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Outline

* Factors impacting homonym processing

* Contextual influence
* Syntactic influence: Part of speech (POS)
* Developmental influence: Age of acquisition (AoA)

* Ongoing work on age-related changes

* AOA effects

* Word retrieval and forgetting mechanism

* induced Pluripotent Stem Cell (iPSC)-based approaches to mitigate age-related
deficits in memory and language functions
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Context effect

* The Two-stage Exhaustive Access Hypothesis

* all possible meanings of a homonym are initially
accessed, with contextual information subsequently
used to select the appropriate sense (Swinney, 1979).

The Context-dependency Direct-access
Hypothesis

e context can directly influence which meaning is

accessed, bypassing the exhaustive activation of all

meanings (Simpson, 1981; Tabossi, 1988).

The Reordered Access Hypothesis
* context, frequency, and meaning dominance

dynamically interact to reorder meaning accessibility
during processing (Duffy, Morris, & Rayner, 1988; Twilley

& Dixon, 2000).

| wound my watch and wound my ankle
while hiking the rocky trail.
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POS matters

n meaning processing 1

balanced match-fire, match-game
noun—noun
unbalanced toast-bread, toast-speech
balanced
noun-verb
unbalanced
noun lake
verb grow

Different-POS is more
difficult than Same-POS

“Because two different frames are
retrieved instead of one, noun—verb
homonyms increase the demand on
lexical-syntactic retrieval processes”

Ambiguous > Unambiguous
M Balanced > Unbalanced homonyms
B Noun-Verb > Noun-Noun homonyms

Grindrod, C. M., et al. (2014). Brain and Language.
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POS matters in meaning processing 2

« Semantic meaning * Syntactic category . Sl

980
[ JUnambiguous

960

(a) similar senses; same POS
* belt-clothing, belt-mechanical

940

920

900

RT (ms)

(b) similar senses; different POS
 hammer-tool, hammer-hit

Different-POS is
easier than Same-
POS

880

860

(c) unrelated meanings; same POS
« deck-cards, deck-boat

820

800

Fig. 1. Experiment 1 response time results. Error bars indicate + SE.

(d) unrelated meanings; different POS

» bark-tree, bark-dog Faciltation
Mirman, D., et al. (2010). Cognitive Science. z
._é’
=
lexical decision may be performed without linguistic access, § of
merely on the basis of perceptual familiarity (e.g., matching | &
a stimulus to stored graphic representations), For a hibition _

discussion see Rogers, T. T., et al. (2004). Cognitive Neuropsychology. Polysemous Words  Noun-Noun Homonyms ~ Noun-Verb Homonyms
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Psycholinguistic property matters

-Human
 Early learned words are recognized
and produced faster than later

learned words.

Ellis, A. W., & Lambon Ralph, M. A. (2000).
Journal of Experimental Psychology: Learning, Memory, and
Cognition

 Early acquired words is more resistant
to the effect of aging than late

acquired words.
Hodgson, C., & Ellis, A. W. (1998).
Brain and Language

e Retrogenesis Hypothesis
Xie, C., et al. (2023).Frontiers in Psychology

-Model
* Catastrophic interference : Knowledge

of the first set, which is no longer
being trained, is gradually lost as the
second set is learned.

McCloskey, M., & Cohen, N. J. (1989). Psychology of

Learning and Motivation.
Curriculum learning helps build robust
initial representations by starting with
simpler, foundational patterns. These
stable representations are less likely
to be overwritten during subsequent
learning, reducing interference when
new tasks are introduced.

Bengio, Y., et al. (2009). Proceedings of the 26th

Annual International Conference on Machine Learning.
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Our two experiments

Homonymous senses discrimination Homonymous senses discrimination
between human and language models between younger and older adults
Context & POS effects Aging effects

AoA Cellular and molecular explanation
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Stimuli design -

512 sentence-pair & 64 homonyms (32 same POS + 32 different POSs)

Word POS1 POS2 POSWord Context Sense Sentencel Sentence2
¥4  Noun Noun same same same 3 e B ) 42 2 FH 4 Ty o LT IRFPLR A (R 24 2 FH % S TR I AL ) -

This transparent vermicelli is made from mung bean starch. This thin vermicelli is made from mung bean starch.
#%  Noun Noun same same same Tt B4 RS 22 B S b AR A B SCHE Tt BT RRAT M50 22 06 SR b )V B B S

Her loyal fan often supports her works online. Her die-hard fan often supports her works online.
#¥%2  Noun Noun same same different 2 A4 %y HIASHE AR LEHER IR 22 SMG o HASAR R Ry 2

The artists all complained about those troublesome fans. The artists all complained about those out-of-control fans.
% Noun Noun same same different FPEHBH AV 221k T KA VERBIHEH 2 - BRLe i BA A8 21k T RKATTREEIFE W Iz AR -

Those excited fans surprised the experts very much. Those expired vermicelli surprised the experts very much.
#% Noun Noun same different same BIG G 2215 W8 R . W REPE LB Z—.

The vermicelli soup my mom made is really delicious. Vermicelli is one of the common ingredients in Cantonese cuisine.
¥i% Noun Noun same different same AR 2 LB E—EK WA TEEIE S B ARSI R S -

Jay Chou’s fans can sing every one of his songs. The fans were very enthusiastic at the concert.
#%  Noun Noun same different different 4JUIZHEHE I fih SAE R — B BB RS AORRBRE 22 - BSRIENLADR 22 R B KT BB T -

Starving, he just wanted a bowl of hot and sour vermicelli. The fans who came to pick up at the airport filled the entire hall.
¥i%  Noun Noun same different different XIHEESET LFHIHLZ . B E AR s AR R 22

This signing event attracted tens of thousands of fans. Mom is preparing cold vermicelli salad in the kitchen.
K4t Noun Verb different  same same b )RR R NGRS T RIFHI R RTEVER - fb R RERT R RS T RIFEINILIEZEER -

His actions set a good example of moral influence for young peaple. His actions had a positive moralizing effect on young people.
JAAt. Noun Verb different same same R YRGS R A 5 & AL - RN YRR A5 K R RM .

Certain minerals are prone to weathering reactions in humid environments. Certain minerals are prone to weathering erosion in humid environments.
A4t Noun Verb different same different — X AL SETREKFERARGER - — XA RNEREERERKERANGER .

A region’s concept of public morals is often the result of many years. A region’s weathering process is often the result of many years.
KAt. Noun Verb different same different & FNTIEFERE L2 KAEXT ARA TSR - BHERNNIEAERES AR ARATE R -

Experts are investigating the effects of social morality on people’s lives. Experts are investigating the effects of rock weathering on people's lives.
JKAt. Noun Verb different  different same RIEERBI RN PR EI T HCARE . RSB % 7 Bl T 5R RRA BER 7 -

The level of morality in developed countries often reflects their level of civilization.  The inheritance of moral customs helps strengthen national cohesion.
JMt. Noun Verb different different same R IE AR R 2 HITF SR/ 5eE . AR TR S SN E XL B DT K

The rock surface after weathering will have many tiny cracks. The formation of landforms is closely related to frequent weathering.
K4t  Noun Verb different  different different B FFEE IR AL T (£3E KL A HKH0 . A RS R R KA TSR ANE T -

The newly built shrine in the village became a center for promoting morality ideas.  The text on the stele became blurred due to the influence of weathering.
R4t Noun Verb different  different different BTN E IR HIL T BA B RALREL . BRSCALIE DR B B T (et 77 KA % -

Obvious weathering cracks appeared on the surface of that granite.

The purpose of this cultural activity is to promote the local morality construction.
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Methods

FAVNNE i i o ENNG DGR L 23k B R A 1E AL S 4809 1% A8 B T
REPC I 22 KREHIM L, ERIT EXHAEE. 58 Rk B BER ]

O

4 7 same 4 7 same
Judgement <,‘_—£\'> Reaction Judgement &'} Next-token
Score tima Score probability

rE—afEEF. CEFHERLTYOERFE, THFEIXELTEE, RS- MEE LR, XPMERERER
FEEHCDWERA —NMAREFN A TFHNERLLHR, wREFTHEFLEET, wRETLTEFEEL, £NTFEAN
WHE2, 3, 4, bERF6. EAM (1) “REAERORNUAFEEERAT EXHARE. 7 7 (2) “RMITBHEAR
THERKONERT. 7 F “NA” WER, REESHHETEE, THkFE:
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Judgements Scores

* Next-token probability of numerical responses [ AR DRI LA LR 22, ]
= different {1, 2, 3, 4, 5, 6, 7} same

[ EAAR R RA LA EERE, |

e Sum method: sum(correct) > sum(incorrect)

Accuracy (sum method)

|:| Human

] |:| Model

751
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Regressions

Final model

Human

log(RT) ~ Sense + Context + POS + Trial +

AoA + PSPMI j
+ (1/Word) + Sense:Context + Sense:POS + Context:POS 4 Sense:Context:POS

Qwen3-4B-Base

Surprisal,,, ~ Sense + Context + Word_logW_CD + PMI + PSPMI + Sense:Context

Qwen3-8B-Base

Surprisaly, , ~ Sense + Context + POSWord + EntropyCharacterFrequencies

+ Sense:Context + Sense:POS + Context:POS + Sense:Context:POS

Different Sense

8.4-
= 83-
T
> 8.2-
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Different Sense

Surprisal
© o o
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Same Context Different Context
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Same Different,

POS

Same Context Different Context
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Same Different Same Different

POS

Qwen3-4B-Base

Different-POS is more_
difficult thapSame-Pos "
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log RT by AcA
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Significance
® p<0.05
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Significance
® p<0.05
® ns
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Interim summary

* Context similarity had similar effects on both humans and models.

* Only humans leveraged POS information during homonym
disambiguation.

* Model-derived metrics (surprisal, entropy, and angular similarity) had
significant predictive power while modeling human behavioural
responses (reaction time).

* Psycholinguistic properties like AoA influenced human, but not
model, response.
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Our two experiments

Homonymous senses discrimination Homonymous senses discrimination
between human and language models between younger and older adults
Context & POS effects Aging effects

AoA

Cellular and molecular explanation
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Age-related decline in POS and context effects

@onml lobe hypothesis \
cognitive deficits in older adults are
primarily due to the anatomical and

Cabeza, R., & Dennis, N. A. (2012). Principles of

ﬁlnctional deterioration Of the fl‘ontal A |arger difference may be expected in (POS_
lobes difference minus POS-same).

K frontal lobe function./

semantic context information to resolve an ambiguity.”
Dagerman, K. S., et al. (2006). Cognitive Science.

“age-related changes in context use during ambiguity
resolution are restricted to older adults with reduced

processing speed” which was indexed by verbal fluency
Grindrod, C. M., & Raizen, A. L. (2018).
\ Aging, Neuropsychology, and Cognition.

K‘younger adults, but not older adults, were able to use \

L~

( A relatively poor performance in
disambiguating homonyms for
older adults with memory deficits

J

Grindrod, C. M., et al. (2014).
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Retrieval deficits

EAAR R RA LR R, | o
(EAMS R BRRTE A ENRE, |

retrieval selection integration

] Pylkkanen, L. (2019). Science.

C ¢

* “a single dopamine neuron in Drosophila that mediates the memory suppression that results in transient forgetting.”
Sabandal, J. M., et al. (2021). Dopamine-based mechanism for transient forgetting. Nature.

» “retrieval-induced forgetting of competing memories in male rats requires prefrontal dopamine signaling through
D1 receptors”

Gallo, F. T., et al. (2022). Dopamine Modulates Adaptive Forgetting in Medial Prefrontal Cortex.
The Journal of Neuroscience.

* “'H magnetic resonance spectroscopy revealed that greater resting concentrations of hippocampal GABA predicted

better mnemonic control.”
Schmitz, T. W., et al. (2017). Hippocampal GABA enables inhibitory control over unwanted thoughts. Nature

Communications.
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Brain cell atlas and induced Pluripotent Stem Cell (iPSC)

B Excitatory: Inhibitory ratio
ACC H

Jorstad, N. L., et al. (2023). Transcriptomic
cytoarchitecture reveals principles of human
neocortex organization. Science.

Cellular diversity across the entire human brain.
Siletti, K., et al. (2023). Transcriptomic diversity of cell types
across the adult human brain. Science.

Day 6 Day 11 . Day15  Day?22
» :
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Lancaster, M. A., et al. (2013). Nature.

* ‘allogeneic transplantation of iPS-cell-derived
DA progenitors is a safe and effective

regenerative therapy for patients with PD”
Sawamoto, N., et al. (2025). Nature. 16/19

Bock, C., et al. (2021). The Organoid Cell
Atlas. Nature Biotechnology.



Stem cell significance
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Lépez-Otin, C., et al. (2023). Hallmarks of aging:
An expanding universe. Cell.

Human

Non-human primate

aRG

upragranular
eurons

Infragranular neurogenesis

Supragranular neurogenesis

NSC expansion

Neurogenesis

Developmental
time (weeks)
Developmental
time (months)

NSC expansion

Infragranular neurogenesis

Supragranular neurogenesis

“The evolution of the modern human brain was accompanied by
distinct molecular and cellular specializations, which underpin
our diverse cognitive abilities but also increase our

susceptibility to neurological diseases.”

Lindhout, F. W, et al. (2024).
A molecular and cellular perspective on human brain evolution and tempo.

Nature.
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Take-home message

* 1. LLMs deepen our understanding of the
underlying psycholinguistic mechanisms of
homonym processing

* context similarity influenced both human and LLMs
similarly

* only humans utilized POS information
* AoA affected only human responses

e 2. These psycholinguistic mechanisms are expected
to drive the behavioral difference between younger
and older adults

» Age-related decline is expected to be observed in those
with memory deficits

* iPSCis a promising direction for aging research

Photo shot @ Stem cell lab of Life Science centre
@ PolyU Shenzhen Research Institute
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