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Basic concepts
e.g., ‘mother’, ‘water’, ‘sun’

sound e.g., most language in

e.g. Patterns/rules : :
J iInventories the world have /p/

common: sonorant
form the nucleus of
syllables

Distinctive: consonant
clusters between
syllables?

cognate

concept
_l_

Only in related languages/dialects, or languages
with considerable history of contact

e.g., “A” (human) in Standard Chinese (zon35) ,
Jinan (ze4?2), Shanghai,(nin24) Cantonese
(jen21), Korean (In vs. Sa Ram)
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how does the bilingual mind handle a two-to-one
mapping during word recognition?

sound

Patterns/rules . .
Inventories

cognate

concept
+

sounds

WU J et al.. Interlingual two-to-one mapping of tonal categories[J]. Bilingualism: Language and Cognition, 2017, 20(4): 813-833
Nov, 24, 2025, CLASS, City University of Hong Kong 4



how does the bilingual mind handle a two-to-one
mapping during word recognition?

JM (high-)rising+rising & JM high-level+rising & JM low-falling+rising &
SC high-rising+high-/low-rising SC high-levelthigh-/low-rising SC falling+high-/low-rising
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. AN rising ] IM rising . JM rising
SC higherising — 1YY — T T T
= S low-rising = S low-rising = SO low-rising
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Time point

WU J et al.. Interlingual two-to-one mapping of tonal categories[J]. Bilingualism: Language and Cognition, 2017, 20(4): 813-833
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lexical identification
semantic priming

how does the bilingual mind handle a two-to-one
mapping during word recognition?

Prime related target unrelated target
IM real SC high-rising SC low-rising
word pseudo-word pseudo-word IM word relatedness IM word related
E sound AR e | 1% video 3.95 #E B result 1.80
/san 1n /san 1n /san In /t'u  elan /teie kuo
(r-r)* (hr-hry (hr-Ir)/ (hl-1f)/ (1-h1)y"/
KL airplane [k A U canon 3.80 A each 1.65
person

WU J et al.. Interlingual two-to-one mapping of tonal categories[J]. Bilingualism: Language and Cognition, 2017, 20(4): 813-833
Nov, 24, 2025, CLASS, City University of Hong Kong
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how does the bilingual mind handle a two-to-one
lexical identification mapping during word recognition?
semantic priming

1.00- Prime acceptance rate (with SE) Reaction times to the accepted primes (with CI) WO r d recogn | t|0 n

. 2] a clear preference < goodness of mapping
g 0751 = E I
g o© 7.0
g 0.680 ¢
8 050 B 7.05
g E 6.8-
E 025 3 66

0.00° SC highising

a highly efficient cognitive flexibility
Target accepti _ g y ) . ) g
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Semantic Relatedness

WU J et al.. Interlingual two-to-one mapping of tonal categories[J]. Bilingualism: Language and Cognition, 2017, 20(4): 813-833
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sound

Patterns/rules : :
Inventories

How does the mind handle etymologically related
cognate words?

concept

How does tonal similarity between these
related words affects real-time processing

+
sounds

WU ] et al.. Dynamic effect of tonal similarity in bilingual auditory lexical processing[]]. Language, Cognition and
Neuroscience, 2019, 34(5). Nov, 24, 2025, CLASS, City University of Hong Kong 8



How does the mind handle etymologically related
5 words?

How does tonal similarity between these related
words affects real-time processing

nal Bilinguals
e

'} ToolJ

Rated b

e

1 2 3 4 5
Rated by Tonal Monolinguals

WU ] et al.. Dynamic effect of tonal similarity in bilingual auditory lexical processing[]]. Language, Cognition and
Neuroscience, 2019, 34(5). Nov, 24, 2025, CLASS, City University of Hong Kong 9



auditory lexical decision

How does the mind handle etymologically related words?

GAM modelling How does tonal similarity between these related words affects
real-time processing
/ Bilingual lexical advantage!
Bilingual's Responses to Tonal Similarity and Trial Order Bilinguals' Responses-Monolinguals' Responses
1st Block 2nd Block 1st Block 2nd Block
7 // e e LT L
05— — :
— 0.0 Monolingual's Responses in SC (control) = Ianguage
L = dominance
%The cognitive system is highly effect

scaled trial order (z-transformed)

partial effect SC

partial effect

¥ T T T N PR R
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scaled similarity (z-transfored)

sen5|t|ve to the language ecology
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scaled similarity (z-transfored)

difference
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WU J et al.. Dynamic effect of tonal similarity in bilingual auditory lexical processing[J]. Language, Cognition and

Neuroscience, 2019, 34(5).
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sound

Patterns/rules . :
Inventories

cognate the role of a logographic writing system

concept the same character is read aloud in different dialects

+
sounds

WU ] et al.. Recognizing two dialects in one written form: A Stroop stu fy& Blllnguallsm Language and Cognition, 2024 1-17.
Nov, 24, 2025, CLASS, City University of Hong Kong



the role of a logographic writing system

. the same character is read aloud in different dialects
color-naming Stroop task

. -

+ ———
f//

~__—2000ms

~1000ms
Dialect mastered beside City of Receptive dialect

Group N dialects mastered Standard Chinese residence experience
BJ 1 {monolectal) none* Beijing little

SC 1 {monolectal) none Shanghai complex

JN 2 (bi-dialectal) Jinan Mandarin (JM) Jinan local

SH 2 (bi-dialectal) Shanghainese Wu (SH) Shanghai local

oD 2 (bi-dialectal) other non-Wu dialect Shanghai complex

WU ] et al.. Recognizing two dialects in one written form: A Stroop s,tudTy}LJ]. Bilingualism: Language and Cognition, 2024: 1-17.
Nov, 24, 2025, CLASS, City University of Hong Kong 12



color-naming Stroop task

the role of a logographic writing system
the same character is read aloud in different dialects
. ﬁf,"
+ ——
H_,f'—f”
~__—2000ms

—
~1000ms
Domain Example

Code Segm. Taone Semantic Ink name Character name®
c0_irrlvt_control diff diff diff xun(Hr) red’ L5t kuan(F} ‘penetrate’
cl_sdiff_tcong_ff diff same diff xun(Hr) ‘red’ b tth:Hr:l ‘smear’
c2_scong_tcong_cw" same same same xun(Hr) ‘red’ 4 xun(Hr) ‘red’
¢3_scong_tcong_ff same same diff xun(Hr) ‘red’ i3 xun(Hr) flood’
c4_scong_tdiff_ff same diff diff xun(Hr) ‘red’ = Xug(HL) ‘boom’
¢5_scomp_tcomp_cw comp comp comp xun(Hr) ‘red’ 2 ly(F) ‘green’
c6_scomp_tcomp_ff comp comp diff Xun(Hr) red’ 73 ly(F) ‘consider’
c7_scomp_tdiff_ff comp diff diff xun(Hr) ‘red’ i lyiLr) “travel'
c8_scomp_tcong_cw comp same comp xun(Hr) ‘red’ [ lan{Hr) ‘blue’
£9_scomp_tcong_ff comp same diff xun(Hr) red’ = lan(Hr) fence'

WU ] et al.. Recognizing two dialects in one written form: A Stroop s,tudTy}LJ]. Bilingualism: Language and Cognition, 2024: 1-17.
Nov, 24, 2025, CLASS, City University of Hong Kong 13



Accuracy Rates (%)

Group = BJ Group = SC

Stroop Conditions

Group = BJ Group = SC . 7.001
Stroop Conditions
8 cO_irrlvt_control (e.g., Red- )
100 [ cO_irrlvt_control (e.g., Red-H) 6.75! [ c1_sdiff_tcong_ff (e.g., Red-%)
B c1_sdiff_tcong_ff ~ (e.g. Red-) [ c2_scong_tcong_cw  (e.g., Red-4T)
/ [ c2_scong_tcong_cw (e.g., Red-4I) —~ B 3 scong teong it (e, Red-i%)
----------- . = 3_scong_t§c;;‘1gff_ff ge.g., Reg-gg g 6.50 [ | C4:SCOng:tdiff_ff_ (e.g., Red-%)
_scong_tdiff_ e.g., Red- 201 sy
9 [ c5_scomp_tcomp_cw (e.g., Red-£%) o = gg_zggmg_:ggmg_?fw :,g. R:d_gc;
5 B c6_scomp_tcomp_ff (e.g., Red-§) o o C7_scomp_tdiff -2 (eg,Red-Bﬁ)
[l c7_scomp_tdiff_ff  (e.g., Red-if) = 6.25 _ _tairt_ -9 :
'] ¢8_scomp_tcong_cw (e.g., Red- %) c [ ¢8_scomp_tcong_cw (e.g., Red-1%)
[ c9_scomp_tcong_ff (e.g., Red-1) ~ 7] c9_scomp_tcong_ff (e.g., Red-#%)
[0}
90 .© 6.00
Group = SH Group = OD Q  Group=JN Group = SH Group = OD
\ \ Qo 7.oo|
©
b 4 0 mme =
o675 T =
L. T T ey |
£
(O 6.50:
95 =z
6.251
2
seg. diff. seg.cong.  seg. comp. seg. diff. seg.cong.  seg. comp. 6.00]

seg. diff. seg.cong.  seg. comp.

seg. diff seg.cong.  seg. comp. seg. diff seg.cong.  seg. comp. seg. diff seg.cong.  seg. comp.

Stroop Conditions

classical Stroop interference
semantic information of the Chinese characters is automatically activated during the Stroop task

bi-dialectal experiences benefit conflict resolution (Even passive understanding of a dialect)
Chinese characters automatically activate words in both dialects simultaneously

WU ] et al.. Recognizing two dialects in one written form: A Stroop s,tudfy}LJ]. Bilingualism: Language and Cognition, 2024: 1-17.
Nov, 24, 2025, CLASS, City University of Hong Kong 14



Group = JN
Regional SC

g” ‘regional-dialect disadvantage >

g Literacy creates a bias towards the standard pronunciation
§ Group = SH

§ [ Regional e}

= The logographic script is an active force
IR il EEEE that aligns cognitive processing across

Group = JN

o *2

=3B |

[ I [ ]]]
%] co@x
228°33,8381,8

=

S N - dialects.

adaptive flexibility and a powerful
NE———— cognitive grounding - co-evolutionary
ez convergence of Chinese dialects

seg. comp. seg. con seg. diff. seg. comp. seg.cong. seg. diff.

g. _seg
Stroop Conditions

WU ] et al.. Recognizing two dialects in one written form: A Stroop s,tudTy}LJ]. Bilingualism: Language and Cognition, 2024: 1-17.
Nov, 24, 2025, CLASS, City University of Hong Kong 15



sound

Patterns/rules . :
Inventories

cognate How related words are born?

concept

+
sounds

WU J et al. Cross-dialectal novel word learning and borrowing([J]. Frontiers in Psychology, 2021, 12: 734527.
Nov, 24, 2025, CLASS, City University of Hong Kong 16



How does the brain first learn and borrow a word from another dialect?

Teaching Standard Chinese new words to different groups

Dial. background

Long-term ling. SC SC-0D SC-SH
Experience monolectals bi-dialectals  bi-dialectals
Long-term bi-dialectal No Yes Yes
exposure

Long-term recipient- Mo No Yes
dialect-specific

expenence

Lexical semantic Yes Yes Yes
experience 1o

morphemes

WU J et al. Cross-dialectal novel word learning and borrowing([J]. Frontiers in Psychology, 2021, 12: 734527.
Nov, 24, 2025, CLASS, City University of Hong Kong 17



How does the brain first learn and borrow a word from another dialect?

Teaching Standard Chinese new words to different groups

>

candidate mono-syllabic morphemes (represented with characters)

color =(likelyhood as beginning char in SC) color = (likelyhood as final char in SC)

10
10

e
5 B

08
08

04
04

frequency percentile in SH

N N
5 = : — (1) () (3) (4)
il BB
2 o o o 10 2 o 6 o5 1 Learning Practice Identification Test Production Test
B frequency percentile in SC A
= Associating novel SC Associating novel SC Normal comprehension / Normal production /
= g g P! P
; > high morph, probabilty In SH | names with images names with images comprehension Borrowing production borrowing
8 @2 4  ©  low morph. probability in SH j— .
£ g s BRR e N ? ?
5 B {45 i SR R [po35tsau214] 035tsau214] [po'%Stsou’?H] [bo?l 1dzho23]
2 Sas e B s [p - D) D) :))
- g_r.wﬂ @Emmﬁﬁ -1))) In SC ))m sC ")) ")) in SC in SH
£
‘b 2‘ g T T T V) . P
; . " _ = . ﬂ - - - _ -
cross-linguistic similarity order x‘“‘“*xx R \-\-x\ nb

c HH‘H HH‘ ~—a * iy

Rasig” Image Mieviing Task = lexical identification Task = lexical identification Task = image naming

with auditory input

WU J et al. Cross-dialectal novel word learning and borrowing[J]. Frontiers in Psychology, 2021, 12: 734527.
Nov, 24, 2025, CLASS, City University of Hong Kong 18




recognition a fundamental difference in cognitive strategy

A Lang. Operation = SC B Lang. Operation = SH (transfer) C accuracy~age

Least Squares Means
g 2 2 2 B

cy rate (with SE)

| dia
6-
Ho

of naming Ialency (with CI)
~ il g

~ A cognitive toolkit for managing cross-linguistic links

7.0{
6.1
681
6.7]

cll ctal background

Sy | production

Lo

Long-term b| dialectal experience changes fundamental |
approach to learning and borrowing

A SH-more-probable (meaning also more concrete) B SH-less-probable (meaning also less concrete)
: : = a 2 = ’
1.00

leaming experienoe
experience & tested in SG
| experienced only in SC & tested in SC
M bidialectal experience & tested in SH
M experienced only in SC & tested in SH (indirect exposure}

apo-Ho| pajoipaid

: A larger proportion of bi-dialectals may expedite lexical
alignment sto

|t
'
1
.
1
'
/ A
i -
fitted values, excl. random
[ ,
o & ( /
-
I u ‘
fitted values, excl. random
SH-less prob

crosslinguistic similarity (z-transformed)

WU J et al. Cross-dialectal novel word learning and borrowing[J]. Frontiers in Psychology, 2021, 12: 734527
Nov, 24, 2025, CLASS, City University of ong Kong




sound

Patterns/rules . :
Inventories

cognate

= What is happening in the brain at the very moment of
concept loanword comprehension?

+

sounds

WU J. et al. Neuro-cognitive correlates of lexical borrowing during sentence comprehension of bi-dialectal

speakers[J]. Bilingualism: Language and Cognition, 2025: 1-14.
Nov, 24, 2025, CLASS, City University of Hong Kong 20



What is happening in the brain at the very moment of loanword comprehension?

EEG while participants listened to full, natural Shanghainese

_I
sentences for comprehension 7 Target] xxx

/i55 gan13/ ‘3rd-Person SAY

Condition Explanation example (c) Holistically Loan forms adapted to the  /[ia55mi21/ H} >
casted loan Shanghainese sound “dried small
(1) (a) Shanghainese-  Shanghainese words that /K ES55RidN21/ F- e zﬁﬁgaiig:eglfhe sltuugs
specific form are not etmologically £ f‘dried small oSGl
aligned with their SC shrimps” and their
translation equivalents phonologically most-
— high-nativeness similar sounds in
baseline Shanghainese, which
matches the phonemic
(b) Morpheme- Loan forms generated by /ho53mid4d/ inventory and
based loan combining “dried small p?g‘;f’tacltl‘c, regulations
forms Shanghainese shrimps” O angTamese
morphemes that are (d) Code- The source SC lexical /eia55mi2/ Hf
etymologically related switched forms forms Sf“dried small
to their SC translation SHEEpsE
equivalents into new (2)  Pre-existing Naturally pre-existing BR /% “friend” /
Shanghainese words ETEs Shanghainese badn22iv44/ (SC
compounds that are ETE=/
etymologically related p"on35ion214/)
to their Standard-

WU J. et al. Neuro-cognitive correlates of lexical borrowing during sentence comprehension of bi-dialectal
speakers[J]. Bilingualism: Language and Cognition, 2025: 1-14.

Chinese equivalents
and have no well-
known Shanghainese-
specific alternatives

Nov, 24, 2025, CLASS, City University of Hong Kong
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S5234) SH-specific
X

"\ morpheme-
s s=p based loan

o fine-tuning to native
“7"  expectations

)\ common ETE
& (base-line)

200ms 900ms 1000ms

left frontal right frontal

reduced acceptance ~ positive
shifts in ERPs

holistic loanwords~P300-like response

the morpheme-based loanwords
~N400, LPC Primacy Effect (Sam,

Reference Sam2013)

scaled 1.0

uv 10 (a) Shanghainese-specific forms

e i 0 (b) morpheme-based loan forms
0005 o T5s -10 (c) holistically casted loan forms

WU J. et al. Neuro-cognitive correlates of lexical borrowing during sentence comprehension of bi-dialectal speakers[J]. Bilingualism: Language and Cognition, 2025: 1-14.

Nov, 24, 2025, CLASS, City University of Hong Kong 22
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sound

Patterns/rules . .
Inventories

long-term, large-scale outcome
cognate

concept Chinese-originated elements in the Korean core vocabulary
+

sounds

REM SR SHERCERBXNRIERSRIE—RIIEC EEMN EERPHNERD]. B35 %18, 2025(01 vo): 105-117.
Nov, 24, 2025, CLASS, City University of Hong Kong 23



250

200

150

100

50

0.02 003 0.04

ik

0.00 001

=B

Chinese-originated elements in the Korean core vocabulary

Korean core word

193 (93.24%)
13 (6.28%)
Ch. Ch. Single-
morpheme morpheme
word
A5 7542 Y #F ]

r

192 (92.75%)

203 (98.07%)

a massive number of Chinese-originated morphemes
Vs.
very few Chinese-originated words for core concepts

contact is boundless.
But it is also hierarchical.

the cognitive cost of lexical competition
ultimately shapes the historical trajectory of

] S
T T T
0 50

100

MEE. SHEROERBEXRANRIER 50RE

T
150

59 (28.50%)
Ch. compound  Ch. compound
word that word that Korean-
represent core  contains Ch. specific
concept Core morpheme ~ Word
L rp 4RI
| 749
o e i . 1
20 : 0 50 100 150 200
Fey s #

languages on a grand scale

FWIEC AN EERTHNEARD]. ESFM, 2025(01 vo): 105-117.

Nov, 24, 2025, CLASS, City University of Hong Kong 24



sound similarity

inventories
Vs.

Patterns/rules

cognate

= Systematic correspondence
concept

+
sounds

WU J, CHEN Y, VAN HEUVEN V J, Z. Predicting tonal realizations in one Chinese dialect from another[J].
Speech Communication, 2016, 76: 1-27.

Nov, 24, 2025, CLASS, City University of Hong Kong



Systematic

Correspondence

auditory working memory BM Tgne 1 Tgne 2 Tone 3 Tgne 4 Total
high-level high- low-rising high-
rising or dipping falling
modulate
M 81% (low- 76% high- 70% high- 75% low-  76%
yrising falling level falling

experiences with literacy education.

WU J, CHEN Y, VAN HEUVEN V J, Z. Predicting tonal realizations in one Chinese dialect from another[J].
Speech Communication, 2016, 76: 1-27.

Nov, 24, 2025, CLASS, City University of Hong Kong 26



Estimaled mean distance

college level, literacy education in SC
age distribution
mean age = 25.55

1

02 03 04

Density
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middle school level, literacy education in JM

age distribution
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Nov, 24, 2025, CLASS, City University of Hong Kong
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sound long-term relationship between
Il socially independent languages

Vs.

Patterns/rules

cognate ) )
= long-term relationship between

confept socially independent languages

sounds

WU J, ZHAO J. Systematic correspondence in co-evolving languages[]]. Humanities and Social Sciences
Communications, 2023, 10(1) 469. Nov, 24, 2025, CLASS, City University of Hong Kong



long-term relationship between \/ the rapid convergence of dialects
socially independent languages S . within a single society

English and German the Chinese dialects in Shanghai

a stable equilibrium/drift apart rapidly converge toward a standard variety

Chong(»;ﬁing n

Choggghag o

Lexical
similarity

WU J, ZHAO J. Systematic correspondence in co-evolving languages[]]. Humanities and Social Sciences
Communications, 2023, 10(1) 469. Nov, 24, 2025, CLASS, City University of Hong Kong 29



English and German

al b1

az2 b2

Systematic =~ —=§ -&— "
r R o ‘Wﬁﬁ
correspondence™@ =& L
—..,,—4,‘%

3 b3
1"k ; 4%:3‘-;ﬁ$*u. i

the brain's ability <=2 ~&— T ™
todetectand ~—0 - &
. . a4 b4
align systematic , &
patterns - =
e
Vowel

-4-.4 mod o -t
<R

= Y| —
Consonant

d1

Gen

Ini

Int

Fin

at
Syl

Seg

a3
Ons

Rhy

as
Vow

a6

a2

a4

Fin

a7

Ton

b1

2 b2, e

c3  d3

- =

the Chinese dialects in Shanghai

c1 d1

N\ JE

WU J, ZHAO J. Systematic correspondence in co-evolving languages[]]. Humanities and Social Sciences

Communications, 2023, 10(1): 469.

Nov, 24, 2025, CLASS, City University of Hong Kong
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Co-evolution is a self-organizing process
Joined cognitive choices by individuals fine-tune the underlying rules of language

centriod~Jiading

centriod-Jins!

centriod~Baosh:

-ce od~Fengxian

centriod~Shig

s centriod~Chuans!
§F =8 28583 &

OSAincrease o i P ; OSA ncrease ' ,:—~]-——:] OSA increase

- centriod~Songjiang Shiqu~Chongming
centriod~Qingpu Shiqu-Jiading
- OSA decre OSA decrgase
. centriod~Chuansha Shiqu~Chuansha
centriod~Jinshan
OSA decrs Shiqu-~Nanhui
E centriod~Jiading "
Shiqu~Baoshan
T [— =
Shiqu-~Jinshan
C a n centriod~Chongming
uuuuuu od-Baoshan ShiRrClinges
ceniriod-Shiqu Shiqu-Soniang
> £

- i centriod~Fengxian Shiqu~Fengxian
-] = =
B

centroid~ Shiqu~

WU J, ZHAO J. Systematic correspondence in co-evolving languages[]]. Humanities and Social Sciences

Communications, 2023, 10(1) 469. Nov, 24, 2025 CLASS, City University of Hong Kong 31
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the role of phonotactics

- how English consonant clusters

are adapted into Mandarin

sound

Patterns/rules . .
Inventaries

Standard Chinese cognate
concept
a controlled language contact experiment -
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a controlled language contact experiment
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V1
V1l [ C1 C2 Universal phonological principles interact with the native template to guide how new

sounds are mapped.

a probabilistic process
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Take home messages

* 1. The Mind Is the Engine
* 2. A Multi-Layered Cognitive Toolkit
* 3. Cognitive Costs Shape Evolutionary Paths

* 4. From Individual Minds to Collective Evolution. .



Co-authors:

Niels Schiller
Vincent van Heuven
Yiya Chen

Mengru Han

Junyuan Zhao

Thank you!
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