . #iiRGit4EH W% 8.
*8 HERMASEBRAEHEIDURNNERKR (MESD)

AR (n=29) fEFEAREH (n=29) t P
RT %4l A * 23.222+39.933 0.492+31.839 2.397 0.020
T EL R
. -3.295436.250 -27.275+27.499 2.838 0.006
SN 2
AR S N 2.966+2.968 3.267+2.492 -0.419 0.677

T AR E LR BN 2 2= B B A I (5 2 3R SR -2 ST B B A Ze R I BEI . #p<0.05, **p<0.01.

*k %k

7 * ] - EE A
;é 0] %_SO_ T = A
e 304 §
B 5 20+
A 90 % T
3 —_ . 101
~ 10— 5

0= —_— - (}__-

10 RT i AR B R R N Z ZHHEBES
: *p<0.05, *¥p<0.01.

4.3.2.3 HAEMERLE

2 BFTGEE R AT, BERS)X2 BRI, RN 2 R TR, B A0
LHAFHEZE (Fusy=283.143,p <0.001, 2=0.589) , WM ERNEF (Fus)=118.619,p
<0.001, 2=0.672) , GYRBPFEHPEE (Fusy=21.375,p<0.001, 2=0269) i—
T B SOSL AT R, 3B 5 B P S AR R B B PR 2 E W), Fus7)=1220.291, p <
0.001, 2=0.792; AEWMEEY, Fus)=4.807,p=0.032, 2=0.077) ;: M4, SE&nr, #ok
X AEIZ M S AR R B T AR &Y (Fusy=4.205,p=0.040, 2=0.070) , iMifE
B G, O SRR B K T X AR A B ARIZRE S (Fu57=102.552,p <
0.001, 2=0.639) . TR ZE AT Wl Bz SR ERE, SYEm
HAEA R
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4.3.3 ERPLER

P1, P3 [P RRE AT & 53l £ BRI 11 FIE 12

Pl 5r#T. SEBURNEJG 70-140ms BEAT /34T TR TR, 2 XA GEEIEMA, @
FEfRE L) <2 RN ORI, PR THAEHEE (Fusy=4.399,p=0.041, 2
=0.075) , XHAMFHPEE (Fusy=10.187,p=0.002, 2=0.159) . #— AT RN
N, AR RUMERARE AN PLIRIE, ERERRFMTEE % (Fusy=6.668,p=0.013,

2=0.110) ; TBEIERELALIN P1ARIGER P AAE N B 2 5. [, & SRR 0 Hr b R e
W (Fusy=6.918,p=0.011, 2 =0.114) FIZMELREM (Fus59=11.935p=0.001, 2=
0.181) ~, BRI AEPELLA P1 JRME ) Eb e B A S 4 1 K.

P3 Jp#it. SEHUHIEUE 380-440ms HEAT M. T E TS R EOR, 2 XUl GBEALREAL,
fRRRELD <2 MR (R ERW, SFEREO <7 Bkl E (Fz, FCz, Cz, CPz, Pz,
POz, 0z) =M A HAEHAREE (Frs0=0.967,p=0.394, 2=0.018) , {EAKIEEBN
NHATIR B TR I, 1€ Pz AL E, (@R EM PR P3 RIEA N REMES (Fu,
s9=3.161,p=0.081, 2=0.055 , MEERML T LXFEE (Fu 59=1.026,p=0.316, 2
0.019) ; £ CzfiHE, FWHEERMARERALE (Fu 59=3.320,p=0.074, 2=0.058) ;
T E N B 28 2 4610 N SR PEAEL 1Y P3 4RI 23 /N T R B 4L (Fy 59=7.115,p=0.010, 2
=0.116) ; £ Oz i &, FWHELRAMNERFALE (Fu 59=1.869,p=0.177, 2=0.033) ;
T E AR 2R 2% 261 N A EE IR LA P3 R 5 3% K T AR B 4L(Fy 5= 5.569, p = 0.022, 2 =
0.093) o X X HEMRALE FAREE (Fp0=4.504,p=0.012, 2=0.770) . M7
KI, ££ Fz. FCz Ml Cz {7 B HNEHEA K P3 IR B D THERERE AL (738 Fu 5= 5.051,
p=0.029, 2=0.086; Fu 59 =6.709,p=0012, 2=0.111; Fu syp=5.810,p=0.019, 2=
0.097), M7 POz fi7 B i 5 AL PE ALK P3 HRiR 3 K T EAR 41 (Fyy 59 = 6.218, p = 0.016, 2
=0.103) . HWAE XN EE (Fpng=39.052,p<0.001, 2=0420) . FEK% KN, P3
J 3 AR (4 DX PR /N e FCz < Fz < FPz < Cz < 0z < POz < Pz,
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P8 R RS 5 S

P1 P3
FEHE /B (A 2 UNEEEE JER L/ TSP 35N e
= = £ = 6
172 : i
ARNEAH A ()
1
WA 21T
-4
& 12 BEMEMBERIAESLR ERP B FE
4.3.4 MVPA 2§
SRR ER R R g R 9.
R BESHSLERE (M£SD)
A BRI PP i FE A EE 2
DMS 1+
DMS_45 KA 0.68610.064 0.67710.041
DMS_Jz b Ak 0.706+0.040 0.716£0.011
TRZITSEHE I B
HIHA_ 25 FERAE 0.5894-0.042 0.56640.065
Ja 25 RRAE 0.548+0.071 0.593+0.082
FIHA 8 ZRAE 0.56240.074 0.581+0.055
Jal R BRBIRAE 0.56740.076 0.56440.061

Hh | &N

e R R A T (the area under the curve, AUC) 1¥flic NG RFAEHTIOBE 49 N GHEACIA 22 44, @R
B 27 4D, MANKPLRAESHTHBRIE 54 N GEEJERELL 26 44, EREAEL] 28 4)
SR BIEHATEGME T EZ TR, 2 XA GHEMA, @EAEL 2 JI%~E
BRI, D MR HAEREE (Fu o) =8.521, p=0.005, 2=0.153) , WK 13, #—&
{7 ARSI, 7 R P AL e A 45 R RAE B35 R FE (Fuu, 47=5.536,p = 0.023, 2=
0.105) , i f@ REfA B4 AT J5 B 45 RBIEE A RS (Fu, 47-3.062, p=0.087, 2=0.061) .
[T, f8] BN 2 BT R B, FE VIR G 1, X 2H (] 25 SR RAE 2 7 B3 (Fru47=5.127, p = 0.048,
2=0.081) , RIUNMEFLALNTHFEREL . b, KARKERNAEE (Fu 4=0.491,
p=0487, 2=0.010) , WHEREHERNAEE (Fu 47=0330,p=0.569, 2=0.007) .
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0. 065 - HE A4
-&- (IR

0. 050

T T
WIERRTER 25T

& 13 FMAEFIRIEHNERRIERZEE
St RN RAEEAT BRI E S 2o AL, 2 XA GHEERA, EKEL <2 )%
B OGHT, R MR HEAERAEZE (Fu sy=0.770,p =0.384, 2=0.015) . X4LHERN
REFH (Fy 59=0365p=0549, 2=0.007) , WHEREHTEMNAEE (Fu 5s9=0237,p=
0.628, 2=10.005) .

4.3.5 {THERS ERP F1 MVPA L5 R AVHHE

K FHIT e R ARG 43 M 25 SE ISR B BUT AR RS RT He#siA 5 Oz A B P1 AEW A 2612
, B FRZERE. IG5 8RR o5 IS RS ARk AT
SN RAETREE A G5 REIR, )RS R KAV S RT F4 oA 2 535 580 ¢
(r=-0.343,p=0.016) 5 Pl ZRHEEEFIEHK (r=0348,p=0.009) , HiJ5 SV ELAE R
FEMIAAL 5 RT B A A% B3 (r=-0267,p=0.051) . Oz {7 & Pl ZHIK'5 Oz
A P3 ZREEEIEMHIE (r=0.580,p<0.001) , Oz (i# P3 R 52 a4 Rk
PR TE B IEASE (r=0.292,p<0.044) . SR HE 10,
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P8 R RS 5 S
*® 10 RELER/RNRIEEFRITA RT #FERRANEX G247

1 2 3 4 5 6 7 8 9 10
1 1
2 -0.08 1
3 -0.03 0.038 1
4 0.01 -0.04 0.83%* 1
5 0.01 0.58%** 0.04 -0.04 1
6 -0.10 0.22 0.00 -0.02 0.10 1
7 -0.35% 0.37%* -0.18 -0.18 0.29* 0.13 1
8 -0.19 0.01 0.02 0.01 0.05 0.05 0.08 1
9 0.10 -0.02 -0.06 -0.10 0.06 -0.05 -0.17 0.17 1
10 0.20 -0.19 0.16 0.10 -0.14 0.48** -0.77%* -0.05 0.16 1
11 -0.27 0.02 0.05 0.07 -0.02 0.02 0.13 0.57**  -0.63** -0.09

VE: 1: RT ®¥8AS, 2: Oz A& Pl ZR0, 3: JEHLE POz A8 P3b, 4: WIHLZE POz A E P3b, 5: 0z (i P3 ZFU, 6:
ATHAISE B e HERA M, 7. oIS B ol uEmi e, 8: RN ZRARUERITE, 9: JEWIRPLZRARUERITE, 10: HIJE W14
REMEREAR, 11 BRI RAE TR 1 A4; *p<0.05, **#p<0.01, ***p<0.001

4.4 i

AT T e O R AR AR YU . e B, MR, TH
YR AANE TR B B B R, WA T2 R Z X A T R . AT R4 R
R, MHECHERRARE ZE, A I A ) RT e AR 5wy, 3 B B8 2 L e 2 0
—MEVCARIZEIAIZ T, AIH RIS XA W ST RN o Xof I AR e s
B AT RAE R AR 2], SR AT A I E ) AR R B B 2 s TR |, ek
BJE A BN R BB T AR ), R SLIREIE 2L

i LA AT R, E LR SHES IS B, AHELARIZ(HER R, R E A A
WG LR R AT P1PRIE 225 FF%, MidBE AEREAL Pl IRIELE B 5210, Boh, P3 RIEMSEH
R, £ Oz B, FFELRFM VAR ERAESE, MAERELR KM T BEELALAR P3
PR 35 K T AR S 2H . B EE IR ALY P3 4RIBAE Fz. FCz F1 Cz L& W358/, 1M POz fif
B P3 RIER K. 4T 380-400ms PRI P3 7E POz Oz Al Pz 1 B IHRIE K, KIkiZ
WEFE R I P3 W] e A P3b(Polich, 2007; Polich & Criado, 2006). XF T H 2% S 4F 45 1 2% =1 I Btk
17 MVPA fffS 7 it 45 R R, B EIE A PR 2 00 J5 I 45 SRRAE 25 /b, 17 fi Ak EE 2H.
A JE IS R A B 25, BNGad — Bt 8] (1 2 oJ J5 8 S A0 P2 7E SR I & et 1) E b 5
[ 42 1 3 55
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B R PR 1) AR € 0 i 1 o 0 ol A PR

AT R FELESCE A3 AT AR OGS S BOR, RT e AR 55 o Ja BASE IRy KA i it 2
TG, 505 1 S B FRAE S AR A A SR IS . Ji4h, RIS 3] 5 Has SR oy 648
RS Oz (L& Pl 2 R 2 535 IEM .

SRR 8, AUFCRA TR e IR AR, B R R R,
[Fi) 5 i O L L P 2 THD NS 40 s AN AL (1 S P 4 B AT SR 2 Bt e e PR ST B A SR R
SRR B PP ZEL R Rt ek O R R B v TR AR A, (R T — ROLE IR PR R B R
ToZE S PR A, R AL I ST S L T e B, DRI T i 5 R 4L ) 22 SR AT
A DL 8 5 R A DG IR o BN, AT AR R A 46 o B AR B 2R R S B 2 72 Gl
WM B AR A R R NI - I B AR AR R R M) AR 2 5, RO E/E ML
B BT I A 20 R 1) S S B LA R T, e A AL S S P ) il B 8 2 /) T
SRR A S NI (R B, B2 R b B SR KA S 2149 S-R OGHRE, ARAT TR S A
S-R IR A4 thA7E R X, 1 T R 22 W 6 S A PP 16 VA R A AT IR0 A7 LA I3 24 % 2% 1 A8 Ak
T B R PR A R 6 4 o 3K AT R e Bl T DA R 2 1) 0 e S 1) 5 e I 22 55

FEH P12 — IR SE SO BAL (ERP) 84, BISUIRIRAMILSE B J2 1S sh =4k
I 53 5 2 M 9% (Heinze et al., 1994; Hillyard et al., 1998). PMEWTFRRIT, To& IS =
BRUUHL G, 228 W Ve bl 40 TR 45 UTTRC R, AT I 235 14 FH =i (Flagel et al., 2011;
Kahnt et al., 2014), {545 5 A48 Jo 2 0 FECE G2 51 = (Anderson, 2016; Qu, Hillyard, & Ding,
2017), FF H B Z RIS A B Rl 22 F AR TH 2 5] B 5K P1 K IE (Hickey et al., 2010;
MacLean & Giesbrecht, 2015), X5 FECH 5 (reward-related history) £ 520 %
SSWALINESS vtz Suw I s = o B B R e K L IS B S DI USRI G
M, WTTEVE RS 11X S 5 2% (Anderson, 2016; MacLean & Giesbrecht, 2015;
Pearson et al., 2016). F4b—TURH TR MBS B SRR KL, WERESER G, SEE
RO PL BONATISRAFLE, R H P1 RTRE SRR 1A B J2 i 2 A0L ST 48 (R 4 4278 B (Luque et al.,
2017). [RIT, e 2 A 0 W2 B R R AT B A i ¥ PRI, RT3 B R4 i i I 2 A P A
BRI, (AZRRIReA SO AT

WHEINN, P35 TARICZ . R B IE T A BT 55 BT % FA R B2 IR 50 5% (Daffner
etal., 2011; Polich, 2007; Vila-Ballé et al., 2018). JeRIBF /A EMH, B TAE L2 M#EMEHET,
AT 55 R LR RS- R E 1 P3 IRIGSE i, 7T e SN A 55 R B Z2 I MR AE AT A 25 A
T 2 (W5t (Daffner et al., 2011). $b4t, FIRERH TR SRS 1R 50K I, W2 AR %14 T 11 P3b
BE T AR, RS R NAENZ AR 5618 T 7% 25 2 TARICAZ SRR A 20 E R 57 )5
RO E,  BIRR S DR R DA N SRR AN S8 BT ST 13 B 5 e S A RME G &, B
ST H ARG R R (Luque et al., 2017). B8R, AW 0P R A BLX 45 &N KA A8 H
TEH, B2, ATt RS R AR E A, AL EALAE POz A7 8 1 P3b B2 & &
TARRRARE A, X WA] DL TSI AT D Re I SRR A Re . AT FESRNT, R S0 I 0
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[ PN 1 R 2 A0S

TEAE TARACAZ AN ) B8 77 10988 (Liu, et al., 2019, 2020; Song et al., 2022; Yang et al., 2018).
ji B A RE AL BE K ¥ P3b, FTRER BAAE MR B, MY TR 2 2 TARICAZ BE R R A 2R 2 AF I
WS BN AR, BURE T 2 DN SRR A S8 AT SIS IR S R B A RIME R &R,
R B 2 TARCIZ R AERR 60T IR AR R S R H S R ER R R, X4t
ITRRIE—E . Hf, X—KIUTRER ], 768 H AL K H bR -S4 b SRR 4 R
BB G AN L R A7 AE R

P3b FRiE T+ =t A B8 A S-R B4 1) BT S 1 U SR AR BE (Molinero et al.,, 2021; Verleger,
2020). BIFFCE KB TS5 R I, A ECHIUG H B /e A BEALI 2 (55 S-R BRES 640
T Foc i Ao A [ e ) 26 AF (B S-ROBREE 26 44F) F P3b K, IX AT RERATESR S-R L4 414
T, TR R RN, RN R IE RS T C 4% 2 11 S-R Bk 4 (Molinero et
al., 2021). Kk, HEEACHELLR P3b Fhmta] G N 7 A AT ST 134 S-R BXES s A, BT N2 2]
BREEh], MR A RANE . A, SCREX— R T8 T LR SIS 1 )
BYBL, IFRMIA S5 A AT — 1 o, BRI B 264 P3b JRIG AT e 5 2 U8 T S-R
SR (1 FE TS I 7R B — B I A

A5, VAR, Pz ALE P3b Fl Oz (7 & P3 HIHRIE AT A8 43 1 2 W bt F2 1 45,
Pz £ & P3b HIPRMETE S S-R IBCEE A 5% A0 a2 B 48 R R %A~ This, 1T Oz A2 & P3 1Y
PRI AN AT 1 2 85 &5 FLAH S 3 45 14 T 5 1 (Molinero et al., 2021), R ifi Tk fIRL &R P3b HR1E AT
R I 1D o e o R 4 525 1 25 DA 96 (R K. Miller & Martin, 2020; Molinero et al., 2021). 7
BT, A TR AR LT etk 20, AR 1) P3b IRIE R i, X RE R
EYREFERRMERREEX — AP RGN E. X5 —2, B E e
0 TR B A 28 2R 5 R i R UEK T (Stice & Burger, 2019). 17 78 25 AR 2H 72 0 45 301
PR Oz A7 & P3 RIEH B35 & TR T AL, WA S 1 B W)AH S o0 Tk 2 AR PR 4 1) i
A E B 4 R E T v, I B ORI, SR B S AR DR e PR 0 s 6 35 M B 17
B, RO RIE A RAME AR AU . MR SRR, Oz (1 # P1 ZERIEE Oz
fr¥E P3 7 il W35 IEAHOC, UERH Oz A7 & 1 P1 A P3 R AT g s MR ABA O BT AR

MVPA 1] LR 5 44 Gt 1) 5 AR 5t o3 A Hp TG 3288 W0 21 1) 52 2% (6 4 22375 311452 20 (Grootswagers et
al., 2017), S5AEG05HrAHLE MVPA BEMEHE AL i f ] B A PE AL A B BE IR N M3 A . H
HI AT AR5 A ERP 5073 43 i R BE S AT 2 T A7 A6 H AR 3 Im) R ST AR 1) RGOS, DASORT
TP ASSTAET 1 S PRI BEAT HED, 17 AN e LWL 0 5 X P AN ST 2 UR T A [ 4R  R
59, A SIS 58P, Watson & de Wit, 2018). MVPA (K5 iE7E— & FEE Bl PLog ARiX
— AR BEARIFH SVM J7idk, et I AMATERIEL R RN H AR D MIRIEAT A (R
S SJ D B AR VE SR, B RAELE B FB R R N 73 28 3 . AR5 4 FL R A 21 T H 2
SRS IS B, WX — B B 2SS AT 0 b7 5 2 KA AR, LR (4R 2

38



B R PR 1) AR € 0 i 1 o 0 ol A PR

TN 5 20 24 B B AR A ABL,  RIAN AR I B 30 o B8 A1F B 06 1) 402K 8 IS I P A 5
(Meier et al., 2022). #E1l, FEMERIEZH o T MRS

FEFIF MVPA S0 BT T H 22 SR 55 102 ST B B, R 300760 A PP 2L )1 45 5 3 (45 SRR AE 2
ETRE, X— SRR EAFARE. X0 R, WEIRNHEE LAY IMT5 G HE
Z U R 11310 S-R RIBCRIE FAT MR B, MR OGERH AR . X5 52 AH b7
i3, BUEHASE R KA RIS RT Fe iR 2 832 fUEHHGS Oz (18 P1 R P3 257
WREE M, R G AL R Fa v M a0 T 36 B B ST BGOSR AN, SR 5
K B A 2 R I s MR 6. Xl e 5 E LS S5 B AR T il R SR SR X
WA K. HixTmiEd REFEESE NMSCRA . IEAMRIEH . ERH . 570 E =
S XV R(FERA 55, 2018), BFFLRI, HEEEE AL P NSOR A0S R K S BMI
FIp ) T 5 D% (Babbs et al., 2013). 5 —TUHF LKL, BMI 55 SMUSCIR A A1 5 2 1]
M ThBE R R, 5 2 AT FEHIAR 5% 0 RO ARH- A X 1) T 8 360555 A 5% (Zhao et al., 2021),
IX e 58 ST RE S e T R SRR H AR T R RGN XOR A T SO

sbsh, BRI, EHENMERENE'RVE G, REX . S CAES 55 bH
Bz 2R X3 A 2 540 A R B 2 X B B I 1 S B2 2 B 300 M 1 P kD PR AR A
(Ghobadi-Azbari et al., 2023). XTI FLRKH, SUWEHEE A, BHEAMEEZ RUE 'Y
BUR B, 5 B Al A2 B A A OGN X CELEE A B AMU S A=A B0 Tal, fRBRAZ A
PV [0 Py B A B O g gl o KRS, TEESWE — R A B A i
R, A A A A ANA R BR A% (5 R R 2 S BT IS T RERE S, IR T AR MAo &
PP AU S R I SR AR SRR TS, R S I E S M PR AR . X — 5 R Burger A
(2014) RILA) 386 T W0 N (¥ R RAZ S R B2 PR S5 B J5 BMIT 389 0 [0 FAH SR RO 72
FHWER o IXEEE R AT RE Sl T — AN B II R, BV B X A B ) S 7 SR AN
U, BUERE AT NN S i &S] S s UERIRAS AT . 48175, Ghobadi-Azbari 55 A
(2023) [IBFFALE & BMI Jy 26-35kg/m? {168 B AR R (A, oA B R fik Bk B NHE, DRI,
W AT 2 M R AR R B IR B A W B 5 2 H AR ABA ) 2808

ZR BT, XL I [ ) 7 A A B ST AR SR R H AR T i 5
W R G AT o PRI T B8 D050 B B 071 28 2% 1 v e 1 IR 25 20 5 0 E R 5 )
P RGNS O, RIS 2 T RO R R T A PR 0 2 B R A BN S
ARG RA Y ELARIE RS J5 1 S e LRI T AR, o BTG S0 X — 4 )
GRS [ TS T ER AL T B SR
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P8 R RS 5 S

5 = BEREMHERYIIRUR XX ERF BMI BTN
5.1 BH5RIK

W R, 8 AR AEAEAE H AR T A S ) AP AT, 3X AT B8-S 056 B Bk iz
B4R 3R B B0 LA K 2 ST B B B AR S 4 i R 35 A 0% o A TR FUIX AT 2 75 el —
I TN AR AR T3 0, ASHIE 78 LA 72— I 5L SR AT A 5 H A BRARRAE A S T 46 4,
B RT #He A . Oz fiE Pl 2Rk WAH &M MAEIZ {8 2% POz £ & P3b. Oz fi & P3 %5
B JE WIEE B KA MR, TP S BRI IR AT N AR REFE S, DR B I 5L
SRS A JE B AT AR R A T E o R R

(1) I NI4T AFE R RT ¥l 5 BMI AR (023 IEAH S, FLAETIANMA R BMI
Ak

(2) Oz i E P1 ZRIEH Oz fr B P3 2 il 5 BMI AL 25 A O¢, W (A AR (8 2%
£ POz i & P3b 5 BMI R0 23 IEAHSC,  HAETII A4 BMI A2 4L

(3) JEASE By KBRS BMI 2040 B35 ARG, FLRE T /MA ) BMI 484k
5.2 BFi&

5.2.1 #is

PAEJE CF 8.5 AN H+2 D XA — 5 Mg A7 28 — e, BT in—akikc
Z L, ARUGENR A 2 By . mAWIRIE N 53 4 (88.3%) , FIFREN (M
=21.403,SD =1.72) % . #ikf) BMI il A 17.85-33.06kg/m?, “F-#4 BMI A (M =24.317, SD
=3.986) , iR BMI 4L TEE K-14.47-5.01kg/m?, “F¥) BMI Z8{b &N (M =0.282, SD =
2.535) o AR S A R AR S0 U RSt THARG. SER RS LR IR R A
HITIREFI AR 259 .

5.2.2 [a)EHR
o R EAT RS FRE R —F = AR, 2T RS PR R

R AN RPE AR £ 7 B2 1) Cronbach’s alpha 2% H)4 0.904. 0.948 £ 0.810.

5.2.3 BRSHh

H5E, XFRTEN BMI SREAT NG FEE S BAL R NAT SR b A 22 i A PR bR kAT
MR A, P EARHEL ST ARR, B NGt 2R BB IR 1, MREER
WEATNINEWMNLIE 2, )55 BMI RN EAM KR F R LI R N D IR 3, H 5L
FEFR0T BMI A4k & ) T A H
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WHye = R IE P 2) AL B TR 0 4 )5 BMI T

5.3 L£R
5.3.1 HHEXSHER

i fz IR Z A R AT 25 R, BMI AR 5 5 0l BMI 235 1EAH 2 (r = 0.297, p = 0.029),
5 0z B Pl ZRBPEEFZENME (r=-0297,p=0.036) , MHMMHLHANEE. HibshR

% 11,
= 11 BB R RAEIIT A0 ERP 15FRE9HE X FIT 04

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1
2 -008 1

3 -0.08 -027 1

4 -0.07 -0.02 0.17 1

5 -0.02 020 0.05 0.26* 1

6 0.03 008 0.04 010 022 1

=1

7 0.30* -0.26 091** 0.04 0.08 0.11 1

8 0.07 0.03 0.26 059** 0.32* 0.31* 026 1

9 0.12 0.14 0.04 0.24 0.72** 020 0.14 037** 1

10 0.12 -0.04 .30* 0.26 0.24 0.35* 0.35% 040** 0.44** 1

IPAL SN AR AR bR

11 -0.07 -0.21 0.20 0.061 0.00 -0.15 0.23 -0.03 -0.03 -0.05 1

12 -030* 0.05 -0.12 -0.13 -0.08 0.12 -0.23 -0.05 -0.10 -0.07 -0.08 1

13 -0.16 -0.18 032* 0.05 -0.05 0.16 022 0.09 004 0.10 -003 0.04 1

14 -0.04 -0.02 0.24 -0.05 -0.14 0.06 021 -0.03 -0.08 0.18 0.01 -0.04 0.83** 1
15 -0.23 -0.07 0.00 -0.03 -0.05 0.06 -0.14 -0.07 -0.02 -0.16 0.01 058** 0.04 -0.04 1

16 0.04 0.07 030* -028 0.01 027 -0.27 -0.20 -0.04 0.03 -035* 037** -0.18 -0.18 029* 1

VE: 1: BMIZSfbiE, 2: F#Y, 3: FEZEBMI, 4: FELRHIMRE, 50 BABEMRE, 6 HELIHEMERE, 7: 5 BMI, 8:
PREIER T, 9: WEHMRE, 10: SMNEMERAE, 11: RT ##pAk, 12: Oz & Pl #R7U, 13: ML E POz (& P3b, 14: 7

{282 POz hiE P3b, 15: Oz 7 HE P3 ERi, 16: JalALs R aulnfitk; *P<0.05, **#p<0.01.
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[N R i =2 VA7
5.3.2 pEEYVIER

AR B &7 N5 S BMI L& T EFOC,  DRAE [ BA h NN
AR (AR F1 Oz AL PL Z R, BRE R, EEGI T NSt sE, i+
Oz A& P1 2 7P 0t iE il BMI BT S8 2.3 (B =-0.379, t=-2.749, p = 0.009) .

5.4 i

WF I =0 AR DUR & T 87 = gk BMI AR AT 8R4, FEE R ok
SSAH R (I FRBR A T RE T BMI ARG & . SRB— 2, 4R KM Oz i 8 P1 % 7
BT BMI AR AR, BUZE260F T Oz 8 P1YRIE T8>, BiJE K BMI T
Ko AHAZTER AL B B A8 2% A AR AB 5611 POz L2 P3b Ml Oz AL P3 7 57 5 4F
Ja BMI ARG IR R, PSS ST BOR B R AL 855 5 2 4 J5 BMI ALK &R o

Oz AL B P1 S5 HLSEE S AR TR BH G . P1 Z RN, RN TR M4
LRI A L R AL HUBAR L, B Mt MA R SRR HUoR . #T R —Bg
R, B EEEE AR 5 AR ORI E AN E PRSI X — 23 R I B R =K
W) B I 0 B D 2 R T F 2 R A B AR A ANBURR,  RIVSE 2 2 T 1) 22 SR AN (B FRAIS, 3K
LA R WAL H ) Ul PO EAL M 0 R, ARV SR R I RS B i . R, B
F AR LI T W2 A8 2 5 (3 B I 2 TR B H AR S R IR S A 8. Bk, AHEF
H, Oz A28 P1RIE T FEBD, W] BERIRAE A I AB 2518 T I & W0 13 s A L AR R AH
XREE, SR T AN R EANME AR A B R BUZBUR, XAEFEFIE L AT RE H1 H AR ) 21 51
GEHIAS L RARFE -

DAFER T RN, A 22 BRI S I 2 R 2 T B DA BN R 30327 1) M 1 450 3 (Rusz et al., 2020),
XL R ZE R BB 2 SRR T SRR, RIME T A5 S0 E 5 TC I AT 2 A SR AR
BJ1, I H DS IZ L R T R . Meyer 58N (2021) ZESR A FE N 2= 150 A P g%
SN DASRTG R LB, A MEZRBRAT 1A EOCHRD s, JRAERE T IR ] BT 5% v
SRABGAAN B0 A LERIP A S, A IUAH EE T2 B SRR P SRR R, A S R 1) o) A 22 9
PRI SRRSO o 53— TIOR8 38 il A R AR BT e v B, 22 B SRR P S it 35 41
HFEHIRE /. JF HBEAE RG22 TSI I s 8+ PUH n(Davidow et al., 2019).

— BB TR R I T AT N e A RS b BE H B 1R B e T ek JE T FRORH e IE TR J5 RCR (Eichen
et al., 2018; Santos Monteiro et al., 2022). BAEF AR, FEINF]RIE AT S PRI R 2L PEAE 1%
P PURAEBAE T ARG 12 DA 24 A H R E R, RIRENS RIE IR E 55 Z R B3R AT
MARTEAR JG BE 0 4E R 1) 4K H (Santos Monteiro et al., 2022). 734b, BRI R4
RETIIN )L 2T T A4 BE R ARG, i AR SR 3 1A ) 5 e 8 TN ) L 38 5 K 9 4K B [ {IR(Blichen et
al., 2018). TEMZTTIH, SO S AR 2= 2 T8] (1) T REZEH2 18 n se 8 51 BMI )38
(Contreras-Rodriguez et al., 2017), T MSCIRAA S5 S B 8AA SHIN X . 8T, AW LI AR
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BT 9T = R I P 3 A M 1) o) 2 4 J5 BMIT Y T
R IR B A A 1 2 ST B ) PR S P R 58 5 R R B BMIL B AR DS HIE S « i T 5T
TR, A BRI RAES Oz A1 & Pl Z R EM KGR, KA FeHEN
XA e H T ST Br B H AR R 0 STAR A S L PR A e T e g T A 2 R B E R R A
(. DR AN BE B T BMITL A2 AL &

BEAL, ABIEFE 4 RA I A 26 A AR AR 2% 11 POz 2 & P3b 1 Oz fi & P3 % 5+ 5 BMI
A F AR R B . XA RE T P3 AT AR AN S S I S R R OVE RN, L A] REAZ 3
ARG A NBSIALI S . B TR R AR, P3 vl RES 5 WAL = s B A G, 17 P3
PR IG5 5 YRRV S oA o0, TS AMEMEE =6k (Hopfnger et al., 2006) « XK, Oz
FLER) P BIE R | — M 2 HN ML RN E GG T, R EWLRRIERE N B sk,
AL HE 0 IR e 2 2R BT ANME ) P, R G Tt BMI A2 4L

Li LFTIR, A SCWT T4 R AR W E I T REANNA S X R R i U BT
K, HHEINE, MN5HAIRE BRARTREYL R RN R B, IF HiX MUK
PR T 50 6 88 TN AR A 1 3G 0
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P8 R RS 5 S

6 2itig

TEAERVO I, 68 3 AAR R ) @ 2R — PR AT, AU AT g R I B ™ B 52,
Wh Pk T E R, RE B EMEPER AR BRI, WA N FER B NEE .
R 2 AT ] BE 2 R By O IR R, GnRE I U R PR S AR SR I KBS . S A R DI RE
FPEUGE B, SR,  “IEARZS SR, R ORER A BRI N R A IR T R B 2
TRIBAE,  AE fe] FR 2L H Rk AT DA 4E RN S AR TH M. DA 7T 58 I8 1 SR AE AR &
FE AN B AT Ty T ) BB, SRR 30 EE AR A A B SR L I AT 4 18
A—E, X Hes DRI & e XA PR A BURE ¢, AT SR Luque %A (2020)
P2 1ot 1 TR 5 ST S5 50 EE AR RS 2 S A AE B AR 3 M A S BRI R S [ i AF
fir. JFH, KA ERP HARRGHE HE AR HAn T mA SR 6 RGP rs 2 ils], CLR
IXECAT AR ZE b AR A& 15 B s T2 42 f5 BMI 2840 . 1K Bl 1 PRk =5 00 A3 Xt DLk
ARET, CAIEIE RO M CAGE RIS, R A A SRAER X S 154k & 47 A i i AL 2
W

W5 —HFIH Luque A (20200 $#2HM T RZ TS5, BERFUBEERNE S GAFEH
bR F R IR RAE AP, FHEGSBWREREMER. SRER, ENEETT,
6 AP ZEL 6T PR b 2 B I RT 348 AR 2 35 18 i, 3R B A AT 0 3R B B s A o vy 1 SIS OB
MEAER AR 264, WA MW A REZE R, RAREEJJRA R T 2 MBS E
I, RRAERT ST A gk SR B R & 70 N I T RS 515 . W —AEwt st — &Rl E, SRA
HEERE R, WA EER A S IR N . g5 RN, EEARMEAE A T
SRS AE BN RT #e3 ilioA 838 = TR R B 20, FEUGUE B 1 B J0 B8 R e A7 1
I L. BEAlh, ERP 25K, 78 T RS SHES I SGHY B, {8514k = 472 WA T2 B 28
R Oz A E Pl HRIE R /D TAEWAELZE R, T EEAR PRI LR ZEZ 7. [FFEM,
Oz B, ERMEHLREM NEEIEAN P3 RIREZE KT E@FEAEH, WA ELRA
2R AR, RUGEEEEE S T ELRESEE M. B4, BEENAR POz A E P3
PRS2 R TR B4, nT B8 S B B AR 1 CAEICAZ AR AE B Be, DRI 7 BB A4 RF 22
B RN IR T T B R 2 AR VR . MVPA S5 R EIR, 78 T H SIS H
BE W gh IR AR B 2D, R B AR REAR B B AR T M He5 . B 5 =X 5L A gl ik
FAFE G VR EAT VA BMI BT TR, FRERTT IR AL S RL AT A 48 Fia b 6 R SR Ak 2 1) T
WPEH . Z5REIR, REITN. RT Bl A An 0T BMI 454k, {H Oz A& P1 2
S RE S U BMI (1380 &, BUIZ{E254F T Oz A& P1 IRIE T B>, BEfSR) BMI L
AN PN
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Bt
6.1 BERMEN SRR K

W — R TR MRS (AT B S RN RCAD R B G5 P 4
B WS IR RN, B SGH E EEE E R I 2 W SIS, I HL
AP I SN TS  E R . WP — SRR, AERF RS D ya s, SRR S
AHEE, B IR 5 R DR B BRI B ) RT S il b 0 25 G n o 3 3 B8 IS JRE 25 1) >0 40
RN, BT 2145 7R AR SN RN JE,  EER AT AT A RS R H AR
Tt BRI T SE A, A B I A ST AR A G I S F A E e e 1) . SR, FEVCA I ) T BT BT
PRALI RT 3 pOACBAT B35 72 57, RWIIN 1) 0 R AT 2 AR S A5 H e 28 JIE PR T A 11
SR SN

FH T IR i R S5 B S UIAE G, DRIt 9 — T IR ON 2% % o I 0 4 )
BN R R e MBI IETE A0, I E M R RS H IS . R s R
AT B ST — SR —30 FRUGIEW] 1 2 TR 2 7 A 5 i 10 ST AL S S

ARHFFMAT A Z I 18 R 1 H bR 3 A IR AR AT, S BUik e
A7 A e BT e vh ] R A O — M SIABAL SR, AR ATTE DN B AR R I, RIAEIR AT TL
R, 8R4 S & (Ciria et al., 2021).

X — &5 8L 5 DUAE I P A 90 5 SR A7 A2 — 2P (Horstmann et al., 2015; Janssen et al., 2017),
X IGTRIE T AR R T 8w e S Ak P I R SR I A B 22 F B, KB BMI MRS 5118
LA KRR LR LR, R R E A AR XA Y, B2 ERGRIGX
Ry, BIUEHT i BMI AMAXT &Y SN RS 7 SEbrf2 E A e, BT I Rs sl SR,
DAAE: 5873 90 R i B0 R P LA B = 1 2T 5 A & B (Heriseanu et al., 2020; Voon et al.,
2015) XA REVE T X LLm AL A I FE AR AN UL, S BE AR T AR RS S 1 B
Ni(de Wit et al., 2018), PRI 1Ty o2 PR I 2]k B IS Joe 85 A0 gk B Ak B3 78 S AR A S BE b IRV E 22 57

FRAE 27 =) GAT MR G B, B E I 1 S A SR 2 T bR ) FH ST AR
B RGEIA P H AR T ) 832 1) 28 Ge T RS 23 ) DA Rt P A0 ke SR B0 AN [ 77 THD F) B
an H FRE s RIE, i S R GO T R Tl LA P s, ) H AR A R E )
BABIE(O'Doherty et al., 2017). PITMT, 1724 B2 H AR T A 47 1 2 Ge 4% i 170 52 245 ) A
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TER T BN AR S, A DA 2410 1) 2 BB S BRI (2 R R R SRS XA vl e 5
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FHAMA )T O SOR AR A J7 2 18] (1) Ty fig 2 4 18 N (Contreras-Rodriguez et al., 2017), 15 BMI
H T AN SOR AN S 2 18] ) ThREE R G 98, 110 22 A PRAT 12 11 A 5 B0 AR i X 1) Th e i
FLIH 55 (Zhang et al., 2023), IXLE5E AT HE S 1 B IE AR B2 F RN TR A 0, 2
173 508 AT A A AE TN B 22 BN, RIS ) PAUAT 428 1) 28 Gt M LUR 4l 28 56 R 358 38 A4 T oxo
LB AMEIEAT RGO
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BRI F g R WG, BRI o IR R & 77 NS (R AE AT e H bR e ]
) ) MR ) AR, g S B T R ORI RE IR R 2B (Corbit et al., 2016). W 9T = 45 RSB R A 5
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47



i PN 2T = 2 VAT

ARHF T i TP R TE SR B A A — B (SO BRI SIS it g
A BE A BT AHITF 50 R R R AT X o BRAh, AT AR SR DA R B
P E A AT RALVRSY, DRI 2R it ] A S 2 BT 25 A1 & 2 BT 55 v 4% v P R 3 2
BB AR SRS B, X T RE M RS S B A )  BHOCER I 2 ST R, DARTEI A
J5 B SIABAT AL SRR o TR, AR SR 7 v 375 53 Joll v 8 2 AR REAN AR 28 22 5 R H A
S A A ST ) T P REAT A T, DA KOO L BN 1 S ALl 2 1 e R I P A A
AH [E] R 520

Hk, mFRRRHOCRA T ERERNEE (n, A NERES) , IR AR
My i, RAEEY. Ea%) TR, Bk, AHTF AR IUB SRR & S48
PSSE, PR B WA A P 2 FR L RGNS AR AR S (M TV E F 4518, A — 52 R F 31 HoAh
R Wb L. RRIFEN AR WY, SRR TS HEER BN IER T
WRFE, DT X i 2 A £ B 0 ST 5 e R BEAT SE A0 SRR SR R AR

B, REGGEAARMTMEE R, 7T LA E IR AATE H AR5 15 SR AP,
ORI LA B bR S 3 6 245 . (EAEMRREIX — 5 TR I nT 8 AR 75 23 e R i M ik
FEFHHAIER . B 70— a3 om B e BRI M IR B K RS H I 2 R A RE) 1
AP 58— vl i P4 K P PR AR A KT B3 v TR AR S B . SR A I L — A T
SEIRRT DL I, b T A PR AR T (e R TR BG  B s SRR I AR P 0 R
RIS, BIFREE L N RSCE S HArAE R E S-R R, HHRET L 4R S H
PR S-R SRR, IX AT B H IR RE R A AT AT T R 2 R Th RE RGO, B EURATTHE LA 2L
b T e S N SR o S T AT 7 R T L R ) P R TR A e (R R R S M R IR 2
B At A1 T V7 2 L AT DA LG LTI« S [ ) i A/ 4 475 100 BT A7 7E R 3 (Han et al., 2021), [
b R A 1 £ 3 AR AT B AR B A RVE PN R, BRI BEAE SR AT NS AR . S — T
[, FEEYE BT I 5 A B R sh B N T 5 22 DR W U5 A 2 PR AR A £ 3 (1 25 (Haan et
al., 2021), TP\ BT Y5 1 Rt A T BT S 1) ST A5 4 il 7% A8 (1) i K] 2 —(Ognibene et al., 2019).
PRI, % TSR P 1 £ 10 2O P s A PR R, 9 BT RV AB AR TR B, RT3
BT EZ Y IR, DR AR LS. AR, DN T R B R AR 1 E AR
SR SIS B R G AS AT 15 R 7 R A BRI MR & AR R AR AE T B PR
A P P 1 L e = R o P R ) R e AT S — 2B

48



7 RS

AT 75 FRE F N AR IR 5 2] S AT NIl RO R SURF ik, IR BRI RI A T3] 1 it £
A7 DR R £ P 2 TR T PR R AT A R SRR W s e AR DL &5

(1) EE LR H AR 2] R GO SR R G2 [ AT, X — ek
BRI Y g ) SR U 5

(2) EENEHEAXT R AR, 5IGET B Oz f2 & P1 A1 P3 XTI 2L R A HRIE
Thim, AKCTR A 30 52 ST B ST 6 2k 2R I 1R 25 RERAE PR A K

(3) JEEHBe Oz A7 & P12 57 1] A4 5 i BMI 9224k, RIS I AH (e 4R 1Y
E G 9 ] AR R OK (19 BMI BT

LREPTE, ASHIFURIL 1R AL R 2B SRR SRS R P AR [ ] ST A5
FAEATH, iR B E LS S Y I B R B2 A RHE,  JREsh a2 i Bt — DR 3K
T STABEA B S T 55 00 36 i BROR 2 A 2 R R T AN 2 31 = 91 H b 3 TRl R e s A
Ko XABLMEALIN PR E A AR B TR IALA, AR SO A4 X ST K 6T AN T
TS LA 7B SCH

49



P8 R RS 5 S

S22 3R

MR C, M, & T R, (2023). RFCFAFA MG /ML 15 5 b AR S /AR J T2 ARG
RURAEAAVE T I 510, o PRI, 31(2), 173-195.

HRA, B, HERE, BB T (2018). BER S M-JH  REIMEHE]. OB F
HHE, 26(4), 667-677.

RE, XM, mom, FRA, 2200 & 5 M. (2024) . T H 2 SRFAE Bl A (00 64 55 A d e
WA, SEImPER G B, 1-11.

Adams, C.D., & Dickinson, A. (1981). Instrumental responding following reinforcer devaluation. The
Quarterly Journal of Experimental Psychology Section B, 33(2b), 109-121.

Agresti, A., & Caffo, B. (2000). Simple and effective confidence intervals for proportions and differences
of proportions result from adding two successes and two failures. American Statistician, 54(4),
280-288.

Anderson, B.A. (2016). The attention habit: How reward learning shapes attentional selection. Annals of
the New York Academy of Sciences, 1369(1), 24-39.

Anderson, B.A., Folk, C.L., Garrison, R., & Rogers, L. (2016). Mechanisms of Habitual Approach:
Failure to Suppress Irrelevant Responses Evoked by Previously Reward-Associated Stimuli. Journal
of Experimental Psychology-General, 145(6), 796-805.

Babbs, R.K., Sun, X., Felsted, J., Chouinard-Decorte, F., Veldhuizen, M.G., & Small, D.M. (2013).
Decreased caudate response to milkshake is associated with higher body mass index and greater
impulsivity. Physiology & Behavior, 121, 103-111.

Baek, K., Morris, L.S., Kundu, P., & Voon, V. (2017). Disrupted resting-state brain network properties in
obesity: decreased global and putaminal cortico-striatal network efficiency. Psychological Medicine,
47(4), 585-596.

Balodis, I.M., Kober, H., Worhunsky, P.D., White, M.A., Stevens, M.C., Pearlson, G.D., Sinha, R., Grilo,
C.M., & Potenza, M.N. (2013). Monetary reward processing in obese individuals with and without
binge eating disorder. Biological Psychiatry, 73(9), 877-886.

Belin, D., Belin-Rauscent, A., Murray, J.E., & Everitt, B.J. (2013). Addiction: failure of control over
maladaptive incentive habits. Current Opinion in Neurobiology, 23(4), 564-572.

Betsch, T., Haberstroh, S., Molter, B., & Glockner, A. (2004). Oops, I did it again-relapse errors in

routinized decision making. Organizational Behavior and Human Decision Processes, 93(1), 62-74.

Boswell, R.G., & Kober, H. (2016). Food cue reactivity and craving predict eating and weight gain: a
meta - analytic review. Obesity Reviews, 17(2), 159-177.

Buabang, E.K., Koster, M., Boddez, Y., Van Dessel, P., De Houwer, J., & Moors, A. (2023). A

50



225 Lk

Goal-Directed Account of Action Slips: The Reliance on Old Contingencies. Journal of
Experimental Psychology-General, 152(2), 496-508.

Burger, K.S., & Stice, E. (2014). Greater striatopallidal adaptive coding during cue-reward learning and
food reward habituation predict future weight gain. Neuroimage, 99, 122-128.

Ciria, L.F., Watson, P., Vadillo, M.A., & Luque, D. (2021). Is the habit system altered in individuals with
obesity? A systematic review. Neuroscience & Biobehavioral Reviews, 128, 621-632.

Cleo, G., Beller, E., Glasziou, P, Isenring, E., & Thomas, R. (2020). Efficacy of habit-based weight loss
interventions: a systematic review and meta-analysis. Journal of Behavioral Medicine, 43(4),
519-532.

Cleo, G., Isenring, E., Thomas, R., & Glasziou, P. (2017). Could habits hold the key to weight loss
maintenance? A narrative review. Journal of Human Nutrition Dietetics, 30(5), 655-664.

Colagiuri, B., & Lovibond, P.F. (2015). How food cues can enhance and inhibit motivation to obtain and
consume food. Appetite, 84, 79-87.

Contreras-Rodriguez, O., Martin-Pérez, C., Vilar-Lopez, R., & Verdejo-Garcia, A. (2017). Ventral and
dorsal striatum networks in obesity: link to food craving and weight gain. Biological Psychiatry,
81(9), 789-796.

Coppin, G., Nolan-Poupart, S., Jones-Gotman, M., & Small, D. (2014). Working memory and reward
association learning impairments in obesity. Neuropsychologia, 65, 146-155.

Corbit, L.H. (2016). Effects of obesogenic diets on learning and habitual responding. Current Opinion in
Behavioral Sciences, 9, 84-90.

Corbit, L.H. (2018). Understanding the balance between goal-directed and habitual behavioral control.
Current Opinion in Behavioral Sciences, 20, 161-168.

Daffner, K.R., Chong, H., Sun, X., Tarbi, E.C., Riis, J.L., McGinnis, S.M., & Holcomb, P.J. (2011).
Mechanisms Underlying Age- and Performance-related Differences in Working Memory. Journal of
Cognitive Neuroscience, 23(6), 1298-1314.

Davidow, J.Y., Sheridan, M.A., Van Dijk, K.R.A., Santillana, R.M., Snyder, J., & Bustamante, C.M.V.
(2019). Development of Prefrontal Cortical Connectivity and the Enduring Effect of Learned Value
on Cognitive Control. Journal of Cognitive Neuroscience, 31(1), 64-77.

Daw, N.D., Niv, Y., & Dayan, P. (2005). Uncertainty-based competition between prefrontal and
dorsolateral striatal systems for behavioral control. Nature Neuroscience, 8(12), 1704-1711.

De Decker, A., Sioen, 1., Verbeken, S., Braet, C., Michels, N., & De Henauw, S. (2016). Associations of
reward sensitivity with food consumption, activity pattern, and BMI in children. Appetite, 100,
189-196.

de Wit, S., & Dickinson, A. (2009). Associative theories of goal-directed behaviour: a case for

51



P8 R RS 5 S

animal-human translational models. Psychological Research PRPF, 73(4), 463-476.

de Wit, S., Kindt, M., Knot, S.L., Verhoeven, A.A., Robbins, T.W., Gasull-Camos, J., Evans, M., Mirza,
H., & Gillan, C.M. (2018). Shifting the balance between goals and habits: Five failures in
experimental habit induction. Journal of Experimental Psychology: General, 147(7), 1043-1065.

de Wit, S., Van De Vijver, 1., & Ridderinkhof, K. (2014). Impaired acquisition of goal-directed action in
healthy aging. Cognitive, Affective, & Behavioral Neuroscience, 14(2), 647-658.

Dolan, R.J., & Dayan, P. (2013). Goals and habits in the brain. Neuron, 80(2), 312-325.

Eichen, D.M., Matheson, B.E., Liang, J.N., Strong, D.R., Rhee, K., & Boutelle, K.N. (2018). The
relationship between executive functioning and weight loss and maintenance in children and parents
participating in family-based treatment for childhood obesity. Behaviour Research and Therapy, 105,
10-16.

Everitt, B.J., & Robbins, T.W. (2016). Drug addiction: updating actions to habits to compulsions ten years
on. Annual Review of Psychology, 67(1), 23-50.

Ezzati, M., Bentham, J., Di Cesare, M., Bilano, V., Bixby, H., Zhou, B., Stevens, G.A., Riley, L.M.,
Taddei, C., Hajifathalian, K., Lu, Y., Savin, S., Cowan, M.J., Paciore, C.J., Chirita-Emandi, A.,
Hayes, A.J., Katz, J., Kelishadi, R., Kengne, A.P., ... Cisneros, J.Z. (2017). Worldwide trends in
body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of
2416 population-based measurement studies in 128.9 million children, adolescents, and adults.
Lancet, 390(10113).

Flagel, S.B., Clark, J.J., Robinson, T.E., Mayo, L., Czuj, A., Willuhn, 1., Akers, C.A., Clinton, S.M.,
Phillips, PE.M., & Akil, H. (2011). A selective role for dopamine in stimulus-reward learning.
Nature, 469(7328), 53-U63.

Flore, G., Preti, A., Carta, M.G., Deledda, A., Fosci, M., Nardi, A.E., Loviselli, A., & Velluzzi, F. (2022).
Weight Maintenance after Dietary Weight Loss: Systematic Review and Meta-Analysis on the
Effectiveness of Behavioural Intensive Intervention. Nutrients, 14(6), 1259.

Gao, X., Liang, Q., Wu, G., She, Y., Sui, N., & Chen, H. (2018). Decreased resting-state BOLD regional
homogeneity and the intrinsic functional connectivity within dorsal striatum is associated with
greater impulsivity in food-related decision-making and BMI change at 6-month follow up. Appetite,
127, 69-78.

Gardner, B., Richards, R., Lally, P., Rebar, A., Thwaite, T., & Beeken, R.J. (2021). Breaking habits or
breaking habitual behaviours? Old habits as a neglected factor in weight loss maintenance. Appetite,
162, 105183.

Ghobadi-Azbari, P., Khayati, R.M., & Ekhtiari, H. (2023). Habituation or sensitization of brain response

to food cues: Temporal dynamic analysis in an functional magnetic resonance imaging study.

52



225 Lk

Frontiers in Human Neuroscience, 17, 13.

Giel, K.E., Teufel, M., Junne, F., Zipfel, S., & Schag, K. (2017). Food-Related Impulsivity in Obesity and
Binge Eating Disorder-A Systematic Update of the Evidence. Nutrients, 9(11), 1170.

Gillan, C.M., Papmeyer, M., Morein-Zamir, S., Sahakian, B.J., Fineberg, N.A., Robbins, T.W., & de Wit,
S. (2011). Disruption in the balance between goal-directed behavior and habit learning in
obsessive-compulsive disorder. American Journal of Psychiatry, 168(7), 718-726.

Grootswagers, T., Wardle, S.G., & Carlson, T.A. (2017). Decoding Dynamic Brain Patterns from Evoked
Responses: A Tutorial on Multivariate Pattern Analysis Applied to Time Series Neuroimaging Data.
Journal of Cognitive Neuroscience, 29(4), 677-697.

Haith, A.M., Pakpoor, J., & Krakauer, J.W. (2016). Independence of movement preparation and
movement initiation. Journal of Neuroscience, 36(10), 3007-3015.

Han, J.F, Liu, Y., Song, S.Q., Wang, Y.N., Zhang, X.M., & Chen, H. (2021). Effects of food stimuli on
event-related potentials of restrained eating subgroups during task switching. Neuroscience Letters,
754, 7.

Han, J., Zhuang, K. , Chen, X., Xiao, M., Liu, Y., Song, S., Gao, X., & Chen, H. (2024).
Connectivity-based neuromarker for children's inhibitory control ability and its relevance to body
mass index. Child Neuropsychology, 1-18.

Hardwick, R.M., Forrence, A.D., Krakauer, J.W., & Haith, A.M. (2019). Time-dependent competition
between goal-directed and habitual response preparation. Nature Human Behaviour, 3(12),
1252-1262.

Hartmann, H., Pauli, L.K., Janssen, L.K., Huhn, S., Ceglarek, U., & Horstmann, A. (2020). Preliminary
evidence for an association between intake of high-fat high-sugar diet, variations in peripheral
dopamine precursor availability and dopamine-dependent cognition in humans. Journal of
Neuroendocrinology, 32(12), e12917.

Hartogsveld, B., Quaedflieg, C.W., van Ruitenbeek, P., & Smeets, T. (2022). Volume and connectivity
differences in brain networks associated with cognitive constructs of binge eating. Eneuro, 9(1).
Pi-Sunyer, F.X., Becker, D.M., Bouchard, C., Carleton, R.A., Colditz, G.A., Dietz, W.H., Foreyt, J.P,,
Garrison, R.J., Grundy, S.M., Hansen, B.C., Higgins, M., Hill, J.O., Howard, B.V., Kuczmarski, R.J.,
Kumanyika, S., Legako, R.D., Prewitt, T.E., Rocchini, A.P., Smith, P.L., ... Wilson, G.T., Clinical
guidelines on the identification, evaluation, and treatment of overweight and obesity in adults:

Executive summary. American Journal of Clinical Nutrition, 68(4), 899-917

Heinze, H.J., Luck, S.J., Munte, T.F., Gos, A., Mangun, G.R., & Hillyard, S.A. (1994). Attention to

Adjacent and Separate Positions in-space — an Electrophysiological Analysis. Perception &

Psychophysics, 56(1), 42-52.

53



P8 R RS 5 S

Heriseanu, A.IL., Hay, P., Corbit, L.H., & Touyz, S. (2020). Relating goal-directed behaviour to grazing in
persons with obesity with and without eating disorder features. Journal of Eating Disorders, 8(1),
1-14.

Hendrikse, J. J., Cachia, R. L., Kothe, E. J., McPhie, S., Skouteris, H., & Hayden, M. J. (2015).
Attentional biases for food cues in overweight and individuals with obesity: a systematic review of
the literature. Obesity Reviews, 16(5), 424-432.

Hickey, C., Chelazzi, L., & Theeuwes, J. (2010). Reward Changes Salience in Human Vision via the
Anterior Cingulate. Journal of Neuroscience, 30(33), 11096-11103.

Hillyard, S.A., Vogel, E.K., & Luck, S.J. (1998). Sensory gain control (amplification) as a mechanism of
selective attention: electrophysiological and neuroimaging evidence. Philosophical Transactions of
the Royal Society of London Series B-Biological Sciences, 353(1373), 1257-1270.

Horstmann, A., Dietrich, A., Mathar, D., Poessel, M., Villringer, A., & Neumann, J. (2015). Slave to habit?
Obesity is associated with decreased behavioural sensitivity to reward devaluation. Appetite, 87,
175-183.

Horstmann, A., Fenske, W.K., & Hankir, M.K. (2015). Argument for a non - linear relationship between
severity of human obesity and dopaminergic tone. Obesity Reviews, 16(10), 821-830.

Jansen, A., Schyns, G., Bongers, P., & van den Akker, K. (2016). From lab to clinic: Extinction of cued
cravings to reduce overeating. Physiology & Behavior, 162, 174-180.

Janssen, L.K., Duif, 1., van Loon, 1., Wegman, J., de Vries, J.H., Cools, R., & Aarts, E. (2017). Loss of
lateral prefrontal cortex control in food-directed attention and goal-directed food choice in obesity.
Neuroimage, 146, 148-156.

Janssen, L.K., Mahner, F.P.,, Schlagenhauf, F., Deserno, L., & Horstmann, A. (2020). Reliance on
model-based and model-free control in obesity. Scientific Reports, 10(1), 1-14.

Kahnt, T., Park, S.Q., Haynes, J.D., & Tobler, P.N. (2014). Disentangling neural representations of value
and salience in the human brain. Proceedings of the National Academy of Sciences of the United
States of America, 111(13), 5000-5005.

Kleih, S.C., Nijboer, F., Halder, S., & Kiibler, A. (2010). Motivation modulates the P300 amplitude during
brain-computer interface use. Clinical Neurophysiology, 121(7), 1023-1031.

Kong, F., Zhang, Y., & Chen, H. (2013). The construct validity of the Restraint Scale among mainland
Chinese women. Eating Behaviors, 14(3), 356-360.

Kroemer, N.B., & Small, D.M. (2016). Fuel not fun: Reinterpreting attenuated brain responses to reward
in obesity. Physiology & Behavior, 162, 37-45.

Liu, Y., Gao, X., Zhao, J., Zhang, L.L., & Chen, H. (2020). Neurocognitive Correlates of Food-Related

Response Inhibition in Overweight/Obese Adults. Brain Topography, 33(1), 101-111.

54



225 Lk

Liu, Y., Quan, H., Song, S.Q., Zhang, X.M., Yang, C., & Chen, H. (2019). Decreased Conflict Control in
Overweight Chinese Females: Behavioral and Event-Related Potentials Evidence. Nutrients, 11(7),
12.

Lovibond, P.F., & Lovibond, S.H. (1995). The structure of negative emotional states: Comparison of the
Depression Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety Inventories.
Behaviour Research and Therapy, 33(3), 335-343.

Lu, Y., Hajifathalian, K., Ezzati, M., Woodward, M., Rimm, E.B., Danaei, G., & D'Este, C. (2014).
Metabolic mediators of the effects of body-mass index, overweight, and obesity on coronary heart
disease and stroke: a pooled analysis of 97 prospective cohorts with 1.8 million participants. Lancet,
383 (9921), 970-983.

Luque, D., Beesley, T., Morris, R.W., Jack, B.N., Griffiths, O., Whitford, T.J., & Le Pelley, M.E. (2017).
Goal-directed and habit-like modulations of stimulus processing during reinforcement learning.
Journal of Neuroscience, 37(11), 3009-3017.

Luque, D., Molinero, S., Watson, P., Lopez, F.J., & Le Pelley, M.E. (2020). Measuring habit formation
through goal-directed response switching. Journal of Experimental Psychology: General, 149(8),
1449-1459.

MacLean, M.H., & Giesbrecht, B. (2015). Neural evidence reveals the rapid effects of reward history on
selective attention. Brain Research, 1606, 86-94.

Malvaez, M. (2020). Neural substrates of habit. Journal of Neuroscience Research, 98(6), 986-997.

Mathar, D., Neumann, J., Villringer, A., & Horstmann, A. (2017). Failing to learn from negative
prediction errors: Obesity is associated with alterations in a fundamental neural learning mechanism.
Cortex, 95, 222-237.

Mazar, A., & Wood, W. (2018). Defining habit in psychology. In B. Verplanken (Ed.), The psychology of
habit (pp. 13-29). Cham, Switzerland: Springer.

Mazar, A., & Wood, W. (2021). Illusory Feelings, Elusive Habits: Explanations of Behavior Overlook
Habits. Psychological Science, 33 (4), 563-578.

Meier, J.K., Staresina, B.P., & Schwabe, L. (2022). Stress diminishes outcome but enhances response
representations during instrumental learning. Elife, 11, 25.

Miller, A.A., & Spencer, S.J. (2014). Obesity and neuroinflammation: a pathway to cognitive impairment.
Brain, Behavior, and Immunity, 42, 10-21.

Miller, R.K., & Martin, F.H. (2020). Deconstructing threat: Rethinking the interplay between biological
and social relevance in the emotional salience of unpleasant images. Biological Psychology, 149, 13.

Molinero, S., Giménez-Fernandez, T., Lopez, F.J., Carreti¢, L., & Luque, D. (2021). Stimulus-response

learning and expected reward value enhance stimulus cognitive processing: An ERP study.

55



P8 R RS 5 S

Psychophysiology, 58(5), 14.

Moore, C.F., Sabino, V., Koob, G.F., & Cottone, P. (2017). Pathological overeating: emerging evidence
for a compulsivity construct. Neuropsychopharmacology, 42(7), 1375-1389.

Murphy, B., Poesio, M., Bovolo, F., Bruzzone, L., Dalponte, M., & Lakany, H., (2011). EEG decoding of
semantic category reveals distributed representations for single concepts. Brain and Language, 117,
12-22.

Miiller-Putz, G., Scherer, R., Brunner, C., Leeb, R., & Pfurtscheller, G. (2008). Better than random: a
closer look on BCI results. International Journal of Bioelectromagnetism, 10(1), 52-55.

O'Doherty, J.P., Cockburn, J., & Pauli, WM. (2017). Learning, reward, and decision making. Annual
Review of Psychology, 68, 73-100.

Ognibene, D., Fiore, V.G., & Gu, X.S. (2019). Addiction beyond pharmacological effects: The role of
environment complexity and bounded rationality. Neural Networks, 116,269-278.

Pearson, D., Osborn, R., Whitford, T.J., Failing, M., Theeuwes, J., & Le Pelley, M.E. (2016).
Value-modulated oculomotor capture by task-irrelevant stimuli is a consequence of early competition
on the saccade map. Attention Perception & Psychophysics, 78(7), 2226-2240.

Peelen, M.V., & Downing, P.E. (2023). Testing cognitive theories with multivariate pattern analysis of
neuroimaging data. Nature Human Behaviour, 7(9), 1430-1441.

NCD Risk Factor Collaboration (2024). Worldwide trends in underweight and obesity from 1990 to 2022:
a pooled analysis of 3663 population-representative studies with 222 million children, adolescents,
and adults. The Lancet. 403(10431), 1027-1050.

Pierce-Messick, Z., & Corbit, L.H. (2021). Problematic eating as an issue of habitual control. Progress in
Neuro-Psychopharmacology and Biological Psychiatry, 110, 110294,

Polich, J. (2007). Updating p300: An integrative theory of P3a and P3b. Clinical Neurophysiology,
118(10), 2128-2148.

Polich, J., & Criado, J.R. (2006). Neuropsychology and neuropharmacology of P3a and P3b.
International Journal of Psychophysiology, 60(2), 172-185.

Pool, E.R., Gera, R., Fransen, A., Perez, O.D., Cremer, A., Aleksic, M., Tanwisuth, S., Quail, S., Ceceli,
A.O., Manfredi, D.A., Nave, G., Tricomi, E., Balleine, B., Schonberg, T., Schwabe, L., & O'Doherty,
J.P. (2022). Determining the effects of training duration on the behavioral expression of habitual
control in humans: a multilaboratory investigation. Learning & Memory, 29(1), 16-28.

Pornpattananangkul, N., & Nusslock, R. (2015). Motivated to win: Relationship between anticipatory and
outcome reward-related neural activity. Brain and Cognition, 100, 21-40.

Qu, Z., Hillyard, S.A., & Ding, Y.L. (2017). Perceptual Learning Induces Persistent Attentional Capture
by Nonsalient Shapes. Cerebral Cortex, 27(2), 1512-1523.

56



225 Lk

Reber, J., Feinstein, J.S., O'Doherty, J.P., Liljeholm, M., Adolphs, R., & Tranel, D. (2017). Selective
impairment of goal-directed decision-making following lesions to the human ventromedial prefrontal
cortex. Brain, 140, 1743-1756.

Reichelt, A.C., Westbrook, R.F., & Morris, M.J. (2015). Integration of reward signalling and appetite
regulating peptide systems in the control of food-cue responses. British Journal of Pharmacology,
172(22), 5225-5238.

Robinson, T.E., & Berridge, K.C. (2003). Addiction. Annual Review of Psychology, 54, 25-53.

Rothemund, Y., Preuschhof, C., Bohner, G., Bauknecht, H.C., Klingebiel, R., Flor, H., & Klapp, B.F.
(2007). Differential activation of the dorsal striatum by high-calorie visual food stimuli in obese
individuals. Neuroimage, 37(2), 410-421.

Rusz, D., Le Pelley, M.E., Kompier, M.A.J., Mait, L., & Bijleveld, E. (2020). Reward-Driven Distraction:
A Meta-Analysis. Psychological Bulletin, 146(10), 872-899.

Sato, A., Yasuda, A., Ohira, H., Miyawaki, K., Nishikawa, M., Kumano, H., & Kuboki, T. (2005). Effects
of value and reward magnitude on feedback negativity and P300. Neuroreport, 16(4), 407-411.

Santos Monteiro, P., Ribeiro, O. R., & Ribeiro, F. (2022). The role of cognitive flexibility in weight loss
after severe obesity surgery-A retrospective study. Clinical Obesity, 12(1), ¢12494.

Schag, K., Schonleber, J., Teufel, M., Zipfel, S., & Giel, K. (2013). Food-related impulsivity in obesity
and Binge Eating Disorder-a systematic review. Obesity Reviews, 14(6), 477-495.

Schreiner, D.C., Renteria, R., & Gremel, C.M. (2020). Fractionating the all-or-nothing definition of
goal-directed and habitual decision-making. Journal of Neuroscience Research, 98(6), 998-1006.
Simpson, C.C., Burnette, C.B., & Mazzeo, S.E. (2020). Integrating eating disorder and weight gain
prevention: A pilot and feasibility trial of INSPIRE. Eating and Weight Disorders-Studies on

Anorexia, Bulimia and Obesity, 25(3), 761-775.

Smith, N.K., Cacioppo, J.T., Larsen, J.T., & Chartrand, T.L. (2003). May I have your attention, please:
Electrocortical responses to positive and negative stimuli. Neuropsychologia, 41(2), 171-183.

Song, S., Li, Q., Jiang, Y., Liu, Y., Xu, A., Liu, X., & Chen, H. (2022). Do overweight people have worse
cognitive flexibility? Cues-triggered food craving may have a greater impact. Nutrients, 14(2), 240.

Stice, E., & Burger, K. (2019). Neural vulnerability factors for obesity. Clinical Psychology Review, 68,
38-53.

Stice, E., Fisher, M., & Martinez, E. (2004). Eating disorder diagnostic scale: additional evidence of
reliability and validity. Psychological Assessment, 16(1), 60-71.

Stice, E., Telch, C.F., & Rizvi, S.L. (2000). Development and validation of the Eating Disorder
Diagnostic Scale: a brief self-report measure of anorexia, bulimia, and binge-eating disorder.

Psychological Assessment, 12(2), 123.

57



P8 R RS 5 S

Tomasi, D., & Volkow, N.D. (2013). Striatocortical pathway dysfunction in addiction and obesity:
differences and similarities. Critical Reviews in Biochemistry and Molecular Biology, 48(1), 1-19.

Treder, M.S. (2020). MVPA-Light: A Classification and Regression Toolbox for Multi-Dimensional Data.
Frontiers in Neuroscience, 14, 19.

van den Akker, K., Stewart, K., Antoniou, E.E., Palmberg, A., & Jansen, A. (2014). Food cue reactivity,
obesity, and impulsivity: are they associated?. Current Addiction Reports, 1(4), 301-308.

van Strien, T., Frijters, J.E., Bergers, G.P., & Defares, P.B. (1986). The Dutch Eating Behavior
Questionnaire (DEBQ) for assessment of restrained, emotional, and external eating behavior.
International Journal of Eating Disorders, 5(2), 295-315.

Verdejo-Roman, J., Vilar-Lopez, R., Navas, J.F., Soriano-Mas, C., & Verdejo-Garcia, A. (2017). Brain
reward system's alterations in response to food and monetary stimuli in overweight and obese
individuals. Human Brain Mapping, 38(2), 666-677.

Verleger, R. (2020). Effects of relevance and response frequency on P3b amplitudes: Review of findings
and comparison of hypotheses about the process reflected by P3b. Psychophysiology, 57(7), 22.
Verleger, R., Metzner, M. F., Ouyang, G., Smigasiewicz, K., & Zhou, C.S. (2014). Testing the
stimulus-to-response bridging function of the oddball-P3 by delayed response signals and residue

iteration decomposition (RIDE). Neuroimage, 100, 271-289.

Vila-Ballo, A., Salmi, J., Soveri, A., Rodriguez-Fornells, A., Lehtonen, M., & Laine, M. (2018). Neural
signatures for active maintenance and interference during working memory updating. Biological
Psychology, 132,233-243.

Volkow, N.D., Wang, G.J., Tomasi, D., & Baler, R.D. (2013). Obesity and addiction: neurobiological
overlaps. Obesity Reviews, 14(1), 2-18.

Volkow, N.D., Wise, R.A., & Baler, R. (2017). The dopamine motive system: implications for drug and
food addiction. Nature Reviews Neuroscience, 18(12), 741-752.

Voon, V., Derbyshire, K., Riick, C., Irvine, M. A., Worbe, Y., Enander, J., Schreiber, L.R.N., Gillan, C.,
Fineberg, N.A., Sahakian, B.J., Robbins, T.W., Harrison, N.A., Wood, J., Daw, N.D., Dayan, P.,
Grant, J.E., Bullmore, E.T., & Sahakian, B.J. (2015). Disorders of compulsivity: a common bias
towards learning habits. Molecular Psychiatry, 20(3), 345-352.

Watson, D., Clark, L.A., & Tellegen, A. (1988). Development and validation of brief measures of positive
and negative affect: the PANAS scales. Journal of Personality and Social Psychology, 54(6), 1063.

Watson, P., & de Wit, S. (2018). Current limits of experimental research into habits and future directions.
Current Opinion in Behavioral Sciences, 20, 33-39.

Watson, P., Wiers, R.W., Hommel, B., Gerdes, V.E., & De Wit, S. (2017). Stimulus control over action for

food in obese versus healthy-weight individuals. Frontiers in Psychology, 8, 580.

58



225 Lk

Werthmann, J., Field, M., Roefs, A., Nederkoorn, C., & Jansen, A. (2014). Attention bias for chocolate
increases chocolate consumption - An attention bias modification study. Journal of Behavior
Therapy and Experimental Psychiatry, 45(1), 136-143.

Weydmann, G., Miguel, P.M., Hakim, N., Dubé, L., Silveira, P.P., & Bizarro, L. (2024). How are
overweight and obesity associated with reinforcement learning deficits? A systematic review.
Appetite, 193, 14.

Wood, W., Mazar, A., & Neal, D.T. (2022). Habits and goals in human behavior: Separate but interacting
systems. Perspectives on Psychological Science, 17(2), 590-605.

Wood, W., & Neal, D.T. (2007). A new look at habits and the habit-goal interface. Psychological Review,
114(4), 843-863.

Wood, W., & Riinger, D. (2016). Psychology of habit. Annual Review of Psychology, 67(1), 289-314.

Wu, YK., & Berry, D.C. (2018). Impact of weight stigma on physiological and psychological health
outcomes for overweight and obese adults: A systematic review. Journal of Advanced Nursing, 74(5),
1030-1042.

Yang, Y., Shields, G.S., Guo, C., & Liu, Y. (2018). Executive function performance in obesity and
overweight individuals: A meta-analysis and review. Neuroscience & Biobehavioral Reviews, 84,
225-244.

Yousuf, M., Heldmann, M., Miinte, T.F., & Dofiamayor, N. (2019). Electrophysiology of goal-directed
versus habitual control during outcome devaluation. Cortex, 119, 401-416.

Zhang, Y., Ji, W., Jiang, F., Wu, F. Li, G, Hu, Y., Zhang, W.C., Wang, J., Fan, X., Wei, X.R., Manza, P,,
Tomasi, D., Volkow, N.D., Gao, X.B., Wang, G.J., & Zhang, Y. (2023). Associations among body
mass index, working memory performance, gray matter volume, and brain activation in healthy
children. Cerebral Cortex, 33(10), 6335-6344.

Zhang, Z., Manson, K.F., Schiller, D., & Levy, 1. (2014). Impaired associative learning with food rewards
in obese women. Current Biology, 24(15), 1731-1736.

Zhao, J., Manza, P., Gu, J., Song, H., Zhuang, P., Shi, F., Dong, Z.Q., Lu, C., Wang, G.J., & He, D. (2021).
Contrasting dorsal caudate functional connectivity patterns between frontal and temporal cortex with

BMI increase: link to cognitive flexibility. International Journal of Obesity, 45(12), 2608-2616.

59



Hh | &N

N U e VAT

B %

1 ERYUREE LS
TR R 1 S ATV RE

LARE AT PVRIEZ : 0% (— mBAIIER) v 100% CAEE YLD
2. R AT IR IR 0% (AR A —omeeeee- 100% (IEHEE)
SARMIIREE : 0% CIEH AR -mmmmmmeemv 100% CHFH 0 =)

2. EEEZEER (Positive and Negative Affect Scale)
T VAl I 2 0 AR 36 213X e i 26 T2 25 0] I RE S, I 5% L) 38 Tl

M

>
> &

iy

Fo Gk

L B

2. G ER I

3. FH 1/

4. ZEHE

5. F R0

6. JF 1

7. M1

8. A &I

9. BE M

10. A R

11. A X%

12. 581

13. M2 B

14. Bk

15. HE5H

16. 2R 1)

17. 584 111

18. N2 [y, ML

19. VFEER, KOW

20. I

60

https://www.cnki.net




Hh | &N

b 5r

3. MERERIENEFX 21 (the Depression Anxiety Stress Scales, DASS-21) EE4EFR

AR AR G SRR, SR NI T

o>

A | ARG | SRS

e Bl = 7 24 RPN
BERFE

L 3R 58 s AN BERR R IR R

2. BORIURAE KA E BN E LM F

3. PUBBN X AR KB4 AT HFF

4. BB B TURHAL

5. BORHAE iy F 1% AR B TS i A G

6. KA H G ABEARMA

T REFEwELE X

3. 2K BITN% (The Dutch Eating Behavior Questionnaire, DEBQ)

VAR A T IE AR L, RN BRI T .

M

S
wa

\\

i

FE

Gon

L WCRARRR SN 1, AR ST EET I A 2

2. (EHEEIS, R Sulng 3 ELARAEZ [ B /1 2

3. N ERIL, R& 2 I 90 e 4R {1k i e W sl OB ?

4. AR AR ) R IEAR I Y 23 75 15 2

5. R MU A T AL (K B4 2

6. ARl 2, VRafEREE 1 H T hias Hp i g 2

7. RS e 23 T R i R 2

8. RUATESE, VR 2 A 22 B % S e P 4 22 (8] AN AR 75 2

9. PRI, VR o 2 A e EANE 211052

10. FRE7E FEARIAR E 5IRMZ IR 7E (R X R) 152

11 RPN, 1 it B 2R 17 1 2

12. BRI S, PR B A< 2

13. SRR Bl AL T, PR i R 2R 1 1 2

14, RIS PIOME SE I, R B0 2R 7 g 2

15. 9 NAEURR RIS, R76 BHZ A< 75 15 2

16. 1R AN, R R 25 PG 5 2

L7, 24 RE B LA PR AR S, VR B 2R P 12

18. HRETK . O BUR AR RER, fRiE g AR i ?

19. B FH 5 [EE sOCE FH AR, /RE I K75 ?

20. MRFEMAN, VR EZ R P ?

21 HURREER, RN AR P ?

22. MR LEARTERS, R BN AR PG5 ?

https://www.cnki.net

61




Hh | &N

P8 R RS 5 S

23. AR EE B A LI, JRVE NG AR P ?

24 IR B ZEARIRY, R HP IR E 2 ?

25. IR B R AE LR AAH, R TRgsE L m?

26. U1 AR BB [ 21— SERIR AR T, PRI R E Y ?

27. IR VKA KRR PG, JRAR S bl f e i ?

28. IR RER I T Ay, AR B K B SR IR Y AR P g ?

29. N RARHIL NG B INET, R SR EA IR R ?

30. AR VRE BIHNAENZ ARV, IR =il gy ?

31 AT DA SER & (iR 152

32. HIRE M AAERE RIS, RSP GE L ?

33. APRAER R R, RS IA Tng L AR PG ?

4.3 RS2 M ER (the Eating Disorder Diagnostic Scale, EDDS)
TEIRYE N AR FIE SRR, RN ik I

— AW
L. RIS g ? 0123456
2. %F H RSN, SRR GEE) RGN A 2 0123456
3 ARBMERE R TR B CAEA— I ARIEE G 15 0123456
4 RTER I T ARG H CAEN— D AR L N 2 0123456
5. fEE 2 6 NH W, ALK B Oz TEMANE K 1 4 o
TR R (R 2) IR (i — T PkiEib) 2 o
6. TEAVRNZIE H 55 IR B I I LR, R4S 31—k 32 o

CREIRA L0, sl it 4 B /) 2

TR 6 MAT, FERAAZAOR, Rz TEESERCER
GrHEZ) MY, IFERRIRE?

01234567

8. fERL LM 3 A, FEIREAA Z AR, IRz T

012345678910

KE (REZ) WEY, HEEHIKE? 11 12 13 14
FEIXLenZ 455 2 FR 4l A, ARG A -

9. HEEHEE PR IRBEL? £ &
10. —HFEARVE, EIVERIRE B KSR IE? Z &
11 FAWRKER R, BIEAR FE A a2 Z &
12. =MW, BOARAT B BTz B & 2 0 2 . &
13. 82 2 )5, %A HCRTHR, sCEIAR. PIx? 7z
14, 15385 H e fil i Bk & 47 sl 5 30 4 2.3 5w

JRBIAEH AL ?

15. fEREE 1 3 A A, IR A 20, kA Cike:
5 L EE 4 o R 2 B R KM ?

012345678910
11 12 13 14

62

https://www.cnki.net




b=
16. fEE 519 3 AN, RS B3 A8 2 20 Ui 77 3R R

012345678910

K7 L I SRR T SR 2 11 12 13 14
17. /8 £ 3 HS, PR (%S (012345678910
WURANIZ) LA 1 E 38 sl gk £ 5 R ) i ? 11 12 13 14

18. fEE 21 3 AN Ak, AR T 2 /D UG EMigs), [0123456789 10
DA ik B2 2k iy SR s 2 11 12 13 14

19. R E 2/ SR E, TE4 H— AN AT Rk 4T L

(AT —®

20. IR B = 20?7 CKO _m

21, CRELMIF) EdEK 3 MNP, A JWRERH%? 0123

22. (BUFLMHD kM 3 MHF, R—BERHEZ225? 7z

5. BYIVES
BT H, SRS H G,

1.5 T
PRIMEE 2484 T . 0% (— St AAE) ————100%

{4

(EEZ

I

RIZAT T2 0% (— B AER) ——100%

2. B kL.
PRIMIEA AN BkE: 0% (— At AAE) ————100%

A 2 SRR 0% (— AW AEXR) ————100%

3. E .
PRIMIEA A2 Fr e 0% (— S AAE) ————100%

W 2 SR . 0% (— AW AER) ————100%

4, THE -
PREVAER ZANZ TG : 0% (— st AAR) ———100% (IR AE1Z)

PR 2 ERIZTHEE : 0% (— A ENR) ——100% CIEH =)

63




	中文摘要
	ABSTRACT
	1 文献综述
	1.1 超重与肥胖的现状及危害
	1.2 双系统理论
	1.2.1 目标导向和习惯控制系统的测量方式
	1.2.2 目标导向和习惯控制系统的神经电生理基础

	1.3 超重肥胖与双系统
	1.3.1 超重肥胖者习惯化反应的研究现状
	1.3.2 超重肥胖者可能存在习惯化反应的间接证据


	2 问题提出及研究意义
	2.1 问题提出
	2.2 研究设计
	2.3 研究意义
	2.3.1 理论意义
	2.3.2 实践意义

	2.4 研究创新

	3 研究一超重肥胖者习惯化反应研究
	3.1 目的与假设
	3.2 方法
	3.2.1 被试
	3.2.2 问卷材料
	3.2.3 工具学习任务
	3.2.4 实验过程
	3.2.5 数据分析

	3.3 结果
	3.3.1 描述性统计
	3.3.2 学习阶段学习率的差异检验
	3.3.3 习惯化反应的差异检验
	3.3.4 测验阶段获得试次的反应差异检验

	3.4 讨论

	4 研究二超重肥胖者的食物习惯化反应的神经电生理研究
	4.1 目的与假设
	4.2 方法
	4.2.1 被试
	4.2.2 问卷材料
	4.2.3 工具学习任务
	4.2.4 延迟样本匹配任务
	4.2.5 实验过程
	4.2.6 数据分析

	4.3 结果
	4.3.1 描述性统计
	4.3.2 行为结果
	4.3.3 ERP结果
	4.3.4 MVPA结果
	4.3.5 行为结果与ERP和MVPA结果的相关

	4.4 讨论

	5 研究三超重肥胖者食物习惯化反应对半年后BMI的预测
	5.1 目的与假设
	5.2 方法
	5.2.1 被试
	5.2.2 问卷材料
	5.2.3 数据分析

	5.3 结果
	5.3.1 相关分析结果
	5.3.2 分层回归结果

	5.4 讨论

	6 总讨论
	6.1 超重肥胖者的习惯化反应
	6.2 超重肥胖者食物习惯化反应的神经机制
	6.3 食物习惯化反应对未来体重的预测作用
	6.4 研究不足及未来展望

	7 研究结论
	参考文献
	附录

