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Abstract

Chinese is a writing system with distinct characteristics that is widely used by
Chinese populations worldwide. Due to its specificity, Western linguistic the-
ories and models cannot be directly applied to Chinese. Existing research on
Chinese lexical processing lacks systematic computational models to simulate
the process of lexical semantic processing. This study aims to address the afore-
mentioned issues through computational modeling and experimental research
methods. The research will systematically review existing studies on Chinese
lexical processing and conduct meta-analyses, constructing a model to simu-
late the processing of Chinese words in both isolated presentation and sentence
contexts. The model is capable of processing both single-character and multi-
character words, simulating the processing of and interactions among ortho-
graphic, phonological, and semantic representations, while also accounting for
contextual influences. Finally, model hypotheses will be validated through ex-
perimental studies. The Chinese lexical semantic processing model established
in this study will contribute to understanding the unique cognitive mechanisms
of Chinese reading and the dynamic processes of lexical processing.
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Abstract: Chinese is a writing system widely used by Chinese people world-
wide and has many distinct characteristics. Due to its uniqueness, theories and
models of alphabetic languages cannot be directly applied to Chinese. Previous
Chinese studies lack systematic computational models for lexical and semantic
processing. To address this issue, this study first plans to conduct a systematic
review and meta-analysis of previous literature. Next, computational models
will be constructed to simulate the processing of Chinese words presented in
isolation and during natural reading. The model has the following characteris-
tics: a) it can process both single-character and multi-character words; b) it can
simulate orthographic, phonological, and semantic processing of words, as well
as their interactions; c) it can simulate the impact of contextual cues on word
processing during sentence comprehension. Finally, the assumptions and pre-
dictions of the model are planned to be validated in experimental studies. The
established model can guide experimental research and has significant theoreti-
cal significance. The research findings will help clarify the cognitive mechanisms
of Chinese reading and the dynamic process of lexical processing.

Keywords: cognitive simulation, lexical processing, semantic processing, Chi-
nese reading, computational modeling

1 Research Significance

In recent years, computational modeling has played an important role in un-
derstanding language cognition. On one hand, by continuously refining model
parameters and structures, cognitive processing can be accurately characterized.
On the other hand, models can simulate and explain numerous experimental
findings within a unified framework, including data collected with different re-
search designs and even inconsistent results. Western scholars have conducted
extensive research on reading mechanisms in alphabetic languages and proposed
corresponding theories and models (Dehaene, 2009; Engbert & Kliegl, 2011; Re-
ichle, 2021; Reichle et al., 1998; Seidenberg, 2017). However, researchers have
recognized that findings and computational models from alphabetic languages
do not always generalize to different writing systems (Share, 2008).

Chinese is a logographic script with many unique features. First, Chinese uses
characters rather than letters. Compared to letters or words, Chinese charac-
ters and their strings carry more semantic information and less phonological
information. Second, Chinese words are typically short, mostly one or two char-
acters, whereas words in languages like German and Finnish often exceed 10
letters. Finally, Chinese text lacks spaces to mark word boundaries, requir-
ing readers to segment and identify words from continuous character strings.
Therefore, models developed for alphabetic scripts are not always applicable to
logographic systems (Li et al., 2022). Currently, no computational model has
been specifically designed for Chinese lexical and semantic processing. Devel-
oping such a model would facilitate understanding of Chinese lexical processing
mechanisms and guide future research. Moreover, comparing Chinese lexical
processing models with those based on alphabetic languages would help illumi-
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nate universal and script-specific mechanisms of reading cognition.

This research focuses on Chinese lexical and semantic processing, aiming to pro-
pose original theoretical hypotheses based on analyses and summaries of previ-
ous experimental findings, and to establish computational models that simulate
semantic processing of isolated words. It will further explore how contextual
factors influence lexical semantic processing and construct models capable of
simulating lexical semantic processing during sentence reading. Finally, experi-
ments will validate important assumptions and predictions of the model, which
will be refined and optimized based on experimental results. This research
is novel, interdisciplinary, and pioneering, contributing to understanding the
script-specific cognitive mechanisms of Chinese reading and advancing cross-
linguistic comparison and language cognitive science.

2.1 Cognitive Mechanisms of Chinese Compound Word
Processing

A central question in lexical processing research is whether words are processed
holistically or through decomposition. Research findings in this area are di-
verse, influenced by methodology, tasks, and corpora. In Chinese reading, some
studies support holistic processing. First, eye-tracking experiments show that
disrupting holistic word processing (e.g., inserting spaces within words) slows
lexical processing (Bai et al., 2008; Li et al., 2013). Second, a word superiority
effect exists in both alphabetic scripts and Chinese (%, 2=, 2012; Reicher,

==t

1969), where characters in real words (e.g., “B” in “B&” ) are recognized faster
and more accurately than characters in nonwords (e.g., “8” in “85%” ). Finally,
foveal and parafoveal processing studies show larger preview effects for three-
character idioms than phrases, suggesting idioms are represented and processed

as independent units (Yu et al., 2016; Zang, 2019).

Other studies focus on character frequency effects, assuming they reflect decom-
positional processing. However, results are inconsistent: some find facilitative
character frequency effects (E&%, EHiER, 1999; Tse & Yap, 2018; G. Yan et
al., 2006), others find inhibitory effects (Cui et al., 2021; Xiong et al., 2023;
Yu et al., 2021), and some find no significant effects (Li et al., 2014; Ma et
al., 2015). A key feature of Chinese is that characters have rich and indepen-
dent information representations; in most cases, one character corresponds to
one morpheme, representing orthographic form, phonology, and rich semantics.
Cao et al. (2023) found that Chinese readers can use morphemic features to aid
word segmentation and identification. These script-specific features may make
Chinese compound word processing mechanisms more complex.

Beyond orthographic processing, debates about holistic versus decompositional
processing also exist at the semantic level. Masked priming studies show faster
target recognition when primes and targets share morphemic semantics com-
pared to when they share only orthographic form but differ in morphemic mean-
ing (Tsang et al., 2014; Tsang & Chen, 2013; X. Zhou & Marslen-Wilson, 2000),
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indicating morphemic semantics are processed during early lexical identification.
Neuroimaging evidence also supports semantic decomposition. The left anterior
temporal lobe has been implicated in semantic composition in phrase processing
(Bemis & Pylkkédnen, 2011; Flick et al., 2018; Pylkkénen, 2020; Westerlund &
Pylkkénen, 2014). A magnetoencephalography study comparing neural activ-
ity during processing of coordinate, modifier-head, and verb-object compound
words versus monomorphemic words found enhanced activation in this region
for compound words, suggesting semantic composition processes in Chinese com-
pound word processing (Hsu et al., 2019). However, eye-tracking studies using
sentence reading tasks found that constituent morpheme semantics do not par-
ticipate in sentence semantic integration; instead, semantics are processed holis-
tically at the word level (Shen et al., 2018; J. M. Yang et al., 2012; J. Zhou &
Li, 2021).

Previous research has yielded inconsistent results regarding compound word
processing mechanisms. Whether processing is holistic or decompositional, and
the relationship between morpheme and compound word processing, remain
unanswered. Different studies on the same question have produced contradic-
tory results. For example, character frequency effects are inconsistent across
studies, making it difficult to determine whether they can serve as evidence for
lexical decomposition. Therefore, it is necessary to explore the causes of these
contradictory results and whether alternative explanations exist.

2.2 The Role of Phonological Pathway in Lexical Processing

Researchers have focused on two questions regarding phonological pathway in-
volvement: whether phonological information is activated during visual word
processing, and whether phonology mediates access to lexical semantics.

To probe phonological activation, researchers have used homophonic pseu-
dowords. Studies in both alphabetic scripts and Chinese have found homophonic
pseudoword effects: homophonic pseudowords are recognized more slowly than
non-homophonic pseudowords due to interference from homophones, suggesting
phonological information is activated during visual word processing (Van Orden
& Kloos, 2005; X. Zhou et al., 2009). Additionally, sentence reading studies
have found facilitative effects of phonological cues (W. Zhou et al., 2018) and
tongue-twister effects (McCutchen & Perfetti, 1982; S. Zhang & Perfetti, 1993),
further supporting phonological activation during visual word processing (see
Rayner et al., 2011).

Two main theories exist regarding phonological involvement in Chinese lexical
semantic comprehension. Phonological mediation theory posits that phonology
is an essential component of lexical identification, providing early constraints
rather than being an optional process or byproduct (Tan & Perfetti, 1997, 1998,
1999). Leck et al. (1995) used semantic classification tasks and found that perfor-
mance on structurally complex single-character words was influenced by both or-
thographic and phonological information, while performance on simple-structure
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single-character words was influenced only by orthography. Another study on
Chinese two-character word identification found that homophonic primes with
different meanings produced greater interference on target word semantic judg-
ments than unrelated primes (Tan & Perfetti, 1999). Direct semantic access
theory argues that orthographic form directly activates semantic information,
with no phonological processing in Chinese visual word identification, and/or
that semantic activation precedes phonological activation (Tan & Perfetti, 1997;
Wong et al., 2014). Early behavioral studies used priming paradigms with ma-
nipulated intervals between primes and targets to examine the time course of
orthographic, phonological, and semantic activation, assuming that the shortest
interval showing priming effects reflects the time needed to activate represen-
tations. Different studies support different theories. Perfetti and Zhang (1995)
found that phonological interference effects emerged earlier than semantic in-
terference in single-character word identification tasks, consistent with phono-
logical mediation theory. However, Zhou et al. (2000) found earlier semantic
than phonological activation in two-character word judgment tasks, while in
lexical naming tasks, phonological and semantic activation were nearly simul-
taneous—results not supporting phonological mediation. Such studies have two
common problems: First, Perfetti et al. (2005) noted that relative time course
cannot serve as evidence for phonological mediation because semantic activa-
tion might be slower than phonological activation even without phonological
mediation. Second, these experimental manipulations differ substantially from
natural reading, raising concerns about external validity.

Current research has not adequately addressed phonological processing in Chi-
nese lexical identification, and the role of phonological pathway activation in
semantic access requires further investigation. While some evidence suggests
phonological information is activated during Chinese reading, whether seman-
tics can be accessed via phonological mediation remains unresolved.

2.3 Context Effects on Chinese Word Processing

In natural reading, lexical processing does not occur in isolation but is embedded
within sentences, influenced by neighboring words and sentence context. Word
processing in sentences is more complex than processing isolated words in several
ways.

First, Chinese sentences lack explicit word boundary markers, so Chinese read-
ing first requires determining which characters constitute a word. Without
low-level visual cues like spaces, Chinese readers must rely on higher-level infor-
mation such as linguistic knowledge and context for word segmentation, unlike
alphabetic scripts. Research on word segmentation mechanisms reveals two pro-
cessing stages: in the first stage, readers generate initial segmentation based
on local information such as word frequency; in the second stage, readers verify
this initial segmentation against sentence context, with incorrect segmentation
requiring additional correction time (Huang et al., 2021; Huang & Li, 2020;
Inhoff & Wu, 2005; Li et al., 2009; Ma et al., 2014; J. Zhou & Li, 2021). Lexi-
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cal processing models based on alphabetic languages struggle to simulate these
Chinese-specific word and sentence processing characteristics.

Second, lexical processing during sentence reading is influenced by visual atten-
tion and reading direction. In studies of isolated Chinese words, all characters
of a word typically appear simultaneously within the reader’ s perceptual span
and can be processed together. However, during sentence reading, the eyes
move from left to right with variable fixation positions. Consequently, multiple
characters within a word may be processed at different times, with characters
near the fixation point processed earlier than those farther away. Additionally,
a single fixation can process multiple characters that may belong to the same
or different words. These phenomena, absent in isolated word processing, may
affect lexical processing mechanisms.

Third, sentence context influences lexical processing. Studies show that high-
predictability words have shorter reading times than low-predictability words,
indicating that readers continuously use prior context to make predictions that
facilitate lexical semantic access (XIEA et al., 2020; Cui et al., 2022; Rayner et
al., 2005; Yao et al., 2022). Context also helps readers quickly select appropriate
meanings for ambiguous words (Shen & Li, 2016). For example, “Ak£” can refer
to the planet Mars or something that causes fire, with the specific meaning
determined by context.

Thus, lexical processing in sentences differs from isolated word processing, and
findings from isolated word studies may not apply to sentence reading. Word
processing in sentences is often more complex than when words are presented
alone, and the underlying mechanisms may differ. Current models of lexical pro-
cessing rarely consider sentence context effects. Therefore, to fully understand
the cognitive mechanisms of Chinese lexical semantic processing, it is neces-
sary to further investigate the role of sentence features and context in lexical
cognition.

2.4 Development of Cognitive Models of Lexical Processing

To understand language processing mechanisms, scholars have developed many
cognitive models. The interactive activation model (McClelland & Rumelhart,
1981) has been highly influential, successfully explaining how bottom-up and
top-down information interact. Its interactive activation framework applies to
most cognitive processes. In reading, language content can only be understood
by integrating visual text information with stored linguistic and world knowl-
edge. Another well-known lexical processing model is the triangle model, which
uses connectionist principles to assume distributed representations of ortho-
graphic, phonological, and semantic information, with lexical processing occur-
ring through three bidirectionally connected subnetworks. This model simulates
reading aloud from orthography (Plaut et al., 1996; Seidenberg & McClelland,
1989) and semantic access from orthography (Harm & Seidenberg, 2004). Plaut
et al. (1996) focused on how readers pronounce irregular spelling-sound corre-
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spondence words, arguing that both regular and irregular words are processed
through a neural network-like system without separate pathways. Knowledge
about mappings between orthography and phonology is encoded in weighted con-
nections between units and adjusted through learning. This learning process,
driven by statistical regularities of word frequencies in the training set, captures
continuities between regular and irregular patterns, naturally reflecting these
variations in internal representations and blurring distinctions between regular
and irregular words, enabling flexible processing of irregular input. Harm and
Seidenberg (2004) used the triangle model to successfully simulate cooperative
division of labor between phonological mediation and direct semantic pathways
in English lexical processing. While connectionist models can simulate some
behavioral results, they have many parameters and limited interpretability.

These models are important for understanding alphabetic script mechanisms,
particularly in mapping orthography to phonology. However, they are gener-
ally not applicable to Chinese due to fundamental differences. In alphabetic
scripts, letters correspond to phonemes, and phoneme blending quickly yields
word pronunciation for lexical identification and semantic access (Tan & Per-
fetti, 1997). In Chinese, each character corresponds to a syllable; readers cannot
blend sub-character components to derive pronunciation and can only obtain it
after recognizing the whole character. Therefore, some scholars argue that Chi-
nese semantic access relies less on phonological mediation (Perfetti et al., 2005).

Previous computational models of Chinese reading have been important for guid-
ing research (Li et al., 2009; Li & Pollatsek, 2020; Perfetti et al., 2005; J. F. Yang
et al., 2009). However, existing Chinese reading models have several problems.
First, most models focus on character-level or single-character word processing
(Perfetti et al., 2005; J. F. Yang et al., 2009). These models introduce radical
and character representation nodes to simulate effects of radical features and
character frequency on character recognition (e.g., Chang et al., 2016; Hsiao &
Shillcock, 2004, 2005; Xing et al., 2002, 2004). Although Perfetti et al. (2005)
further introduced semantic and phonological nodes to enable output from or-
thography to phonology and semantics, their model remains limited to single-
character word identification. However, in modern Chinese, multi-character
words comprising two or more characters constitute the majority. Processing
mechanisms differ between single- and multi-character words; multi-character
word identification involves questions of holistic versus decompositional process-
ing, and if decompositional, how individual morpheme meanings combine to
form multi-character word semantics and how ambiguous characters’ specific
meanings are determined within words.

Second, based on the interactive activation framework, researchers have pro-
posed model frameworks for Chinese multi-character word processing to explain
important findings in Chinese character and word recognition (Peng et al., 1999;
Taft & Nguyen-Hoan, 2010; Tan & Perfetti, 1999). Tan and Perfetti’ s (1999) vi-
sual word recognition model includes orthographic, phonological, and semantic
modules with interactive activation between them, and contains bidirectionally
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connected character and multi-character word representations in orthographic
and phonological modules. This model assumes character identification facili-
tates multi-character word recognition but cannot explain inhibitory character
frequency effects found in some studies. X. Zhou and Marslen-Wilson’ s (2000)
multi-level lexical processing framework includes orthographic, phonological,
and semantic modules but lacks independent word-form and word-phonology
representations, making it difficult to explain widely observed word-based pro-
cessing patterns in Chinese reading such as the word superiority effect (Chen et
al., 2018; Shen et al., 2018; J. M. Yang et al., 2012). Peng et al.” s (1999) model
does not involve phonological representation but includes orthographic and lex-
ical representation systems, storing characters in the orthographic system and
morphemes and words in the representation system. Character nodes in the
orthographic layer activate corresponding morpheme and lexical nodes in the
representation layer through hierarchical connections, with connection strength
increasing with word frequency. Within the lexical representation layer, seman-
tically transparent words have excitatory connections between morpheme and
lexical nodes, while opaque words have inhibitory connections. This model pre-
dicts that semantic transparency and whole-word frequency jointly modulate
character frequency effects, but it is unclear when semantic processing begins
and how it relates to word-form representation. Taft and Zhu' s (1997) initial
framework for Chinese multi-character word processing included character and
multi-character word representations in orthographic, phonological, and seman-
tic modules. In their updated framework, Taft et al. (1999) added an abstract
lemma layer connecting orthography, phonology, and semantics, without whole-
word orthographic or phonological representations. However, what information
the lemma layer represents and the role of phonological pathways in Chinese
multi-character word processing remain unclear. Notably, these Chinese lexical
processing models based on interactive activation frameworks have not been
implemented as computer programs or fitted to experimental data. Strictly
speaking, these frameworks are not computational models and cannot simulate
the complex dynamic processes of word processing. Thus, multi-character word
processing mechanisms are central to understanding Chinese lexical processing,
but no formal computational model currently addresses this issue.

Third, most implemented lexical models have focused on orthographic processing
and pathways from orthography to phonology, with less involvement in seman-
tic processing of multi-character words (Xing et al., 2002, 2004; J. F. Yang et al.,
2006, 2009, 2013). Given the complex character-word relationships in Chinese,
lexical semantic processing remains challenging. For lexical processing in sen-
tence reading, models must also explain how context influences lexical semantic
access. Li and Pollatsek’ s (2020) Chinese Reading Model (CRM) simulates
word segmentation, word identification, and eye-movement control during sen-
tence processing, including character and word recognition. The model assumes
that when the eyes fixate a location, all perceivable characters are recognized in
parallel. All words formed by these recognized characters are activated and com-
pete; when a word wins the competition, it is identified and segmented. Thus,
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the model posits that Chinese word segmentation and identification occur si-
multaneously as a unified process. The CRM successfully explains cognitive
mechanisms of word segmentation and eye-movement control in Chinese read-
ing. However, it primarily focuses on processing from orthography to lexical
entries, without addressing the roles of phonology and semantics. Therefore,
the model needs further development to explain the functions of phonology and
semantics in reading.

Current research on cognitive models of Chinese lexical processing faces several
unresolved issues and lacks systematic computational models of lexical seman-
tic processing. On one hand, models developed for alphabetic scripts cannot be
directly applied to Chinese. On the other hand, previous Chinese cognitive mod-
els have focused either on orthography-to-phonology processing or orthography-
to-lexical-entry identification; no model has comprehensively described the dy-
namic interactions among orthography, phonology, and semantics during Chi-
nese lexical processing. Moreover, most Chinese reading models have focused
only on single-character word processing, lacking simulation of multi-character
word processing. These limitations restrict their applicability.

3 Problem Statement

This research focuses on Chinese lexical semantic processing, using computa-
tional modeling to explore its cognitive mechanisms and experimental validation
to test theoretical hypotheses. It will address three core questions:

First, from a whole-part competition perspective, it will examine whether single-
character words are activated and compete with whole words during Chinese
compound word processing, thereby explaining the relationship between mor-
pheme and compound word processing. Most Chinese multi-character words
are compound words composed of two or more morphemes. Previous theories
attempting to distinguish holistic versus decompositional processing have many
unexplained findings. This study aims to propose and validate a new theoreti-
cal hypothesis: during compound word processing, local single-character word
representations and whole-word representations are activated at visual, phono-
logical, and semantic levels and compete with each other, with the winning
competitor being selected.

Second, it will examine the division of labor between phonological mediation
and direct semantic pathways during reading. Chinese is a logographic script
with different spelling-to-sound mechanisms than alphabetic scripts, and its
orthography-phonology-semantics processing mechanisms also differ. Previous
Chinese character and word recognition models have only considered single-
character word processing and have not addressed phonological pathway is-
sues in multi-character word processing. However, multi-character and single-
character word processing differ. Chinese has many homophonic characters
(averaging 4 homophones per character), making semantic access via single-
character pronunciation inefficient due to multiple activated semantics. How-
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ever, multi-character words have fewer homophones, allowing easier activation
of corresponding semantic units, making phonological mediation more likely for
semantic access. This research will investigate how phonological mediation and
direct semantic pathways interactively cooperate to access semantics during
multi-character word processing. Through modeling, it will examine how or-
thography, phonology, and semantics are dynamically activated during Chinese
lexical processing, focusing on the cognitive framework and processes, particu-
larly how phonological information is activated, whether activated phonology
can access semantics, and the relationship between phonological mediation and
direct semantic pathways.

Third, from a sentence reading perspective, it will explore cognitive mechanisms
of how context influences lexical semantic processing. Current lexical processing
research and models rarely consider sentence context effects. During sentence
reading, lexical processing is often influenced by context. This study will exam-
ine what assumptions are needed to model context effects on lexical semantic
processing during sentence reading, including how context influences ambiguous
word comprehension, word segmentation, and word prediction. It will test two
hypothesized processing modes: (1) before seeing the target word, context pre-
activates some lexical semantic representations, affecting target word processing;
(2) after seeing the target word, prior context influences lexical processing by
affecting competitive advantages among different semantic representations. No-
tably, these hypotheses are not mutually exclusive. During modeling, the model
may use one or both mechanisms to simulate different tasks.

In summary, Chinese lexical processing is a complex cognitive process. This re-
search addresses this issue from different perspectives of lexical processing using
various methods, comprising four parts. Part 1 will comprehensively review Chi-
nese lexical processing mechanisms through meta-analysis to understand over-
all findings, identify potential factors influencing different results, and propose
theoretical hypotheses. Based on these hypotheses, Part 2 will construct com-
putational models simulating semantic processing of Chinese isolated words.
These models will simulate dynamic activation of orthography, phonology, and
semantics during lexical processing and fit classic findings. By temporarily ig-
noring context effects, model complexity remains manageable. Building on this,
Part 3 will construct computational models simulating lexical semantic pro-
cessing during sentence reading, focusing on problems arising during sentence
processing and explaining inconsistencies between isolated word and sentence
reading findings. Part 4 will design experiments to validate important model
assumptions, particularly the competition mechanism between single-character
and whole words proposed for compound word processing. Experimental re-
sults will help refine the model and iteratively improve it to better understand
Chinese lexical semantic processing.
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4 Research Plan

This research focuses on Chinese lexical semantic processing, using meta-
analysis, computational modeling, and experimental methods to investigate
compound word processing, interactions among orthographic-phonological-
semantic modules, and lexical processing in sentence reading. It aims to
innovate theoretical hypotheses, construct Chinese-specific computational
models of lexical semantic processing, and validate them experimentally. This
work will reveal the dynamic process of Chinese lexical semantic processing
in both isolated and sentence contexts, elucidating script-specific cognitive
mechanisms of Chinese reading. The research will proceed in four parts, with
the overall framework shown in Figure 1 [Figure 1: see original paper].

4.1 Meta-Analysis of Chinese Lexical Processing Studies

Study 1 will conduct three meta-analyses addressing core scientific questions to
estimate effect sizes of morpheme, phonology, and context in compound word
processing and test the reliability of previous findings. The three meta-analyses
follow similar procedures but differ in inclusion criteria and coding rules.

For the meta-analysis examining morpheme processing effects on compound
word identification, the sample will include all experimental studies manipu-
lating compound word morpheme features, with conditions producing stronger
morpheme activation as the experimental group and weaker activation as the
control group. All included studies will be coded to estimate overall effect
size. If morpheme activation affects compound word identification, a significant
overall effect should be observed, with effect size reflecting the actual impact.
Subsequent analyses will examine heterogeneity and potential sources, using
weighted regression to test potential moderators including presentation mode,
manipulated morpheme features, and word frequency, and test for publication
bias. Moderating effects are expected: (1) larger morpheme effects when tar-
get words are presented in isolation versus embedded in sentences; (2) larger
morpheme effects when manipulating semantic features than phonological or
orthographic features; (3) larger morpheme effects for low-frequency than high-
frequency target words. Based on the overall effect size, studies with effect
sizes closest to the mean will be selected as representative for subsequent model
development.

For the meta-analysis examining phonological effects and whether phonology
mediates semantic access, all experimental studies using phonological features
as independent variables with visual lexical processing tasks will be included.
Phonologically related conditions will serve as the experimental group and un-
related conditions as the control group. Potential moderators causing hetero-
geneity include experimental paradigm, task, processing of whole versus partial
phonology, word frequency, and participant age. If the overall phonological ef-
fect is significant, it supports phonological activation during lexical processing.
If semantic processing tasks show significant facilitatory phonological effects,
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this indicates use of phonological mediation for semantic access. Conversely,
absent phonological effects at certain moderator levels suggest weak phonologi-
cal activation and influence.

Finally, a meta-analysis will examine context effects in lexical processing, in-
cluding studies manipulating contextual features or relationships between target
words and context. Conditions with relatively favorable context will be coded
as the experimental group and unfavorable or neutral context as the control
group to estimate overall effect size. Context is expected to significantly in-
fluence lexical processing, showing a large overall effect. Potential moderators
include manipulated variables, task, presentation mode, duration, and partic-
ipant age. Meta-regression results and effect size differences across variable
levels will identify primary internal factors influencing context effects, such as
conditions producing larger contextual influences. Meta-analysis results will
provide theoretical hypotheses and data support for models of lexical semantic
processing during sentence reading.

4.2 Construction of Chinese Isolated Word Processing Model

Study 2 will use model simulation to examine the dynamic processing from
orthography to semantics in Chinese reading from whole-part competition and
modular processing perspectives. It aims to construct computational models of
Chinese isolated word processing to explore the roles of morpheme semantics
and phonological pathways in lexical semantic processing.

4.2.1 Model Assumptions The Chinese isolated word semantic processing
model incorporates two key assumptions. First, the model assumes activation
of phonological representations during visual lexical semantic processing, thus
including orthographic, phonological, and semantic modules with feedforward
and feedback connections between them. This means both direct orthography-
to-semantics pathways and orthography-phonology-semantics mediation path-
ways are activated during lexical processing. Model experiments will test this
assumption.

Second, when processing compound words, the model assumes that nested single-
character words and whole-word representations are activated at orthographic,
phonological, and semantic levels, and that they compete. Due to competition,
single-character word activation inhibits whole-word activation. Unlike most
previous models assuming either holistic or decompositional processing, this
model places single-character and whole-word representations at the same level
with simultaneous activation, with competition outcomes across orthographic,
phonological, and semantic levels determining whether whole words or single-
character words win. In model experiments, activation levels of different nodes
change dynamically over time, testing this assumption.

4.2.2 Model Structure and Implementation The model has a complete
triangle structure with orthographic, phonological, and semantic modules, using
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hierarchical network structures with nodes representing characters, pronuncia-
tions, lexical entries, word pronunciations, and semantics of single- and multi-
character words (Figure 2 [Figure 2: see original paper]). Modules interact
through interactive activation frameworks enabling bottom-up and top-down
information exchange. Basic assumptions are embodied in connection patterns
and strengths between and within modules. Model input is visual word infor-
mation, output is identified lexical entries, meanings, and pronunciations, with
dynamic processing simulated through recurrent updating of node activation
levels from input to output.

For implementation, visual, character, and lexical entry layers follow CRM im-
plementation. Phonological layer activation occurs when orthographic unit acti-
vation exceeds thresholds, activating corresponding character phonology nodes
and then all related lexical phonology units. In the semantic layer, semantic
information is assumed to be represented in semantic space, with semantically
related words closer together. A word’ s semantics is represented as a set of
activated semantic units (Landauer & Dumais, 1997). When word activation
exceeds threshold, it activates a small region in semantic space and all units
within it. Units at the center have highest activation, decreasing with distance
from the center. Semantic space information will be obtained using word embed-
dings, with 200-dimensional vectors for each word from wordVec pre-training
(Mikolov et al., 2013) and cosine similarity calculating semantic distances.

The model assumes interactive activation connections between adjacent layers
but no direct connections between nonadjacent layers. This interactive connec-
tivity gives the model novel characteristics. For example, Chinese has many
polyphonic characters and homophones, making it difficult for single-character
models to determine pronunciation or access semantics directly from phonology.
This model processes multi-character word phonology interactively, enabling
correct polyphonic character pronunciation determination through feedback con-
nections. Multi-character words have fewer homophones, making it easier to
activate accurate semantics and improving phonological mediation efficiency.
These features are absent in single-character word models.

4.2.3 Model Experiments After model construction, structural and param-
eter adjustments will examine its characteristics to reveal lexical processing
mechanisms. Simulation experiments will test whether model assumptions can
explain important existing findings. To examine phonological pathway involve-
ment, model parameters will be adjusted to alter division of labor between
pathways. Depending on parameters, the model can activate semantics via only
direct semantic pathways, only phonological mediation pathways, or both. Mod-
eling will explore which approach better fits findings to determine final model
structure. Additionally, removing model components will test impacts on model
behavior, examining whether some findings cannot be fit without phonological
mediation, which would provide strong support for its necessity. Simulation
experiments will also observe activation timing of phonological and semantic
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units, comparing dynamics across processing units to provide new insights into
time courses of different lexical semantic processing pathways.

The model will simulate Chinese isolated word processing, evaluating how well
competition-based models fit Chinese reading findings. Simulations will include:
(1) effects of character properties (e.g., semantic transparency) on processing
speed in compound word processing; (2) phonological processing studies ex-
amining phonological activation and its role in lexical processing, particularly
polyphonic character pronunciation determination; (3) semantic priming effects,
including whole-word and morpheme semantic priming. These simulations aim
to evaluate model performance, reveal how model structure produces relevant
effects, and deepen understanding of cognitive mechanisms.

4.3 Sentence Reading Model

Study 3 will integrate the isolated word processing model from Study 2 with
CRM’ s eye-movement control module, incorporating phonological processing,
semantic processing, and sentence context effects with new assumptions to con-
struct a lexical semantic processing model during sentence reading that accu-
rately simulates lexical processing and its relationship with eye-movement con-
trol. As reading aims to comprehend text semantics, unlike CRM’ s assumption
that visual lexical processing degree is the primary determinant of when the
eyes move, the new assumption posits that semantic unit activation level is the
primary factor determining saccade timing. This will help more accurately sim-
ulate lexical processing during sentence reading and better explain important
findings related to semantic processing. Another key assumption is that iden-
tified words influence subsequent word processing. After a word’ s semantics
are extracted, semantic units constituting its meaning maintain maximal acti-
vation, unaffected by other words being processed, while influencing subsequent
word processing. Adjusting connection strengths between semantic units can
simulate context effects on ambiguous word meaning selection.

4.3.1 Model Experiments The newly constructed model will simulate im-
portant findings: (1) Preview effects. Studies using the boundary paradigm
examine how semantic relatedness between preview and target words influences
fixation times, demonstrating that readers process lexical semantic information
before fixation. This is important for understanding information processing at
a fixation and whether words are processed in parallel or serially. (2) Ambigu-
ous word meaning selection. Simulating Shen and Li (2016) to explore how
context influences ambiguous word meaning selection, showing how readers use
contextual information in real-time to select appropriate meanings. (3) Word
predictability effects. When readers can predict upcoming words from context,
reading times on those words decrease (Rayner et al., 2005). This predictive
function of context is an important indicator for testing model validity. (4)
Holistic processing of nested words. Simulating how Chinese readers holistically
process nested words and integrate them with context, such as processing “#itx
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8" being unaffected by contextual plausibility of “##&” (J. M. Yang et al., 2012;
J. Zhou & Li, 2021). These findings are important for understanding lexical
processing and integration units during sentence reading. If model assumptions
are correct, the model should fit these key data patterns; otherwise, further
revision is needed.

4.4 Experimental Validation of Core Model Assumptions and Impor-
tant Predictions

This research plans to use experimental studies to validate important model as-
sumptions and predictions, focusing on validating the competition mechanism
between single-character and whole words proposed for compound word process-
ing. Two experiments will examine whether competition exists between partial
single-character words and whole multi-character words during processing of
isolated words and words embedded in sentences. If model assumptions and
predictions are validated, they will provide empirical support for the model
and deepen understanding of Chinese lexical processing. If experimental results
contradict model assumptions and predictions, model revision will be needed.
This process will iteratively improve understanding of Chinese lexical processing
cognitive mechanisms.

Experiment 1 will validate an important assumption of the isolated word pro-
cessing model: during compound word processing, both whole words and nested
single-character words are activated and compete. A 2 (whole-word frequency:
high vs. low) x 2 (single-character word frequency: high vs. low) within-subjects
design will be used. The manipulated single-character word frequency refers to
the frequency of the first character of a compound word when it appears as a
single-character word in the corpus. Chinese single-character words have both
character frequency and word frequency features that are highly correlated but
represent different concepts. For example, for “f”, character frequency indicates
how often the character appears in all text (including “B”, “Bar”, “A#t” ), while
word frequency only includes its frequency as a single-character word among all
words. Previous research on character frequency effects in compound word pro-
cessing has not controlled for potential word frequency confounds. This experi-
ment aims to test the model’ s assumption of lexical-level competition between
single-character and whole words, thus manipulating single-character word fre-
quency while matching character frequency. Chinese two-character compound
words will be presented in isolation for lexical decision tasks, with response keys
and reaction times recorded. According to the competition hypothesis, higher
single-character word frequency should lead to longer lexical decision times and
slower processing for two-character words. An interaction between whole-word
frequency and single-character word frequency is expected, with stronger in-
hibitory effects of single-character word frequency when whole-word frequency is
low. Without lexical-level competition, single-character word frequency should
have no effect on processing speed.

Experiment 2 will examine lexical processing mechanisms in sentences using
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a 2 (semantic similarity between single-character word and whole word: high
vs. low) x 2 (single-character word frequency: high vs. low) within-subjects de-
sign. It will test whether nested single-character words are activated and com-
pete with whole words during multi-character word processing in sentences, and
whether competition occurs at orthographic or semantic levels. Target words are
Chinese two-character compound words embedded in identical sentence frames
across four conditions, with eye movements recorded during sentence compre-
hension. By comparing fixation times on target words, the experiment examines
whether compound word processing is influenced by semantic similarity between
constituents and the whole word, and by single-character word frequency. If
the competition hypothesis holds, inhibitory effects of single-character word
frequency are expected, with longer fixation times under high-frequency con-
ditions. If sentence context provides top-down activation reducing reliance on
individual character representations, no single-character word frequency effect
is expected. If semantic-level competition occurs in sentence reading, single-
character word frequency inhibition is expected only when semantic similarity
between the single-character word and whole word is low, with longer processing
times for compound words containing high-frequency constituents.

5 Theoretical Construction

Lexical processing is fundamental to reading comprehension. However, due to
the uniqueness of the Chinese writing system where individual characters carry
rich semantic information, lexical processing models based on alphabetic lan-
guages cannot be directly applied to Chinese (Li et al., 2022). Some Chinese
lexical processing models focus only on single-character word processing, intro-
ducing radical and character representation nodes to simulate effects of radical
features and character frequency on character recognition (Chang et al., 2016;
Hsiao & Shillcock, 2004, 2005; Xing et al., 2002, 2004; J. F. Yang et al., 2006,
2009, 2013). Other models for Chinese multi-character word processing empha-
size interactive activation between character and word identification but do not
involve phonological and semantic processing (Li & Pollatsek, 2020; Yu et al.,
2021), or have not been computationally implemented, making it difficult to
simulate dynamic lexical processing (Peng et al., 1999; Taft et al., 1999; Taft &
Zhu, 1997). Although existing models provide deep understanding of Chinese
character and word recognition and reading processes, many challenges remain.
For example, Chinese has many compound words, and accurate processing can-
not rely solely on concatenating single-character word phonology and semantics.
This research focuses on three key scientific questions in Chinese lexical seman-
tic processing, proposes original theoretical hypotheses, extends the established
Chinese reading model (Li & Pollatsek, 2020) at phonological and semantic lev-
els, constructs two cognitive computational models for isolated word processing
and sentence reading, and designs experiments to validate their assumptions
and predictions. This research has the following theoretical significance.

First, regarding Chinese compound word processing mechanisms, previous re-
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search has debated whether words are processed holistically or through decom-
positional pathways (Cao et al., 2016; Taft et al., 1994; Tsang & Chen, 2014; G.
Yan et al., 2006). This research proposes a novel possibility: at orthographic
and semantic levels, all words that can be formed by characters within the per-
ceptual span are activated and compete, including single-character and multi-

%

character words. For example, when seeing “Bir” , the word forms of “B” ,
“i” , and “Wir” are all activated at the lexical level and compete, with the
winner being segmented and identified. Similarly, multi-character words and
constituent single-character words are activated and compete at the semantic
level; increased activation of one reduces activation of others, with the word
reaching higher activation and crossing threshold earliest gaining priority for
semantic access. This theory has not been reported in previous research. This
study proposes a new theoretical hypothesis for compound word processing that
may significantly advance Chinese lexical cognitive processing research.

Second, the constructed model can simulate interactions among orthography,
phonology, and semantics during lexical processing, revealing the division of
labor and functions between direct semantic and phonological mediation path-
ways. Previous single-character word models suggest Chinese semantic access
relies less on phonological mediation partly because numerous homophones re-
duce semantic access efficiency (Wong et al., 2014; H. Zhang et al., 2020; X.
L. Zhou et al., 1999). However, multi-character words, which constitute most
Chinese vocabulary, rarely have phonological ambiguity, making it easier to
activate corresponding semantic units. Multi-character word processing mech-
anisms differ from single-character words and are more likely to use phonologi-
cal mediation for semantic access. The model includes a phonological module:
when orthographic unit activation exceeds threshold, corresponding phonologi-
cal units and all related lexical phonology units are activated. Multi-character
word phonological processing is interactive; unlike single-character models, this
model can determine correct polyphonic character pronunciation through top-
down connections. For example, when “&” appears alone, its pronunciation
cannot be determined as “chang” or “zhang” , but in “F&”, “K” can be deter-
mined as “zhang” . These features are absent in previous single-character word
models. The model fully considers dynamic interactions among orthographic,
phonological, and semantic modules in multi-character word processing, explain-
ing Chinese lexical processing mechanisms from the perspective of coordination
and division of labor among different pathways. This will help refine existing
lexical processing theories and compare universality and specificity across lan-
guage processing mechanisms.

Third, this research constructs computational models of lexical semantic pro-
cessing during sentence reading that fully consider effects of sentence context
on lexical access and eye-movement control. Currently, few computational mod-
els have been developed for Chinese lexical processing, and existing models focus
only on word segmentation and identification without involving semantic pro-
cessing (Li & Pollatsek, 2020; Yu et al., 2021). Unlike previous lexical processing
models, this model will focus on problems and eye-movement patterns that may
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arise during lexical semantic access in sentence processing. A key theoretical
assumption is that prior context importantly influences word segmentation and
meaning selection. The model will fit important findings from Chinese sentence
reading, including but not limited to semantic preview effects (Shen et al., 2018;
M. Yan et al., 2009) and semantic plausibility effects (J. M. Yang et al., 2012;
Yao et al., 2022; J. Zhou & Li, 2021). By inputting contextual semantic in-
formation, adjusting model structure and parameters, and observing dynamic
changes in simulations, the model will facilitate deeper understanding of how
lexical semantics are accessed during sentence reading, how ambiguous words
select meanings, and how semantic information integrates with prior context,
and will explain inconsistencies between isolated word and sentence reading find-
ings. Additionally, while experimental research on lexical semantic processing
during sentence reading is limited, computational model development will guide
experimental studies.

Finally, this research contributes methodologically and technologically. Com-
pared with previous models, the proposed model has three characteristics: first,
it can process both single-character and multi-character words; second, it can
simulate orthographic, phonological, and semantic processing and their interac-
tions; third, it can simulate context effects on lexical processing during sentence
processing. These features enable the model to characterize dynamic Chinese
lexical processing and simulate Chinese lexical semantic processing mechanisms
more broadly.

In summary, this research leverages computational models’ accuracy, system-
aticity, and ability to describe dynamic processes to assist understanding of
complex Chinese character and word recognition, while better guiding experi-
mental research. It organically combines experimental and modeling research,
using experiments to validate model assumptions and predictions, with results
driving model revision to iteratively improve understanding of Chinese lexical
semantic processing mechanisms.
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