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Abstract

The left digit effect refers to the phenomenon whereby the leftmost digit of a multi-digit number
disproportionately influences overall magnitude estimation. Although this effect has been robustly
demonstrated in number line estimation tasks, its cognitive mechanisms remain debated, and few
studies have explored its modifiability from an attentional perspective. Drawing on the symbol
model’s assumption of sequential processing priority, this study manipulated the temporal order
of digit presentation to examine whether directing attention to right-side digits attenuates the left
digit effect in college students. Ninety undergraduate students were randomly assigned to one of
the three conditions: (1) no-delay condition, in which three-digit numbers were presented simulta-
neously; (2) # delay condition, in which the hundreds digit was initially replaced by “#” and delayed
for 1 s; and (3) 0-delay condition, in which the hundreds digit was initially replaced by “0” and de-
layed for 1 s. In delay conditions, participants were required to orally report the right-side digits
before the full number appeared, ensuring that attention was directed to the right. The dependent
variable was the hundred-boundary difference score, with fifty-boundary difference scores serving
as a control. One-sample t-tests confirmed that hundred-boundary difference scores were signifi-
cantly greater than zero across all conditions (p < 0.001), whereas fifty-boundary difference scores
did not differ from zero (p > 0.15), confirming the robust presence of the left digit effect. A one-way
ANOVA revealed a significant main effect of condition, F(2, 87) =22.782, p < 0.001, np? = 0.409. Post-
hoc comparisons indicated that the left digit effect in the no-delay condition (M = 28.622) was sig-
nificantly larger than in the left-delay condition (M = 9.249, p < 0.001) and the 0-left-delay condition
(M = 15.285, p < 0.001). Moreover, the effect was significantly smaller in the left-delay condition
than in the 0-left-delay condition (p = 0.043). A paired-sample t-test revealed that, in the delay
group, the left-digit effect under the left-side delay condition was significantly smaller than that un-
der the right-side delay condition (t(29) = —-4.882, p < 0.001); in the zero-delay group, the leftdigit
effect under the left-side delay condition was also significantly smaller than that under the right-
side delay condition (£(29) = -2.180, p = 0.037). These findings indicate that directing attention to
right-side digits via temporal manipulation effectively attenuates the left digit effect, with both
placeholder type and attentional direction significantly modulating the magnitude of the effect. The
results provide key behavioral evidence supporting the symbol model and suggest that the left digit
effect stems more from attentional inertia in sequential processing than from insufficient overall
cognitive effort.
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1. 518

EIAAE SRS R RE T, BF T N HFE IS LR an A A, BT BRI B 73 A
s R, 5B T A AT, HER BT AR R RE 0N I AR o B AR R R B B LR
SR, NATHEAL BREC 5 BN IR S8 A B, T 2252 3 2 Ml 0 O 10 R 400 0 o, 22 S 30300 (left digit
effect)(f & —FhgZmm iz HRIUAZE A F1 1A o

TN A2 A 25 0 B8 H B Ao AMESCAS () B3 0 8 A 5 38 T 7 AR AN B B 48] 52 ) P B R (KLay ton et al.,
2022). TELHLHIE T 2845 1T T 45 (Number Line Estimation, NLE)H, X—XUNRIG I NHE . ks
THMESE RS 5 FHAE—FAR A R A0 0)RIZ S 1000) /K28 E b BEARBUF A B, 2RS0T
ZHT R OBRIE . HE KD B A (Al T SN A R (Siegler & Opfer, 2003). BF5T &I,
Y E TS EE A, AMER TS A R G W2 B, ATTEE 2% 299 fETHE 301 ZE )
MEMALE, A 299 5 300 Z AIFEE B KT 301 5 300 Z IAIAEE S, R 85 300 (SRS
291 (Laietal., 2018; Williams et al., 2022) . X P L 5 i B EEUE ELIRAE 55 4 L 2 2 ——Moyer fil Landauer
(1967) R IMNAIHE LA Bz K /INSF - B8 5 52 Bl e A A - [ il

Fe S BUSUN H AR JR IR T 5258 ZAT 5%, T A2 A 3L St SR S AT A A T2 50 o 7RV P48, Thomas
AT Morwitz (2005) A IR 28 XA BN A7 7E B2 1R 20 A6 00 22 = I 4 S AIG T2 5000 T B 72 i A 9 B
W 45 T B HOC T P i AR 2 o X — R CAEZ AN P 5 AR B SR I0IE, (45557 58 % (Beracha
& Seiler, 2015). fEZZEY)(Sokolova et al., 2020)55 . FEERST HRFEAMIK, Olenski 25(2020) & I et IR B Ak 547
TR AL B RS B O TN LR E AR M . EG RIS, Patalano %5(2022) KIAR 55 ¥
XTI TS G R AFE RSl o XS AR B, e MBS A 2 — N ERIA SN R, TEXT
AN R 22 55 R SR ANk SR e 3% B ST 1 RS

AT BN I R E AR BB, AN FHLE ARG H AT 22 PR B R AR
IS TR, FeE A BOSSIE T AN A M BN B AS 2, 5 B0 A B4 B AL
(Lacetera et al., 2012; Thomas & Morwitz, 2005); TR MR®E, $07E B UAL USRS L B A
YR EL, A2 AN BT I AP f 34 T 3545 5 i A EE(Tu & Pullig, 2018). FTAAI%S A, SH W
Sl I 58 41 S A8t BHLIUK 55 7 SNIG AT 55 BN BLIB D Ze Ar B8, (R 25 AN & 1 AR TR B2
FEA S 2 ) 55 22 1 BN A B (Kayton et al., 2022; Williams et al., 2023). iX— K ILE7R, AL BN 7=
ARTREFFARR T AN NS I, T 51 A 2 A7 N B AN FR 2 BCA K

ETRSBEMENBIR I, AR M T HURE: B RN SO RPN, R
MBS R ELWECT, T HI S AT B, BATT S, AR R E =Mkt ——1) =
AT RN 2ITCIEIR44)s (2) EALEUTFIEIR 2B, PL“#” SO HAER241F); 3) B 7 aEiR 2,
PL“0” HAL(0 ZEIRZKAF)——ZR AL e B B IUAT S R e B 7, DA DR S
RAlAa M. g ERZ =AM B, WIA MR SRS B E RN BN B, S
FFRBEHTEXN “07 vs LRI “#7 YR BWIT TR F£=, EEFMUEEERLMN vs. o=
Yok ) DS s AL Wik VA & S A NS

AHIEFCE N BE AR A IR R I AL BB W v] i, o 45 R SCRF R S AL B Fll, AN R
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2.1. #ik

B ATLFE 250 TV K AR R 22 AR 90 42 55250, “PI4ERE N 22.18 #(SD=0.61), Hh 514 21 4,
LM 69 4. FTA YA e EM D IER, LeElGE. $EEaES S EN, FIiERSLmar o
TR SIS IR A SIS B R, SRAS A R RS AT IE AR . S 45 R S R UL iR A . 90 44 Bt
WEBENL 0 8 = PPz ih 4641 BB 4AE4H 30 N, #IEIR 414 30 A, 0 1EIR 44440 30 A
2.2. LIt

KH R B RE . BERERNFER TR, BE =AKF: (1) BEEZFMFCEAEF RN 2
) Q) IR M(EMETF UL “4” AR ED); 3)0 EBRFMA(EMNEFLL “07 HAMIEEREM). #
RBENL A BC S =& —, B4 30 Ao IR E AN —HURAZER DI EOIN KN, Bz
SO EAE T R .
2.3. (NFBEME

SEISFE R R PsychoPy3 4, T 2 INAE 47 x 27 em G RER 88 B HER 2560 x 1440 1B %,
RIHT % 60 Hz)o B LRAGHHES S W R : FEfErp Je 28— 261K 20 em [0 B A KPLR, B4 BlbRE “0”
1410007 (55 0.8 cm)o HFRELF(E 1.5 em)AL T7KF2R FJ7 4 om &b #3540 B R H

—4K 1 om BB FRICZ
FSE S 150 A=A 80H FRECFGERL 0~1000), 2 v=2%: (1) BEAELFHE(16 X, 41 198~202,
299~301, «w+=e » 899~901), HTIHEANM BN (2) FA- A FHEO8 X, U1 148~152, 249~251, ----- ,

949~951), fEAXTHEAISEG (3) AL FIHFEMES2 4, w1235, 367, 411), FTFHESLLE H K.

SRS A N RIS R ISR

(1) THEBZAF: 150 AN Hinf Lo = AUE NEE 2 3 s, BORTE 3 s S 7 B 20 7.

(2) IR 2% 150 AN IS 2 P I , TR 300 AN Hodt 150 SRR Ze M ZEIR (7 AL LEIR , dn“#32”
—632), 150 MRV MIEIR (MLHALIER, 1 “3##” —399). IERRKY, LRIE GO “47 5
“O” TR Ls, PEE SPEB A 3 s, R T AT B T EIUR 3 s A I

(3) 0 REIR At : SHLGHIEIR S5 ATAHIE], A S ALFF R “#7 B9 “07 (W14032” —632; “300” —399).

BT 2640 R B3 AR MU 280, BBt T 5 SR 5508 /00, IR I AN (i et Ak 22

2.4. SLHIEFF

B AE B B S ) P SR b it BRFS PR BE 20 60 cme IEZUSEERHT, Balba s -Bimde 215 I e 5 A
452 IR LA AESS

BAMRRIRFRI T FERE R I “+” 500ms, BEJG 2 HARRNS. TIEIRZAT, =0
WEELEI 3 s HERFMT, RIS SMANETH s, MREMEB=E 3 s, HERZMAF, Pl
TESERA 7 BT H A RS S R IUR A B T “327 5k 997 ), LAFIRIERMAE G S 2L M. e
B RIE, HoalH SR Escn bt it s, RNE I 3 s midiE HEEAN T — ik, BRI

TEIER AL 150 WKk, 205 15 208, SCI P BLE M UURE; SERZEF% 300 Wk, BANKAEL
it 30 73fh. SEEG IR A i E IR E .
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2.5. BUiESH

K SPSS 26.0 BEATHHR M o B S AL R — F L A E= J B (16 X E AL FUE P £ R
MR ZRS B8 X LA FHER), HEARNA:
HRERIE = (KRB E - BN AL E) - R BN E — BN IR E)

[ BN B2 246 %o 1 22 1 43 FL(PAB)VE B A ik 1105 BB (i«

PAE = (|SEFrfr B — fhiH A B/ BUE JE ) x 100

G =BT (1) WA —H IR 22 5 BOH T RREAR t 36 (5 0 i), PAEA LT
BN BEAA: Q) LILIRFEM NEZE, X —HLRZE R BT R R 07 200, I EIR 8
U ZE AL BN I REIR s (3) AEFEIR 454 F, DAER TR MIER vs. A3 MIFEIR )N E AR B HEAT B X REA
t KOG, B BT A RN RN VR . N R R A np? (5 Z 2 HT) A1 Cohen’s d (t 16256)
3. &R
3.1. BEfSE SR ST

FTE#0R1 PAE ${EX)/NT 6, RS AN S&GTH—HURAER M. L HIRERDH
N PAE RISt W 1.

Table 1. Descriptive statistics of number line estimation performance across experimental conditions (M)

F 1. TRFATHFLETHESHEEERITM)

SIS A n —HIARZ R AR ZE R PAE (%)

TCREIR 20 30 28.622 -0.375 3.872
HIEIRA - FEMIFEIR 30 9.249 —-2.456 4.559
HICIRZ - AN AEIR 30 29.459 —2.343 4771
0 ZEIRH - 72 UEIR 30 15.285 0.367 3.626
0 IR - A AER 30 21.071 -1.700 4.070

3.2. EEBMMNEFEETERE

XTI — FIA A E R BN T AT T O AT A ¢ KRS 0 BB, 45RILE
20 AN —HIARERSBIHRZERT 0(p<0.001), A TARERSHIE 0 TREER@P>
0.15), KUV AL SR KA T IR EAAAE

Table 2. Difference tests of the left-digit effect across experimental conditions

2. BRUFH TAMBHNNERRL

—HIARER A tiaRESR
SEIG A
%29) p %(29) p
JCHEIR2H 15.550 <0.001 —0.162 0.872
FEAMFEIR 4538 <0.001 -1.365 0.183
AEEIR 8.242 <0.001 —1.447 0.159
0 ZEFEIR 6.580 <0.001 0.203 0.841
0 A FEIR 6.907 <0.001 -0.745 0.461
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3.3. IR 2IX M BB N FIR M

DRI SE A A 1 R AN A BN, LSRG 25 A (TCAEIR vs. #72MAEIR vs. 0 2 MIAEIR) Ay
B, —HAURZERSECOIR AL &, FATHRE R Z 0. SR 0N, S ERN R, F(2,87)
=22.782, p < 0.001, np? = 0.409.

F 5 th# (Bonferroni £ 1F)# B, TR N I EN(M = 28.622) 5.3 i T A2 M BB 4 (M
=9.249, p <0.001)H1 0 ZEMZEIR S5 E(M = 15.285, p < 0.001). BEAk, ZEMIZERSAE N B A2 BN 5 35 A
T 0 ZEMFEIR %A (p = 0.043).

3.4. FEFHEXE MBI EBETER

NS IR T T T (SRR AT O vs. S T ) A2 75 5 FE A BN, TERE IR 254 T 43 Bl RHHAE IR ZH AT 0
FEIRHFATECRAEAR ¢ 5%,  PAE MIAEIR 50 BB 1) — B 1L 52 = o B

SERIR, AEIEIR A, FE AR 5 T (1 2e S BORUURI(M = 9.249) 5.3 /N T- A5 M A8 538 24 4(M = 29.459),
1(29)=-4.882, p<0.001. 7£ 0 LEBLH, ZeMREIR KA T B AL BUHRL(M = 15.285) 758 235 /N T4 i 4k
IBZAMFM =21.071), #29)=-2.180, p=0.037.

3.5. BEITHRERANTES

PL PAE NRAR & AR R T Z T A KR & W S206 440 £ 4808, F(2,87)=1.24, p=0.294, BIR
AR EBT TR AR E TR EE R
4. g

AW 7R E I B T S B R, RN TE R B AR A AR T A BN () AT . 4
BRI (1) A EUR ARSI 26 T IFEAEAE; (2) BB A A7 307 2ILEP 5] S B B4 MEL
PR RN TN s (3) ToR SO ALTF“# 7 44T A2 BN ) v/ N 2 KT 807 S AL A0
A (4) VER TR AT A NLBURN, S B A B B RN BN

4.1. FRSEMNBFMLFINER: FHFSEENIER

AW FOE RN T A B ) RIS T, TEAT N E T KIESE: s o E e e 5 0T, REie
A RN G5 AE AL BN o B LEX R T- T, AL BN ARIR B A7 A, IX— 45 5 Kayton & Williams
GNP TR I 2, FHREIE T 72 80808 & — P g A AR ] . TEJC BB AT, RATEL
T2 BSOS 3 (Kay ton et al., 2022; Williams et al., 2023), #0158 7 7320 5 807 (3 299 5
301)RILH M 8. SR, 4 E A U e IR R ILCAnAR ), BB S n T R L
T, XL RN BN . X — S5 RO SRR T BON BRI SIE S . RFS AN, JEAE
BOSNIE T M S8 A EA” BPHIINTAE(Tu & Pullig, 2018; Thomas & Morwitz, 2005). A%
W FC R SEIR JE 3RS R T T 7 3% Fb 1 AL A I R 43 R R A 2 T A e, E AR
TERCEAG TH R AU B 2 R o 1 Uk B 70 AL 8008 H JE—FhE AL B A o J@ v, TR AEA S AR B AR T
FIRE R E . SR, X2 R HA RIS IR R T kR ORI, Al R
NI (Kayton et al., 2022) B REIRFHBEAAMG THREFE, HETHEBR AN BUSN . HILE R, SEIARSS
IR FEA R AU N TSR, R 510 4 A R O TT . X —45 35 Di Lonardo %%
(2020) S Gobel %5201 1) TF BN WAL [ A7 F 45 5505 16 R IUAH IR RL, - LR $8 g i 605 %ot 5 s R A (¥ ks
PEFEI .
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4.2. EUFEXT: FSHEMLFFNA

TE S ALFFE AL LU b, AN TR BAR B 155 (#) 2 At A A8 58082 P 11 55 AR A T 32 %£(0) . 3X
— BRI TS EAIN R AN AR, BT S R I TIRAN . SR 0 B, REEIFA
DUBRSEBRI E A EUE, 2 “0” ARG T ST 6EiE R — C R BE RS, MM a4 msey
K77 (R TG0 5 77 A T3 (Dror & Dehaene, 2020). AHELZ N, #EAIRE XS, FEAIEHFE T H AL
B MECEENE, S DU AU AT e, R B R . X — Al AR RIRATT, R
KA HER SRR T EN, BT HERIN T, B RERRERS G L, agss]
NN SN SIS

4.3. BRMEBERRTHL

JE A G EE R SRR BT S E MR, AR5 25 58 LR T B R B A QM R

AWRFE A, 55522 BE 1Y 0T B AR A8 AN 4R FH B8 o TR 100 00 T 5w, TR b 3 2 34 22 (Payne
etal., 1993). $ZMIX—ZH, AHFITH AEIR S A4 B SRATATE 58 B8 7 B OURT A s A e, X Fpagist
MERAE R AT RESETE TAESS B, T 5 8O AL BUSNR /N o SR1TT, WSRAT 45 5 2% A By & R LR A,
A2 ARATRL 5 BIZE IR S R R TR BE(PAE) I RS- T (HARTEFErf, AFE LU (A PAE
TREZEF(F(2, 87) = 1.24, p = 0.294), RIUESE AR LRI RN AT R SGE. B,
A2 7 T AR M DA 78 0 300 ) S 5038807 1 3B 36 ik

F— MR RERIRRRES B TARIEI g . A ERTE . TAEIRIZ SIS & 2 F a1 rfE B
A T FE(Asheraft & Kirk, 2001) o FEARGF FLHIIEIR Z5AF T, B 75 228 i ic 2.5 LB A I B = (an «32”
B “997 ), XARe A T LARICAZBHR, dEm T T A T gAY . WER T ARG A A L,
T2 A7 AN ZE AR AN A 3B A R P= AR AR A 52, RO 15| N T MR AR k. SR, AHt
TR I A ZE IR 26T A2 A RS 23 /N T 45 M ZE IR 2 A (IR 4H . #(29) =—4.882, p<0.001; 0 ZEIR 4 :
#(29)=-2.180, p=0.037). IX—25RRKM, JEE 7 W R HERTE R H T TAECAZ 57007 1 1 520,
BB SRR R T [ T 7 AT AL P R

BbAh, e RN FRAR AT RE S AR FL 0 25 SRR — AR AR . AR E ORI 2 U R, Je RIS
FEESEN—A “Hi87 , 51 R ZEUE R (Tversky & Kahneman, 1974). TEAH 5T 1) 221
FEIR AR, S 2 I A T (an “327 ) Al REAE A Al T H A e ERUIRAL B, INTTHISS 1 2 e i 3=
ST o A R T N A AL, IR ATE A I ZE IR 2 A (O RILE AL AT, FRATTROW 523 A A B AL
PR, RO RS B — 8 SR, AU REIR A% R I ZE AT BU8ON (#AE IR 240 M =29.459; 0 LR
HM=21.071)5 LB %M =28.622) M LL I T R Gt A, 0 2F N EEMRAK . X5 I 4 e 2508 e
LA R AN T 19 5 B 4 A

g5 LR, T A EE AL B AR —— RIS 5O A B N AR, BT o T A 0 G B )
B ——RE M B 3% TF B G AR 0 A% O R I, B9 5 A 7 SIS 28 (0 8 45 A FH DA B 3 ) PR S 1 B
5 ER BB, RS EMNEREARE R AR S RN, ESE EE GEILRC AT 5T
BT A AE BN AN (A A5 SO AR

4.4. BB RESSBREN

A TR A IR UMEEE “ 4G5S 717 R AL BOR N ) B B (Eyler etal., 2018), T2 RR 1 “IE
EEA” X WM. SRR, OB R E VE BRI ARE T AR, T2 BROA R R
AR BUSEERR N &, 5HINE ML R BN E 2 B2, AN A vt iR an i s
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SIVNEAIECT )R G SIER R B IRAL R, AT AE TSR = 1 55 R 5 2=
4.5. HRFRSREFE

A FAAAEE TR, FFAEARRT TN PASGHEFI 3 & -

T, AR, SEA R A EOR B N T Re Sy A s RSN e AL EONAEA
[ E R BEAR AR R B AT REAFAE 257, 40 LEE W] RS2 B b o o ) /(7 BB (Lai et al., 2018), 174 A
e n TS T REFA SN Z AT A T A . ASRAF TN 22 ) LE A Z R,  DAPPAN T B T TR
RIS 1

FR, BUp A THT S SRR TR BUE RAE R 28 M5 3K, H 5 3 S S 501 ) T (A v ot A7 6 B AE
BV —E FE RS o SRRV 2 A5 B AL FE AN [R] R 7 o AKRHI 78 T BT B0 I 3 LS 1
SRR S (A FIT . BT ORSR), A0 R 51 3 SRS A A R AR

H=, TISCRA 0~1000 7K-F-Hfl, KR TR I6AS [F) £ v Bl (W1 0~100 0~10,000) F i ST
TR, CAVTAS &5 18 10 B85 155 A2 f M (Savelkouls et al., 2020; Williams et al., 2022).

00, ARBFFALLE T “0” A “#” PR AIRE, ARRAISIABEZRSRAE X7 “? 7 Tk
8, RGERYHGE SUBME MR EAERRLE, DR 5 LR 808 B A 4

L, ABFREDE LR KN 1 FP, AKRAHRIA R RER (I 0.5 sv 1s. 1.5, 2s), R
T T [ (R B 1) Bl 2SRRI B R 7 A 0808 (R R R P s

FN, AMRKREEMAERTE, WHTFEE. THELZER. EEEHEEI%., X ETRE
PSRRI R . B0, VEEIEHIRE s A AT B EAGERA I TG, ARhE=E 5 S8
FBUR . AR A R IX LA BN AT, R TSR 1 1 R T

WG, RKRBPFTEGIRENEERHA, Seif il 807 Tt FE e A=, B0 s B ) F)
TER R BURA IMRIBIAR, BRI S ER GO Ee7m A S X (Can T2 A 74 ) B0 A AR 5

4.6. &t

ABIFCE UGN, R A B RO P 5] SRR, R RO 89 80 R Al T R R AL
BSOS A5 RSCFFRFS R T AN AR e B TR, 3R LA 118 SUB PEEE R 5 S rh i
BRI o A FEON BRI A2 A BN AR SR AL 10T B SRR, BT A A R 2 22 T T
Al IR
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