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Abstract

Semantic comprehension is an important cognitive function for humans. In the process of seman-
tic encoding and storage, semantics is generally divided into two different concepts, abstract and
concrete concepts. The mechanisms of semantic representation of abstract and concrete words in
the human brain are closely related to the mechanisms of language processing. Previous research
has mainly focused on the mechanism of concrete semantic processing, with relatively limited ex-
ploration of abstract semantic processing mechanisms. Based on alphabetic languages such as
English and German, previous studies have found that the left inferior frontal gyrus is more acti-
vated during the semantic processing of abstract words. However, it needs to be further probed
whether the same phenomenon occurs in Chinese, which is an ideographic language. Furthermore,
in terms of technique, previous studies of abstract semantic processing mechanisms have mainly
used functional magnetic resonance imaging and electroencephalography. Although these tech-
niques provide an imaging basis for further research on abstract word-meaning processing me-
chanisms, they do not reflect the direct link between brain regions and behavior. Thus, in this
study, transcranial direct current stimulation was used to investigate the role of the left inferior
frontal gyrus in Chinese abstract semantics by stimulating the left inferior frontal gyrus and com-
pleting a semantic judgment task and a numerical judgment task. The results of the study showed
that, although there was no significant change in accuracy, the response time of abstract semantic
judgment task was significantly faster when the left inferior frontal gyrus was stimulated with
anodal transcranial direct current stimulation. This suggests that the left inferior frontal gyrus,
like other alphabetic languages, such as English and German, plays an important role in processing
the meaning of abstract words in Chinese.
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1. 5l

B E R ANFME RSP TIRE, WL S PR E SR EEMEM . IR N E BRI
et EAMUAEES Pl CEIEM, M HENEHEAAF AR AT TR RIS R 77 T B AT 35 A AT
BRERIIVE T . TEIE SRR AR A7 IS AR, — MRl o i AN BAR PR A R S . BRI RES 48 1)
A TR AEARRNIIE, GIRE. 185 SN RIBARRERMNA OGS, B2, L
FRAS DL HARTRATTC iR A S i) 264, g RS S, BT ReRR AR A RS2 L 1
g IR MZAT (Kurmakaeva et al., 2021) . Flt G A1 AR G822\ o (1 SCRAENLHI 538 5 THLELE &
. (HA2, SRRl A7 3 B TR R LRI (1938 SO ERMLE], X S (38 UL 75 i — 25

XF T GOR B TAC B, — A BA AR S mASE e . X —HR Ny, G Tab
P EAKEE T 18 R G0 (verbal system), T B4R A BRAK FE R R Si(imagery system) 5 15 R4t FE T LAY

il
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R, Kb

IR RN F B R FR R, BRER 22 Wt 58T 46 60 4 GO A5 S TS AT 3R (B2, X TSR
] R SO TR AAE S i Kiehl et al. (1999) B 7t b 32 335 EAT 11V AU AE 55 168 HOBUIMIARIR [l |
b QL N TN 17 T I S 1wl 1 D = B N1 0 5 = (ST o N S SR S T 5 R P Y i
GARINE, A5 DA RS RS R R 56 7 . Whatmough et al. (2004) & IR,  1E#E4T 4 S imiE AT,
i BEARAR [ E FE B s TEREAT BAARTRIE SCHIWTAE 550, A2 BRANBRIR (MRS FE o vy o RV il 5]
B8 SO THLRDEA Rt — P G, (BWAG W TERIL, 28T [BEHh Gn 5 ) i R b R 3% 1 o0k
(I1EH (Gnedykh et al., 2022). BRULLASL, 5 AbER BAARIRE SCREL, 7oA T [BEEEAT $h GRS AR BRI
BiETEE ¥ E (Noppeney & Price, 2004; Sabsevitz et al., 2005; Shallice & Cooper, 2013; Della Rosa et al.,
2018).

POBEN— MR BT, 5908, MRS CTFAEES M IS BT RfAEZE R, HiE, g%
PEECHERS EREMHS, BE s MmN TR TIT, HmEEAg, BEEsgdty
7 §5(Tan et al., 2001; Fu et al., 2002). Tan & NI, SIERITAE, POELE RO 4 2 BRIV I
TEREFE Sy, [F, A A (Rl (BAQ) B T B A 1A AT AITE Lo, DRI — XS A DA Ry 2 DL
IR IR X (Tan et al., 2001; KEFSE, 2006). S35 fEESE 5= BESCF RIS Z 8] (AN R 2 75 i i il
STV ) 2 7 75 Bk — DR . TRk, fEDOEE S ALY, A EE G O SR R & T
HLHi(Zhang et al., 2006; Tsai et al., 2009; Chen & Lin, 2012; Ding et al., 2017; Wang et al., 2018). %1 Zhang et
al. (2006)ft] ERPs W 7T & B, £ 200~300 ms 1 300~500 ms I} /) & i, EAAia] 512 i 7ok o T3l 43, 1
HX Fh R 55 R A0 ) AR B A W 256 & o 7E 300~500 ms i 8] 7, A B Al G 1 AL A4 4] i X B0
Tsai et al. (2009) &I, SR A WAL, BARLREIN T2 5] E 5K 1) N40O Wi, H HaxFal R iz
SIAESINIX o SRR I, DUBRGE ZGRE AR AL PR Gl v SCRE, B0E T AHE G X, A
FEACMAN Bl B R S IS D A i S R T SO TR AT DO SR X i A B e oy,
AW FERBAE A G 15 SO TR S X AT AR %, IXSERIE Fi ot — P R 2 3 G anl A8 SOn L 4
BT REERETKIA, 2019). (HZ, XHHGIEE XN T K& in X 51782 [0 Rk A R — Pt A .

S HTAE TR AT R SE IR « o1 P81 A5 AR A B B A A 5 LS AR il R 3] 1 SO EALIEAT TR E
i BOLD (Blood-oxygen-level-dependent) {5 5 sl i £ B AR 3 PG AR, IX S6HE R M F2AG L JEIR T Hih Gl i 3L
I AR b PO G, gt — B S GO E SO TSt 1Rl . P8 5 (i LR g 1
A)E B 23 (8] 4y P, o] LAIRIN 7R AT S 8 vFsod B AT A X . (HJ2, X —HORI ) 73 HF A
fFro SEAHSCHLAL B AR (Event-Related Potentials, ERPS) 45 &5 (I (8] 73 #ER, ] PAIC S RE 5 il X R 58
106 P RS R VAR AE R AR, (RS R AN (T P, 2020) 0 3K BE R BT BT Sk s i G RNE
SO T R8s BRI X, 205 AS BE 136 BH AN X5 4 G318 SO T2 (AR 96 2 o BEAE W AN R R R R &,
T AR ARARE N ORI (28 P 2 RN 28 Pl L PRI, FGR R T5 5 I CHLE BB 7e . 40 Davey
S I 28 PR I, A A [ A R B A T SRR U7 TR B AF FH (Davey et al., 2015; Davey et
al., 2016). FI L Mim R B A, Whitney et al. (2011) & BT A 502 5 738 SCAZniz g 2
TR, WTHTEERE. ST EE IR S, 20 B HE A (transcranial direct current stimulation,
tDCS) I 4fia H T1H 5 I CALRIB F . &80 B FRIBOE — DR PELF . 2tk mr . s RS peE
Dige i iR . F R BRI 2 AN Sk R el (B BIOR BE B 7= A= 1 55 1) B FRL (FRIRK /ME 0.5~2 mA 2 [A]),
F5 i S AL IR BB R AR AR, SRR R TG ) BRI HA B R 3 T 8 7 B A 5 AR A BRGEB RR AL T 17
AT R HEE 38 i S i S 350 1 X Th BE A FH (1 6745, 2018). IX—Hi R 4ok 412 H 115 5 i 5 (Pereira
et al., 2013). &= 2> (Floel et al., 2008). [#iEfE J1(Heth & Lavidor, 2015) 5 I 704 . Seriét iz
RGN FOR I, BHRZ i B IO AT 55 RIA IR R R, IACRECE fHIE R . fEE S L7
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5K v

IR, AR TR, FRRRRISAE A7 BN B E 5 s i NS, o DM 2R 15 5 %
Bl WI7E Minamoto et al. (2014) B FL T, 5 O3 52 BHAR 8 Pl B I FERIEUS i ) 7 PR 2522 301
B Fr#E . Marangolo et al. (2013) A 8t & B, - A RCEE 3 A8 e (N i A 422 52 B ARSI - i 44 4T 55 58 ik
() IE A 2 AR FE AR AR B 1 52Tt —TLRR RN, A A N EE B2 PR i B RIS, 2l iE X
W AT 55 FAR1E A2 BT 45 i R B 47 (Joyal & Fecteau, 2016). PRI, 28 L 97T Ha SR S8 £ FH 1 2 A 450 [l
i, A LRSI E SO TR

ZRE UL BT, PTLUOREL, RETELE SCERAR NN TALEI T, 2% 5 I A AR [ 76 A B4 S8 Sk
BOEREEERGE, B2, SEATHE iR A T o0E . RSP O T DUBTENRESCY, EFRANE X
R L SIEB A . BRILCAAL, fEDUES Gais SCEANLRIRT 70, 25 B 2 18] 439 5 75 P i
FLARANIE (8] 73 2 A AR A G AR o IR B AR g — PR R SOl G SO T Fe 3 4t 7 2k
fitth, AEASREAR U HLBRAIE i X FNAT N 2 TR IE R o DRI, ST 90 R FH 2800 L FEL IR AR I — B BN 738
A P ARR NSRBI 7 2, A A B AT R N TR, e DRe AT R T 5,
Ty AR EELEE A AN (R0 AE DO b G inl i SCAR PR AR .

2. Bk
2.1. #ik

ARSI SR SE T 39 AR B RERA MRS, AiE 19 4 B IEM 20 2L PE(SFEAE 19~25
%, PR £SD: 21.97 £2.05). IrEZS 5E NDGERHES, H&ALUFHM: 1) MR, Tkt
P3s 2) Joiie - AR AR RO S 3) ML) IR R B IE R IR AL )5 4) JCEN sZG YE IE OL
10 AL IR R INEAE - B, SRR R EFRICT 75% (5 N), BTN NRFEUR G SE BT A
%53 N); Bl REMRIER B N). BA&IA 29 4 528H B SER S RN LR 0t v (FF il £
18~25 %, “FIJFEEY £SD: 21.90£2.18, J4: 15 N). B ZikE L SLRIT UG I 24 & LI R & A
WS A, A S8 ARG R A -

22. EWiRiE

AWFCRA THRE B AN SER%T. ARSI EF A 1 . L2, ke
— /N A B T ANE SCHITT S M ) (BRI N R SRR P AER), ARG, il —ILHEEZ 3
WSEN, H/NARE A 24 /N (Malyutina & Ouden, 2015). fERERSEI 1, Hiki%a2 20 40k i 28 i B R
I, AR5 56 BCEE AW ANEC T HIWTT 55 (SRR 1] 3 BoR) . TERIBOE FE s, 2R AN i f 22
Fth . A AR TEETE IR 7 b BRI EEA R 2 58 2 R i . B 2l Ea i p A
SN AT B 2 R R R Y

ARG K ) tDCS 20434t 7@%, %J/\/]szf tDCS 2044t 7@@, %J/\/IE? tDCS 20434H 7@?&4]
<+——> —>
. >
< P ¢+-—> ¢+—>
Session 1 Session 2 Session 3

Figure 1. Schematic diagram of experimental process
1. SEWREREE
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2.3. IBHRRIES

T 5 o SR P PRSI ) g DA XU 1 4 R = A B 7 o DOE X 1917 DL #6157
Frit S5 5 0 7 % B i [ 50 E 2 AR Gl A P Rl EE (3245, 20055 10T, 2010, 2016) 415
R, FARE M S5 2% Chen et al. (2014) (IR0 . BAARER MG KB, Fa. &5,
THA; S EAMIREREERAR B YWEMS. RSN, BEIEN-FHEE N 16 X, ¥
SR HIE 10 W 33 - SR BT B m N 16.6 X1, P 2R 5% 4 £E 8.83 YR/ J5 Rl » SLIG T UE T,
A 15 BRE S 5L A ZE TR 7 B R kBT I I R4 . AR 4S5, B
PRARIRIE TR G SR (E 6,59, $ilt Girlia B T R AEAE 3.42. 2 RAEHEZ 20 738l tDCS HI B 5 T4k 578 AT 55
IO RE A, CAERIERIBSOR, SRR i A M AL TE AT IE A T b

KIRILIAE 5555 10 N B2 75 20 (Noppeney & Price, 2004; Binney et al., 2010; Papagno et al., 2013;
Zhang et al., 2019) (W11 2 FrzR), G SCHIWMT55AE R SE88 FAT55, [F I FIWTAT 55 1F 0 BT 55
R TR G 1 oo B — AN 42(500 ms), 2Rk T h iff 0 T B 2 1 5 = AN R3] il — AN A
BTN TAIAE TS X AT B J — 2, R b SR, 2R S Bl NN — M. WSz i 4E 2000
ms PSRN, T E SN R —ANRIK. BRI EIBR AR L 500 ms [+ T E NERLT . BOFEAT
FBAEMEE EANE AR5 RARILHD,  EER A T R e T 07 10 = A8 — AN A1 BT e n B EHUE
R, R AR RN . 2R TEEAE 2000 ms N SERCHIWT, Wit A sh#E N R iRk . ik
YR 8] i RV H B KA 500 ms (12 28 E AL A o BRIRSRER LA 3 MBI 47 (blocks), A5Hi 741 2 [i]
A MEUATZL(3000 ms) . -4 I, ARG 7 AT S8 o BT 41 i 2 20 MK (trails)
G EE SCHIWT S 20 WEAARIEE SCHIBHT S5 A 20 SRIRECFAIWHT S, BRI (A — AN FRs:
500 ms (IFEM 74, —RESEE AT 180 Wik SLIRFENT B Psychopy 3 2 (Peirce, 2007).

=7
w4 BT

EE

AL
500 ms

B SCHIWHAT 5%
2000 ms

VERR
500 ms

T SCHIBTE 5%
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e

B HI WA 55
2000 ms
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912 928 959

Figure 2. Schematic diagram of task flow
2. EBEREREE

VERR
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2.4.tDCS

S [ 77 1 22 7 S tDCS 45 (145 DRORIAN2019) e 4 1 St ) ko 180K A FH — % LA A
5 cm KA. FERIBAT, AR AR E N 0.00% AL B Eh Kk b, o TR B AR O AE RSB
o MRAEEPER 10~20 &G, AMNET B RALSE F7 (Kounios & Holcomb, 1994). BHARIIELS, BHAK
A T F7, PRSI T Cz (RIS AR an ] 3 FoR) o 04T BHAR RIS AH 5 o MBS FE AR T L
17 B 5 BRSO [F] o TR0 AW 5T, tDCS FIIN [ — M TE 15~20 Zr%h . AR A AR R (5195 2 78 5
BRSSO E TR)A 20 43 Bh, FRIRERFE N 2 . fEERIBSRAE N, BB E RO 1 b
W& LI 2 222, FENGRRSE 20 70 h, FERIBES AT 1 8 AR SZ R 2 0. TEMRRIMORAF T, H
B 1 %A ETHE 2 Rl AR 0, a6 10 AP BRIk TE v 0.5 AP ARIEL, AR 100
e, TERNESERE — 8l MR 2 2R EE VAR 0.

normE

0 0.267 0.534
I E— |

Figure 3. Simulation effect of electric field strength during tran-
scranial direct current stimulation (made by simNIBS software)
(Thielscher et al., 2015)

B 3. 2275 B 57 B R O AR ER 1 9 R AR S SR B (F simNIBS %X
5%I4E) (Thielscher et al., 2015)

2.5. IS E

7E 9256 3 FE Al S 1 AT N IR B (RT) AAE f 58 (ACC) il SPSS 24.0 347 8 & Il & 7 22 4 My
(rmANOVA), X AFEERILAG L I EE 31T Greenhouse-Geisser #1E . X7 22 0k B oA 3 2558 HAF
HIfE— 25 TR RN AT, i s A Bonferroni TS IE . TEEFEATIEFES, ANHGERTEE S5
BRI =T T5% BT 00T . 1E AT I N B, AR (k. INik ) K w5 b .
3. SLIGZER
3.1 RHBETRESRNETERIFR

SEEGHIN ) S B A 1 S AT 55 R I AT 55 S B (Reaction Time, RT) . AR40 4B Bl 5] 4 A1
% 1R,
20 G HIBAT 55 EARTRIAIRAT 55) < 20BN B AR 380 i 0UR 22 B I At SRR i, i
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AT 55 28T [0 f7AE B H IS BN, F(L, 28) = 7.324, p=0.011, np®=0.207. fAiEAB0N 4T RKI: 7EFH
RN, SRR, 3 5 R AT 45 S SR S 2, IR T (p = 0.026) . AR, 7EfEUH
WORMET, 3G 15 AW 55 1R B ST S 35 v T B AR IR] i SCHIWT AT 55 (p = 0.001) o AF 55 4745 B 2 1) 32 3L
i, F(1,28)=4.342, p=0.046, np?=0.134, HHRIA(ESS KT BARITHIBAESS . RISEAUR
TEERZEM ER, p=0.195.

TE 2(4h G R WA 55  ELAR R I W 55) x 2B B BR R0 B XU R 2R I 2 b e, 45 SR 3R 9,
TS T RIAT 55 1) Y56 S 5 A BN, F(1, 28) = 0.743, p=0.396, np®=0.026. F55KMEMEH RN
TR, F(L,28) =16.261, p<0.001, np?=0.367. 7E (BB BA B RIB PRl R, fhG i kT
55 S NI 14y b ELAA TR AT 25 S SR K o S AR A B S i SR AN, F(L, 28) = 13.189, p =0.001, np?
=0.320, 7EFH G A AL EARNE SCHIWTT 55 (0 SsORER T, B AR T B R

2C8CF WSS« LRI AT 55) x 2(1B3 . BH AR50 1) XK 2 3 I & A A 4 SR o, il
RINUESS 2 4 BB RAE AR, F(1, 28) = 8.307, p=0.008, np®=0.229. f&jEARLR/HT R IN: 1EFHHR
FIBLI AR, B PIBHAT 55 S NI 38 R %, RILIL T (p = 0.021) . HISEBYANTELE i35 1 32 5K
¥, F(1,28) =2.081, p=0.160, np?=0.069; {T-455 KA RAEAE B HIERN, F(L, 28) =0.710, p = 0.406,

np?=0.025.
S LR
(ms)
1200 =
BT
I —
1150 = ] I m— S R
1100 =
1050 =

B FAAH] il

Figure 4. Response time outcomes with different tDCS conditions (Error line:
mean = standard error)

& 4. FERIMERFHTHOITARNMER(RES: THE + FRER)

Table 1. The mean reaction time (ms) and standard error of the semantic judgment task and the numerical judgment task
F 1 BXHIES TR FHEES TR B RAREIR(BAL: ms)

TR CEUN 93 A 3 38k IH AR ) 5
FE55 R
e 1141.31 (20.725) 1116.41 (20.942) 1105.10 (19.848)
RN 1131.62 (17.097) 1098.66 (18.968) 1136.34 (16.013)
517 1164.66 (16.903) 1120.62 (19.350) 1132.52 (13.629)
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3.2. MM EIERETLIER

VB SCHI AT 55 F0 45 7 AT 55 1 LA 2 B AR A I B 14 5 e 2 Bl

TE 2001 A BRI BHARRINEY) x 2(fF 55258 . BRI A 55« Hth A1 AT 55) (1 B S 0207
ZoMrd, RS SRS R HEAEH AR R, F(1, 28) =0.125, p=0.726, np®=0.004. HlEEIE%E
HEERERN, F(L, 28) = 2.390, p =0.133, np? = 0.079. fE55 A B A7 & #H E 208, F(1, 28) =0.211,
p=0.157, np®=0.070,

200 AT: BN BATRINE) x 2(fE 452820 BRI FIMTAT 55 . il Sm] AT 55 ) 1) 3 2 7 72
M RN, RSB B FHM RN, F(L, 28) = 9.450, p=0.005<0.01, np®=0.252, HEAkidH Wi
SHERR S TR R SRR AR AR, F(L, 28) = 1.444, p=0.240, np® =0.049.
A BB RN, F(1, 28) =2.713, p=0.111, np?=0.088.

TE 201 BRI BEARAINR) x 2(fF 55284 B AT 55« i Gml BT 2%) (1 B 2 & 5 22
MR, AR SR SRR 2 AT W R A AR, F(1, 28) =5.500, p =0.026, np?=0.164. fAj#5%
LT R : TEFEIAR R A AE T, B PIWT T 55 1A 26 2 i T4 5038 SCHIWT T 55 (p = 0.008);  [FIFE,
BRI, B AT 55 R A e AR 535 o T4l Sl SCHIT AT 55 (p < 0.001) . ISR ALE A BE 1)
FM, F(L,28) =0.006, p=0.937, np?=0.000. {F55A7F7EEE (T MM, F(L,28) =27.485, p<0.001,
np® = 0.495. [AIFE, 20RIMEM: BURIEL. BINGEIER) x 20045 2880 B HIWTT 45 i il U Wi T 55) 1Y
FEMESHTER TR, FESA M SRS RAZ MG HEZEEM, F(1, 28)=9.536, p=0.005, np’=
0.254. FEARAIEAN IR Fh 25 F T, B AIWTE 55 IR 30 40 02 v T Gl ST 5% . 5538
UG HA S0 B2, F(L, 28) = 31.832, p<0.001, np?=0.532. %7 HIWiT 55 IER 2 8 2 m TR 3715
FIWAES

BRI 2K T B WA 25 R LA 1 SO WA 55 TE A 236 59 5 9P AW S8 R I AW 3 38 2% A T 1
B PIWTAT 55 A0 B AR ] 1 SCAIBTAE 2558 BUINy, RN 55 38 5 W B2 TLAE L, ps > 0.05. [R]I,
WA RIS B A B 10 32 R, ps > 0.05. {H 2, AT 55 B2 B B 1 300, F we(1, 28) = 12.218,
p=0.002, np?=0.304; Fux(l,28)=10.619, p=0.003, np®=0.275. ¥ FHIMi{E55IERIREE T Bk

18] 18 LHIWTAT55
NRGES
(%)
100 =
P
—
95 =
1 — AL
90 — :I:
85 -

v H A iR

Figure 5. Accuracy results with different stimulations (Error line: mean + standard error)

Bl 5 TEFRMFH THERRLER(REL: FE + FEIR)
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Table 2. Accuracy (%) and standard error of semantic judgment task and number judgment task
= 2. B NFIETIE S FNE FH B E S IE#HER (%) RAREIR

b el BRI SN BH AR 38
5 ER
e 94.15 (0.680) 95.75 (0.535) 95.69 (0.684)
A AAid] 92.36 (1.052) 92.17 (0.960) 91.38 (1.121)
% i 91.26 (0.909) 89.10 (1.076) 89.84 (0.864)
4. ¥1ig

A SEES B RS 248 L B G AE SCHIWTT 55 BB AT 55 103a X, B0 UE A2 AR T (B4R DU
VB SCHR R VR o 2T [FIERE5Z 20 43 Bk AR B RS . S ECRI B AR HEAR L, SR A
A ] 1 SCHIWTAT 55 16 SR B 35947 iR T Zc V350 [RIAE R 52 20 4B BHAR RIS, #h Ginlid SCHIW 5%
N [ LA R BE AR, X R DL E B I W AT 25 s A BT AR . (EFE BLARRNE AT S, 2R
R SRR EARLE, AR A, F G A AT 55 1R S5 o 26 A 50 9 68 o i s i 2
PR SIS 3K T B ARGRNE AT 25 [ NI o 1% A B G AE BHAR ISR AT T 3 R . TR IR I,
SEROHHE R, FEAR RO AR R 2 R, S GRS AT 55 1) LA 2R B A T AR S
FE5%, TR P 22 S A5 BHARRI I 241 R AN B 2 .

ARSI R, SRRIEAREL, NN [0 7E 2 52 A RN BH AR RS, 50 1] U B A 25 1 e L e 549
AR LG EE R . B A AT (R 75 DU e GmiE SO T e 8 7 ot E R, i — D E T BB AR Bl
NG AR SEE S RGN LA, Wik — B RTINS . K& RSB RIS 0 RF A
FOFH, ZEER B 75 3 S8 SCHER AR AN T - B35 0% (Noppeney & Price, 2004; Binder et al., 2005;
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