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Abstract

Individual with autism spectrum disorder (ASD) often experience sensory challenges and
motor difficulties on a daily basis, resulting in a reduced quality of life. Researchers have suggested
that abnormal prediction mechanisms based on sensory input in ASD may be the underlying
neurophysiological basis of symptomatology. Excitatory/inhibitory (E/I) imbalance due to dysfunction
of inhibitory neurotransmission may be associated with the pathology in autism and the predictive
mechanism. However, it is still unknown how the E/I imbalance relates to sensorimotor characteristics
in ASD. In this study, we sought to clarify the relationship between the property of sensorimotor
coordination, the prediction mechanism and neural inhibition in ASD. Participants performed a motor
learning task with jittered sensory feedback, and the result suggested that individuals with ASD may
have a weak hypothesis for incoming sensory inputs. Participants in the ASD group may show greater
effects of stimulus unpredictability in motor and cognitive domains. The results may support the weak
prior hypothesis in autistic predictive coding, which seems to be induced by neural inhibitory function.
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HEAR~27 + 7 45 (ASD) &, #h&xa Iia=7— a vHEE L RN 28 - FE T8 % P GE
We L, FHERMA» S ZORERMEHR LN 5 MRIEIETH 228, HBH CIETICKE - HE) o REHE
ME7moTWw3, ASD o 9 NI EKF@EL - #ik %R L (Tomchek & Dunn, 2007), 8 H|ixi@EH) o
M ZfzZ Tw3 L & (Green et al., 2009), WIN D UEEHERBRORETH 3,

ASD D EWERRRE & LT, B cIlHI R EE L LK v 7 3 B&EE (GABA) DB
AEBELMEINTEY, WHELORERRBINT W2, ASD JL#H Tk, GABA ORE KW
13 ERWERTE BB EZ R T L AHE I N T WS (Umesawa et al., 2020a 5 Wood et al., 2021), *
723 % 1%, ASD #H TIE, FIVEHIED I TH B fHiEEENTT O GABA MKV IS LEB) LA MK W C
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¢ (Umesawa et al., 2020c), FHGEB S HEFROFELZZ T OL W &2 B L Tw3 (Unesawa
et al., 2020b), & 5Iic, MBI RIIERTH 225, ASD #H T WFRME R O K51 & R E @2
BH#i3 2 (Ide et al., 2019 ; Kaneko et al., 2024) 72®, ZhbAEYANFE, + X CEEES) R
M oEFEATRBE NS,

ZDX 5% ASD DR ARIRIEIC D W CEETIE, BEEHRICE S AR DREIC DT o Tl
EFUEF OB & OBEMIIER X LT\ 25 (Sterzer et al., 2018)., EF AL DHEF T~ A4 XHICHE
SEZLND R, FHEINZEEANESICOWT, ASD E TlJEVHATERSMA (35 AT
fi) ZFe2LfEfM &N T w3 (Pellicano & Burr, 2012), WA F#ll€ 7 TdH 2 fERN % EH
ANOEFIC L o> THEFT 3 MOM &1k, —RORRE - HE, E#Hxh =X 20@EEEHE N
% (Friston, 2010), & Z 5725, N OMR{EDE ICEERE L 2 8E /W6 (B/D N7 v 28R
WZat, WINET VITEVNICER S nT, FEERECHEREOREBIC oA Z LA EIND
(Friston et al., 2014 ; Jardri & Denéve, 2013 ; Sterzer et al., 2018),

INODOHRD G, ASD i NGO A4, EEANOTFHI L 2 nic o < il i %
PH#ET 2 2 e 2EHREEICRE D C LHER & N7z, AW TIE, ASD O REHE —EB) 6 K 1k 23,
o AR N IC R R L 72 BRI SIC 20 PR 2 BHE L, JREBICH 050w T 3wl B % MGt
L 7z. BN IR o FEAI 1< 13, EIGEBIEF O GABA R & O BLE A HE X LT\ 5 Stop signal il
%72 (Hermans et al., 2018),
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ARIFFE T3, ASD O EHE —EE#HBICOFEIC O W GEEBIFOKE 7 4 — F Ny 7 L o PHlEE,
B X OWAIIEIE & OB R & T 2 TEIHIEREIC D W, avva— X2z RHirb
AP L7 (FEBR 1), £72, ASDHFICH W CURTBBOME & 0 BIE ARG & T v 2 R R AIHAE
KowT, Mo TFHMEICERL TOfEiT-7 (i 2).
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DAUTF b~ 2 & 58 B 1 5 3 5 X OF Stop signal FRAHIC D WTlE, ASDH 104 (F: &= 1:9,
P4l [£ SD] = 29.50 [6.69]), ASD ®Z W o M iERSEE (TD) # 7 4 (4:3,18.57 [0.54])
ERNRE Lz, F7-REMERMBMEIC oW TIE, ASD # 16 £ (2:14, 26.81[6.97]), TD ¥ 21 £ (6:15,
23.29 [4.69]) %X e L, ASDgWilfCcld, ZofhoffELZ LML 2 HKE L 5 H2AEHEL T
Teo RERICHY, FHEBREDOREICOVWTHMMIC K2 X2 ) —= v 72 %L 7z, ASD Fiko
BEICoWT, HAAXZ P 7 2468 (AQ KX WEFiliL 7z, 7, BRELHORMICO VT,
FHE - MAKE 712 7 7 4 1+ (Adolescent / Adult Sensory Profile) i X 9 #Fli L 7=,
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JEEE) 1775 7R 35 X O Stop signal FRE T 13, TUF GAMING VG279QM & = % — (ASUS) # %
ft L 7z Dell Precision 3630 2 7 —PC & 7 v 7'+ v 7 PC(ASUS, ROG Zephyrus GA502, 15.6 4 ¥ 5)
(L2 240Hz V 7L v ¥ 2 L — }), 3 X U MacBook Pro (14 4 ¥ 5, 2023, 60Hz ) 7L v ¥ 2 L —
F) B2, BERFRAERE I O WTId, B Dell PC % vy, KIGHUSIC Cedrus response ¥ — % v
F (RB-740) ZMw7. ZoOBEICE T, BEMEO 2R ICIEFE 240Hz €= X Z v, filt 5
WOBRICEIT X2y F v 7 VA=A (TafuOn) & HIEE AL ¥ & v (earsopen WR-3, BoCo) # {#
L7,

BEEE I RE -

T RAA=YVERG, EZX EICRRINZENRE~F B -V v 2 FES ¢ 50T o
Az ML 72 (Figure 1), THO A X — MBI Hh — Y ARBET 2 &, BEHRIERZ OI#ED 5
—EWEED T v A L AAEICHE L 2, WERE I TE 2T ERL, BB~ — L2 B &
FrEokowohiz, COLEH—YADMBIE, ~ 7 ZAOETMEICKH LFY 15° L 45° OfipH T
TV ELIAERETHEE) (Jerk) L7z, 20L&, VAR LEMERZEL 2.5° T8I 25
% [Narrow| Zeff, ¥R+ 10° % [Broad) £&ffF& L 7z (Figure 1 right), 1 7 v v 7, 71—
VYN DOBEICAHEREDGE R —R T 4 10 H{T (Figure 1 left top), 1 -5 034 M &7 & FHEFE T
Jerk 3% % 15 # 1T, BL XL FFHMERE - FEFED -, H2VEWGH»RZE DS 15 61T
2 SR E 7= (Figure 1 left middle)
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Fig 1. Schematic description of the sensorimotor coordination task.

Participants had to move a red colored mouse cursor to a target circle. The movement of the red cursor was
jerked at two mean angles and two standard deviations (SD) from the mean (right panel). A block started with
ten consecutive baseline (no jerk) trials (left top). The following 15 trials were jerked cursor movements, defined
by a mean change angle and a SD (left middle).
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WCEET 2%, 10 i3 2 & CRkke L 7z, SuleE iz, ‘FHEMAEE BEEFEEZOMAGDE 2L
5 125 % 7 v A LRIEFCTEITL 2, &HbE I, REOMAGDLERMFOERICHFEAINE
R=274 viRIT 10172 &, 4903172 EML 7=,

Stop signal &8:8 :

MHBEHE 2 373 5 7290, BRICISE L THER LS A2 v LIk $ %, Stop signal FE%Z EfE L 72,
PRI, K % Hermans et al. (2018) ICHERL L ERL & iz, #EBEF X, ~ v RDOFR & v &L
FITVu2HVEHEELETZREA VS r—2%2E=2 EHOREKES—DMETHEIEI 2 C
ko bz (GoikfT, Figure2A, B), FX VYA LHEF CWEH0E, A v 7 —2130.8%
THKPAN—FIICEE L 2, GoikfT T, MLIKO25 08B ETOLORHTA VYT —4%1(F
IECEEPICL->C, FERESOT74—F Ay 730k, K2 VLKL S 0.8 i 2
Y Bl CIE LT & 2 G A T ERICK TN =238k, 40 I VBRI CIZHE, 60 I VB CiIBEICENL 72,
WERE 1, KEANA—DEr OIS T s e 2T LRk b, 10 BOMERITOD B,
KELA DA v r =2 BRERENI S, FEX2VvHLFRIARICA v 7 — 228213 % Stop ik
17 (Figure 2C) % &U#iE 7o v 7 90 RITAEME N7z, Stop ikfTTIE, BT LiIcZzNZEh 20%,
30%, 40% DWERTA v r —2DMEREIEL 72, F1EL 254, HHREREL CRL v H L%
ik 2 0B H -7, StopRITICHENWTH, RAVELEED»S 0.8 BT ClcRL2 v L%
F X v TE LS, BRICOKTFAN=2gEICEML 2, 7oy Z7HRERZOX—2 71 v 20
fTLARE, %7x 2 {21 (Stop signal probability : SSP) @ Stop ikfrid 7 v X L iffi A& h, 4 v
F—2Z LD SSPHEBAREME L, T AN Ty 2 ClR, =274 v 25 RITOH, 20%
E40%SSP DIRITHA 7 v X LI BaR &, HERE 3FH 175 T2 EM L 72, T ORI T A+ 7 e v
7 ORZ VL E TORIGKH & U7z, Stop sl 1T @ KICKEH X, Go #A1T - Stop il4TZ L Z DY) -
KWGRITIC B T 2 GHE 2> & B & L7z (Verbruggen & Logan, 2009).
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Fig 2. Schematic description of the stop signal task (Hermans et al., 2018).
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ARWFZECIE, S L AR IS O CIRF I 74 T AR & JE 0 L 7, BB L, Rk A R R ROR &
NzkEH2O0BEFBICOWT, HEERMARZ VL CHIET 2 ko bz, HEHR
MG, T AEAHBPRICERINE A R— ANy FiconT, MEHRECIEL RIS ETR
TN BIREFHIC O W CTHEZE KD b ivdz, Kl CIlF, FEST IR AR EMNMIERET TN
oo METIE, ZL—LZEICHEFIINE Ty 7 ) AXBHR—A Ny FEREHUICERS N
Too AR T, EAANELIRLEBICREINAZERE, Y& v h2 o HOHESIRIIBIEERI L
oo HRTTIE, WiIEELEZAD 5 BRI CYE ) A XN ORE 2 EE S N, 2 D OFERRIEERE
= ORBEE JERI, Stimulus onset asynchrony:SOA) 76 MIET —RIC 4 XF A =20 I AT 4 v
JETNICEBL 7 EAVEBE 74 v T4 v 7 $52L T, SOAZ L ORME (TERAIZR : Just
noticeable difference : JND) ZHH L7, INDIZ, 2 20DEHEL Y T 4Ic2WT /) 4 X&ETLic
HBHsh, SfroxRe xhi,

AWFgeld, SHRRFLEIEEZE) A v F—va vy 2 —EFROLFRCEMmE N, [TEFE
By, ERKRELMBEBECEML 2, TAARMRIE, L2 HEEBEoMMTZESICE W TKR
I,

HREBR

RER1:

T 1 oERE ICoOWT, KD AQ 2371, ASD ZWitoFHME [+ SD] iF 32.69 [8.74],
TD # Tl 20.48 [9.44] T»H -7 (Permutation t-test : p < 0.0001, Cohen's d [95 %CI] = 2.65
[1.34, 3.96] ). AASP 2 a7 T, {KE#k (Low registration), R i#H (Sensory sensitivity), 3
X R HE ]38 (Sensation avoiding) KB W T ASD ZWilEfCTDH LV BV a T Th > 7K,

WK (Sensation seeking) T WX 27 TH -7 (Tablel),

Table 1. Group difference of AASP scores.
AASP subscale ASD (n = 10) TD (n=7) Cohens’s d [95% CI]

Low registration 46.40 [10.42] 35.43 [6.73] "1.2 [0.16, 2.25]
Sensation seeking 35.10 [6.33] 43.14 [7.97] "-1.14 [-2.18, -0.1]
Sensory sensitivity 50.40 [12.79] 38.71 [8.54] ¥1.04 [0.01, 2.06]
Sensation avoiding  52.40 [10.07] 34.00 [7.07] "2.05 [0.86, 3.23]

Mean scores [ = SD] in each group are shown. CI: confidence interval. ¥ p < 0.1, *p < 0.05, **p < 0.01
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Fig 3. Averaged trial-by-trial error of cursor control in each group.
Error bars represent 95% confidence interval.

Jerk & D SHITIC DT, PIYMEAE TG FEERAESRMF T LI 7 -2 00 Lk, BiERZE 2.5
(Narrow : Na) 75 10 (Broad : Br) 1ICU] Y #b % Na-Br &, % 0o Br-Na &bz h £ hico
WCHROFEEEEZ B Lz, ZOME, Na-Br T3 ASDIZH W T Post TOL 7 —2TD & Y K
WM ICH o 72 (Permutation t-test:p = 0.066, d = 0.97, 95% CI = [-0.05, 1.99], Figured),
THEIC RIS C L WD Z L RTERET 2720, A4 XHEEIC X B 2 D t RETH L
&2 A, BFy = 0.69 THY, IREFRHAEL VWL T 2T Y RIZZ L2272, td, ASDZH
BTl Na-Br &£fFick 327 — L FERmoBICHBE AL N2 -7 (r=10.23, p=0.51, power
[1- B]1=0.099), Br-Na &t claftlicaErn e -7 (p = 0.98,d = -0.01,CI =[-0.98, 0.96]),
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Fig 4. Changes in error induced by pre-post prior change (ignoring the mean angle).

INLDHELS, ASDETIHEE 74 —F Ny 2N T A3HCHEMOME2ET 2720, FHYME
IR WAEZESE LTy () HERSAH R L, JEWamIct) ) Bb o7z & ICED)
I —BELRT VLD EHEINT,

Stop signal ZRE T 1%, Stop RITHIIMEZK D 20% & 40% © 710 v Z 1B WT, GokiTIC BT 3K
(L ASD < TD T& - 7= (Permutation t-test : p = 0.02, d = -1.2, CI = [-2.25, -0.16]), * %
VBT ET 3 N — gk h bR &2 v RS CoORERRM (SSRT) ZH#L7ZE 5, Stop
THHE 7y ZicbBW IR cEZALN A2 >7- (p = 0.40, d = 0.43, CI = [-0.55, 1.4]),
Stop AT HIRMEE D E L ST 2720, 20% 81T — 40% lfro L2k L& 2%, SSRT %
fLEIZASD TTD X W K& WHAICH 572 (p = 0.099, d = 0.81, CI =[-0.19, 1.81]), HU~
A XHETE t BUE R 4T\, BFoi = 0.99 T, FHEBFELVEWI I ET VY RIFZLWI LBRRI N,
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Fig 5. Stop signal reaction time (SSRT) in each stop signal probability condition (0.2 and 0.4 SSP).

o DOfER b, ASD#H TPl WEE R RIL (Kvs SSP) Icxf L € X b AT Bl il 23 R ic 72 2
b LHEFEI NI,

RER 2 :
I FTEE 5 ) T SR R D R BRI o W T, B D AQ X 2 Tk, ASD Z Wit o Ml [+ SD] i

32.69 [8.74], TD & T (% 20.48 [9.44] T & - 7z (Welch @ t-test : tsser = -4.07, p < 0.001,
Cohen's d [95 %CI] = 1.33 [0.62, 2.05] ). AASP % = 7 (%, {RE&, RE@EB, ¥ X CRCH Rk

IZHWT ASD 2T TD #£ X Y & 2> > 7z (Table2),

Table 2. Group difference of AASP scores.
AASP subscale ASD (n = 16) TD (n = 21) Cohens’s d [95% CI]
Low registration 43.06 [10.95]  32.38 [9.13] "1.07 [0.38, 1.77]

Sensation seeking 39.13 [7.69] 39.62 [8.08] -0.06 [-0.71, 0.59]
Sensory sensitivity 53.75 [9.89] 34.33 [9.11] ™2.05[1.25, 2.86]
Sensation avoiding 51.44 [11.97] 36.43 [12.56] "1.22[0.51, 1.93]

Mean scores [ = SD] in each group are shown. CI: confidence interval. *p < 0.05, **p < 0.01, ***p < 0.001



HEIERLE 72 2 4 RO IR T 3 IND OZICDWT, &/ 4 RRELLMICH§ 2 E 200 L
A, HHEHMBETIZASD TIETD XY /NE WHE T (tne = -2.60, p = 0.014, d = -0.8
[-1.48, -0.13]), fillE CHRETH > 72 (tssr = 0.29, p = 0.78, d = 0.09 [-0.56, 0.74]1),
ASD Tl / 4 XEREE IR $ 28 IE 7% IND OB KA E 2z, /A XE\LEELE ) 4 X% 0
JND DAL EZ G L7z, 2 OfE, HETIZASDIICHFTCTDH LY KEAZHNA LN
(tsi0s = 2.94, p<0.01, d =0.94 [0.26, 1.63]), ATICD VT, FEHECHRE O R ED A
LNz (tss = 2.01, p = 0.054, d = 0.69 [0.02, 1.36]), T HICASDHTIX, /A XIck?
JND A DK E S FIAHIE 0BG (RTEMA 27 +EEEER27) LEOHBICH > 7= (|
H:ir=0.60, p=0.014, power(1- 8 ) = 0.73;fiiH:r = 0.59, p = 0.016, power(1l- B ) =0.71;
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without noise conditions (left panel) and the associations with AASP sensory hyperreactivity score
(Sensory Sensitivity + Sensation Avoiding)
(middle and right panels; shaded areas represent 95% confidence interval).
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