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Abstract

Competing accounts have been proposed to explain why word frequency effects are often larger
in second-language (L2) than in first-language (L1) reading. The lexical entrenchment hypoth-
esis attributes this pattern to weaker lexical representations in L2 due to reduced exposure,
whereas the language competition hypothesis predicts that cross-language interference from L1
modulates L2 lexical processing. To test these accounts, we conducted an eye-tracking study
comparing native Chinese readers and L2 Chinese readers from alphabetic and Japanese L1
backgrounds. L2 readers exhibited larger word frequency effects than native readers. Critically,
the magnitude of L2 word frequency effect did not differ between L1 backgrounds. These
findings suggest that L2 word frequency effects are more consistent with differences in lexical
entrenchment than with cross-language competition.

1. Introduction

Word frequency is one of the most important variables affecting lexical processing efficiency.
Across languages and paradigms, high-frequency words are processed faster andmore accurately
than low-frequency words (for reviews, see Brysbaert et al., 2018; Rayner, 1998). Notably,
numerous studies have reported that word frequency effects are typically larger in second
language (L2) than in first language (L1; e.g., Cop et al., 2015; Mor & Prior, 2022). Although
this pattern has been widely replicated, its underlying cognitive mechanisms remain debated.
Two broad classes of accounts have been proposed to explain enlarged L2 word frequency effects.
One attributes them to differences in lexical representations, whereas the other emphasizes that
online co-activation of L1 and L2 lexical items introduces interference. Prior studies have mainly
compared L1 and L2 within typologically similar alphabetic languages, making it difficult to
disentangle these two accounts. Although a few studies have explored L2 word frequency effects
in bilinguals with typologically distinct L1–L2 pairs (e.g., Mor & Prior, 2020, 2022; Sui et al.,
2025), it remains unclear whether L1–L2 similaritymodulates these effects to distinguish between
the two accounts. The present study addresses this gap by examining whether L2 word frequency
effects are modulated by L1–L2 similarity among L2 readers from alphabetic and Japanese L1
backgrounds.

1.1. Word frequency effect across native and L2 groups

Previous studies have shown that word frequency effects in L1 are modulated by language
proficiency. Readers with lower language proficiency exhibit larger word frequency effects than
skilled readers, as observed in both alphabetic languages (Ashby et al., 2005; Barnes et al., 2017;
Cop et al., 2015; Gordon et al., 2020; Kuperman&VanDyke, 2011, 2013; Lee et al., 2025; Taylor &
Perfetti, 2016) and Chinese (Guan & Fraundorf, 2020; Liu et al., 2021; Zhang et al., 2022b). In
alphabetic languages, word frequency effects are larger for younger children than older children
(Ballot & Zesiger, 2024; Huestegge et al., 2009; Khelifi et al., 2019), in children compared to adults
(Joseph et al., 2013; Khelifi et al., 2019; McArthur et al., 2024; Tiffin-Richards & Schroeder, 2015;
Whitford & Joanisse, 2018), and in older adults compared to younger adults (Kliegl et al., 2004;
McGowan et al., 2015; Rayner et al., 2006; Warrington et al., 2018; Whitford & Titone, 2017,
2019; Zhang et al., 2022a; but see Allen et al., 2011; McGowan et al., 2014). Similar patterns have
also been observed in Chinese (Liu et al., 2020; Wang et al., 2018b; Zhang et al., 2022a; but see
Wang et al., 2018a; Zang et al., 2016).

A growing number of studies have investigated word frequency effects in L2 reading using
different tasks. Isolated word recognition studies using different tasks such as lexical decision
have consistently shown larger word frequency effects in L2 than in L1 among bilinguals (Duyck
et al., 2008; Mor & Prior, 2020), as well as larger effects in bilinguals compared to monolinguals
(Brysbaert et al., 2017; Diependaele et al., 2013; Duyck et al., 2008; Gollan et al., 2011; Hamrick &
Pandža, 2020; Lehtonen et al., 2012; Lemhöfer et al., 2008). Recent eye-tracking studies exam-
ining online lexical processing during natural reading have also reported converging evidence for
larger word frequency effects in L2 than in L1. Studies of English–French, French–English and
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Dutch–English speakers consistently show amplified frequency
effects in L2 across early and late eye movement measures in both
adult and child bilinguals (Cop et al., 2015; Whitford & Joanisse,
2018; Whitford & Titone, 2012, 2017). Corpus-based analyses
further demonstrate that L2 English learners from diverse L1
backgrounds exhibit larger frequency effects than native speakers
during sentence reading (Berzak & Levy, 2023). Collectively, these
findings indicate that word frequency effects are reliably larger in
L2 than in L1 during isolated word recognition and natural reading.

However, most previous research has examined L1 and L2
within alphabetic language pairs (e.g., Cop et al., 2015; Whitford
& Joanisse, 2018; Whitford & Titone, 2012), which may limit the
ability to isolate the unique characteristics of L2 processing. In
contrast, relatively few studies have exploredword frequency effects
in bilinguals with typologically distinct L1–L2 pairs, such as Heb-
rew–English (Mor & Prior, 2020, 2022), Chinese–English (Sui et al.,
2025) and Chinese–Russian (Norkina et al., 2025). Studies exam-
ining typologically distinct L1–L2 pairs have reported similar pat-
terns. For example, Hebrew–English bilinguals exhibit larger word
frequency effects in L2 than in L1 in both lexical decision (Mor &
Prior, 2020) and eye-tracking studies (Mor & Prior, 2022). Corpus-
based eye-tracking research further demonstrates amplified L2
frequency effects among Chinese–English bilinguals during para-
graph reading (Sui et al., 2025), and in Chinese–Russian bilinguals
compared to Russian monolinguals during sentence reading
(Norkina et al., 2025). Together, these findings suggest that larger
L2 word frequency effects may generalize across script differences.

Prior studies have reported that word frequency effects in L2 are
modulated by language proficiency. Bilinguals with lower L2 pro-
ficiency exhibit larger L2 word frequency effects (Berzak & Levy,
2023; Diependaele et al., 2013; Li et al., 2017, 2026; Mor & Prior,
2020, 2022; Whitford & Titone, 2012; Zhao et al., 2024). When L2
proficiency is sufficiently high or is controlled for, the difference in
word frequency effects between bilinguals and monolinguals dis-
appears (Berzak & Levy, 2023; Brysbaert et al., 2017; Diependaele
et al., 2013). For example, Brysbaert et al. (2017) found larger word
frequency effects in Dutch-English bilinguals compared to English
monolinguals in a lexical decision task. Critically, when vocabulary
size was considered, the differences between the word frequency
effect in L1 and L2 became vanishingly small.

1.2. Theoretical accounts for larger L2 word frequency effect

Despite the robustness of larger L2 word frequency effects, their
underlying cognitive mechanisms remain debated. Two prominent
accounts have been advanced to explain this pattern (Diependaele
et al., 2013): the lexical entrenchment hypothesis and the language
competition hypothesis. The lexical entrenchment hypothesis attri-
butes the word frequency effect to differences in the strength of
lexical representations in memory. Words encountered more fre-
quently developmore entrenched representations and are therefore
processed more efficiently. Because bilinguals typically have lower
cumulative exposure and proficiency in L2 than in L1, L2 lexical
representations are assumed to be weaker, making lexical retrieval
more effortful and leading to larger word frequency effects. Cru-
cially, this account predicts that the magnitude of the L2 frequency
effect should primarily reflect differences in representational
strength and thus be relatively independent of the typological
similarity between L1 and L2 (Diependaele et al., 2013).

In contrast, the language competition hypothesis emphasizes
that bilingual lexical processing involves parallel activation of L1
and L2 representations and that larger L2 word frequency effects

result from language competition. According to this view, L2 word
recognition is influenced not only by the strength of L2 lexical
representations but also by interference from co-activated L1 items.
Bilinguals need to cope with greater competition among similar
word form representations than monolinguals. Consequently, the
magnitude of L2 word frequency effects may depend on the simi-
larity between L2 and L1 lexical form representations, such that
learners whose L1 is more similar to L2 may experience stronger
interference and altered frequency effects. Importantly, unlike the
lexical entrenchment hypothesis, this hypothesis predicts that the
L2word frequency effect increases as a function of L1–L2 similarity.

Although cross-language activation during word recognition is
well established (e.g., cognate effects and cross-language neighbor-
hood effects; de Groot et al., 2002; Gastmann et al., 2025; Whitford
& Joanisse, 2021; Whitford & Titone, 2019), and the effects of L1–
L2 distance on eye movements in L2 reading have been docu-
mented (Kuperman, 2025), few studies have directly tested whether
L1–L2 similarity modulates L2 word frequency effects. Evidence
fromChinese–English bilinguals (Sui et al., 2025) suggests that their
observed patterns do not fully align with predictions from either the
language competition or the lexical entrenchment hypotheses,
particularly when L1 and L2 differ substantially in script. This
indicates that the applicability of these accounts to cross-script
bilinguals remains unclear.

In sum, the critical distinction between the lexical entrenchment
and language competition hypotheses lies in whether L2 word
frequency effects are driven by weaker lexical representations or
by cross-language interference. Previous studies, however, have
largely focused on alphabetic language pairs, where shared script
may introduce close L1–L2 links through specific language expos-
ure, lexical item overlap and transfer of underlying reading skills
(Mor & Prior, 2020, 2022). These factors may mask processing
differences that are purely attributable to L2 status. Although
several studies have explored L2 word frequency effects in bilin-
guals with typologically distinct L1–L2 pairs (Mor & Prior, 2020,
2022; Norkina et al., 2025; Sui et al., 2025), it remains unclear
whether L1–L2 similarity modulates word frequency effects.

1.3. Word frequency effects in L2 Chinese reading

While existing theoretical accounts of L2 word frequency effects
have largely been developed based on alphabetic languages, Chin-
ese, as a logographic language, provides a unique opportunity to test
the predictions of the lexical entrenchment and language compe-
tition hypotheses, particularly through comparisons between L2
learners whose L1 is typologically similar versus dissimilar to
Chinese.

Chinese is a logographic language with fundamental differences
from alphabetic languages. Chinese words are composed of char-
acters and are written without spaces to mark word boundaries.
These characteristics pose challenges for L2 learners who often
struggle to segment continuous character strings into words during
reading (Li et al., 2025; Shen et al., 2012; Yao et al., 2025a, 2025b).
Such segmentation difficulty may be especially pronounced for
low-frequency words, whose boundaries are less predictable due
to limited exposure, potentially resulting in larger word frequency
effects in L2 learners compared to native readers.

To date, although many studies have examined word frequency
effects in L2 Chinese (Jiang, 2005, 2006; Jiang et al., 2006; Zhang,
2008), direct comparisons between L1 and L2 Chinese readers
remain scarce. To our knowledge, only Hao et al. (2024) and Lai
and Jiang (2026) have included both groups. Hao et al. (2024)
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reported that Indonesian-speaking L2 learners exhibited word
frequency effects in a lexical decision task, whereas native speakers
did not. However, this lexical decision task may not reflect natural
Chinese reading, where the lack of interword spaces demands
simultaneous segmentation and identification (Li & Pollatsek,
2020), a process that cannot be captured in isolated word recog-
nition (Sui et al., 2025). Recently, Lai and Jiang (2026) used
eye-tracking and reported larger word frequency effects for
alphabetic-L1 learners than for L1 readers during sentence read-
ing. But with only one L2 group, the study leaves open the
question of how L1–L2 similarity modulates the word frequency
effect, specifically whether learners from typologically different L1
backgrounds show differential frequency effects. Answering this
question is crucial because the lexical entrenchment hypothesis
and the language-competition hypothesis make different predic-
tions regarding the influence of L1–L2 similarity.

1.4. The present study

In the present study, we examined whether L2 word frequency
effects in Chinese sentence reading are modulated by L1–L2 simi-
larity. Specifically, we compared frequency effects in L2 Chinese
learners from alphabetic-language backgrounds and Japanese L1
backgrounds using eye-tracking during sentence reading. Native
Chinese readers were also included as a baseline group to establish
the magnitude of word frequency effects in skilled native reading
and to examine whether L2 readers exhibit larger word frequency
effects than native readers. Our primary research question, how-
ever, concerned whether frequency effects differed between the two
L2 groups as a function of their writing-system backgrounds.
Whereas alphabetic languages share minimal orthographic and
lexical overlap with Chinese, Japanese shares substantial ortho-
graphic and lexical similarity with Chinese, including the use of
Chinese characters and a larger number of compound words in
similar form andmeaning. By contrasting these two learner groups,
the present study provides a direct test of whether L2 word fre-
quency effects are shaped by cross-linguistic similarity between L1
and L2, thereby adjudicating between accounts that attribute larger
L2 word frequency effects to lexical entrenchment versus those
emphasizing cross-language competition.

If L2 word frequency effects primarily reflect lexical entrench-
ment within the L2 lexicon, the magnitude of frequency effects
should not differ between the two learner groups, assuming com-
parable L2 proficiency. In contrast, if L2 word frequency effects are
driven by cross-language competition arising from shared ortho-
graphic and lexical representations, we would expect larger word
frequency effects in learners with a Japanese L1 background, due to
greater lexical representational overlap with Chinese.

2. Method

2.1. Participants

The sample analyzed in the present study comprised 150 partici-
pants: 50 native Chinese speakers (henceforth NS; 42 females; age
range: 17–28 years; mean age: 21.1), 50 L2 learners of Chinese from
alphabetic L1 backgrounds (henceforth L2-AL; 44 females; age
range: 19–33 years; mean age: 24.0) and 50 L2 learners of Chinese
from Japanese L1 backgrounds (henceforth L2-JL; 37 females; age
range: 19–30 years; mean age: 22.3). The NS and L2-AL data were
drawn from the dataset reported in Lai and Jiang (2026), which
included 56 NS and 57 L2-AL participants. For the present study,

50 L2-AL participants were selected to match the newly recruited
group of 50 L2-JL participants in Chinese proficiency. To maintain
equal group sizes, 50 NS participants were randomly selected from
the original NS sample. The L2-JL data were collected specifically
for the present study using the same materials, equipment and
experimental procedure as those used for the NS and L2-AL groups
in Lai and Jiang (2026).

The recruitment target for the newly collected L2-JL groupwas set
at 50 participants on the basis of feasibility, given the time-intensive
nature of eye-tracking data collection and the limited availability of
eligible participants. Because no previous eye-tracking study has
directly compared word frequency effects in L2 Chinese reading
among learners from different L1 backgrounds, no directly applic-
able estimate of the focal group-by-word-frequency interaction was
available for a prospective power analysis. Following prior appli-
cations of simulation-based sensitivity analysis in bilingualism
research (Washington & Wiley, 2023; Yow & Li, 2026), we con-
ducted a sensitivity analysis on the fitted mixed-effects model using
the simr package (Green & MacLeod, 2016). A simulation-based
sensitivity analysis estimates the smallest effect that a given design
can detect with a prespecified level of power. For each candidate
effect size, data are repeatedly generated from the fitted model with
the target effect set to that candidate value. The model is then
refitted to each simulated data set, and power is estimated as the
proportion of simulations in which the target effect is statistically
significant. The analysis targeted the critical interaction between
word frequency and L2 group (L2-AL versus L2-JL), which directly
operationalizes our main research question. Total reading time on
the target words was used as the dependent variable because this
cumulative measure encompasses both initial processing and sub-
sequent rereading and has been shown to be sensitive to word
frequency effects in L2 reading (Lai & Jiang, 2026; Mor & Prior,
2022; Whitford & Titone, 2012, 2017). We first conducted a coarse
scan across standardized interaction effects of d = 0.05, 0.10, 0.15
and 0.20 (step = 0.05), using 200 simulations per value. Given the
fitted model’s residual standard deviation of 0.510, these corres-
ponded to interaction coefficients of b = 0.026, 0.051, 0.077 and
0.102 on the log scale. We then refined the search at d = 0.15, 0.16
and 0.17 (step = 0.01; b = 0.077, 0.082 and 0.087), using 1000
simulations per value (α = .05). The analysis indicated that the
current design had approximately 80% power to detect an inter-
action of b = 0.077 or larger on the log scale, corresponding to the
L2-AL group’s ratio of low- to high-frequency reading times being
approximately 8% larger than that of the L2-JL group.

The L2-AL group included learners from a range of alphabetic-
language backgrounds (e.g., Vietnamese, Thai, Indonesian, Arabic,
Russian, Korean, Spanish, French, Cape Verdean Creole, Mongo-
lian and Burmese). Although some of these languages, particularly
Vietnamese and Korean, contain Chinese loanwords or have his-
torical contact with Chinese, their contemporary writing systems
do not employ Chinese characters (logographs) as a primary ortho-
graphic component. In contrast, Japanese uses kanji as an integral
component of its contemporary writing system and contains a
substantial body of Sino-Japanese vocabulary. Thus, relative to
the L2-JL group, the L2-AL group was operationally characterized
as having lower average orthographic and lexical similarity to
Chinese.

All L2 participants had passedHSK 5 orHSK6 (Hanyu Shuiping
Kaoshi, the standard Chinese language proficiency test for non-
native speakers administered by the Ministry of Education of the
People’s Republic of China), which corresponds approximately to
the B2 level of the Common European Framework of Reference for
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Languages (CEFR; Luo, 2017), indicating upper-intermediate pro-
ficiency in Chinese. All L2 participants completed a character
recognition test (Hou & Jiang, 2022; Jiang & Liu, 2004) and a
ClozCHI test (Cai et al., 2025). ClozCHI is a cloze test comprising
three passages with varying levels of difficulty, in which participants
fill each blank with one appropriate character or its Pinyin based on
context (Cai et al., 2025). Compared with HSK level, which was
obtained at varying time points prior to the experiment and may
not accurately reflect participants’ current proficiency, these two
tests provide more fine-grained and up-to-date measures of L2
Chinese proficiency. The character recognition test scores were
matched between L2-AL (M = 0.77, SD = 0.15) and L2-JL
(M = 0.77, SD = 0.14), t(98) = �0.29, p = .77. The ClozCHI scores
were also matched between L2-AL (M = 0.74, SD = 0.08) and L2-JL
(M = 0.72, SD = 0.10), t(98) = 1.06, p = .29.

All participants had normal or corrected-to-normal vision.
Informed consent was obtained from all participants, andmonetary
compensation was provided for their participation.

2.2. Materials

A total of 640 two-character words were selected as target words,
comprising 320 high-frequency and 320 low-frequency words (see
Table S1 in supplementary material). Word frequency data were
obtained from the Chinese Lexical Database (CLD; Sun et al., 2018).
Paired-samples t-tests indicated that high-frequency words
(M = 92.34 occurrences per million, SD = 95.64) and low-frequency
words (M = 1.44 occurrences per million, SD = 1.02) differed
significantly in frequency, t(319) = 16.98, p < .001, and were
matched on the frequency and number of strokes of both the first
and second characters, as well as the total number of strokes of the
two characters (ps > .10). Familiarity ratings, collected after the eye-
tracking experiment on a 7-point scale (1 = very unfamiliar, 7 = very
familiar), showed that the mean rating across all target words was
6.05 (SD = 0.92), with only three target words receiving a mean
rating below 3. These results suggest that the target words were
generally familiar to our L2 participants. The characteristics of
target words are summarized in Table 1.

Target words were embedded in 160 sentence frames, each
containing two high-frequency and two low-frequency words.
Using two pairs of high- and low-frequency words within the same
sentence frame can increase the number of target words and
enhance the robustness and generalizability of the results by redu-
cing item-specific bias. Each participant saw only one target word
per frame, and each frame was presented only once per participant
(i.e., no participant was exposed to repeated frames across trials).

Target words never appeared within the first or last four characters
of a sentence. Sentences ranged from 18 to 31 characters and were
displayed on a single line. Sentence plausibility was rated by 40 NS
who did not take part in the main eye-tracking experiment, using a
7-point scale ranging from 1 (very implausible) to 7 (very plaus-
ible). Paired-samples t-tests indicated that plausibility ratings were
matched between sentences containing high-frequency (M = 6.10,
SD = 0.35) and low-frequency words (M = 6.06, SD = 0.35),
t(319) = 1.41, p = .16. The predictability of each target word was
assessed using a cloze task completed by another 10 NS, who read
the sentence up to the target word and provided the next acceptable
word. Paired-samples t-tests indicated that predictability was
matched between high-frequency (M = 0.0009, SD = 0.01) and
low-frequency words (M = 0.0003, SD = 0.01), t(319) = 1.00, p = .32.
Examples of sentences and target words are presented in Table 2.

The experimental sentences were divided into eight lists, each
list containing 80 experimental sentences (including 40 high-
frequency words and 40 low-frequency words) as well as 40 filler
sentences. Filler sentences were followed by yes/no comprehension
questions. The mean frequency of high-frequency words did not
differ significantly across the eight lists, F(7, 312) = 0.64, p = .73.
Similarly, themean frequency of low-frequencywordswasmatched
across lists, F(7, 312) = 1.12, p = .35. Sentences were counterbal-
anced across lists using a Latin square design and presented in a
randomized order.

2.3. Apparatus

Participants’ eye movements were recorded using an SR Research
Eyelink 1000 plus eye tracker with a sampling rate of 1000 Hz.
Stimuli were displayed on a 20-inch CRTmonitor with a resolution
of 1024 × 768 pixels and a refresh rate of 150 Hz. Sentences were
presented in Song font in black on a white background, with each
character subtending approximately 0.85° of visual angle. The first
character of the sentence and the fixation point were positioned at
100 pixels from the left edge and 384 pixels from the top of the
display. Participants were seated approximately 72 cm from the
screen. Following a 3-point horizontal calibration and validation,
the maximum gaze-position error was less than 0.5°. Viewing was
binocular, but only the right eye was recorded.

2.4. Procedure

Participants were tested individually in the laboratory. The experi-
ment started with a brief instruction and a standard horizontal
3-point grid calibration and validation. Each trial began with a

Table 2. Examples of sentences and target words

Target word Example

High-frequency 小陈对她自己获得礼物这件事感到非常高兴。
Xiao Chen was very happy that she had received a gift.

小陈对她自己获得勋章这件事感到非常高兴。
Xiao Chen was very happy that she had received amedal.

Low-frequency 小陈对她自己获得奖状这件事感到非常高兴。
Xiao Chen was very happy that she had received a
certificate.

小陈对她自己获得高薪这件事感到非常高兴。
Xiao Chen was very happy that she had received a high
salary.

Note: Target words are indicated in bold.

Table 1. Characteristics of the target words

Characteristic High-frequency Low-frequency

Frequency (number of occurrences
per million)

92.34 (95.64) 1.44 (1.02)

Frequency of first character 833.61 (1081.37) 758.04 (1049.20)

Frequency of second character 768.79 (986.61) 807.71 (1239.90)

Number of strokes 16.01 (4.54) 16.08 (4.46)

Number of strokes of first character 7.87 (3.04) 8.01 (3.09)

Number of strokes of second
character

8.14 (3.11) 8.08 (3.19)

Note: Standard deviations are given in parentheses.
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fixation box presented at the left side of the screen, followed by the
presentation of the target sentence. Participants were instructed to
read sentences silently for comprehension and to answer occasional
comprehension questions by pressing yes/no buttons. After read-
ing, participants pressed a button to proceed. Prior to the formal
experimental trials, participants completed four practice trials to
familiarize themselves with the task and the eye-tracking equip-
ment. The experiment lasted approximately 20 minutes for NS and
40 minutes for L2 Chinese learners.

Before the eye-tracking session, L2 Chinese learners completed
the character recognition test and the ClozCHI test, which were not
administered to NS.

2.5. Data analysis

Both global and local eye movement measures were analyzed.
Specifically, sentence reading rate (SRR; characters per minute)
was analyzed to reflect general reading efficiency (Rayner, 1998).
Five eye movement measures on the target words were analyzed,
including skipping rate (SR, the probability of a region being
skipped during first-pass reading), first fixation duration (FFD,
the duration of the first fixation in a region during first-pass
reading, following a progressive saccade), gaze duration (GD, the
sum of all first-pass fixation durations in a region before leaving it,
following a progressive saccade), total reading time (TT, the sum of
the durations of all fixations in a region), and regression path
duration (RPD, the sum of the durations of all fixations in a region
and any rereading to the left of it until it was passed to the right).
While SR, FFD andGD reflect the early stages of processing, TT and
RPD reflect the late stages of processing.

Linear mixed-effects models (LMMs) were employed to analyze
log-transformed continuous variables (SRR, FFD, GD, TT, RPD),
and generalized linearmixed-effectsmodels (GLMMs)were used to
analyze the binary variable (SR). Word frequency, group and their
interaction were treated as fixed effects, and participants and items
were treated as crossed random effects, including intercepts and
slopes (Baayen et al., 2008). Word frequency and group were
treated as categorical variables. For the group condition, three
successive contrasts were set up to analyze differences between
L2-AL and NS (Group 1), differences between L2-JL and NS
(Group 2) and differences between L2-AL and L2-JL (Group 3).
Specifically, contrast coding was employed to examine these con-
trasts. Two sets of models were fitted with different reference levels:
the first model used NS as the reference level, yielding contrasts for

L2-AL versus NS and L2-JL versus NS; the secondmodel used L2-JL
as the reference level, yielding the contrast for L2-AL versus L2-JL.
Following Bates et al. (2015a), the random effects structure of the
models was trimmed down from themaximal structure (i.e., random
intercepts and slopes for all fixed effects, for both subjects and items)
when the models failed to converge. Model comparisons were con-
ducted using likelihood ratio tests and the Bayesian Information
Criterion (BIC), and the more parsimonious model was selected
when it did not significantly differ from the more complex model
(p > .05). Data were analyzed in R (version 4.4.2; R Core Team, 2024)
using the lme4 package (version 1.1.37; Bates et al., 2015b) and
lmerTest package (version 3.1.3; Kuznetsova et al., 2017). Simple
effects were tested using emmeans package (Lenth, 2018).

3. Results

Native speakers achieved a mean accuracy of 94% (range: 83%–

100%). The L2-AL group achieved a mean accuracy of 85%
(range: 70%–100%), and the L2-JL group achieved a mean accur-
acy of 86% (range: 70%–100%). The high comprehension accur-
acy rates indicate that participants attended to and successfully
comprehended the sentences.

Fixations shorter than 80 ms or longer than 1000 ms (approxi-
mately 8.7% of all fixations) were excluded from the analysis. Trials
were removed if (a) participants made more than three blinks or no
fixations in the whole sentence (0.2% of trials); (b) participants
blinked on the target words, pre-target words or post-target words
(4.9% of trials) or (c) eye movement measures were above or below
three standard deviations from the mean (1.4% of trials). This
resulted in a loss of 6.5% of the trials. Excluding trials with blinks
(a and b) is common practice in eye-tracking reading research (e.g.,
Inhoff & Rayner, 1986; Liu et al., 2014; Rayner et al., 2013; Yao et al.,
2025b), since valid fixation data cannot be obtained during blinks.
The exclusion rate due to blinks was relatively low and blinks
occurred randomly, making them unlikely to systematically affect
the validity of our results.

Table 3 presents the means and standard errors for each eye
movement measure. Its note summarizes the number of observa-
tions retained per condition across the outcomemeasures, while the
exact counts for every measure and Group × Frequency condition
are reported in Table S2 of the supplementary material. Table 4
shows the results of the linear mixed-effects models/generalized
linear mixed-effects models. The residuals of the linear mixed-
effects models were approximately normally distributed.

Table 3. Means and standard errors for eye movement measures

Measure

NS L2-AL L2-JL

HF LF FE HF LF FE HF LF FE

SRR 639.69 (5.90) 634.45 (5.8) �5.24 213.64 (2.22) 205.81 (2.08) �7.83 287.85 (3.17) 280.65 (3.26) �7.20

SR 0.32 (0.01) 0.29 (0.01) �0.03 0.03 (0) 0.03 (0) 0 0.10 (0.01) 0.08 (0.01) �0.02

FFD 236.87 (2.22) 243.75 (2.30) 6.88 293.88 (2.32) 305.77 (2.46) 11.89 288.01 (2.31) 299.68 (2.46) 11.67

GD 256.06 (3.12) 266.80 (3.22) 10.74 491.83 (6.16) 564.34 (6.99) 72.51 400.19 (5.39) 451.26 (6.17) 51.07

TT 326.79 (5.15) 346.48 (5.22) 19.69 705.66 (10.06) 849.48 (11.03) 143.82 582.00 (9.18) 691.27 (10.58) 109.27

RPD 341.09 (5.69) 354.78 (5.73) 13.69 614.29 (8.65) 718.06 (9.31) 103.77 499.88 (7.5) 565.61 (8.42) 65.73

Notes: Standard errors are given in parentheses. FE = Frequency effect; FFD = First fixation duration; GD = Gaze duration; HF = High-frequency; L2-AL = L2 Chinese learners from alphabetic L1
backgrounds; L2-JL = L2 learners from Japanese L1 backgrounds; LF = Low-frequency; NS = Native Chinese speakers; RPD = Regression path duration; SR = Skipping rate; SRR = Sentence reading
rate; TT = Total reading time. The number of observations per condition across all measures ranged from 1314 to 1938 (M = 1715.75, SD = 188.61).
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Table 4. Results of the LMMs/GLMMs

Measure Variable b SE t/z p

SRR (Intercept) 5.73 0.03 218.26 <.001***

Frequency �0.03 0.01 �4.48 <.001***

Group 1 �1.14 0.06 �18.05 <.001***

Group 2 �0.85 0.06 �13.47 <.001***

Group 3 �0.29 0.06 �4.57 <.001***

Frequency × Group 1 �0.03 0.01 �1.89 .06

Frequency × Group 2 �0.02 0.01 �1.78 .08

Frequency × Group 3 �0.001 0.01 �0.09 .92

SR (Intercept) �2.70 0.11 �24.15 <.001***

Frequency �0.22 0.09 �2.60 .009**

Group 1 �3.29 0.27 �12.14 <.001***

Group 2 �1.97 0.24 �8.12 <.001***

Group 3 �1.32 0.28 �4.80 <.001***

Frequency × Group 1 �0.10 0.21 �0.47 .64

Frequency × Group 2 �0.14 0.14 �1.01 .31

Frequency × Group 3 0.04 0.23 0.18 .86

FFD (Intercept) 5.57 0.01 522.94 <.001***

Frequency 0.03 0.01 4.87 <.001***

Group 1 0.22 0.03 8.64 <.001***

Group 2 0.20 0.03 7.83 <.001***

Group 3 0.02 0.03 0.77 .45

Frequency × Group 1 0.02 0.02 0.99 .33

Frequency × Group 2 0.02 0.02 1.00 .32

Frequency × Group 3 �0.0004 0.01 �0.02 .98

GD (Intercept) 5.84 0.02 329.60 <.001***

Frequency 0.09 0.01 8.99 <.001***

Group 1 0.65 0.04 15.26 <.001***

Group 2 0.42 0.04 9.87 <.001***

Group 3 0.23 0.04 5.33 <.001***

Frequency × Group 1 0.10 0.02 4.12 <.001***

Frequency × Group 2 0.08 0.02 3.49 <.001***

Frequency × Group 3 0.02 0.02 0.68 .50

TT (Intercept) 6.14 0.02 262.45 <.001***

Frequency 0.15 0.01 10.77 <.001***

Group 1 0.83 0.05 15.16 <.001***

Group 2 0.58 0.05 10.72 <.001***

Group 3 0.24 0.05 4.46 <.001***

Frequency × Group 1 0.15 0.03 5.33 <.001***

Frequency × Group 2 0.13 0.03 4.17 <.001***

Frequency × Group 3 0.02 0.03 0.90 .37

RPD (Intercept) 6.04 0.02 304.20 <.001***

Frequency 0.11 0.01 9.31 <.001***

Group 1 0.65 0.05 14.21 <.001***

(Continued)
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3.1. Global measure

For SRR, there was a main effect of word frequency, indicating that
SRR was slower for low-frequency words than high-frequency
words. There was also a main effect of group, with both L2-AL
and L2-JL exhibiting slower SRR than NS, and L2-AL exhibiting
slower SRR than L2-JL. The interaction between word frequency
and group was marginally significant for Group 1 (L2-AL versus
NS) and Group 2 (L2-JL versus NS), but not for Group 3 (L2-AL
versus L2-JL). Further simple effects analysis revealed that the word
frequency effect was not significant for NS (t = 0.83, p = .41), but
significant for both L2-AL (t = 3.50, p < .001) and L2-JL (t = 3.35,
p < .001). These results indicate that the word frequency effect was
larger for both L2 groups compared to NS, with no significant
difference between L2-AL and L2-JL.

3.2. Early local measures

For SR, there was a main effect of word frequency, indicating that
SR was lower for low-frequency words than high-frequency words.
There was also a main effect of group, with both L2-AL and L2-JL
exhibiting lower SR than NS, and L2-AL exhibiting lower SR than
L2-JL. None of the other effects were significant.

For FFD, there was a main effect of word frequency, indicating
that FFD was longer for low-frequency words than high-frequency
words. There was also a main effect of group, with both L2-AL and
L2-JL exhibiting longer FFD thanNS.None of the other effects were
significant.

For GD, there was a main effect of word frequency, indicating
that GD was longer for low-frequency words than high-frequency
words. There was also a main effect of group, with both L2-AL and
L2-JL exhibiting longer GD than NS, and L2-AL exhibiting longer
GD than L2-JL. The interaction between word frequency and group
was significant for Group 1 (L2-AL versus NS) and Group 2 (L2-JL
versus NS), but not for Group 3 (L2-AL versus L2-JL). Further
simple effects analysis revealed that the word frequency effect was
marginally significant for NS (t =�1.81, p = .07), but significant for
both L2-AL (t = �7.99, p < .001) and L2-JL (t = �6.98, p < .001).
These results indicate that the word frequency effect was larger for
both L2 groups compared to NS, with no significant difference
between L2-AL and L2-JL.

3.3. Late local measures

For TT, there was a main effect of word frequency, indicating that
TT was longer for low-frequency words than high-frequency
words. There was also a main effect of group, with both L2-AL
and L2-JL exhibiting longer TT than NS, and L2-AL exhibiting
longer TT than L2-JL. The interaction between word frequency and

group was significant for Group 1 (L2-AL versus NS) and Group
2 (L2-JL versus NS), but not for Group 3 (L2-AL versus L2-JL).
Further simple effects analysis revealed that theword frequency effect
was significant for all groups (NS: t = �2.42, p = .02; L2-AL:
t =�9.87, p < .001; L2-JL: t =�8.28, p < .001). These results indicate
that the word frequency effect was larger for both L2 groups com-
pared toNS, with no significant difference between L2-AL and L2-JL.

For RPD, there was a main effect of word frequency, indicating
that RPD was longer for low-frequency words than high-frequency
words. There was also a main effect of group, with both L2-AL and
L2-JL exhibiting longer RPD than NS, and L2-AL exhibiting longer
RPD than L2-JL. The interaction between word frequency and
group was significant for Group 1 (L2-AL versus NS) and Group
2 (L2-JL versus NS), but not for Group 3 (L2-AL versus L2-JL).
Further simple effects analysis revealed that the word frequency
effect was marginally significant for NS (t = �1.87, p = .06), but
significant for both L2-AL (t = �8.91, p < .001) and L2-JL
(t =�6.69, p < .001). These results indicate that the word frequency
effect was larger for both L2 groups compared to NS, with no
significant difference between L2-AL and L2-JL.

It is worth noting that the interaction between word frequency
and group was not significant for Group 3 (L2-AL versus L2-JL)
across eye movement measures. Since Bayes factors can be used to
determine whether non-significant results support a null hypoth-
esis (Dienes, 2014), Bayes factor analyses were further conducted to
assess the strength of evidence for this null effect, using the Bayes-
Factor package in R (Morey et al., 2015). BF10 values ranging from
0.01 to 0.12 across eye movement measures provided moderate to
very strong evidence in favor of the null hypothesis, indicating that
L2 word frequency effects did not differ between L2-AL and L2-JL
across eye movement measures.

Additionally, to examine whether sensitivity to word frequency
varied as a function of L2 proficiency, correlations were conducted
between L2 proficiency (character recognition and cloze test scores)
and word frequency effects within each L2 group. The correlations
were generally weak and non-significant across eye movement
measures (|r| = .01–.27, p = .06–.94).

To explore word frequency effects more broadly, correlation
analyses were conducted between log-transformed word frequency
and eye movement measures for all words in the sentences
(excluding the first and last words of each sentence; Meng et al.,
2020). Word frequency was significantly negatively correlated
with reading times (FFD, GD, TT and RPD) and positively with
SR (|r| = .10–.35, ps < .001). Fisher’s z-tests revealed that word
frequency showed significantly stronger correlations with GD, TT
andRPD inL2-AL (|r| = .15–.35) thanL2-JL (|r| = .10–.28; ps < .001),
and a significantly stronger correlation with SR (r = .28) in L2-JL
than L2-AL (r = .25; p < .001).

Table 4. (Continued)

Measure Variable b SE t/z p

Group 2 0.41 0.05 8.87 <.001***

Group 3 0.25 0.05 5.36 <.001***

Frequency × Group 1 0.13 0.03 4.89 <.001***

Frequency × Group 2 0.09 0.03 3.35 <.001***

Frequency × Group 3 0.03 0.03 1.30 .19

Notes: FFD = First fixation duration; GD = Gaze duration; Group 1 = L2-AL versus NS; Group 2 = L2-JL versus NS; Group 3 = L2-AL versus L2-JL; L2-AL = L2 Chinese learners from alphabetic L1
backgrounds; L2-JL = L2 learners from Japanese L1 backgrounds; NS = Native Chinese speakers; RPD = Regression path duration; SR = Skipping rate; SRR = Sentence reading rate; TT = Total
reading time; **p < .01; ***p < .001; Results for Group 3 and Frequency × Group 3 were obtained from a separate model with L2-JL as the reference level.
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To summarize the main findings, word frequency effects were
larger in both L2-AL and L2-JL than in NS in SRR, GD, TT and
RPD. However, there was no significant difference in L2 word
frequency effects between L2-AL and L2-JL across eye movement
measures examined (SRR, SR, FFD, GD, TT and RPD).

4. Discussion

The present study examined word frequency effects in Chinese
sentence reading among native Chinese readers and L2 Chinese
learners from different writing-system backgrounds. More import-
antly, it investigatedwhether themagnitude of these effects varies as
a function of L1–L2 writing-system similarity. The results showed
that both L2 groups exhibited larger frequency effects than native
readers, whereas the two L2 groups showed comparable frequency
effects despite differences in writing-system background. These find-
ings are more readily explained by differences in lexical entrench-
ment than by explanations based on cross-language competition.

The results revealed larger word frequency effects for L2 readers
than for native Chinese readers in both global and local eye move-
ment measures. Specifically, this pattern was observed in SRR, as
well as in GD, TT and RPD, suggesting that lexical frequency
exerted a stronger influence on both early and later stages of word
processing in L2 than in L1 Chinese reading. These findings rep-
licate a robust pattern in previous studies comparing L1 and L2
within alphabetic language pairs (Brysbaert et al., 2017; Cop et al.,
2015; Diependaele et al., 2013; Duyck et al., 2008; Gollan et al., 2011;
Lehtonen et al., 2012; Lemhöfer et al., 2008; Whitford & Joanisse,
2018; Whitford & Titone, 2012, 2017), and typologically distinct
L1–L2 pairs (Mor&Prior, 2020, 2022;Norkina et al., 2025; Sui et al.,
2025). Furthermore, the present study extended Lai and Jiang’s
(2026) eye-tracking findings of larger L2 word frequency effects in
Chinese sentence reading, also observed in lexical decision tasks
(Hao et al., 2024), to learners from typologically different L1
backgrounds. Thus, our results further demonstrated the robust-
ness of larger L2 word frequency effects and their generalizability
across L1 backgrounds.

The findings of larger word frequency effects in L2 than in L1 can
be readily explained with the lexical entrenchment hypothesis
(Diependaele et al., 2013). Under this hypothesis, frequency effects
index the strength and quality of lexical representations. L2 lexical
memory representations are weaker than those in L1 due to reduced
exposure, thereby amplifying sensitivity to frequency differences.
This may be particularly pronounced in Chinese, where words
are written without spaces and readers must segment continuous
character strings into words (Li et al., 2025; Shen et al., 2012; Yao
et al., 2025a, 2025b). Weaker lexical representations make word
boundaries less predictable and word identification more difficult,
especially for low-frequency words, further amplifying word fre-
quency effects in L2 readers. Conversely, for highly skilled native
readers, extensive exposure to text leads to more robust lexical
representations even for low-frequency words, thereby reducing
processing differences between high- and low-frequency words.

However, stronger word frequency effects in L2 than in L1, by
themselves, are insufficient to distinguish between the lexical
entrenchment hypothesis and the language competition hypothesis
(Diependaele et al., 2013). Importantly, this study showed that L2
word frequency effects did not differ between L2 learners from
alphabetic-language and Japanese L1 backgrounds across eye
movementmeasures. This absence of a reliable interaction provides
a critical test of the competing accounts. Under the lexical
entrenchment hypothesis, frequency effects primarily reflect the

strength and automatization of lexical representations, which are
determined by language experience and proficiency rather than by
L1–L2 similarity (Diependaele et al., 2013). Because the two L2
groups were matched on Chinese proficiency, comparable fre-
quency effects are what this account predicts. In contrast, the
language competition hypothesis predicts that L2 learners from
Japanese L1 backgrounds should exhibit larger L2 word frequency
effects, given the substantial orthographic and lexical overlap
between Japanese and Chinese (Diependaele et al., 2013). The
absence of such modulation, supported both by non-significant
interactions and by Bayesian evidence favoring the null model,
suggests that competition-based accounts may not adequately
explain L2 word frequency effects. In contrast, these findings are
more readily accommodated by the lexical entrenchment hypoth-
esis, which emphasizes the role of accumulated reading experience
in shaping the strength of lexical representations.

Specifically, rather than reflecting dynamic cross-language
interference, the larger L2 frequency effects observed here appear
to index differences in lexical representational strength. This inter-
pretation is consistent with converging theoretical accounts (e.g.,
Dijkstra & Van Heuven, 2002; Gollan et al., 2008, 2011; Perfetti,
2007). The weaker links hypothesis (Gollan et al., 2008, 2011)
attributes larger L2 word frequency effects to reduced language
exposure and divided language use, which weaken form–meaning
connections. Similarly, the lexical quality hypothesis (Perfetti,
2007) proposes that lexical representations vary in the precision
and integration of orthographic, phonological and semantic infor-
mation. Lower proficiency entails lower lexical quality, leading to
slower and more frequency-sensitive word recognition. Moreover,
the bilingual interactive activation Plus model (BIA+; Dijkstra &
Van Heuven, 2002) posits that L2 words generally have lower
resting-level activations than do L1 words of the same corpus
frequency, thus assuming larger word frequency effects in L2 than
in L1. Relatedly, this interpretation is supported by converging
evidence demonstrating the dominant role of language proficiency
in word frequency effects, both in L1 (Ashby et al., 2005; Barnes
et al., 2017; Gordon et al., 2020; Kuperman&VanDyke, 2011, 2013;
Lee et al., 2025; Zhang et al., 2022b) and in L2 (Berzak & Levy, 2023;
Li et al., 2017, 2026; Mor & Prior, 2020, 2022; Whitford & Titone,
2012; Zhao et al., 2024). Furthermore, larger word frequency effects
in L2 relative to L1 disappear when proficiency is controlled for
(Brysbaert et al., 2017) or when it reaches a sufficiently high level
(Berzak & Levy, 2023), even for bilinguals from different L1 back-
grounds (Diependaele et al., 2013). Collectively, these theoretical
accounts and empirical findings are consistent with the lexical
entrenchment hypothesis (Diependaele et al., 2013).

According to the lexical entrenchment hypothesis (Diependaele
et al., 2013), one may also expect a negative correlation between
language proficiency and frequency effects in each L2 group. To
evaluate this prediction, we conducted correlation analyses between
L2 proficiency and word frequency effects within each L2 group
across the eyemovementmeasures. The analyses revealed weak and
non-significant correlations (|r| = .01–.27, p = .06–.94). One pos-
sible explanation is that the relatively restricted L2 proficiency
range of our participants limited variability within the L2 groups,
which may have reduced the likelihood of detecting correlations
between L2 proficiency and frequency effects. In addition, by
comparing words only at the extremes of the frequency continuum,
our design may have overlooked the intermediate range, where
group differences are likely to bemost pronounced (Brysbaert et al.,
2017, 2018). This interpretation is supported by Brysbaert et al.
(2017), who reported a strong interaction between vocabulary size
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and word frequency in the middle frequency range, but not at the
lower or higher ends of the frequency spectrum.

One potential concern is that the observed findings might be
influenced by cognates, given the substantial lexical overlap
between Japanese and Chinese. To address this issue, we conducted
a supplementary analysis excluding cognates from the target word
set. A total of 298 non-cognate words were included, comprising
123 high-frequency and 175 low-frequency items. The results
remained largely consistent with the original analysis (see results
on OSF for details), suggesting that the observed effects are unlikely
to be explained by cognate status.

More broadly, by moving beyond comparisons within alpha-
betic writing systems to a cross-script contrast involving Chinese as
a morphosyllabic writing system in L2 reading, the present study
provides a more stringent test of whether L1–L2 similarity modu-
lates L2 word frequency effects. However, while larger L2 word
frequency effects in our study are consistent with prior studies
comparing typologically distinct L1–L2 pairs (Mor & Prior, 2020,
2022; Norkina et al., 2025; Sui et al., 2025), the finding of compar-
able L2 word frequency effects across L2 learners from alphabetic
and Japanese L1 backgrounds differs from Sui et al. (2025), who
reported larger L2 word frequency effects in Chinese–English
bilinguals with different L1–L2 scripts than Dutch–English bilin-
guals during paragraph reading. One possible explanation for this
discrepancy lies in differences in the language pairs and writing
systems involved. In Sui et al. (2025), the comparison involved
English as the target language, where lexical processing is strongly
dependent on alphabetic orthographic decoding. In contrast, the
present study focused on Chinese reading, where lexical processing
relies more heavily on character-level visual-orthographic and
morphosyllabic information, which may reduce the impact of L1
script distance on word frequency effects.

This discrepancy may also be attributable to methodological
differences. The present study employed an experimental design
with controlled manipulation of frequency of target words and
matching of key lexical variables (e.g., stroke number and word
predictability), whereas Sui et al. (2025) adopted a corpus-based
approach in which all words encountered during paragraph read-
ing were analyzed, allowing for a broader range of lexical vari-
ability. We conducted a supplementary analysis including all
words in the sentences, and the results provided support for this
interpretation. Specifically, the result showed that word frequency
showed stronger associations with reading times in L2-AL group
than in L2-JL group, whereas the opposite pattern was observed
for skipping rate (SR).

This dissociation across measures may reflect differences in
online processing efficiency or reading strategies between the two
L2 groups. Although the groups were matched on L2 Chinese
proficiency based on character recognition and cloze test scores,
these measures primarily assessed general L2 proficiency and may
not have captured finer-grained differences in online processing
efficiency during reading. Since Japanese shares greater ortho-
graphic and lexical similarity with Chinese than alphabetic lan-
guages, L2-JL readers may benefit from greater experience with
logographic orthography, which could enhance online reading
efficiency in reading Chinese, even when offline proficiency meas-
ures are comparable.

This interpretation is further supported by the group differences
in our data: L2-AL readers showed longer reading times (SRR, GD,
TT andRPD) and lower SR than L2-JL, a pattern consistent with Sui
et al. (2025), who likewise found slower reading speeds in Chinese–
English bilinguals than in Dutch–English bilinguals. In the analysis

of all words (i.e., without controlling for other variables), the
correlations between word frequency and reading times were stron-
ger in the L2-AL group than in the L2-JL group. In contrast, the
correlations between word frequency and skipping rate were stron-
ger in the L2-JL group than in the L2-AL group. Because these
correlationswere derived from all words rather than experimentally
controlled target items, they were likely modulated by factors such
as character frequency, word length, contextual predictability and
individual reading strategies. From this perspective, the stronger
frequency–reading time correlations observed in the L2-AL group
may reflect a more direct reliance on lexical decoding, whereas
L2-JL readers may have relied more on contextual prediction and
more efficient oculomotor strategies, which attenuated the linear
relationship between frequency and reading times.

It should be noted that the L2-AL group was linguistically
heterogeneous. Some learners came from languages such as Viet-
namese and Korean, which contain substantial Chinese-derived
vocabulary or historical links to Chinese. Although these languages
lack the extensive character-level orthographic overlap with Chinese
found in Japanese, such linguistic connectionsmay have reduced the
contrast between the two L2 groups, thereby attenuating group
differences in word frequency effects. Similarly, Japanese is not a
purely logographic system but a mixed writing system combining
kanji and kana, which may also have weakened the distinction
between the two groups. These factors may partly account for the
absence of significant differences in L2 word frequency effects
between the two groups. Nevertheless, Japanese remains substan-
tially closer to Chinese than alphabetic writing systems because of its
use of kanji. Thus, the contrast between Japanese and alphabetic-
language learners of Chinese remains a meaningful and informative
test of L1–L2 writing-system similarity.

It is also worth noting that the word frequency effect for native
speakers was only marginally significant in some eye movement
measures (e.g., gaze duration and regression path duration). One
possible explanation is that word frequency effects in natural
reading may be less pronounced than those typically observed in
isolated word recognition tasks (Kuperman et al., 2013; Schilling
et al., 1998; Xiong et al., 2023). In addition, the pattern of word
frequency effects varied across individual eye movement measures
in native speakers. This variability likely reflects differences in
sensitivity across eye movement measures and the relatively small
effect size of the frequency manipulation in native speakers.

Despite its contributions, the present study has several limita-
tions. First, the alphabetic L1 group comprised learners from
diverse native language backgrounds. Future research could exam-
ine more homogeneous alphabetic L1 groups with minimal histor-
ical and lexical overlap with Chinese to further clarify the role of
cross-language similarity. Second, the L2 learners in the present
study were relatively high in Chinese proficiency. It remains pos-
sible that cross-language competition effects are more likely to
emerge at lower proficiency levels, when lexical representations
are less entrenched. Future research including learners across a
broader proficiency range would allow amore direct test of whether
proficiency and cross-language competition modulate L2 word
frequency effects. Third, we adopted a categorical manipulation
of word frequency (high versus low), which limits the ability to
capture the full shape of the frequency effect, particularly in the
mid-frequency range where group differencesmay bemost inform-
ative (Brysbaert et al., 2017, 2018). Future research should include
words across a broader frequency range and apply non-linear
analyses to provide a more fine-grained account of frequency
effects across groups.
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5. Conclusion

In sum, the present study showed that L2 Chinese readers exhibited
larger word frequency effects than native speakers, and critically,
these effects did not differ between learners from alphabetic and
Japanese L1 backgrounds. The absence of L1-related modulation
suggests that the enlarged word frequency effects in L2 Chinese
reading are more likely attributable to differences in lexical
entrenchment rather than cross-language competition. These find-
ings therefore highlight the important role of lexical representation
strength in shaping L2 word recognition, even across typologically
distinct L1 backgrounds.
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