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Abstract

Abstract

Since the concept of "schizophrenia" was proposed, many psychotic symptoms of
schizophrenia, such as passivity experiences and hallucinations, have been considered to
be due to abnormal sensory attenuation, which refers to the inability to suppress the results
of self-generated actions, leading to an inability to distinguish between events generated
by oneself and those generated externally. For a long time, abnormal sensory attenuation
has been assumed to be the cause of clinical psychotic symptoms, and the close
relationship between abnormal sensory attenuation and schizophrenia has been widely
recognized by researchers. However, there is currently no consensus on the cause of
abnormal sensory attenuation in schizophrenia. This paper systematically explores the
behavioral characteristics of abnormal sensory attenuation in different sensory channels
based on the auditory, visual, and audio-visual conditions using the action-effect
paradigm, in order to clarify the nature of the relationship between schizophrenia and
abnormal sensory attenuation.

This study used the action-effect paradigm to investigate the characteristics of
auditory attenuation in schizophrenia patients under action prediction cues. Based on this,
the study explored the characteristics of auditory attenuation in schizophrenia patients
under non-action prediction cues by matching the predictability of the target stimuli under
two conditions: action-stimulus and cue-stimulus. The results showed that compared with
the healthy control group, schizophrenia patients showed higher perceptual intensity of
sound stimuli triggered by self-generated actions, both under action prediction and non-
action prediction cues. This indicates that at the behavioral level, schizophrenia patients
exhibit abnormal sensory attenuation for self-generated action results. In addition, there
was no significant difference in perceptual sensitivity between the two groups of
participants, indicating that differences in sensory attenuation cannot be attributed to
differences in perceptual sensitivity between subjects. This further confirms that self-
generated actions can lead to a decrease in perceptual intensity, but not necessarily a
weakening of discriminative ability.

Study 2 was aim to investigate visual sensory attenuation in patients with
schizophrenia. The results showed that compared with the healthy control group, patients

with schizophrenia exhibited abnormal sensory attenuation for visual stimuli generated
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by their own voluntary actions. In the experiment with non-action prediction cues, the
perceived intensity of the patient group was not significantly different between the two
conditions, whereas in the healthy control group, the perceived intensity in the action-cue
condition was significantly smaller than that in the cue-stimulus condition. This suggests
that the sensory attenuation abnormality for visual stimuli generated by one's own
voluntary actions may be related to a malfunction in action prediction mechanisms. In
addition, there was no significant difference in perceived intensity between the action-
stimulus and cue-stimulus conditions under prediction consistent conditions. Under
prediction inconsistent conditions, the PSE value in the action-stimulus condition was
significantly smaller than that in the cue-stimulus condition. This may indicate that
although sensory attenuation is influenced by some prediction cues other than voluntary
actions, voluntary actions may be a prerequisite for the existence of sensory attenuation
when prediction cues are not available.

Study 3 investigated the impact of manipulating the consistency between predicted
and actual sensory feedback under the condition of manipulating action generation on
sensory attenuation in schizophrenia, aiming to explore the characteristics of sensory
attenuation in schizophrenia under audiovisual interaction conditions. The experimental
results showed that regardless of whether the predicted visual/auditory stimulus was
consistent with the actual sensory feedback, the sensory attenuation abnormality in
schizophrenia was only observed under the action-stimulus condition. This further
confirms that the sensory attenuation abnormality in schizophrenia may be caused by
abnormal action prediction mechanisms, and the cross-modal influence from the visual
to auditory channel may be unrelated to non-action prediction cues.

Three systematic studies found that schizophrenic patients exhibited abnormal
sensory attenuation for action outcomes evoked by voluntary movements, and that such
abnormalities existed in different sensory channels. These results reveal a potential
mechanism for the abnormal sensory attenuation in schizophrenia: the abnormal sensory
attenuation in the auditory, tactile and visual channels in schizophrenia may be related to

the feedback processing failure of action outcomes.

Keywords: schizophrenia; auditory attenuation; visual attenuation;

audio-visual integration
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FRYE 2019 £E A A7 1 [ K # TL4E 8 #5 (China Mental Healthy Survey, CMHS)%{
PR, PEAGEIE 23 N EERFEMER, Hhashobimeg . EERS. 1
29T R RS TR EJOEE A T B hs b Bl ARG oo 1k P i S5 75 KSR 1) o X s o
PEAG )2 B O ZRIE 2] 16.60%. Forr, Kt 73 ZL0E S H AR #lm P F A5 1) 2% £ 5
WEN 0.75%, B SHCHIT 1000 J5. K53 RERE K AR #93 14 B i (1) Bk 22
B, e RE A L BT E BRSO, AR X N RS A, RS o RE
(schizophrenia) & iz WL I R %65 (Huang et al., 2019).

R P 3 BERE & — M R (ORI , FL5 DAL 1o R 56 4 B I o s R BN B A
FEAR S FHEEREAR . INFIRERG DA S AL 2 DI RE ()™ B 240 . Jpft Fe il & o, T E RS
S RUEREIREN 0.6%, HETCA @B 780 Ff R, & ER#hm )
— AR, FFFURIL, R 2E 2 AT EH(15-25 )ZBET 2 Stk
A, BHITHEAR, SRR BF NI, 4kk o M5 7 R T # 748 (%
HEE, 2022; FARZOR, WEHIE, 2021) KIILIR, B0 T2 1) 5 8 B BOE i RS i
TRER R SR B, B 3 0 e 5 SRS 1l 0 ZURE Y B VI8 R &3 3 KA 788 1A
n] (Blakemore et al., 2000; Martin & Pacherie, 2019; Hua, 2021). 1H/&, K4 Z40E &
IR 3 Dok e B B AL, RIURG fR o 2L0E TN B RG IE AE SR R, B TR R g
BB I 4510

JBIE I (sensory attenuation) i 5 7N R BT 75 K G a5 AR, HAEATA
(self-generated action) 7| & HIES o 45 5 7 AR BLES IR 28 SN, AE 3 ULE RN 2 THT AR
FE LR 59 1) 9 B AR 36 (Dewey & Knoblich, 2014; Han, Jack, Hughes, Elijah, & Whitford,
2021; Hughes, Desantis, & Waszak, 2013; FH5 H etal., 2018). ‘& AMAH BT Kk
DX oy HERANEAE A 3R, AT Lol i sy 5 WU —Bush e 51, FBIAMAE R N
ANERINEE R 1R 2 AR, IR AR AR V) U (Hughes & Waszak, 2011; Kiepe,
Kraus, & Hesselmann, 2021). S 7EKIN, K510 43 ZL0E 38 70 80 32 0k 7 TR A7
PRI A, 73X 1) 8 2> 5 08k 4% 1) % 48 (delusion of control) [E4E4i A\ (ideas of reference).
ZJWT (auditory hallucination) S #1753 PR AR ¥ 2. I (Hua, 2021; Oestreich et al., 2016;
Shergill, Samson, Bays, Frith, & Wolpert, 2005). X, 85T 5 0] BE -5 f
I3 ZERE RGO PERE IR BB A OC o 0 ML () A R it S il DR T 28 1 B A 0000 7
AT TR B2 o bk, F 03 AT DA a5 o 2R JR ot S 5 2 B T T ] AR
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1% Bl K (efference copy) & Al £ (Hua, 2021; Martin & Pacherie, 2019; Whitford et
al.,2011). fRIM, J5ZA 070K I 2 ST G AR P B R i, fEARSh R A%
(non-motor condition) T~ % AJ WL % S| S ABL 1) JB o 2k, X LEAF T 5T B 1 RS SRR I 22
SARRECR AR ), sk — 22 3R WIS S 9T BE S B — Bl T — R ) B AL 1) (a more
general predictive mechanism) T 2Kz, i IR PR T 3h/E 7 (Dogge, Hofman, Custers,
& Aarts, 2019; Kaiser & Schiitz-Bosbach, 2018; Sato, 2008; Schroger, Marzecova, &
SanMiguel, 2015). {HZ, ST XPHIESNVE TN fh 73 BERE B0 2 80 5 A ] 9%
2, HETHARAB AT RS 5L R o 2408 2 TR0 R B A AR A iR R R ik
— R R. A, TEEZ . BB IR R DR i 7r FORE O R AR, DA
4 7 B o 3 S TR IR, DR ok RERE IR TR « 12 W AN TR ER K R



XHRERIR

2 NEkZRik

FEH AT, AT A XA 2 558 BRI Al N\ ARl 2 7
AT I AR S, T E Ol i 33X g 23 MR 2 o 12 RAERF 2 A PR A
JB% it % I (Sensory Attenuation), f& NJETEA HAM A=W i34 I 72 A T B ) —Fbod 2L
fille F7E 1988 4, Blakemore T A GJLNHE G 52 Jk I G AE H — MO A #R K 3Rk -

“Even the most ticklish person is unable to tickle oneself( B/ i fe tAFE B AL TR H &

CPOETET )7 (EREET, 2017). fEiZSRIeh, AR ER A TES - URE £

“Po” HOWATE . SR KL, BHWE B 3 A2 B B S Hln, AR
B 2 BE Bh D 3X R I R At 7 2 MIIEYE (Hughes et al., 2013). fEILZ
J& » T AR R T DI REPE LR AR TR, I 4k 4R FH AL SR8 W T % 1k
) XA i 52 2 RO AR B AT 88, S5 SR, AR AAR B it 1z 2 P TR R P o o
T ERAE 2 [R]ISS R] 1A] B R g /N B AR, 13— 2 N S8 5 2 T R W H 3RS
YRR SR 6 N T B2 2 0S4 % A 329 (Blakemore, Wolpert, & Frith, 2000; F ZH 5,
2017).

Gallagherz 7E 2000 =42 i H 3/ (sense of agency)FIMEr, HAKSRMAE T %
il 2 AT 0T S T 57 = AR 520 (1) 4455 (Gallagher, 2000; H5:H etal., 2018).
5 B RS, R EATR B 2B FIa 050 B A N B b B =
IAE R B F AT — AN EE AR R, JF HBW K R R e 1) N e &7 =,
B € SRS AN TR 75 KRB 25 R AR L, H 44T M (self-generated action) 5] &K
(R R 5 R 7 AR B S I AR S S N, AE 3 UL IR I T R A 55 ) o R AR
(Dewey & Knoblich, 2014; Han, Jack, Hughes, Elijah, & Whitford, 2021; Hughes,
Desantis, & Waszak, 2013; M52 H etal,2018). fEMLEF2EZE b, 8o 20
i E R A A S A RN B ), W N1, HRIEAE B A SHES R T2k AH
HI(SHMENER L) o B2 1] ) R — MR A2 ad I A/ 3k 9 1P 4 (A B 3] F4)
) B R B O B EE FR b T =, dn 3 A &5 0555 (Weiss, Herwig, & Schiitz-
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Bosbach, 2011). B0 R I8E 5 P58 DD B30 b B 261, 1 HAA Bh T R s X
Jr HIRAEAE R BhAh, Bl s 5 WA E — B sh e S R, FEAMAR 4
FHE A 2 A, IR A MATEE B B . BB A B AR R ER A,
BTy 68 5% 1 32 ol 2 3 20K #93 PR IR H B (Hughes & Waszak, 2011; Kiepe et al.,
2021; Mifsud, Beesley, Watson, & Whitford, 2016).

2.1.2 RGO TN

IO FE I AR SEAFAE T Z AR A, HAEfloE o Wy o AR o 8 T8 2
WFFT o MR B 00 TE IR PR 28 L O ARe, RIS TSR 00 A0 AT g A Y, Wt R F AT IE 2 A
OBIERR | H EisshahiE gl RIR R R I, 4R EY B R Er s s
TR 5 E AR RINLE], B2 R REE S B3 1E 45 R (Majchrowicz &
Wierzchon, 2021; Pyasik, Ronga, Burin, Salatino, & Pia, 2021; Storch & Zimmermann,
2022). FRIM, W RN A BAERAEMASERTEO T, A3 a] BUAAFR
SRR TIPS, m] W52 21 AU 2 I8 RS (Dogge et al., 2019; Klaffehn, Baess, Kunde,
& Pfister, 2019). [, HFESWEGI RGPS5 10 HA .

rﬂl

2.1.2.1 HMEFMZZE TR TS TEm

FE fib 538, T T K 2 R FH 0 DL e i Xk A T A2 By 5| e ) e 3 0k
PIFEFE - fE1Z a0, SEEG 38 B —AME AR HIE 5 ik (torque motor) b FRIFT A 2H il »
AL R4 | —ME A8 (sensor) F R I & INAE R I T48 BRI ). Bk 724
PR SRAE T ULECATAT e A T 248 LR EAR . ZETFHRZMTN, BolFEZA AT
B B FALATE S, AR T A TRk EREILEC A5 /) MAEEIAME T, ol
i S AR PR R UL B AR 7 85 R, At EIULEC B AR Ui, T
PR NN EE R B AR T R, MR HAR AR T, #akn] DL RS i UL e H
WRJde HEdL, WHFREATVN, SR FHET7 BT/ ULRCR, R A i fh 2 R G Al
PLAE F iz Byt & 1 A% HH I A (efference copy ) Sk UM B4 18 25 R, X Fh #ail Ay 5|
A )R R Rl PT AR ) o B AMEE REAT I . MIAEI BT T, BBk (18
FKF T L Bl ) e LI nt 45 2R (It B A F T HF48) B B9 58 RO,
BE B K AT BEAS 2 7= AR AT ] IO 0 K U 55 B R BE 1 (Bays & Wolpert, 2008;
Knoetsch & Zimmermann, 2021; Shergill, Samson, Bays, Frith, & Wolpert, 2005; Teufel,
Kingdon, Ingram, Wolpert, & Fletcher, 2010).
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