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Monosyllabic focus verbs disrupt
reading fluency in Mandarin:
evidence from eye-tracking

*

Meiyuan Zhang

Chinese Studies, Centre for Languages and Literature, Lund University, Lund, Sweden

Focus is a core component of information structure that highlights the most
prominent element in a sentence. While pitch and duration are well-established
prosodic markers of focus in Mandarin Chinese, the role of word length
has received less attention. Due to historical developments, many Mandarin
words exhibit elastic length, appearing in both monosyllabic and disyllabic
forms. In modern Chinese, however, there is a strong prosodic preference for
disyllabic words as the minimal prosodic unit. This study tested whether using
monosyllabic verbs in focus position disrupts reading fluency due to prosodic
mismatch. Thirty-seven native Mandarin speakers read sentences silently while
their eye movements were recorded. The study employed a 2 x 2 factorial design
that crossed focus status (focus vs. no focus) with word length (monosyllabic vs.
disyllabic). Linear mixed-effects models were used to analyze gaze duration, first
fixation duration, first pass duration, regression path duration, regression count,
fixation count, and skipping probability. The results show that monosyllabic
verbs in focus positions attracted longer gaze durations, more fixations, and
more regressions than disyllabic verbs, indicating a processing cost linked
to prosodic mismatch. These findings reveal how prosodic and information-
structural cues jointly guide real-time reading and confirm the processing
advantage of disyllabic verbs in focus contexts.

KEYWORDS

focus, word length, mandarin, eye-tracking, reading fluency, monosyllabic verbs,
disyllabic verbs, prosodic mismatch

1 Introduction

Focus, a core concept in information structure, refers to the most prominent element in
a sentence — the part that updates shared knowledge or signals contrast among alternatives
(Lambrecht, 1994). Cross-linguistically, languages use different strategies to encode focus,
including prosodic cues [e.g., English pitch expansion (Gussenhoven, 1983); Selkirk (1985),
syntactic means (e.g., Hungarian clefting; (Kiss, 2015)], and morphological markers (e.g.,
Wolof, 2024). These differences show that focus realization depends on language-specific
prosodic and syntactic systems that shape sentence comprehension.

In Mandarin Chinese, focus is traditionally described as marked mainly through
syntactic strategies and particles, with prosody playing a secondary role (Lee and Sun, 2024).
However, recent psycholinguistic research challenges this view, showing that prosodic
cues, such as pitch range and duration can be as effective, or more so, than syntactic
clefting for marking focus in spoken and silent reading (Yan and Calhoun, 2019; Ouyang
and Kaiser, 2015; Arnhold, 2024). Importantly, studies of implicit prosody suggest that
readers mentally assign a prosodic contour to written text while reading silently (Breen
and Clifton, 2011; Fodor, 2002; Stolterfoht et al., 2007). Building on this, the present study
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tests whether word length, specifically, the contrast between
monosyllabic and disyllabic forms, functions as an additional cue
to focus on Mandarin reading. In this study, we treat word length
as a prosodic factor rather than a purely morphological property.
As in Mandarin, disyllabic forms typically correspond to the
preferred minimal prosodic unit, whereas monosyllabic forms are
prosodically lighter.

The impact of syllable number, often referred to as the word
length effect, is robustly documented in eye-tracking and reading
research across languages. Classic studies (Rayner, 1998, 2009;
Zang et al, 2018) show that longer words generally demand
greater cognitive resources, resulting in longer fixation durations
and lower skipping rates. These effects are typically linked to
increased phonological and morphological complexity (Ferrand
and New, 2003; Balota et al., 2004). In Mandarin, research has
further shown that plausibility and context interact with word
length, shaping how readers process one- and two-character words
(Yang et al., 2012). Neuroimaging studies using ERP and fMRI
have likewise demonstrated that longer words engage additional
visual and phonological processing (Hauk and Pulvermuller, 2004;
Schuster et al., 2016). Given that focus prominence during language
production often relies on prosodic cues such as pitch expansion, it
remains an open question whether longer words, words with more
syllables, might also provide similar advantages for focus processing
during reading.

Although the impact of word length on general reading
time is well-established, its specific role in focus processing has
received little empirical attention. This question is particularly
relevant for Mandarin, where about 60-70% of words can
appear in either monosyllabic or disyllabic forms that are
semantically equivalent (Huang and Duanmu, 2013). Choosing
between these alternatives often poses persistent challenges for
L2 learners.

Mandarin has been described as a syllable-timed language
with a strong prosodic bias for disyllabic units (Duanmu, 2007;
Shi, 2023). Corpus analyses show that while monosyllabic words
are highly frequent, disyllables dominate the range of unique
word types, supporting their role as default prosodic carriers
(Stolterfoht et al., 2007). This asymmetry suggests a possible trade-
oft: monosyllables are frequent and efficient but may be less
distinctive as carriers of prosodic prominence due to their short
duration and high homophony (Cai and Brysbaert, 2010; Karlgren,
1918).

Recent findings indicate that readers do integrate prosodic cues
when predicting focus during silent reading (Li and Thompson,
1981). In Mandarin, a disyllabic word may match readers’
prosodic expectations for focused elements, while an unexpected
monosyllable in a focus position may trigger additional processing
costs due to this mismatch.

In this study, we test whether Mandarin readers show a
preference for disyllabic forms as prosodic carriers of focus.
Specifically, we ask whether monosyllabic words appearing in
focus positions lead to longer reading times and more regressions
compared to disyllabic words, and whether these effects are reduced
when the word is not in focus. By combining word length and focus
manipulations with eye-tracking, we aim to clarify how prosodic
templates shape online sentence processing in Mandarin.
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2 Materials and methods

2.1 Participants

Thirty-seven native Mandarin speakers (28 female, mean age
= 24.5 years, SD = 2.2) were recruited among Lund university
international students. All participants had normal or corrected-to-
normal vision and no reported reading disorders. Each participant
received a small monetary compensation for their participation

Written informed consent was obtained from all participants
prior to the study, which was approved by the Swedish Ethical
Review Authority [2025-03192-01].

2.2 Materials and design

The stimulus materials consisted of a set of target words
embedded in natural sentence contexts, manipulated according to
two experimental factors: Focus (Focus vs. No Focus) and Word
Length (Disyllabic vs. Monosyllabic). This resulted in a 2 x 2 design,
crossing information-structural status with word length.

Eighty pairs of semantically equivalent verbs (e.g., % xué vs.
2 xuéxi “to study”; E[J yin vs. & E[J fayin “to copy”;s FF kai
vs. ¥T FF dakai “to open”; #§ bang vs. 1T bangmdng “to help)
were selected from a class of so-called elastic words as critical words
(Dong, 2015). Elastic words are defined as word pairs consisting
of a short (monosyllabic) and a long (disyllabic) form that share
the same morpheme root and convey the same meaning. These
forms are widely regarded as morphological variants of a single
lexical item (Huang and Duanmu, 2013; Cai and Brysbaert, 2010;
Karlgren, 19715 Guo, 1938; Chao, 1948). In this study, elastic verb
pairs were selected as they provide an ideal test case for elastic length
variation while minimizing potential confounds from rhythmic
patterns that can arise with other word classes during sentence
processing (Luo et al., 2010; Luo and Zhou, 2010; Long et al,
2022). Moreover, only verbs were included because prior research
has demonstrated distinct processing profiles for nouns and verbs
in Mandarin Chinese, with verbs offering clearer comparability in
prosodic and syntactic behavior (Xia et al., 2016).

Verb pair selection was guided by two key criteria to ensure
comparability and experimental control. First, semantic equivalence
was verified: 80 candidate verb pairs were initially selected, each
consisting of free morphemes that could stand alone in sentence
contexts. Twenty native speakers then confirmed that each pair
conveyed the same meaning. Second, frequency equivalence was
assessed using log-transformed values from the SUBTLEX-CH
corpus (Cai and Brysbaert, 2010). A paired-samples ¢-test showed
that monosyllabic verbs were significantly more frequent than their
disyllabic counterparts, t(;5y = —8.14, p < 0.001; therefore, word
frequency was included as a covariate in all statistical analyses to
control for this difference. All 80 pairs were used in the experiment,
but three pairs with missing frequency data were excluded from the
final statistical models, resulting in 77 pairs in the reported analyses.

Each verb pair was embedded in a short discourse passage
corresponding to one of the four experimental conditions. The
passages were adapted from the Peking University Corpus (Peking
University Center for Chinese Linguistics, 2023). The critical verb
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(monosyllabic or disyllabic) always appeared in sentence-final
position within the passage, but not at the very end, in order to
maintain syntactic consistency and align with Mandarins default
focus position. In all cases, the verbs occurred without overt objects,
which is fully natural in Mandarin: some verbs are inherently
intransitive (e.g., B %% shuijido “to sleep”), while others permit
conventional ellipsis (e.g., & xué in BIERBB AW T, FHE
F1EZF “The study room is too noisy; I'll go study in the library”
Where the object of study is left implicit). The absence of an overt
object therefore does not imply intransitive usage.

Focus assignment was manipulated across conditions. In the
focused conditions, the target verb was discourse-new, with the
disyllabic form in Condition A and the monosyllabic form in
Condition B. In the unfocused conditions, the preceding context
rendered the verb discourse-given, with the disyllabic form in
Condition C and the monosyllabic form in Condition D. This
design allowed us to test word-length effects while holding discourse
structure constant. To preserve coherence and prevent unintended
focus, each passage also included a natural-sounding follow-up
sentence. Sentence length ranged from 24 to 72 characters.

The full stimulus set comprised 320 target sentences, evenly
distributed across the four conditions (see Table 1 for an example).
Sentence presentation was counterbalanced across participants to
ensure equal exposure to all conditions. Each participant read a
total of 120 sentences, including 40 filler sentences, presented in a
randomized order across four sessions. To encourage attention to
meaning and sentence-level processing, participants were asked to
read aloud a subset of stimuli at the end of each session.

An independent group of 37 university students provided
naturalness ratings for all stimulus sentences prior to the main
experiment. To test whether naturalness differed across conditions,
we fit a linear model to the ratings. This analysis showed that
word length had a significant effect on perceived naturalness, with
monosyllabic words rated as less natural than disyllabic words [b
= —0.67, SE = 0.03, t(2915) = —24.12, p < 0.001]. To control for
this variation in perceived naturalness, the mean naturalness rating
for each sentence was included as a covariate in a separate linear
mixed-effects models analyzing the eye-tracking data (see Table 2).

2.3 Apparatus

The experiment was conducted at The Humanities Lab Digital
Classroom (Niehorster et al., 2024). Visual stimuli were presented
using Tobii Pro Lab on an Eizo FlexScan EV2451 24" monitor (1920
x 1080 resolution) with a Tobii Pro TX300 eye tracker, sampling at
1.200 Hz. Each trial displayed in SimSun 72 font, with each character
subtending approximately 1.8 ° of visual angle. All stimuli were
displayed in a consistent font and line spacing, and calibration was
monitored to ensure average error remained below 0.5 ° of visual
angle throughout the session.

2.4 Procedure

Before the experiment, each participant completed a standard
nine-point calibration procedure to ensure accurate gaze recording.
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TABLE 1 Experimental conditions and example stimuli.

Focus ‘ Length ‘ Example sentences

FHIE, REBBETHAY R EEH
1B [#3], LR T, THERFH, BITEE
T

Wang Li wen, “Ni qu tushuguan gan shenme?” Liu
Qiang shuo: “Wo qu tushuguan [xuexi], mashang
biye le, gongzuo bu hao zhao, wo dasuan kao yan
le?

Focus Disyllabic

EH AL REEBBEFHAY &G FEE
BB [F] BSEEYT, THERGFH, BITEET
T

‘Wang Li wen, “Ni qu tushuguan gan shenme?” Liu
Qiang shuo: “Wo qu tushuguan [xue], mashang biye
le, gongzuo bu hao zhao, wo dasuan kao yan le”
Wang Li asked, “Why are you going to the library?”
Liu Qiang replied, “T'm going to study there. I'm
graduating soon, and since jobs are hard to find, I've
decided to prepare for graduate school.”

FHRBIZTRBARDT, RARTTE, K
EEBIE (), RN IR R R —E .

Li Tong shuo: “Zixishi libian tai chao le, genben dai
bu xia qu, wo qu tushuguan [xuexi], nimen chi fan
de shihou jiao wo yi sheng”

FRRBIAZTRBADT, RARTT X, &
EEBE [F], RO IRA R —E .

Li Tong shuo: “Zixishi libian tai chao le, genben dai
bu xia qu, wo qu tushuguan [xue], nimen chi fan de
shihou jiao wo yi sheng”

Li Tong said, “The study room is too noisy, it’s
impossible to stay. I'll go study at the library instead.
Call me when it’s time to eat.”

Monosyllabic

No focus | Disyllabic

Monosyllabic

TABLE 2 Naturalness ratings across conditions.

Focus Length Naturalness (SD)

Focus Disyllabic 1.75 (0.20)
Monosyllabic 1.10 (0.25)

No focus Disyllabic 1.60 (0.18)
Monosyllabic 0.95(0.22)

Values are means with standard deviations in parentheses.

Recalibration was performed whenever the average calibration
error exceeded 0.5 ° of visual angle. During the experiment,
participants were instructed to read each sentence silently for
comprehension and to press the space bar to advance to the next
sentence. At the end of each session, participants were asked to
read aloud a subset of the stimulus sentences to monitor attention
and comprehension (Rayner, 1978). These sentences were not
part of the critical items analyzed and were randomly selected
across participants to avoid repetition effects. This read-aloud
task served solely as an engagement check and was introduced
only after the silent reading trials to minimize interference
with natural reading behavior. Prior to the main experiment,
participants completed 10 practice trials to become familiar with
the procedure. The entire experimental session lasted approximately
45 min.
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2.5 Data processing and statistics analysis

Fixations shorter than 80ms or longer than 1,200 ms were
removed. Gaze duration (GD), first fixation duration (FFD), first
pass duration (FPD), regression path duration (RPD), fixation
count (FC), regression count (RC), and skipping probability (SP)
were then calculated. All time measures were log-transformed to
reduce skewness.

Outlier removal was conducted following standard practice
(Staub and Rayner, 2007). For each condition, condition-specific
means and standard deviations were calculated for all fixation
duration measures. Trials with values exceeding +3 standard
deviations from the condition mean were excluded to minimize
the influence of extreme outliers. This trimming was performed
separately for each condition to avoid introducing systematic bias.
Trials with a GD of zero were removed for reading-time analyses, as
these indicate either skipped words or missing fixations. However,
these trials were retained and coded separately to estimate skipping
probability (SP) using a binomial mixed-effects model. After all
data cleaning steps, approximately 80% of the original trials were
retained for analysis, yielding 2,340 valid observations across all
conditions. Due to natural reading behavior, monosyllabic words
in non-focus conditions were skipped more frequently, resulting
in proportionally fewer retained trials in this cell after trimming.
This is expected and theoretically meaningful because short, low-
salience words are more prone to skipping during natural reading
(Rayner, 1978). Descriptive statistics for each measure by condition
are provided in Table 3.

To examine the effects of focus, word length, lexical frequency,
and perceived naturalness on gaze behavior, linear mixed-effects
models were fitted using the Ime4 package (Version 1.1.36) in R
(Version 4.4.1; Bates et al,, 2015). For each eye-tracking measure,
two sets of models were compared. The first model included Focus,
Word Length, their interaction, and word frequency as fixed effects.
The second model additionally included mean naturalness ratings
as a covariate to control for variation in sentence acceptability.
Random intercepts were specified for participants and items to
account for individual differences and item-level variability. A more
complex random-effects structure, including by-item random slopes
for Focus and Word Length, was also tested but did not significantly
improve model fit compared to the random-intercepts-only model,
x’6) = 4.51, p = 0.608. Therefore, the simpler model was retained
for interpretation and reporting.

The internal structure of disyllabic target words (Verb-Verb,
Verb-Object, Other) was coded to allow follow-up analyses
testing whether word length effects might be partly explained by
structural differences.

3 Results
3.1 Main effects

Since word length strongly influenced naturalness ratings, we
compared two models: one excluding naturalness as a covariate
and one including it to account for potential overlap. Two model
summary statistics are shown in Tables 4, 5.
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The main eye movement measures include early measures, such
as GD, FFD, and FPD, which reflect initial lexical processing, as
well as late measures, such as RPD, RC, FC, and SP to capture later
rereading and integrative processes (Rayner, 1998; Clifton et al,
2007).

Table 4 presents the fixed effects estimates for the early measures
GD, FFD and FPD. For GD, there was a significant main effect
of word length, indicating that monosyllabic verbs were associated
with longer reading times than disyllabic verbs (b = 0.25). The
interaction between focus and length was also significant (b =
—0.61), showing that the length effect was reduced when the word
was not in focus (see Figure 1A). For FPD and FFD, neither focus
nor length showed significant main effects, but both measures
showed significant interactions (FPD: b = —0.17; FFD: b = —0.09),
suggesting that monosyllabic verbs were processed more quickly
when not in focus.

Moreover, Table 5 shows the estimates for the late measures,
including RPD, RC, FC, and Skipping (probability). A similar
interaction pattern emerged for RPD, where monosyllabic verbs
tended to elicit slightly longer durations (b = 0.02), and the Focus x
Length interaction was again negative and significant (b = —0.28, p
< 0.001). For RC, there was a significant main effect of Length (b =
2.43) and a significant negative interaction (b = —2.31), indicating
that monosyllabic verbs triggered more regressions when in focus.
FC showed the same pattern: more fixations for monosyllabic verbs
(b = 0.65) and a significant negative interaction (b = —1.31; see
Figure 1B).

Finally, the model for Skipping revealed a significant positive
Focus x Length interaction (b = 1.26, p < 0.001), indicating that
monosyllabic verbs were more likely to be skipped when not in focus
(see Figure 1C).

Across all measures, word frequency did not show a consistent
significant effect (ps >0.05), suggesting that lexical access was
not a primary driver of the observed length and focus effects.
Taken together, these results indicate that both focus and word
length and especially their interaction systematically influenced
eye movement behavior during reading. Monosyllabic verbs
generally attracted longer processing times and more regressions
when in focus but were more likely to be skipped when not
in focus.

3.2 Follow-up analysis: naturalness

To test whether the effects could be explained by perceived
naturalness, we re-ran all models with mean naturalness ratings as
a covariate. The main effect of word length for GD was reduced and
became non-significant (b = 0.10, p > 0.05), but the critical Focus x
Length interaction remained robust (b = —0.47, p < 0.001). For FFD
and FPD, all main effects became non-significant except a marginal
Focus x Length interaction for FPD (b= —0.11, p = 0.06). For RPD,
the Focus x Length interaction stayed significant (b = —0.18, p <
0.05). For FC, the length effect decreased but stayed significant (b =
0.42, p < 0.05) and the interaction held (b = —1.08, p < 0.001). For
RC, the length effect remained significant (b = 2.53, p < 0.05) but
the interaction was only marginal (b = —2.41, p = 0.06). For SP, the
Focus x Length interaction stayed significant (b = 1.08, p < 0.01).
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FIGURE 1
Predicted eye-tracking measures by focus and word length. Estimated marginal means (+95% confidence intervals) from linear mixed-effects
models are shown for three reading measures: (A) Gaze Duration (GD), (B) Fixation Count (FC), and (C) Skipping Probability (SP). Bars represent
predicted values for monosyllabic and disyllabic verbs under Focus and No Focus conditions. GD is in milliseconds, FC is in raw counts, and SP is
plotted as predicted probability (%). Error bars indicate model-derived 95% confidence intervals.

Model comparisons showed that adding naturalness marginally
improved fit for GD [x*) = 4.30, p = 0.04] but not for other
measures (ps > 0.05). For example, the AIC decreased only
slightly (AAIC ~ —1 to —2) and the BIC differences were mixed,
suggesting the added parameter did not meaningfully enhance
explanatory power.

Taken together, these results indicate that the processing costs
associated with mismatches between focus and word length cannot
be explained by subjective naturalness alone, effectively ruling
out the possibility that the observed effects are merely artifacts

Frontiersin Language Sciences

of awkward phrasing or sentence acceptability. This supports the
interpretation that the prosodic expectations linked to word length
play a genuine role in Mandarin silent reading.

3.3 Follow-up analysis: internal structure
As a follow-up to the main word length effect, we examined

whether it could be explained by differences in the internal
structure of the disyllabic target verbs (Roelofs, 2002). Following
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TABLE 3 Descriptive statistics of eye movement measures across conditions.

Focus Length Trials GD FFD FP RPD FC RC SP

Focus Disyllabic 643 488 (361) 208 (86) 256 (148) 369 (283) 23(1.5) 3(5.6) 11.3%
Focus Monosyllabic | 662 679 (525) 219 (108) 268 (174) 391 (310) 32.1) 5.4 (7.6) 10.6%
No focus Disyllabic 616 477 (314) 208 (86) 254 (139) 309 (184) 23(13) 38(52) 12.2%
No focus Monosyllabic | 468 331(228) 196 (88) 215 (113) 237 (135) 1.6 (0.9) 4.1(6) 32.3%

Means are presented with standard deviations in parentheses. Trials Remaining indicates the number of valid observations per condition after trimming for outliers and missing values.

TABLE 4 Fixed effects estimates for early eye-tracking measures.

Measure Predictor b SE Cl t/z d Sig*
GD Focus —0.04 0.07 [~0.17,0.09] —0.63 —0.07
Length 0.24 0.07 (0.11,0.37] 3.52 0.41
Freq 0.01 0.11 (—0.22,0.23] 0.05 0.01
Focus —0.61 0.09 [—0.79, —0.43] | —6.64 ~1.05
x Length
FFD Focus 0.00 0.03 [—0.05, 0.05] —0.11 —0.01
Length 0.02 0.03 (—0.04,0.07] 0.62 0.04
Freq 0.01 0.05 [—0.07, 0.10] 031 0.04
Focus —0.09 0.04 [—0.17,—0.02] | —2.56 —0.24 *
x Length
FPD Focus 0.00 0.03 [—0.07, 0.06] —0.13 —0.01
Length 0.02 0.04 [—0.05, 0.09] 0.67 0.05
Freq —0.05 0.06 [—0.17,0.07] —0.77 —0.10
Focus —0.18 0.05 [~0.27,-0.08] | —3.56 —0.37
x Length

b, unstandardized estimate; SE, standard error; CI, 95% confidence interval; d, effect size. Freq, Word frequency; Significance: *p < 0.05, **p < 0.01, ***p < 0.001.

established linguistic classifications (Packard, 2000; Robson, 2018),
we categorized the verbs into three primary structural types: Verb-
Verb (VV), Verb-Object (VO), and other forms [including Verb-
Complement (VC), Morpheme-Morpheme (MM), and Subject-
Verb (SV) structures]. Within Focus-Disyllabic condition, target
words consisted of VV (n = 251 observations, 26 unique words),
VO (n = 365, 43 unique), and other disyllabic forms (VC, MM, SV
combined; n = 84, 11 unique). The No Focus-Disyllabic condition
contained similar proportions (VV: n = 223; VO: n = 407; Other:
n = 76). As expected, monosyllabic items were only present in the
Focus—Monosyllabic (n = 777) and No Focus—Monosyllabic (n =
734) conditions.

To test whether internal structure could account for the word
length effect, we compared two mixed-effects models for each
reading measure: one with Focus x Length and one with Focus x
Structure as predictors. Across all measures, the structure models
did not improve model fit compared to the simpler length-based
models (all ps >0.46). For Skipping Probability, no disyllabic targets
were skipped, and in the full dataset, the structure model did not
improve fit (p = 1).

Within the structure models, VV and VO forms often showed
numerically fewer fixations than monosyllabic words (e.g., Fixation
Count: VV b = —0.81; VO b = —0.61), with significant Focus x
Structure interactions (VV: b = 1.43; VO: b = 1.30). However,
pairwise comparisons within the disyllabic subset showed no
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significant differences among V'V, VO, and other structures in either
focus condition for any measure (all Tukey-adjusted ps >0.51).
Mean fixation counts remained similar under focus (VV: M = 2.19;
VO: M = 2.34; Other: M = 2.52) and no focus (VV: M = 2.19; VO:
M = 2.25; Other: M = 2.09).

Together, these results indicate that the processing cost
associated with focus and word length is not explained by internal
word structure, supporting the interpretation that the length
effect reflects a genuine prosodic cue rather than a morpho-
syntactic difference.

4 Discussion

This study examined how focus and word length interact to
shape eye movement behavior during silent reading in Mandarin.
As predicted, monosyllabic words in focus positions elicited longer
gaze durations, more fixations, and more regressions compared to
their unfocused counterparts, while unfocused monosyllabic words
were more likely to be skipped. These results are consistent with
established findings that word length robustly influences both early
and late eye movement measures (Rayner, 1998; Kliegl et al., 2004)
and extend this effect by demonstrating that discourse-level focus
systematically moderates how readers allocate visual attention.
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TABLE 5 Fixed effects estimate for late eye-tracking measures and skipping.

10.3389/flang.2025.1668351

Measure Predictor b N3 Cl t/z d Sig*
RPD Focus —0.13 0.05 [—0.22, —0.03] —2.56 —0.23 *
Length 0.02 0.05 [—0.08,0.12] 0.43 0.04
Freq 0.00 0.09 [—0.17,0.17] —0.02 0.00
Focus —0.28 0.07 [—0.41, —0.14] —3.94 —0.51 ok
x Length
FC Focus —0.10 0.13 [—0.36, 0.15] -0.79 —0.08
Length 0.65 0.14 [0.38,0.92] 4.78 0.48 o
Freq —0.02 0.23 [—0.47, 0.43] —0.10 —0.02
Focus —1.31 0.19 [—1.68, —0.95] —7.01 —0.97 o
x Length
RC Focus 0.50 0.72 [—0.91,1.92] 0.70 0.11
Length 2.43 0.75 [0.96,3.91] 3.23 0.55 o
Freq —1.07 1.25 [—3.53,1.38] —0.86 —0.24
Focus —2.31 1.02 [—4.30, —0.31] —2.27 —0.52 *
x Length
Skipped Focus 0.46 0.24 [—0.01, 0.94] 1.90 0.46
Length 0.23 0.26 [—0.27,0.73] 0.91 0.23
Freq 0.15 0.40 [—0.64, 0.93] 0.37 0.15
Focus 1.26 0.32 [0.63, 1.90] 391 1.26 ok
x Length

b, unstandardized estimate (log-odds for Skipping); SE, standard error; CI = 95% confidence interval; d, effect size (standardized coefficient). Freq, word frequency (log-transformed). Significance:

*p < 0.05, *p < 0.01, **p < 0.001. The Skipping model estimates the log odds of a word being skipped.

As word length functions as a prosodic factor in Mandarin,
the significant interaction between focus and word length supports
the claim that readers generate prosodic expectations during
silent reading (Fodor, 2002). The increased processing cost for
focused monosyllabic verbs suggests that Mandarin readers disfavor
monosyllabic forms as focus carriers, preferring disyllabic or even
longer forms to mark prosodic prominence. This is consistent
with the language’s preference for binary foot structures (Duanmu,
2007). When these expectations are violated, for example, when
a monosyllabic word carries focus, additional integration effort is
required, reflected in longer gaze durations and more regressions.
This aligns with previous research showing that mismatches
between expected prosody and lexical form can disrupt reading
fluency (Breen et al., 2010).

However, we also note the absence of significant length effects
on FFD and FPD, we interpret this as reflecting the high contextual
predictability and semantic equivalence of the elastic verb pairs.
As Staub (2015) argues, predictability effects in reading arise from
the graded activation of multiple candidate words rather than the
discrete prediction of a single word. This graded activation can
facilitate very early stages of lexical or even pre-lexical processing,
allowing readers to access and integrate these words efficiently
during initial fixations. By contrast, the significant effects on GD,
FCand RC indicate that genuine length-related processing demands
emerged at later stages, when readers integrated lexical form with
discourse-level focus cues.

More generally, the finding that disyllabic words under no
focus showed longer gaze durations and more fixations than
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monosyllabic words is consistent with prior evidence across
languages showing that longer words attract more reading time and
fixations (Rayner, 2009; Zang et al., 2018). One possible explanation
is that monosyllabic words in non-focus contexts became more
predictable and contextually preferred, which could result in their
higher skipping rates (Li et al., 2023). This is also aligned with
classic skipping effects in alphabetic languages, where monosyllabic
words benefit more from parafoveal processing than longer words
(Fitzsimmons and Drieghe, 2011).

In follow up analysis, when adding subjective naturalness
ratings as a covariate reduced or eliminated some of the main
effects for word length and focus in early and late measures. This
reduction likely reflects the fact that perceived naturalness was
not independent of the experimental manipulations: sentences with
monosyllabic vs. disyllabic forms, or with focus vs. non-focus
placement, naturally differ in how acceptable or smooth they feel
to native speakers. As such, naturalness is partly confounded with
the manipulated conditions. Even so, the critical Focus x Length
interaction remained robust for key measures such as GD, RPD
and SP. This indicates that the added reading difficulty cannot be
fully explained by sentence naturalness alone but reflects readers’
sensitivity to prosodic expectations during silent reading. The
naturalness ratings further showed that monosyllabic forms were
generally judged as less natural than disyllabic forms, with the
strongest effect in non-focus contexts (Condition D), a pattern not
mirrored in the eye-tracking data. We interpret this asymmetry
as reflecting a broader stylistic preference for disyllabic forms in
written Mandarin, particularly when verbs are backgrounded and
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carry little discourse prominence. In focus contexts, monosyllabic
verbs (Condition B) were rated more natural than monosyllabic
verbs in non-focus contexts (Condition D). This pattern may arise
because the naturalness judgments were based on the entire sentence
rather than the critical verb alone.

Another potential alternative interpretation to the processing
that it
incompleteness rather than a prosodic mismatch. However,

cost for monosyllabic verbs is reflects  semantic
our design allows us to rule out this explanation. If semantic
incompleteness were the source of difficulty, then Condition A
(% 3], focus) and Condition B (&, focus) should differ, and
Condition D (2, non-focus) should also feel “incomplete,” since
it contains the same monosyllabic verb. Yet our results show that
only Condition B incurred processing costs, while Condition D
did not. This pattern demonstrates that the observed effects cannot
be reduced to semantic incompleteness. Instead, this descriptive
contrast indicates that focus is the key factor: monosyllabic verbs
only cause difficulty when they must carry prosodic prominence.
Furthermore, the mixed-effects analyses revealed a significant
Focus x Length interaction, showing that the effect of word length
systematically depends on focus status.

Taken together, the present findings extend the implicit
prosody hypothesis (Fodor, 2002) to Mandarin focus processing.
The results show that readers project prosodic expectations
during silent reading and encounter integration difficulty when
these expectations are violated, specifically, when monosyllabic
verbs serve as focus carriers. This provides new evidence that
prosodic constraints and information-structural requirements
jointly shape sentence processing, even in the absence of
overt speech.

More broadly, these findings provide new evidence that readers
actively integrate prosodic and discourse-level cues during text
processing, and they demonstrate that even subtle mismatches
between expected prosody and word form can incur measurable
processing costs, as reflected in standard eye-tracking measures.
Methodologically, this study underscores the value of combining
word-level manipulations with discourse context in eye-tracking
research to capture how readers adapt their reading strategies in
real time. This contributes to current models of the prosody-syntax
interface and opens avenues for cross-linguistic and second
language research.

These findings also carry pedagogical implications. Elastic verb
pairs in Mandarin (e.g., BE 5 shuijido vs. B shui) illustrate that
syllable count can serve as a cue for informational prominence. For
L2 learners, selecting the appropriate form is not merely a matter of
lexical choice but requires sensitivity to prosodic expectations. The
present results indicate that while monosyllabic forms are efficient
in non-focus contexts, their use in focus positions may introduce a
prosodic mismatch, contributing to perceptions of unnaturalness in
learners’ speech.

While the present findings are robust, several limitations should
be acknowledged. First, all target verbs occurred without overt
objects in sentence-final position. This design ensured prosodic
comparability across conditions but restricts the generalizability
of the results. Future research is needed to determine whether
similar focus-length interactions occur when verbs take explicit
objects or appear in non-final positions. Second, the stimuli focused
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exclusively on verbs, and more specifically on single, isolated
verbs as the locus of focus. In natural discourse, however, focus
often extends beyond a single word to larger units such as verb
phrases or subordinate clauses containing multiple verbs. Whether
the preference for disyllabic forms generalizes to broader focus
domains or other word classes such as nouns and adjectives
remains an open question for future research. Third, while we
controlled for semantic equivalence, we did not directly measure
the cloze probability of the target verbs; future work could use
corpus-based cloze measures to quantify contextual predictability
more precisely. Last, complementing eye movement measures
with real-time physiological indices such as pupillometry or
ERPs would further clarify how prosodic mismatches unfold
over time.

5 Conclusion

This study provides robust evidence that Mandarin readers
integrate prosodic expectations into silent reading, with word length
functioning as a prosodic factor and serving as a reliable cue
for focus marking. Monosyllabic verbs in focus positions elicited
measurable processing costs, such as longer gaze durations, more
regressions, and more fixations, indicating that disyllabic forms
better match prosodic expectations in focus contexts. These effects
remained significant even when controlling for sentence naturalness
and internal morphological structure, confirming that the observed
processing patterns are not merely artifacts of awkward phrasing or
morpho-syntactic factors.

In conclusion, the findings provide strong support for the
implicit prosody hypothesis (Fodor, 2002) by showing that
prosodic mismatches influence eye movements in real time. They
advance our understanding of how readers coordinate lexical,
prosodic, and discourse-level information, contribute to models
of the prosody-syntax interface, and offer insights into how
subtle linguistic cues shape reading fluency. Future research
can extend this work to additional word classes, broader focus
domains, and cross-linguistic comparisons, particularly in second
language contexts.
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