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A=A S AL, R B a4k
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2021a) o fFFEETE N, BBV —Fh A
WXEI S, $8-B5E &R ARRIRIGE A C#YIAE
MFIFIE . (AT R, BRIV IFATER T
REBTFUL., REETFZHE WS RN — R
%, W, MERPNE TIREE TR
FEARIL . MR XX P b2t e SOk
% (Huang et al., 2021a, 2021b) , G0 FE 1 FPEIA
K, AU & AERE AR 1 2 P2 HRUAR
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WA BARTF /T IE SRR, s . 4544
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REEME % a, BN HA RIS
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[ N TGRSR S B FIRAR B, (HX — Al R 23 Fl
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2.2 FEARBN IR

T 15 r 0 HEAIE F 5 88 AR
R PEHE TAREM S bR, IR R
BN — 20 i T R Y AR AL ( Wang et al.,
2020) . — 7, ZBEERE T 1600 X
Fol KRB BIEA, A 5T H 6E 98 0 ik
B R ERBI W DUFAE R LML, ) —

i, BEEICS TR DX R 14 SR
S S U R e R (RO A S i R Ol W
AR WS, A, A ST AT AR T
Wr 5, B 2B RO N HA 15 R R v g
(Huang et al., 2021a) . K&l 2 ffios, B
) W 5 0 20 SR Bl B E R (kR
Pk ) JE, BN AR (G AT )
If e RN ZI A DU B E O, AR 4 9l iy
Wi, BERNS 4K OEMBE (8
BARE “BEWOR” , JF S HIE ERT ) ;
QRN (TOP: #idfkd “INHHFRFMH
BN EE M HRTE , BERMBUE A3 A
FIEF I EME EART ) ; OMIREE (B
AR CBEWA” , HES 5 HARFEARE;
s S CUGR B AR AR LS T E
g, BARE ARk B ER ) B F )
DAFE (Flis “NAORBERTE , BT
ZRIIR A AL ITE S RS, MR
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BB N RN 4 28 T Y R A R R AL
REZERD/ (D+Q) ; RELFEERNR
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H R BRI SE 2R IV GAT 554 A5 A B ARAL
N AE L, 2R EAES, TS5
REAE A SO K BB A, B TE I T IR A
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SR IR, AN [R] S G0 0 A SRR 7 A 1Y 5 e
IR RAEZE R ILAh, ARSI R A5
PRUTEEIRN I B RN . AHOCHFSE R,
T NI H RE TR ] N A B ke (X RS
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al., 2015) o PUFRYHE L, B FIIESAIERAE Z R
R4t 5 B 2 Bl A MR S NS 58. ( Zhang & Xing,
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( Ellis & Lambon Ralph, 2000) . 5% 21511y
PUFAALL, BB RIHERS, = E ML RGN
AL PAPE AR, X ] AR EUR I ) 13 T AR TR X
HIEFHRERZ RS E, i S i
TERMEN IS,

WF— AR A PRI R, MiESE e R

TR Birmn s Binr A niadl st 5



WEEE NFEEEPHERNE 59

okt WIEEEIE ) o RS IR, 1R BRI AR
i, BRI EEIRRN R (Huang et al.,
2021a) . AFSREY, 5 BRI EST A REE
RO BARF A OCHE S BB 45/ N E B, {2
P HAR P HEECRES: ( Shao & Rommers, 2020 )
BRI, e A GR I ESSR P 23, A BT HbRF
[ IE P A
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5 R, SEMEHE 2 DA ) AR
BN, I HAFZEARON H B 5 Fr RE I IE 2155
B /D (Huang et al., 2021a; Wang et al., 2020 ) . iX
— KI5 RS T O A5 5 7 A i R R ) A
FEAEFATT, BIEmEERZ T, 5 IR
AR, RUIB SR A DU IR A
IEZHNIRME (Planton et al., 2019 ) .

DUF I SRR BB SR SE M BE SRR 1 R A
(ERERTE S A I RN IV 2 SNl = K 7 o s P =8 SN
IZANPEE . TEEERBN S A, R
NERAN, AT S A RE M2 B AR 1 S5 F AR
o M TAE WA (s GEZweE) |
LA (SRR E TS50 T2 5 1%
]2 H I 523515 B (Huang et al.,, 2021a; Wang et
al., 2020 ) o XAE—ERRE U AEIBON A IE T
PR W 3= ZAE 5 77 A I IR b B B A 2
WESTE BB
31.3 i E AR

755 R A 2 SR A IR () K A . A
TRBES, M55SR F RS G RERBN

( Huang et al., 2021a; Wang et al., 2020 ) . %AW AJ
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MBI BT, BRI 55 5 5 DU A AU
IR FIE A, A BT IE R B ) SHEE.
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RO AR, BLARSRIN Ry i FE i e ()L 3

B B D 2B %00 (Huang et al., 2021a; Wang et
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— SRR, RIS VR R AR BOCHRY), P AL
R LB FR G DL RO T 2 W] A i S A e
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HEEH (Quetal, 2016) o #RIM, THE A SIEN Y
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JR BRI ;S EEE RN EAR
—H CanEARiE B fUg e R, BT
NFEbREEE R S FRsnaiaR ) |,
SR EI R INHIY (Qu et al., 2021 ) , BEf=4E
(RIS 30 5 P S A A BAE T, 2ot A
BRI AR BRAR A bR /R NS BAE . Akbt
FEN 7 JER H REARG A il A8 fe py Se ek, DATH 4]
BELLE T gl =a 2] O BN TS AN

4 FRJUMEFARIHLEIE

H A2 FAT A DLIE 10 £ BE AR RSB JA80W i A
FIALH . 2T AR M IO B 8 Tl 5 Ak
TSR AR S, HL IR0 O A K i 2
fite FOCKIEFRE AN TR, A &0
T O I BIS R REE  BI R, DARRRAER
RN B AR B BRI A AR AL, A, TR GRS SE S
WFBERANOHE S E &, 2P
FE IR MR
41 BEFAERIN T IR

SERTRIRES TS S AR R T R A
PO BBz MESTE LB . FIR RSB . P
WX LI GE A TR B ( Breining et al., 2016; Stark et
al,, 2023) o o, HE&IEXHrBL. FIRISH B
FILGrh XN ENE S5 SR el 2, s
Wi B Ry St F S S ER AR R

B\, TEREEIE X B, RS X RE AR H iR
FREHATIN T, 8 BAnT It e B R & is
MAFE o F AR R B 23505 5 B AR AR 1
Poid), BEEEE Ik AdE R FMES, o
HR LR BE G B AR, P Ny, iR
5 A Z A A A1 SCE Be (Bonin & Fayol,
2002; Montefinese, 2019 ) . MiHLAFFE45 R K B0, HE

I WY B R A 150~275ms, 1] RIS PR AR
TE 260ms 2247 38, XA T LA
2 LK BEAYIEYE (Perret & Laganaro, 2013; Qu &
Damian, 2020 ) . 7EX—FrBt, REBEHIEWRER
PO EART B i T5 BT AHSCR TR B0
H AR A1 SCRCS 9 B AT RESZ 2] . B IE
O R R T BRI 55 5 SR AR BRI, RS A
e
SRIG, TEFIE SRt B B ) 55 45 B H AR = 1) . 35)

AR, BEESEERIHCIZR G I RIE
JHEBROLFIRAE R . PHE AR, BSOS
FEAELERRBO RN AR B fEE 25 ( EALEE , 2012;
Muylle et al., 2022 ) . 7EHE AR5, 555
WA MR 2B EBE R ) /B8
i BE rh e AR R, MBS (PR
PEBNBE 5E B E ) e 5t B 5 AN 2 (Fu
et al., 2024; Yang et al., 2024 ) . Bonin %5 ( 1998 ) i
T FER A AT S5 LR T B w4 A i 4 1 IR
W, BRIV A G- A b a i T 2 5.
HE R iy 44 4T 5538 4o A A o) S BRI XS 1 22 () )
(BB, R Rl 7 2 A s ) 2 BOE & A5 B
PR, M PR B T2 e i 82 ) S 3RV R 4
WOt 450 KM BE a4 RN B E KT H
B, RS P A R = AR 0 25 S rT e AR B
TEME S B B BRI gt B B, eAh, Kt
IR R, 1B E BT S 7 E R T IE i B B
AEZ P PER (52, 3557, 2017; Quet al,,
2021) o WFFEESE T PREEARY “XGEREERT
B 718 X - FIERIEM N “IEFAMSm g sk,
AT — %R -1 - TR T i

( Bonin et al., 2015; Qu et al., 2016 ) . K, HEr=
A TFIE Gt i B L B P AR R R 4%, AU K
W - FIERIEIRSS, BTE%IEE S - FIVE
FAER], HE BTG B AR T BE FEUER
RN & o

BiJS, 15 FH o8 IE ik g s B B4 B

ERIEE A TFIRZh X, i 78 3 BIE
Bl B4 R /N RO HE 51, d5 I 4 o) T A G LA
RS BE i E. BHoE kY], B 4k
FE RS R 1 Pk T AR I IZ 5 i S e g2 vp
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DX BEAR G AR i, 23 b 35 b s e 5 5 1 i B
( Larigauderie et al., 2020 ) , /e 5 Z 4 FIEH],
PEHELD WM F IR IEN, FIES%
I X ) 7 S BR TR TR VA RTINS A2 7T fE
SEEEI IR
4.2 SEIBUN R PSSR

EEARARN 5 T AR I S TR 7 A A SR A
MEPLGR . T RN L AE AN A K 2t ) ST A
UL, S5-GSO T RN B i B el T g
HIFREEERBN LA T IR K o

T ARBN 7 A AL I — AR MRS 2 A% 1B
ML ( transmission deficit hypothesis, TDH ) ( Burke
etal, 1991) , ZHEIN N H JRUN A9 th BUE H1 T
HARIa BT S - TH e R AR R AR A O A 2 (Zock
& Biemann, 2020 ) . fE4RICHARIANT, HERAETE
SCRIESSBEEOE , 4B0E B SCRIEAG 3 25 &
TER, 0 R AN R EOUGIE S8 R 3R AE
R, A T RN . B AR T  Hb R
TSI AT A R R AR AR R, HANRE
FOTPRIUE R B AR A . — L E a3
FETZBIE, BRI R IR SCAH OB A B AN &
S 5 RN B A& H R ( Gordon & Kurezek, 2014;
White et al., 2013) , 1 HHE AHOCHY S Sl W AERS .
AR T ARAKUVE ¥ & A= % ( Farrell & Abrams, 2011;
Ouyang et al., 2020 ) .

H—EARFEENES ZBH R (blocking
hypothesis, BH ) (Jones, 1989 ) . Z¥i& M inl i 1#
IR FR R B BRI TE 4 00 A B AR T SR 7
Ao BHZEMRUEIA R, FEREETE LB, 5 Birinfe
FEIE OCHR AR B Aninltn 28 is (BRI AR,
2019) o AE HAREAEGE IS T B AR a0 1 SR
LS, S m T8 # g B B B A il 5
SR, mAFE TR (Korell &
Metcalfe, 2006; Stasenko & Gollan, 2019 ) , — £& fff
TR, MIEFRIBORET, £H5 Hbr A
SR R BRI — S Bl ZsBH AT RAL
N B B ( Abrams & Rodriguez, 2005; Ouyang et al.,
2020)

A 18k SR o A R SEL AR 0 FAT B A i S A A=
FE LR AR R rh e fE, H R s A Ay &

BN 5 B GRS I BRI A G, S E R
MIFRIORN 853 T80 T & ROV I & A5 1 BH ZE Mt
N IRBN G REEIE B O, %P Bl M
K TA) 1) 4 BTG 23 5 e H FRie) S e ( RRBH TR
45, 2019) .

SRIT, KT AR [ Bl A 2R bt A5 3]
RN, TFEFIERE AL AR
B, BARBNEYA N TR R AR A TS
IS (BERHWT) |, BT IR 2828500
17 A S RN S SRS S AR P dm i FA T (A1 )E
), WIAT DI, BRI R B B T
PEFEA N gL R

Hyk, 5 AR Jed B SRR
B, TR BRI 22 b IX . BB RBN Y
HB R I RS A A o S B AR T R T S B0,
W =TI G 65 B Bt B bR 57 AH G SRAE 0SS 2=
oy, MEBRFIEE X B TAEILIZEEA
EFE, L H LB B AR S B e % 1h)
R A e SE i i — DT R . A X TR E M
D R ] 288 R R 25 SR 3K I 5 Wil ) B 5% 45
B RE NI — MR AL ST 7R . & & FL PR 48 A 2
PRSI R T R TR BB, & R e
FLE, RS B I gt By BoR AR i i 12
AL HR (Palmis et al., 2019) . [A] 75 5% %5 i |
fES HirFRIENEMEGER L, BEES, B
5 B R R SR B Az B R & = T 0 mT RE R
K (Wang & Zhang, 2015 ) . 415 & 3 H00
A b 25 19 I ) 0O 2B R4 N 1 A A, 3X AT BB R IR
R A 2 T I g By B i S R
BHOEARSEUY; M, R R e 7% i
Hiu 171 1) 52 0 BE A ON Y A A, T AT RE T A A2 2R 3K
IO )7 A S AT U B R o TR
AR IR, i F X 2 300 A b 2 5%
M, 0 0 A o e ) DU AN 25 5 BB AR
M A A 90 7] & 7 %% B2 2300 9 52 ) ( Huang et al.,
2021a) o X—Z5RATHERM, ERIN L ETET
T g By Boi AN A& s o By, HR R JE H bR
FIRE - TIRRIEKEE O A B 28, S5t
B I UL ) TR A AT

Ti8h, MR Z D F 4 5y 7 AU
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B OB #F

SER T AE DA SE AR & A T BEMEREEGH H
PREMIETFIAE R XATREREN, — i, 2
B2 | GERTE B 2RI S RNCAZHERE TR
HE R FIE RGN T iCAZ AT Gafis B B B4
RO, I G R AR, SR EaEIR
TIARSY . 35—, AT BN I8 R AR
HRRRE R/ . B A zs (e HES , BSEfEAG T
FILGERIX N, ZE 5 S5 H 5 2= I 775 2
ZRYIE TR TARICICA &, MG TR0 7=
AR FTRE. S G P X i A SC A AR ] B2
IR R 2 —
4.3 PUFATE RSN A AR

DUESFHRHEF RS REAFE R E 2.
"G, WFEBAERNIEFIREE . BT EH
NG E IR = RS AN 2t I e S R
MAE B A B INZ 4% (Chenetal., 2016)
A FHIE RN A & 2, IR SR G R
W25 M BAER (Yuetal, 2023) . Hk, FH
WAL XN R, IFAE RSO, H
FIMNBAR R I LA TR, B EE B SHE
SCEREEBR . IF HIUF R FEA L5 B 1,
LIINPHT REGFoR, IEFRARG T Z R A%
XTI FR . L, 5 EMELE R B
PEWFIEAR B

SR H A A T H A ST (P SCF)
PEASRN IBIESE , ARSI SO 5 R Y LA 5
ST ATE TSSO AR R IR L T R
f4n, O Brien %% (2020 ) WFFE T AN[ECF RGN}
ILEPFE RN, RIPEE SO PSR
WHCRIAL (49 5%) , HRFEETTERS T
BRI 22, RPN ST N R AR 55 AL
FHPEHERRE S (4 15%) , FEEIANIEF
e P T Ko a R e oy G A E e g S N [TDE =5
Wo XEEZEFRY, ARSCHERRHE S T 15
LIRERI AR, AT REE— 20 S EUERBN TEIL
FHRERIMERRI . —JrH, M TFRHES,
IR F BB PR 5 KA. IR T
TR A G =, M HAEA B2 ) RAETE
8ok, FEGRIRSERIBCR MY T BEER N ( Chen et
al,, 2016) o H—J7, WFFEFRERZN AT L

M TS RN R A . fEF G, TR
BHANEFEZ XN OCR, TS BRERRER
TSGR, BEERIEEREE H e,
W, THMELIMES (Changetal., 2022) o #HILZ T,
PP IE A G R 51 UE B IRE o 5%, H
My TSR Hik, BMEREERREHRIE R
TR RN U R, AT RER IE S5 B 4 I
SR P A DRI

RYEAFE T Y 4is o0, O’ Seaghdha 45
(2010) $EH T “Bifsocfiit”  (proximate units
hypothesis ) , F T Beil 5 7 Az b 72 ¥ 73 4
FITINES IR S 22 5. WIRUAR I, 538 i i T
( proximate units ) & 48 75 18] 2 {5 BG 5 1 o ik
PERERIIN T HoT, FREES PSS It
BER, EOETNNEE T, ARG
AV F RGP ERE T, UGB IR
2 i TR SO0 B i B A52 MR (Chen & Cherng,
2013) o AFRITHECFE, WFAEMERESCT, H
bt PAICAET R AIE kT R B R 0 T4 A
EERRBRNAE D AR B B ] e R AR [R]
MIFRERL

BARMT, TEFIEamMSE B, MRYE 00 EEAR
A B B SISt v B ) Ay
YEH . 5T R, DUFIY & B R INPE X 2S00 A
B30 (Huang et al., 2021a) . 2RI, W FHIE
BT RS, AR BRI IR A T
AWt , WL E R E & B RMEE RS
AR EIVER, FoEheie 1S E AR 4R D
B Bh5e WOE 73R ( Wang & Zhang, 2022) o
I, BUFEERBUN BB RO S T A I T 1K
N 7S 3 < A b ) N o 7 e A
BWit. fEF g X, BEEHFEEN AT
ZRRBUR IE 3R R AR, DIA PR I BE 5 32 BRAE i
A 2 Wy 2 B A ey S B DU IR IR Pk Bty
FEEEM TR T =ANRR, TGP X
GBI = RRE B USRS E, ©
AR ERY, DUF 5 H5 15 ] e H BT A [ 2R
Lo fln, PBE AR S R A A
#HJZ¥R (Buchwald & Rapp, 2009 ) , T /N2
TG RN 2RI 2E 12K ( Kuperman et al.,
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2021) o FRIMT, P75 B EIBON T T IR TR
— R IE AR BRI, s St — 2
Bt

5 RFMRAEMERE

LEERTIR, ARSIV RS . B
DL RGE i R 2R AT T B, SRR A A A A
SR B RN A E R R . a1
5y A O R T R AN 1 7 A b iy R0 ) 3
AR, A SO N AR #E T e, JF
O3AT T AR BE AP R . SR, T
KT BRI ISUEMT FEATIAE T R R BL, &
ARSI ZELL T LA J5 1] FIRAIRTT
5.1 7R EIBE IR B
H A 5 A A B 5T BRI 2B RN 1Y # 2 L
il A AT RS ) SRR S o T ity DX A
R BRI IR AL . — 5T, TR AR
FHL v (event-related potential, ERP ) 7 K % %%
SO R I [ AR I R T HAEAS [T IN TB B A
MR, AR ERP iR RR TH5E ™
AR RN TR] R RRRE A, BIFSE R AR AT R B 200 ms
PRI A MG UM L, RS AE 200~500 ms AN
BHE R, 16 300~400 ms T TIEFEMEE (Qu
& Damian, 2020 ) o K11, BRI S5 IEH 155
o, MRS BRI 22 570 FURTERG L 1
RPN AR L7 ARy BB 2 TR IR AR
PIEEIRN R . S0 —Jr i, AIEs 6 DIhg
IR % ( functional magnetic resonance imaging,
fMRI) A, ARG K 2 JRBOUN N Tk XA 5
PESCIRIEYS . ITAEk, —LEpFstimid IMRI HARK
FEBT 35 7 A R A RO B BB 4 (Li et
al., 2023; Saarinen et al., 2020 ) ., ZEZR% N Y K [X.
WG M BEE 2 5 5 IEH B i B AR R 1
We? AN, XFECIEHE I FE e A R, RN
PR 57 5 18 SO T AR B il DX 25 3 BB RS,
e A AT 5 T SO L EEORS A AN T (Rodd
etal,2015) , WMifKi&y. EHURLASGHIM 2585155
SRR G R IR DGR AR R 2 R I, et Tl s (5 B
PEHUA /& (Burke & Graham, 2012) . 5 /=4
b R A 2, AT BRI 505 Bk ]

REFEETR S5 B TR APERT, ZBARB0N 7= A S A5
[RVE 1 B 1 SO0 B3R FNIE . FIRAE B B0G
BV, RSP 2 FERIAT A TR oY B i — 2R
e
5.2 THIEEEIBN HIsZIR R R Y

AT AT HE— 204 TR 2R AR i F AR 22 57
ARG . Hrdr, MRS SR E K
WIRAHARRAGE AR . SCTE SO BB AR0N 1
TR TESZ A AT BEIE T 1E 708 R & 2k L S MR Y
TARA R . ARSI S 1S AR D
IR IESIERT, BT i IA HU 6 4 /] B T AN (]
( McBride et al.,, 2022) . filln, PFHEH TS
W HIEFEMNIAEN, fE S frh 2K
TR FIEICNZHH, X AT RSB R AEN
FHEREIE W, A, ZiESR A ReRRE 1S
G T, AR, Y5 TIES 5EHE
K AR RS, AMRTEREE I T A 32 2] il
HIHER ( Van Assche et al., 2013 ) , XFIHZEREY
Al RESZ B iR S EHEE S RGEAHPER 2 (Lin
et al., 2025; Zheng et al., 2024 ) . B /KFIFEEA] HE
M ERRN M & A . PR, BHEKFES51
TR IE 3k R AR M1 E B S b2 B 2% VIAH ¢
( Graham & Harris, 2000) . %8R EH K FAELE
bitiE B AR e I I IC I R A ) B E R RE, XA
REM 5 H RE OMEM IR IR R B, A
RO D ZEIRBEN ) A o
5.3 HEi DA ) T 1A 5T

ERPAE R —Fh B E RMERS, B E WA
PRARF AT IE S B B RN SR >y 5 T T Bl
DEEIBNI LA B, fFEBE N
SV TE IR ) T B Hhke 4 225G HEEE P E -
EEIUN W REMA R R ST DB 7 55 5 | R T
FRMEGHEHERE, HILAEFESCEEE, 20mn]
VIEF RS 515 R BB LS, R B E
St MR AT B AL iR, AR
s T AT SO e I S, BN A ey, 2 17T ik
DB E RS & (Kong, 2020 ) o HIK,
A EXHE S5 2] 7 AR IR D BN B H T
filhn, RHZERESEMRE%T I, EhE
T DA s R A By, REf R A B AR
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TR - FIPEREE . HEEIRRN KA, Zliid a] i

ot Kb R A g, B B A R I ASOE B

F%5 1% ( Nowbakht & Olive, 2021 ) o i i X #b 2%

WIS ENSS G, T8 SCEEE T LA R

DEEIRBUN IR, I AR B BETE SR AT S (Y

SRS

SR

MRS, VR, FRBEE , X4 . 016). JLZEIN T4~ . RETH S
PRSI ARCR LA OB | 48(10), 1258-1269.

fAIhas RIS . (2017). AR NATE P A Tl A SR AR RO (T
[EJHEFE . ERP AT . OFEFAR . 49(12), 1483-1493.

ZE, T, TR, BT . (015). TN A 5 By A,
I, 23(10), 1843-1851.

SINVTAR , SRR, B4, Xsin , S FH, 220 . (2019-04-09). 4
BT, WRAULE T AR . p7.

WRBHBHES | 455¢ , 5k 05 . (2019). VAL RITTIAL: Haf A il %0
W ERML] . O PERLZERE , 2712), 2052-2063.

ERL, JESCOF, iKIETY . (2012). TE P BRATA B . OFERI AT
20(10), 1560-1572.

TR, RZUR . (2010-07-19). HUBGHHURERT, R
MHAIR . p3.
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Abstract  The tip-of-the-pen (TOP) effect is a phenomenon in writing difficulty where individuals temporarily fail to retrieve the orthographic
information of a known character. Recent research based on a large-scale Chinese character handwriting database has clearly defined and
operationalized this effect and developed a standard character dictation paradigm to reliably elicit it. Despite these advancements, the TOP effect
remains a relatively new area of study, and its cognitive mechanisms are not yet fully understood. This review aims to address these gaps by proposing
a comprehensive model of the TOP effect, examining its occurrence stages and providing theoretical explanations for the first time.

Existing research has identified several factors influencing the TOP effect. Lexical variables at the character level, such as frequency,
orthography, and phonology, significantly impact its occurrence. Characters that are less frequently used, learned later in life, or have more complex
orthographic structures are more likely to trigger the TOP effect. The intricate stroke patterns and structural rules of Chinese characters make them
particularly prone to this phenomenon. Additionally, individual differences such as daily typing and writing frequency also play a crucial role. A higher
frequency of typing and a lower frequency of handwriting are associated with an increased likelihood of experiencing the TOP effect, supporting the
notion that the shift from traditional handwriting to digital typing may contribute to writing difficulties. Furthermore, increased reading habits are
associated with a decreased likelihood of the TOP effect, indicating that frequent exposure to written text enhances orthographic retrieval.

The cognitive mechanisms behind the TOP effect involve multiple stages of processing. During the conceptual-semantic stage, the writer
processes the input stimulus, identifies the target character, and retrieves its semantic information. This stage is similar to that involved in spoken
language production, where the tip-of-the-tongue (TOT) phenomenon occurs. The subsequent orthographic encoding stage involves retrieving the
character's orthographic representation from long-term memory. This stage is more complex in written production due to the additional involvement of
phonological mediation, whereby phonological information aids in orthographic retrieval. The orthographic buffer stage temporarily stores the retrieved
orthographic representation, ensuring that the strokes and structure are correctly sequenced and sized before the motor execution stage. Studies have
shown that deficits in the orthographic buffer can lead to increased writing errors and difficulties, particularly in individuals with developmental writing
disorders or incomplete working memory development.

Theoretical explanations for the TOP effect draw from models of the TOT phenomenon. The Transmission Deficit Hypothesis (TDH) suggests
that the TOP effect occurs due to insufficient activation of the connections between semantic and orthographic representations. This leads to partial
retrieval, where some orthographic information is accessible, but not enough for complete character recall. The Blocking Hypothesis (BH) posits that
the activation of semantically related non-target characters interferes with the retrieval of the target character, resulting in writing difficulties. This
study is the first to propose these detailed stages and theoretical explanations for the TOP effect, offering a new perspective on writing difficulties.

Future research should focus on elucidating the neural basis of the TOP effect through event-related potentials (ERP) to study the time-course
characteristics of TOP, identifying stages where orthographic retrieval fails, and utilizing functional magnetic resonance imaging (fMRI) to compare
brain activation patterns during successful and unsuccessful character retrieval, pinpointing the neural correlates of TOP. Additionally, researchers
should investigate how various factors, such as phonological cueing and second-language experience, affect the likelihood of experiencing TOP. Future
studies can provide a comprehensive understanding of this phenomenon by addressing both positive and negative aspects of TOP and exploring the
complex interactions between lexical, orthographic, phonological, and individual factors. This knowledge will advance theoretical models of written
language production and inform practical approaches to improving literacy and writing skills in diverse populations.

Key words tip of the pen, character amnesia, written production, transmission deficit hypothesis, blocking hypothesis





