ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-202310.00207

Cognitive Mechanisms of Syllable Frequency Ef-
fects in Speech Production: A Cross-Linguistic
Perspective Postprint

Authors: Pan Jiabing, Zhang Qingfang
Date: 2023-10-09T00:00:00+00:00

Abstract

In spoken word production, the syllable frequency effect refers to the processing
advantage of high-frequency syllables over low-frequency syllables. This article
reviews the manifestations and theoretical foundations of the syllable frequency
effect in speech production, elaborating on the cross-linguistic differences in this
effect between Indo-European languages and Chinese from the perspectives of
influencing factors, stage of occurrence, and neural mechanisms. Based on the-
oretical models of spoken production and the appropriate unit hypothesis, com-
bined with the inherent characteristics of different languages, it analyzes the
reasons for the existence of cross-linguistic differences in the syllable frequency
effect, proposes a model concerning the mechanism of syllable action in Chinese
spoken word production, and provides a new perspective on the role of syllables
in the spoken production of both Chinese and alphabetic languages. Future
research should further explore the specific mechanisms by which the two mea-
surement methods of syllable frequency influence the syllable frequency effect,
strengthen the investigation of the syllable frequency effect in Chinese spoken
word production, and utilize multiple experimental techniques and paradigms
to deeply examine the cross-linguistic differences in syllable processing during
speech production.
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Cognitive Mechanisms of Syllable Frequency Effects in Speech Pro-
duction: A Cross-Language Perspective

PAN Jiabing, ZHANG Qingfang
(Department of Psychology, Renmin University of China, Beijing 100872, China)

Abstract

In spoken word production, the syllable frequency effect refers to the process-
ing advantage of high-frequency syllables over low-frequency syllables. This
review summarizes the manifestations and theoretical foundations of syllable
frequency effects in speech production, and elaborates on cross-linguistic differ-
ences between Indo-European languages and Chinese from the perspectives of
influencing factors, processing stages, and neural mechanisms. Based on speech
production models and the proximate units principle, combined with the inher-
ent properties of different languages, we analyze the reasons for cross-linguistic
differences in syllable frequency effects and propose a model concerning the
mechanism of syllable processing in Chinese spoken word production, provid-
ing a new perspective on the role of syllables in speech production across Chi-
nese and alphabetic languages. Future research should further investigate the
specific mechanisms through which the two measurement methods of syllable
frequency influence syllable frequency effects, strengthen the examination of syl-
lable frequency effects in Chinese spoken word production, and deeply explore
cross-linguistic differences in syllable processing during speech production using
multiple experimental techniques and paradigms.

Keywords: speech production, syllable frequency effect, cross-language, men-
tal syllabary, syllabic neighbours

Classification Code: B842

Speech production plays a crucial role in human communication, referring to
the psychological process of transforming thoughts into speech and expressing
them through articulatory organs. It comprises three cognitive processing stages:
conceptual preparation, where speakers clarify the concepts and content they
wish to express; formulation, where concepts are organized and converted into
corresponding linguistic forms; and articulation, where vocal muscle movements
generate speech output [?, ?].

According to the WEAVER++ (Word-form Encoding by Activation and Veri-
fication++) model of speech production [?, ?], formulation corresponds to the
lexical access stage, which includes lexical selection, morphological encoding,
and phonological encoding. During phonological encoding, speakers extract
segmental and metrical information from morphemes and insert segments into
metrical frames through a syllabification process in a strict order. Subsequently,
phonetic encoding occurs, where articulatory motor programs for syllables are
retrieved and prepared for articulatory output. Previous research has debated
the role of syllables in spoken word production.
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Syllables are natural articulatory units constrained by specific language struc-
tures and semantics [?, ?]. The cognitive mechanisms and temporal dynamics of
syllable processing exhibit cross-linguistic differences during speech production.
Studies on Chinese spoken word production have consistently observed a stable
syllable priming effect, where naming latencies are shorter when prime and tar-
get stimuli share syllable overlap. Researchers argue that this effect indicates
syllables are extracted first after lexical selection and serve as important func-
tional units in phonological encoding [?, ?, 7, 2, ?, 7, ?, ?]. For Indo-European
languages such as English and Dutch, syllable access and processing primar-
ily occur during phonetic encoding, manifesting as syllable frequency effects
[?, 7, 7, ?], where naming latencies are shorter for words with high-frequency
syllables during picture naming or word reading tasks. Although syllable fre-
quency effects in speech production have been extensively validated across lan-
guages [?, 7, 7, 7, 7], systematic reviews and cross-linguistic comparisons of
research findings in this domain are lacking. This paper reviews and compares
the cognitive mechanisms of syllable frequency effects in Indo-European lan-
guages and Chinese to deepen our understanding of cross-linguistic differences
in syllable frequency effects during speech production.

2. Measurement of Syllable Frequency: Type Frequency
and Token Frequency

Syllable frequency measurement is closely related to syllabic neighbours. In
alphabetic languages, syllabic neighbours broadly refer to all words sharing a
syllable at the same position regardless of which syllable position [?, ?], while
narrowly defined neighbours refer to all words sharing the same initial syllable
[?, ?]. For example, Spanish words casa ( “house” ), caro ( “expensive” ), caja (
“box” ), and cama ( “bed” ) are syllabic neighbours [?, ?]. As a tonal language
with numerous homophones and near-homophones [?, 7, 7, ?], Chinese syllabic
neighbours refer to all monosyllabic characters sharing the same syllable (tone
not considered). Two measurement methods exist: syllabic neighbour count and
cumulative word frequency of syllabic neighbours, termed type frequency and
token frequency, respectively [?, ?]. Type frequency refers to the total number
of syllabic neighbours for a target syllable, while token frequency represents
the arithmetic sum of word frequencies of all syllabic neighbours. For instance,
Chinese syllable /shua/ has syllabic neighbours “RI”, “W”, and “E”. Based on
word frequencies from the Chinese word frequency database SUBTLEX-CH [?,
?], their frequencies are 16.4, 0.21, and 54.37 per million, respectively. Therefore,
the type frequency of syllable /shua/ is 3, and its token frequency is 70.98 per
million.

Most previous studies have only considered token frequency [?, 7, 2, 7, 7, 2
?, 7,7, ?]. Few studies have measured both types of frequency, and those
that have failed to truly differentiate their effects. Researchers have simulta-
neously measured both frequency types but only to ensure selected syllables
had comparable values, such that high-frequency syllables had high token and
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type frequencies while low-frequency syllables had low values, without examin-
ing whether the two frequency types produced different effects [?, ?, 7, ?]. Word
token and type frequencies are closely related, making independent manipula-
tion difficult [?, ?, ?], which complicates clear attribution of syllable frequency
effects. Conrad et al. (2008) proposed that these two frequency types operate
at different processing levels: token frequency of syllabic neighbours is easily
influenced by extremely high-frequency neighbours, reflecting lexical-level com-
petition among syllabic neighbours and the target word, and tends to produce
inhibitory effects during lexical selection. In contrast, type frequency better
reflects sublexical-level usage frequency and typicality of syllable representa-
tions themselves. Kwon (2014) tested this hypothesis using Korean word read-
ing tasks. As a phonographic script similar to Indo-European languages with
shallow orthographic depth, Korean word reading relies more on grapheme-to-
phoneme conversion rules to access syllable representations directly and less
on lexical-level information. Therefore, type frequency, which is sensitive to
syllable representations, was expected to show facilitatory effects, while token
frequency should show no effect. However, results showed facilitatory effects for
both type and token frequencies, leading the researcher to conclude that both
reflect speakers’ processing of syllable representations at the sublexical level.
The different directional effects of the two measurement methods suggest they
influence spoken word production through different mechanisms.

3. Cognitive Mechanisms of Syllable Frequency Effects in
Indo-European Languages

Using picture naming, word reading, or symbol-word association tasks, re-
searchers have found shorter naming latencies for high-frequency syllable
words compared to low-frequency syllable words, demonstrating the syllable
frequency effect [?, 7, 7, ?]. Syllable frequency effects in speech production
have been repeatedly validated across Indo-European languages including
English [?, ?, ?, 7], French [?, ?, ?], Dutch [?, ?, ?, ?, ?], Spanish [?, 7, 7, 7],
and German [?, ?, 7).

3.1 Manifestations and Processing Stages of Syllable Frequency Ef-
fects

Most studies examining Indo-European speech production have found facilita-
tory effects of token frequency [?, 7, ?, 7, ?, 7, 7, 7], though some have reported
inhibitory effects [?, 7, 7, 7, ?] or null effects [?, 7, ?]. The different directional
effects of syllable frequency on speech production may stem from its differential
impact on two processing stages [?, 7, 7, ?]. During lexical selection in lexi-
cal access, high-frequency syllable words activate larger initial candidate sets
because they have more syllabic neighbours, and these sets are more likely to
contain high-frequency words. The activated lexical nodes compete with each
other and interfere with target word access, producing inhibitory effects. During
phonetic encoding, speakers retrieve articulatory motor programs from a mental
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syllabary. The mental syllabary is a repository of syllables containing abstract
phonological syllables and context-dependent phonetic syllables (i.e., articula-
tory motor programs). During phonetic encoding, phonological syllables serve
as input signals to the mental syllabary, mapping onto stored articulatory mo-
tor programs that are then output to the articulatory system [?, 7, 7, 7, ?].
Since articulatory motor programs for high-frequency syllables can be retrieved
faster from the mental syllabary, high-frequency syllable words are named more
quickly, showing facilitatory effects (see Figure la [Figure 1: see original paper]).

Researchers have found that syllable frequency typically produces inhibitory
effects in lexical decision tasks [?, ?, 7, ?, 7, 7, ?] and facilitatory effects in
pseudoword naming tasks [?, ?, ?, ?, ?, ?], providing support for the view that
inhibitory and facilitatory effects occur during lexical selection and post-lexical
processing stages (including phonological and phonetic encoding), respectively.
Lexical decision tasks require judging whether stimuli are real words or pseu-
dowords, a process that does not involve speech output, so syllable frequency
primarily exerts inhibitory effects at the lexical selection stage. Compared to
low-frequency syllables, high-frequency syllabic neighbours produce stronger ac-
tivation that competes with the target word, interfering with lexical decisions
and producing inhibitory effects. Pseudoword naming tasks, however, do not in-
volve lexical selection, so syllable frequency primarily operates during phonolog-
ical and phonetic encoding stages, where high-frequency syllables have retrieval
advantages that produce facilitatory effects. Hutzler et al. (2005) did not ob-
serve syllable frequency effects in real word naming tasks, suggesting that the
inhibitory effect on lexical selection and facilitatory effect on speech output may
have equal strength, resulting in mutual cancellation in reaction time measures.

Regarding the locus of facilitatory syllable frequency effects, debate exists
over whether they occur during phonological or phonetic encoding. Two main
research approaches have been employed. The first uses the additive-factor
method [?, ?] to test for interactions between syllable frequency and other
linguistic factors. Cholin and Levelt (2009) observed an interaction between
syllable preparation effects and syllable frequency effects in Dutch using the
implicit priming paradigm. Since syllable preparation effects encompass all
word-form encoding stages (morphological encoding, phonological encoding,
and phonetic encoding), an interaction between two factors suggests they may
operate at the same stage in a serial processing sequence. The researchers
therefore concluded that the mental syllabary likely resides at the phonetic
encoding stage following whole-word access. The second approach uses tasks
involving different speech production stages and compares whether syllable
frequency effects appear across these tasks to infer their processing locus.
Laganaro and Alario (2006) used immediate naming, delayed naming, and
delayed naming with articulatory suppression tasks to examine the processing
stage of syllable frequency effects in French. Immediate naming includes all
speech production processes from conceptualization to articulation. Delayed
naming does not require participants to name pictures immediately upon
presentation; instead, they complete phonological and phonetic encoding
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before a cue appears, after which they execute the prepared articulatory motor
program. Therefore, naming latencies in this task reflect only articulatory
processing. Delayed naming with articulatory suppression requires participants
to repeatedly articulate a specific sound (e.g., /da/) after picture onset and
stop immediately upon seeing the cue to name the picture. Since repeated
articulation occupies the articulatory loop [?, ?] and blocks phonetic encoding of
the target word, naming latencies measured after the cue reflect both phonetic
encoding and articulation stages. Syllable frequency effects were observed in
immediate naming and delayed naming with articulatory suppression but not
in delayed naming alone. Since both immediate naming and delayed naming
with articulatory suppression include phonetic encoding processes while delayed
naming does not, the contrast between tasks suggests syllable frequency effects
occur during phonetic encoding. However, Croot et al. (2017) using a similar
design in English found syllable frequency effects only in immediate naming.
Based on the task comparisons, this suggests the effect does not occur during
phonetic encoding or articulation but possibly during phonological encoding.
Croot et al. (2017) noted that syllable frequency effects might also appear
during phonetic encoding but were too weak to detect in the delayed naming
with articulatory suppression task.

High temporal resolution techniques can precisely examine the time course of
syllable frequency effects. Burki et al. (2015) used event-related potentials to
examine French pseudoword naming with high-frequency, low-frequency, and
novel syllables (frequency = 0). They found differences in ERP waveforms and
topographic patterns between high-frequency and low-frequency/novel syllables
approximately 180-160 ms and 115-100 ms before articulation onset. Accord-
ing to meta-analyses of spoken word production time courses, this time window
corresponds to phonetic encoding [?, ?, ?]. The ERP findings thus indicate
that syllable frequency effects occur during phonetic encoding. In summary,
most evidence supports that syllable frequency effects in Indo-European lan-
guages occur during phonetic encoding, though the possibility that they occur
during phonological encoding cannot be ruled out. The facilitatory effects of
syllable frequency may appear during phonological and/or phonetic encoding.
Although English and French are both Indo-European languages, differences in
their lexical-phonological relationships may influence the cognitive mechanisms
of syllable frequency effects in spoken word production.

Researchers have also examined how syllable position characteristics affect syl-
lable frequency effects in Indo-European languages. For disyllabic and polysyl-
labic words, positional syllable frequency refers to the number of times a syllable
appears at a specific position in words (weighted by word frequency, [?, 7, ?]) or
the cumulative word frequency of all words containing that syllable at the same
position [?, 7, ?]. After controlling for potential effects of stress assignment
patterns in disyllabic words, studies have found that syllable position influences
the presence of syllable frequency effects, though results remain controversial.
Levelt and Wheeldon (1994) observed syllable frequency effects only for sec-
ond syllables in Dutch disyllabic real word naming, arguing that articulation
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is not output until all syllables in a word complete phonetic encoding, mak-
ing processing speed advantages for high-frequency first syllables less apparent.
However, other studies found syllable frequency effects only for first syllables in
Spanish [?, ?] and Dutch [?, ?] disyllabic pseudoword naming, suggesting that
articulation can begin once first syllable phonetic encoding is complete—that is,
speakers retrieve the second syllable while articulating the first, making second
syllables insensitive to frequency manipulation in rapid naming tasks. Cholin et
al. (2011) proposed that these different speech retrieval strategies between stud-
ies may stem from lexicality of experimental materials. In real word production,
speakers complete phonetic encoding for the entire word before articulation to
convey meaning correctly, whereas for pseudowords without meaning require-
ments, speakers simply articulate them. Some English disyllabic word naming
studies have found syllable frequency effects for both first and second syllables
(pseudoword naming: [?, ?]; real word naming: [?, ?]), reflecting that English
speakers may have larger planning scope at the phonetic encoding-articulation
interface. Cholin et al. (2011) suggested that syllable boundary clarity affects
articulatory planning scope across languages: compared to English, Dutch and
Spanish have relatively clear syllable boundaries, allowing speakers to detect syl-
lable boundaries earlier and access the mental syllabary more quickly. In rapid
naming tasks, Dutch and Spanish speakers tend to adopt syllable-sized plan-
ning scope, while English speakers tend to adopt multi-syllable planning scope
that crosses syllable boundaries due to relatively ambiguous syllable boundaries.
Whether syllables at different positions in polysyllabic word production show
frequency effects depends not only on different speech retrieval strategies for real
words versus pseudowords but also on cross-linguistic differences in articulatory
planning scope.

3.2 Theoretical Accounts

Researchers have debated the mechanisms underlying facilitatory syllable fre-
quency effects in speech production, proposing mental syllabary theory [?, 7],
mixed models [?, ?], and dual-route models [?, 7, ?].

Levelt (1993) proposed mental syllabary theory to explain facilitatory syllable
frequency effects in alphabetic language speech production. According to this
theory, syllable frequency effects arise from direct retrieval of articulatory motor
programs stored in the mental syllabary. Since high-frequency syllables access
the mental syllabary faster than low-frequency syllables, high-frequency syllable
words are named more quickly [?, 7, ?, 7, ?]. Mental syllabary theory empha-
sizes retrieval efficiency: since most syllables are frequently used articulatory
units, recalculating complete articulatory motor programs for each use would
be computationally wasteful [?, ?]. Direct retrieval of stored programs from the
mental syllabary substantially reduces computational load and enables rapid,
fluent speech [?, 7, 7, 7].

Levelt and Wheeldon (1994) validated mental syllabary theory through sylla-
ble frequency effects in Dutch speech production, while noting that speakers
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can correctly pronounce pseudowords composed of non-existent but phonotac-
tically legal syllables (e.g., fliltirp). Since the mental syllabary does not store
such non-existent syllables (i.e., novel syllables), speakers cannot access them
directly and must rely on alternative mechanisms. They therefore proposed a
mixed model, assuming two processing routes in the mental syllabary: direct
retrieval and online computation. Novel and extremely low-frequency syllables
are computed online, while frequently used high-frequency syllables are stored in
the mental syllabary for direct retrieval (see also [?, ?]). Facilitatory syllable fre-
quency effects arise because direct retrieval of high-frequency syllables is faster
than online computation of low-frequency syllables. Ferrand et al. (1996), using
French syllable counts as an example, noted that not all syllables are stored in
the mental syllabary. Potential novel syllables in French could be assembled
online: while approximately 6,000 syllables actually exist, up to 33,600 poten-
tial syllables could be generated by including syllables that violate French word
formation rules but follow French phonotactic rules (e.g., /km lu/). Speakers
need not store such numerous syllables in the mental syllabary and can generate
correct pronunciations for phonotactically legal novel syllables through analogy.
As in early speech acquisition where all syllables are effectively novel, speak-
ers gradually develop retrieval mechanisms from the mental syllabary based on
language use experience.

The dual-route model of phonetic encoding [?, ?, ?] similarly posits that high-
frequency and low-frequency syllables rely on different processing mechanisms:
high-frequency syllables are retrieved directly from the mental syllabary via a
direct route, while low-frequency syllables are assembled online from segments
via an indirect route (see also [?, ?, 7, 7, ?]). Evidence from initial segment
exchange errors supports the view that segments are assembled online into syl-
lables: in continuous speech, initial segments of two words exchange positions
(e.g., car park misarticulated as /pa: ka:k/), indicating that segments can be
independent representational units during speech assembly [?, ?]. The dual-
route model further hypothesizes that syllable retrieval is related to its resting
activation level, with high-frequency syllables having higher resting activation
and lower selection thresholds from the mental syllabary [?, ?], making direct
retrieval easier than online assembly of low-frequency syllables. As extensions
and developments of mental syllabary theory, both mixed and dual-route mod-
els predict that speakers name high-frequency syllable words faster than low-
frequency syllable words, showing facilitatory effects, though the underlying
cognitive mechanisms differ.

3.3 Neural Mechanisms of Syllable Frequency Effects

Recent neuroimaging research has examined neural mechanisms of syllable fre-
quency effects in Indo-European languages using various imaging techniques.
Based on mixed and dual-route models, high-frequency and low-frequency syl-
lables are associated with different cognitive processing mechanisms, suggesting
different brain activation patterns when producing syllables of different frequen-
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cies. Hagoort et al. (1999) used PET to examine silent and overt reading of real
words (containing more high-frequency syllables) and pseudowords (containing
more low-frequency syllables) by German speakers. Since this study confounded
syllable frequency and lexicality, researchers could only speculate that the sup-
plementary motor area might be involved in accessing the mental syllabary for
high-frequency syllables, while the left medial premotor cortex might participate
in online assembly of low-frequency syllables.

fMRI studies have found that low-frequency syllables elicit stronger brain ac-
tivation than high-frequency syllables, while the reverse contrast shows no sig-
nificant differences, indicating that producing low-frequency syllables requires
greater processing costs [?, ?]. For example, Carreiras et al. (2006) found that
low-frequency syllable words in Spanish word reading tasks significantly acti-
vated the left anterior insula compared to high-frequency syllable words, while
high-frequency syllable words did not show specific brain activation compared
to low-frequency syllables. Researchers suggested that stronger activation for
low-frequency syllables might reflect slower access to stored motor programs,
while high-frequency syllables facilitate articulatory motor planning, support-
ing mental syllabary theory. Similarly, Papoutsi et al. (2009) asked English
speakers to listen to pseudowords with different syllable frequencies and repeat
them after a 6-second delay, finding that low-frequency syllable words signif-
icantly activated dorsal premotor cortex, bilateral inferior frontal gyrus, and
supplementary motor area, while no brain regions showed significant activation
for high-frequency syllables compared to low-frequency syllables. However, dif-
ferences in activation levels between high-frequency and low-frequency syllables
cannot prove that their processing is controlled by different brain regions. Al-
though high-frequency syllables did not elicit specific brain activation compared
to low-frequency syllables, they may still differ in neural networks, but the time
window of these differences may be too narrow for detection by low temporal
resolution imaging techniques like fMRI.

Furthermore, Biirki et al. (2015) used ERP technology to examine French pseu-
doword naming with high-frequency, low-frequency, and novel syllables. They
found differences in ERP waveforms and overall topographic patterns between
high-frequency and low-frequency/novel syllables approximately 170-100 ms
before articulation onset, while the latter two syllable types showed identi-
cal and stable electrophysiological patterns. This indicates that individuals
rely on different neural mechanisms when producing high-frequency versus low-
frequency /novel syllables, but similar mechanisms for low-frequency and novel
syllables. Researchers interpreted these results as reflecting that the processing
advantage for high-frequency syllables may stem from storage of their articu-
latory motor programs in the mental syllabary, while low-frequency syllable
processing mechanisms are similar to those for novel syllables, with articulatory
motor programs generated through online assembly. This provides support for
the dual-route model of syllable frequency effects [?, 7).
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4. Cognitive Mechanisms of Syllable Frequency Effects in
Chinese

4.1 The Role of Syllables in Chinese Spoken Word Production

As a tonal language with non-alphabetic writing, Chinese differs substantially
from alphabetic languages. Alphabetic languages not only have numerous syl-
lables (e.g., over 12,000 in Dutch and English) but also exhibit ambisyllabicity
and resyllabification, where word-final consonants can cross word boundaries
and recombine with word-initial vowels in continuous speech [?, ?]. In contrast,
Chinese has few syllables—approximately 400 without considering tone and only
about 1,200 with tone—and has clear syllable boundaries without resyllabifica-
tion [?, ?]. Therefore, Chinese speakers can directly retrieve whole syllables
from the mental lexicon during phonological encoding \cite{O’ Seaghdha et al.,
2010; Jiang et al., 2020; Zhang & Wang, 2020}.

Cross-linguistic differences exist in the role of syllables in spoken word produc-
tion. For Indo-European languages, the processing unit first extracted during
phonological encoding is the phoneme [?, 7, ?, 7, 2 ? ?]. Phonemes are the
smallest speech units that distinguish meaning, comprising vowels and conso-
nants [?, ?]. According to the WEAVER++ model, speakers then construct
syllables through a syllabification process to complete phonetic encoding. In
Chinese, numerous studies using the implicit priming paradigm [?, ?], masked
priming paradigm [?, ?, ?], and picture-word interference paradigm [?, 7, ?]
have found that syllables are phonological encoding units in Chinese speech
production. ERP studies comparing the time courses of syllable and phoneme
effects have found that syllable extraction precedes phoneme extraction in Chi-
nese speech production, with syllables functioning during phonological encoding
while phoneme effects appear mainly in late phonological encoding or phonetic
encoding stages [?, ?, 7, ?, 7], though some studies have observed syllable ef-
fects in both phonological and phonetic encoding stages [?, ?]. Notably, Jiang
et al. (2020) used time-frequency analysis to find theta-band (4-8 Hz) activity
changes reflecting syllable effects rather than phoneme effects during phonolog-
ical encoding, confirming from neural oscillation perspectives that syllables are
phonological encoding units in Chinese speech production.

Although some studies have found phoneme activation during Chinese speech
production [?, ?, ?, ?], evidence for phoneme processing in Chinese remains lim-
ited and controversial [?, ?]. Current research primarily confirms the important
role of syllables in Chinese phonological encoding.

Based on different findings from Indo-European languages and Chinese, re-
searchers proposed the proximate units principle to explain cross-linguistic differ-
ences in phonological encoding units during speech production \cite{O’Seaghdha
et al., 2010}. Proximate units refer to phonological processing units selected first
after morpheme activation: phonemes in Indo-European languages and syllables
in Chinese. For Indo-European languages, speakers first extract phonemes, then
combine them with metrical frames through syllabification, and subsequently re-
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trieve articulatory motor programs from the mental syllabary during phonetic
encoding. In contrast, Chinese phonological encoding involves first extract-
ing syllables, then decomposing them into segmental information (phonemes
or subsyllabic units) and suprasegmental information (tone) before completing
phonetic encoding and articulation (see Figure 2 [Figure 2: see original paper]).
Roelofs (2015) validated this hypothesis through computational simulation.

4.2 Manifestations and Processing Stages of Syllable Frequency Ef-
fects in Chinese

Existing studies on Chinese syllable frequency effects have primarily used pic-
ture naming tasks requiring speakers to name pictures with monosyllabic words
[?, 7, ?]. Most studies have observed facilitatory effects of token frequency
[?, 7, 7, ?] while neglecting type frequency. Only one study [?, ?] using pic-
ture naming and single-character naming tasks found that when manipulating
both token and type frequencies simultaneously, picture naming showed facil-
itatory effects while single-character naming showed inhibitory effects. When
type frequency was controlled while manipulating token frequency, facilitatory
effects persisted in picture naming but no effects were found in single-character
naming. As a typical spoken word production task, the facilitatory syllable
frequency effect in picture naming is consistent with Indo-European language
findings, and research further indicates that token frequency changes primarily
drive this facilitatory effect. Inhibitory effects in single-character naming may
arise because high-frequency syllable words activate more syllabic neighbours
that interact through parallel distributed processing [?, ?] and interfere with
the target word, resulting in longer naming latencies for high-frequency syllable
words [?, ?]. Additionally, single-character naming tasks involve both visual
word recognition and speech production processes including phonological encod-
ing, phonetic encoding, and articulation. The inhibitory effects observed may
result from cancellation between inhibitory effects from visual word access and
facilitatory effects from phonological and phonetic encoding.

This finding indicates that syllable type frequency and token frequency play dif-
ferent roles in Chinese spoken word production, though current research cannot
clearly articulate their specific functions.

As previously mentioned, based on the proximate units principle and research on
Chinese speech production, Chinese speakers extract syllable information during
phonological encoding \cite{Cai et al., 2020; Feng et al., 2019; O’ Seaghdha et
al., 2010; Zhang & Damian, 2019}. Therefore, Chinese syllable frequency effects
likely occur during phonological encoding. At the behavioral level, Zhang and
Wang (2014) using Chinese picture naming tasks found no interaction between
word frequency and syllable frequency, indicating that these two factors inde-
pendently affect naming processes, consistent with findings in Indo-FEuropean
languages [?, ?]. Some studies using the picture-word interference paradigm
observed interactions between syllable frequency and phonological relatedness
[?, 7, ?]. Since phonological relatedness-induced syllable facilitation effects oc-
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cur during phonological encoding in Chinese speech production [?, ?], this result
suggests that Chinese syllable frequency effects likely also occur during phono-
logical encoding. However, other studies using the same paradigm failed to
replicate these results, suggesting that Chinese syllable frequency effects may

not occur during phonological encoding but possibly during phonetic encoding
(7, 7]

Regarding temporal dynamics, Yang (2017) using ERP technology found that
syllable frequency effects in young adults appeared primarily between 250-350
ms. According to meta-analyses of spoken word production time courses, this
time window corresponds to phonological encoding [?, ?, ?], further confirm-
ing that Chinese syllable frequency effects occur during phonological encoding.
In summary, although the possibility that syllable frequency affects Chinese
phonetic encoding cannot be ruled out, most evidence supports that Chinese
syllable frequency effects occur during phonological encoding (see Figure 1b),
providing support for the important role of syllables in this stage of Chinese
speech production.

Based on existing findings, we propose a model of syllable processing mecha-
nisms in Chinese spoken word production (Figure 1b) to provide a theoreti-
cal foundation for future research. During lexical selection, the target word
competes with syllabic neighbours. Compared to low-frequency syllables, high-
frequency syllables have more highly activated neighbours that produce lexical-
level inhibitory effects. During phonological encoding, speakers extract sylla-
bles for phonological processing, with high-frequency syllables retrieved faster
than low-frequency syllables, producing facilitatory effects. During phonetic en-
coding, speakers encode articulatory motor programs for selected target words,
a process that must consider syllable-tone combinations. Articulatory motor
programs for high-frequency syllables are also retrieved faster than those for
low-frequency syllables due to repeated use, potentially producing facilitatory
effects at this stage as well. Whether the final articulatory output shows fa-
cilitatory or inhibitory syllable frequency effects depends on the magnitude of
inhibitory and facilitatory effects at each processing stage and the relationships
between stages (independent or interactive). Current research on Chinese syl-
lable frequency effects is relatively limited, and future studies should employ
multiple experimental tasks and techniques to investigate characteristics and
cognitive mechanisms of Chinese syllable frequency effects at behavioral, elec-
trophysiological, and neural levels, with cross-linguistic comparisons.

5. Syllables from a Cross-Linguistic Perspective: Summary
and Outlook

Syllable frequency effects are widely present in human language processing.
Researchers have systematically explored cognitive mechanisms of syllable fre-
quency effects in Indo-European languages and Chinese during speech produc-
tion using picture naming, word reading, pseudoword naming, and picture-word
interference paradigms. Cross-linguistic differences in syllable frequency effects
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primarily manifest in two aspects: expression patterns and processing stages.
Regarding expression patterns, Indo-European languages show facilitatory, in-
hibitory, or null syllable frequency effects, while Chinese shows primarily fa-
cilitatory effects. The direction of syllable frequency effects is closely related
to the frequency index manipulated (type or token frequency) and the task em-
ployed. Regarding processing stages, although both Indo-European and Chinese
studies debate the locus of syllable frequency effects, theoretical and empirical
evidence primarily supports that syllable frequency effects in Indo-European
spoken word production occur during phonetic encoding, while Chinese sylla-
ble frequency effects likely occur during phonological encoding. Cross-linguistic
differences in syllable frequency effects may relate to inherent properties of dif-
ferent language systems, providing new perspectives on the role of syllables at
different processing stages in alphabetic versus Chinese speech production.

According to the proximate units principle, the phonological encoding unit in
Chinese is the syllable [?, ?, 7, ?, 7, 7, ? ?]. Chinese has few syllables, so
speakers can directly retrieve syllables during phonological encoding, with high-
frequency syllables retrieved faster than low-frequency syllables, producing fa-
cilitatory effects. Interactions between syllable frequency and phonological re-
latedness in picture-word interference paradigms provide supporting evidence
that syllable frequency effects occur during phonological encoding [?, 7, 7, ?].
Based on characteristics of phonetic encoding stages, high-frequency syllables
are retrieved faster during phonological encoding, and their articulatory motor
program encoding and retrieval are also faster than for low-frequency syllables.
We therefore propose that syllable frequency effects may also occur during pho-
netic encoding. Given the current state of research, Chinese syllable frequency
effects require systematic and in-depth investigation.

Specifically, future research can explore the following directions: First, further
investigation is needed on the roles of type frequency and token frequency.
Whether these two measurement indices play different roles across word produc-
tion tasks and whether their effects show cross-linguistic differences remain open
questions. Second, the cognitive mechanisms of facilitatory syllable frequency
effects require further exploration. Current mainstream views suggest that syl-
lable processing operates through the mental syllabary [?, ?], with mixed and
dual-route models further developing this theory and proposing separate mech-
anisms for high-frequency and low-frequency syllables. However, both mod-
els predict faster naming for high-frequency than low-frequency syllable words,
making it impossible to determine whether low-frequency syllables are stored
in the mental syllabary or assembled online based solely on syllable frequency
effects. Apart from Biirki et al. (2015), who supported the dual-route model by
demonstrating dissociated electrophysiological patterns for high-frequency and
low-frequency syllables, no other studies have directly tested mixed and dual-
route models. Given that Chinese phonological system characteristics differ
from Indo-European languages, the mechanisms of Chinese syllable frequency
effects may be entirely different and require more systematic exploration. Third,
current research on Chinese syllable frequency effects is relatively scarce, fo-
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cusing only on monosyllabic words while neglecting disyllabic or polysyllabic
words. Consequently, evidence is lacking on how syllable position affects Chi-
nese syllable frequency effects. Moreover, studies examining processing stages
of Chinese syllable frequency effects have used relatively single paradigms (pri-
marily picture-word interference). Future research should employ diverse speech
production tasks to clarify processing stages and neural mechanisms of Chinese
syllable frequency effects at behavioral, electrophysiological, and neural levels,
providing deeper understanding of syllable roles in Chinese speech production
and cross-linguistic differences in cognitive and neural mechanisms of syllable fre-
quency effects. Fourth, consider Chinese language acquisition from the perspec-
tive of syllable frequency. Due to numerous homophones and near-homophones
in Chinese, particularly for syllables with high type frequency, hearing a single
syllable often makes it difficult to access a specific character’ s semantics with-
out contextual support. Therefore, Chinese learners typically need to memorize
characters’ phonological forms holistically at the syllable level rather than rely-
ing on grapheme-to-phoneme conversion rules as in alphabetic languages. This
suggests that Chinese beginners could use strategies such as writing or overlearn-
ing to distinguish confusing syllabic neighbours among homophones, gradually
reducing interference from confusing neighbours during lexical selection and
achieving facilitatory effects in phonological construction for high-frequency syl-
lable words.
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