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Lexical richness in Chinese university students’ EFL
writing: a corpus-based comparison
Yang Yang1 & Xubo He2✉

Lexical richness (LR) is widely recognized as a key indicator of proficiency among learners of

English as a foreign language (EFL). With the rise of numerous software tools capable of

automatically measuring LR in recent years, LR has received increasing attention as a focal

area of research in the context of Chinese university students’ (CUSs) EFL writing. However,

these quantitative studies often reduce LR to numerical values, lacking a comparative fra-

mework for evaluating lexical proficiency in CUSs’ EFL writing. This study adopts Foster and

Tavakoli’s approach, using native language proficiency as a comparative baseline. It examines

LR in CUSs’ EFL writing compared to English as a native language (ENL) writing, utilizing

corpus-based data from SWECCL 2.0 and LOCNESS across three dimensions: lexical density,

sophistication, and variation. The results of Mann–Whitney U tests reveal that CUSs’ lexical

density in English writing is comparable to that of ENL writing, which may be attributed to the

influence of their native language, Chinese. However, they exhibit lower mean ranks of lexical

sophistication and variation, showing distinct patterns compared to ENL writing. These dis-

parities may be attributed to factors like limited exposure to advanced vocabulary and cul-

tural attitudes toward risk-taking in language use. Practical pedagogical implications include

enhancing exposure to low-frequency vocabulary through enriched input, incorporating

contextualized vocabulary instruction, and providing feedback-driven writing tasks that

promote lexical variation. This study contributes to the understanding of LR in EFL contexts

by emphasizing the need for targeted instructional strategies and offering insights into

improving lexical proficiency among EFL learners.
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Introduction

Lexis is widely regarded as a foundational component of
English as a Foreign Language (EFL) writing (Caro and
Mendinueta 2017; Mirzaei et al. 2016). Lexical studies have

advanced significantly in recent years (e.g., Ibrahim et al. 2019;
Kong et al. 2023; Kyle 2020; Shi and Lei 2022; Zhang et al. 2021)
and lexical measurement software has enabled large-scale analysis
of lexical features in corpora.

EFL writing research places strong emphasis on lexical richness
(LR), defined as “the variety of lexis” (Malvern and Richards
2013, p. 3622), which reflects both the breadth and complexity of
a learner’s productive vocabulary. LR is recognized as a key
indicator of EFL proficiency (Malvern and Richards 2013; Yang
et al. 2023) and is incorporated into composition scoring systems
such as the IELTS Writing band descriptors. For example, to
achieve a high band score in IELTS writing, test takers must use
“a wide range of vocabulary accurately and appropriately with
very natural and sophisticated control of lexical features” (British
Council 2023, p. 3).

LR can be measured from the following three dimensions:
lexical density, lexical sophistication, and lexical variation1 (Kyle
2020; Pan et al. 2024). Lexical density is conceptually defined as
“the density with which the information is presented” (Halliday
1989, p. 62). Therefore, it primarily reflects the concentration of
informational and conceptual content conveyed by content rather
than function words. Operationally, it is calculated as the pro-
portion of content words to the total number of words
(Camiciottoli 2007; Castello 2008). Lexical sophistication refers to
“the learner’s use of sophisticated and advanced words” (Kim
et al. 2018, p. 121) and is typically measured by the proportion of
low-frequency words in a text. Higher lexical sophistication
reflects a learner’s ability to use rare and complex words effec-
tively, demonstrating lexical depth and the ability to convey
nuanced meaning. Finally, lexical variation, used interchangeably
with the term lexical diversity (Jarvis, 2013), refers to “the range
of a learner’s vocabulary as displayed in his or her language use”
(Lu 2012, p. 192), which assesses the diversity of lexical items
within a text, representing the breadth of a language learner’s
vocabulary knowledge.

Lexical sophistication and variation represent distinct aspects
of vocabulary use. Lexical sophistication focuses on the depth of
vocabulary knowledge by measuring the use of infrequent and
advanced words, whereas lexical variation emphasizes the breadth
of vocabulary knowledge, reflecting the range of distinct words
used in a text. Together, these dimensions provide a compre-
hensive and complementary view of learners’ lexical richness.

Numerous software tools and systems are now available for
automatically calculating LR in EFL writing, including Coh-
Metrix2(McNamara et al. 2014), Lexical Complexity Analyzer (Ai
and Lu 2010; Lu 2012), AntWordProfiler (Anthony 2024),
VocabProfile (Cobb 2018), TAALED and TAALES (Kyle et al.
2018; Kyle and Crossley 2015). These tools calculate various LR
indices for EFL writing samples. However, the outputs are merely
numerical values and, on their own, fail to fully capture the lexical
proficiency of EFL writing. In this regard, Foster and Tavakoli
(2009) emphasize that using English as a Native Language (ENL)
writing as a baseline for comparison is essential to accurately
evaluate the LR of similar EFL writing.

To address this, the study uses ENL writing from American
and British university students as a reference to better understand
the LR of Chinese university students’ (CUSs) EFL writing. By
comparing the two, this study aims to identify differences across
LR dimensions, providing targeted recommendations for
enhancing CUSs’ EFL writing. The goal is not to set a benchmark,
but to better understand lexical patterns in EFL writing and
inform vocabulary instruction.

Guided by Kyle’s (2020) framework of LR dimensions, this
study addresses the following three research questions:

(1) What is the difference in lexical density between CUSs’ EFL
writing and native writer’s ENL writing?

(2) What is the difference in lexical sophistication between
CUSs’ EFL writing and native writers’ ENL writing?

(3) What is the difference in lexical variation between CUSs’
EFL writing and native writers’ ENL writing?

Literature review
The development of lexical richness dimensions. Laufer (1991)
conducted one of the earliest systematic studies on LR, examining
47 first-year English majors who were native speakers of Hebrew
or Arabic. She measured changes in LR over one to two semesters
using four dimensions: lexical density, lexical sophistication,
lexical variation, and lexical originality. Her findings indicated
that lexical sophistication was the most effective dimension for
distinguishing students’ initial and later writing performance.

However, Laufer and Nation (1995) later questioned the
reliability of lexical originality as a dimension of LR. Lexical
originality refers to the proportion of words in a composition that
do not appear in other texts from the same group. This method
poses challenges because it depends on cross-text comparisons,
making it difficult to ensure reliable results. Read (2000) also
argued that lexical originality is not a suitable measure of LR in
ESL learners’ writing. As a result, lexical originality has gradually
been abandoned in subsequent LR research due to its limited
applicability and generalizability.

Building upon Laufer and Nation’s framework, Engber (1995)
examined the relationship between LR and writing quality in ESL
compositions. Unlike Laufer and Nation, Engber (1995) intro-
duced lexical errors as an additional dimension of lexical richness.
She analyzed LR using four dimensions: lexical density, lexical
variation with errors, lexical variation without errors, and the
percentage of lexical errors.

Read (2000) further justified the inclusion of lexical errors as
an essential dimension of LR measurement. He argued that
effective writing should exhibit four features: (1) a high
proportion of content words, (2) appropriate use of low-
frequency words suited to the topic and register, (3) a diverse
vocabulary that avoids excessive repetition, and (4) a minimal
number of lexical errors. These features correspond to four
proposed dimensions of LR: lexical density, lexical sophistication,
lexical variation, and lexical errors.

Daller et al. (2007) introduced the concept of lexical space and
elaborated on the dimensions of lexical knowledge. They
identified three dimensions of lexical knowledge: breadth, depth,
and fluency. Some of the previously discussed LR dimensions can
be classified under lexical breadth and lexical depth. Lexical
fluency, on the other hand, refers to the number of words a
language learner can produce within a given time frame
(Goodfellow et al. 2002). It reflects the learner’s ability to quickly
retrieve words from memory when needed (Daller et al. 2007;
Šišková 2012). In time-constrained writing tasks, lexical fluency is
typically measured by text length (i.e., total word count).
However, as it applies only to timed tasks and lacks cross-
context comparability, lexical fluency is limited as an LR measure.

Jarvis (2013, 2017) proposed a multidimensional model of
lexical diversity, incorporating richness, evenness, dispersion, and
disparity. He argued that lexical diversity is both statistical and
perceptual, and should be measured using tools that combine
computational modeling with human judgment. Kyle et al. (2021)
further validated lexical diversity indices by showing their strong
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alignment with human judgments. However, given this study’s
focus on quantitative comparisons of LR across learner and native
corpora, a framework that aligns with widely used computational
measures was adopted, ensuring consistency and comparability
with prior EFL writing research.

Unlike other dimensions, lexical errors are more suited for
qualitative lexical research because they require manual identi-
fication and classification due to inconsistent error taxonomies
across studies. By contrast, the other LR dimensions can be
quantitatively measured using specific indices and computational
methods through automated software. Considering these limita-
tions, this study adopts the three most widely recognized LR
dimensions—lexical density, lexical sophistication, and lexical
variation—which align with those used in recent mainstream LR
research (e.g., Kyle 2020; Li et al. 2025; Li and Zhang 2021; Pan
et al. 2024; Tran and Ma 2025; Zheng 2025). These dimensions
provide a robust and widely accepted framework for evaluating
lexical richness in EFL writing while ensuring comparability
across different studies.

Strands of lexical richness studies. Recent LR research has
developed along three main lines. The first and most fundamental
line of inquiry explores the relationship between LR and writing
quality or language proficiency in EFL or English as a Second
Language (ESL) contexts (e.g., Bestgen 2017; Ha 2019; Kojima
and Yamashita 2014; Lan et al. 2019; Lemmouh 2010; Lu 2012;
Muñoz Acevedo 2014; Shah et al. 2013; Treffers-Daller et al. 2018;
Woods et al. 2023; Xie and Shen 2015). This research strand is
pivotal, as it is based on the hypothesis of a positive correlation
between LR and writing quality.

Numerous studies have established a significant relationship
between different measures of LR and EFL writing quality (e.g.,
Kojima and Yamashita 2014; Lu 2012; Shah et al. 2013; Treffers-
Daller et al. 2018; Xie and Shen 2015; Yu 2010). Using correlation
and meta-analysis, Lu (2012) identified lexical variation as the
strongest predictor of narrative quality among ESL learners,
whereas lexical density had no effect and lexical sophistication
exhibited only a minimal impact. Similarly, Bestgen (2017)
reported that lexical variation, as measured by the number of
different words, type-token ratio (TTR), and Guiraud’s index,
significantly accounted for the variance in overall EFL writing
scores. Among these, the number of different words emerged as
the best predictor for distinguishing between levels of the
Common European Framework of Reference (CEFR). Besides,
Woods et al. (2023) demonstrated that a multi-measure approach
significantly improves the predictive validity of LR assessments.
This finding reinforces the importance of using multiple,
complementary indices in evaluating EFL writing quality.

Conversely, other studies have reported different conclusions.
Lemmouh (2010), for example, investigated Swedish college
students and found no correlation between LR and EFL writing
scores. This led the researchers to suggest that LR might not be a
central criterion in teachers’ assessments of writing. Similarly,
Muñoz Acevedo (2014) reported no correlation between LR and
foreign language performance. Such discrepancies may stem from
differences in tasks and participant populations. Additionally, it is
crucial to examine different aspects of LR in EFL writing
separately to better understand the relationship between its
various dimensions and writing quality.

The second research focus examines the development of LR in
EFL writing over time (e.g., Azodi et al. 2014; Shao 2019; Zheng
2015, 2016; Zheng and Feng 2017; Zhu and Wang 2013). This line
of research examines how LR develops over time in EFL writing.
The evolution of LR is closely tied to language input conditions
(Azodi et al. 2014) and is further shaped by factors such as

learners’ language proficiency, learning background, and cogni-
tive processing abilities. Consequently, differences in learning
conditions and backgrounds result in distinct characteristics of
lexical development in EFL writing across various groups.

The third research strand involves comparative studies on LR
among learners with varying language backgrounds or proficiency
levels (e.g., Eckstein and Ferris 2018; Geng and Yang 2021; Lei
and Yang 2020; Mahardika 2015; McNamara et al. 2010). These
studies typically compare LR across learners of different language
backgrounds or proficiency levels using writing samples as
corpora. For instance, Eckstein and Ferris (2018) compared the
lexical complexity in compositions from native English speakers
and second language (L2) students in the same composition
classes, noting significant differences in lexical variation. They
suggested that L2 students should be made aware of “the value of
nuanced and purposeful lexical variety in their writing” (p. 137).
In addition, Lei and Yang (2020) compared LR in research articles
by Chinese Ph.D. candidates, native English-speaking university
students, and native experts across dimensions of lexical density,
lexical sophistication, and lexical variation, finding that the LR of
Chinese Ph.D. candidates falls between that of native university
students and native experts. Other comparative studies have
investigated how LR varies across different genres in EFL learners’
writing. For instance, Heng et al. (2023) demonstrated that
Chinese EFL learners exhibited significant variations in lexical
density, variation, and sophistication across argumentative and
expository compositions, underscoring the impact of genre on
lexical usage patterns.

Apart from Lei and Yang’s research, there are few comparative
studies on the LR of Chinese EFL learners and native speakers. Lei
and Yang’s findings suggest that Chinese Ph.D. candidates exhibit
relatively high levels of LR; however, the LR of Chinese
undergraduates remains underexplored. Additionally, previous
studies on productive vocabulary in EFL writing often focus solely
on differences in lexical errors, with limited attention given to
other LR dimensions.

A review of previous research reveals that studies on LR in EFL
writing, particularly those focused on development, are relatively
abundant. However, comparative research, especially comparing
the LR in CUSs’ EFL writing with that of native English writers, is
relatively scarce. Thus, this study investigates the differences in
LR between CUSs’ EFL writing and native writers’ ENL writing,
focusing on lexical density, sophistication, and variation.

Methods
Data collection. CUSs’ EFL writing samples were sourced from
the Spoken and Written English Corpus of Chinese Learners
Version 2.0 (SWECCL 2.0; Wen et al. 2008), a well-established
EFL corpus. This corpus comprises 4950 compositions from
students at 34 universities and colleges across China, providing a
comprehensive representation of their writing (Mu 2011; Wen
et al. 2008) and serving as a representative learner corpus of
Chinese EFL students (Zhang and Yang 2019). The validity of
SWECCL has been substantiated by numerous studies since its
release (e.g., Gan 2024; Wei 2021; Yan and Li 2019; Zeng et al.
2023; Zhang and Yang 2021). The compositions were hand-
written and later digitized without alteration. The corpus’ diverse
sources and variety of writing tasks ensure it accurately reflects
the EFL writing proficiency of CUSs.

To analyze CUSs’ EFL writing, the Louvain Corpus of Native
English Essays3(LOCNESS; Granger 1998) was employed as a
comparative reference corpus. LOCNESS includes argumentative
and literary essays by American and British university students,
along with A-level student essays, representing authentic native
English usage (Akbana 2015; Bozdağ 2019; Paradowski 2015).
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Composed under diverse conditions, these essays provide a robust
basis for comparison. The ENL corpus was used as a comparative
reference due to its extensive documentation and frequent use in
corpus-based linguistic research, allowing for a systematic
comparison of LR characteristics.

Both SWECCL and LOCNESS are widely recognized for their
authenticity and representativeness, with SWECCL reflecting the
real writing proficiency of Chinese EFL learners and LOCNESS
representing the authentic language use of American and British
university students. Extensive research has validated their
representativeness in examining EFL and ENL writing, respec-
tively (Wu and Tissari 2021; Zhu and Pu 2024). Additionally,
both corpora include metadata on variables such as writer
demographics, task types, and situational contexts, enhancing
their utility for controlled research. The comparability of the two
corpora is well-documented (Chai et al. 2015), particularly
regarding contributors’ age, essay genre (predominantly argu-
mentative), and writing conditions. Prior studies and evaluations
confirm their high comparability, making them suitable for use as
baseline and target corpora in comparative analyses of EFL and
ENL writing (e.g., Ai and Lu 2013; Wu and Tissari 2021; Zhu and
Pu 2024).

The sample includes 600 essays: 400 EFL compositions from
SWECCL and 200 ENL essays from LOCNESS. The sample size
aligned with Ai and Lu’s (2013) methodology, where they utilized
the same number of EFL and ENL writings as the present study
for a comparative analysis of syntactic complexity.

EFL samples were selected using a combination of purposive
and stratified sampling. Initially, purposive sampling was
employed, focusing exclusively on the written component of
SWECCL to ensure comparability with LOCNESS. Subsequently,
stratified sampling was used to randomly select 100 compositions
from each academic year group.

Purposive sampling and simple random sampling without
replacement were employed to select essays from LOCNESS. To
ensure comparability, essays written by British A-level students
were excluded, focusing solely on essays by American and British
university students. Subsequently, 200 essays were randomly
selected using the Random Generator4. To date, 600 texts have

been sampled from SWECCL and LOCNESS. Table 1 provides a
summary of the writing samples.

Despite the observed differences in average text length between
the EFL and ENL groups, these discrepancies are not expected to
influence the outcomes of this study. As shown in Table 2 and the
accompanying formula descriptions, all LR indices adopted in
this study are ratio-based measures, which normalize for text
length and thus remain stable across samples of varying size (Ai
and Lu 2013; Lu and Ai 2015; Wang and Slater 2016; Yang et al.
2022). This rationale aligns with previous comparative studies on
EFL and ENL writing that have also utilized SWECCL and
LOCNESS as representative corpora (e.g., Lu and Ai 2015; Wu
and Tissari 2021; Zhu and Pu 2024). Therefore, the differences in
word count between the two groups do not compromise the
validity or comparability of the lexical richness analyses
conducted in this study.

Data processing. The 600 writing samples were analyzed using
the Lexical Complexity Analyzer (Ai and Lu 2010; Lu 2012),
which calculates 25 indices of lexical density, sophistication, and
variation. Although the software includes a broad set of literature-
based indices, some have been found to be redundant or highly
correlated (Yang et al. 2022). The measures and indices used in
this study were adapted from Yang and Zheng’s (2024) research.
Using the framework of training and testing, they employed
ANOVA to develop a refined and concise model for quantita-
tively measuring the LR of CUSs’ EFL writing.

The validity of this refined index model is reinforced by
existing research. For instance, this study selects Corrected Type/
Token Ratio (CTTR) as the index of lexical variation, as it has
been widely recognized for its methodological robustness.
Traditional TTR is widely criticized for its sensitivity to text
length, making it unreliable for comparative studies (Covington
and McFall 2010; Lu 2012). Alternatives such as Mean Segmental
TTR (MSTTR) and Mean Average TTR (MATTR) address this
issue but introduce limitations, including data loss or dependence
on window size, reducing cross-study comparability (Lei and
Yang 2020; Richards and Malvern 1997). CTTR offers a more
stable alternative, mitigating text-length effects while preserving
sensitivity to lexical diversity, making it a widely accepted and
methodologically sound choice for this study.

The LR indices utilized in this study are presented in Table 2
along with their corresponding formulas.

Lexical Density LDð Þ ¼ Number of lexical words
Number of words

Lexical Sophistication� I LS1ð Þ ¼ Number of sophisticated lexical words
Number of lexical words

Verb Sophistication� II VS2ð Þ ¼ ðNumber of sophisticated verb typesÞ2
Number of verbs

Corrected Type=Token Ratio CTTRð Þ ¼ Number of word types
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2ðNumber of wordsÞ
p

Lexical Word Variation LWVð Þ ¼ Number of lexical word types
Number of lexical wrods

To ensure clarity in the interpretation of the formulas
presented, it is necessary to define and explain certain key terms
used in the calculation of lexical richness indices.

First, in the lexical density formulas, the term lexical word
requires clarification. A lexical word, also known as a content
word, refers to words that carry semantic meaning in contrast to
function words, which primarily serve grammatical purposes.
Lexical words include nouns, verbs, adjectives, and adverbs.

Table 1 Summary of the writing samples in the
present study.

Group Number of
texts

Number of words

Min Max Mean SD

EFL
group

EFL_Grade1 100 125 503 270.58 80.97
EFL_Grade2 100 76 498 273.92 81.77
EFL_Grade3 100 57 470 221.58 76.66
EFL_Grade4 100 146 514 352.58 67.46
Total 400 57 514 279.67 89.89

ENL group 200 56 1973 746.77 423.79
Total 600 56 1973 435.37 337.07

Table 2 Measures and indices of LR used in the
present study.

Measure Index Code

Lexical density Lexical Density LD
Lexical sophistication Lexical Sophistication-I LS1

Verb Sophistication-II VS2
Lexical variation Corrected Type/Token Ratio CTTR

Lexical Word Variation LWV
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Second, the dimension lexical sophistication was measured by
the two indices: Lexical Sophistication-I (LS1) and Verb
Sophistication-II (VS2). LS1 refers to the proportion of relatively
sophisticated lexical words (Lu 2012; Read 2000); VS2, by
contrast, specifically measures the proportion of sophisticated
verbs, thereby capturing the use of advanced verbal constructions
in writing (Kyle et al. 2018; Kyle and Crossley 2015). The two
indices involve the term “sophisticated”. In these calculations,
words, lexical words, and verbs were categorized as sophisticated
if they did not appear in the list of the 2000 most frequently used
words in the British National Corpus (Lu 2012). This classifica-
tion reflects the extent to which a writer employs advanced or less
commonly used vocabulary. A limitation of this approach to
defining sophisticated words is that spelling errors and arbitrary
letter sequences may also be classified as sophisticated words. To
address this issue, an inspection of the corpus used in this study
indicated that such instances were rare, confirming that their
influence on the results would be negligible.

Finally, in the lexical variation dimension, the indices involve
the terms type and token, which are crucial for understanding
lexical variation. A token refers to an individual occurrence of a
word in a text, meaning that every instance of a word, including
repetitions, is counted separately. In contrast, a type represents a
unique word form, where repeated words are counted only once.
When counting word types, variations of the same lemma (e.g.,
write, writes, writing, wrote, and written) were treated as a single
type, ensuring a more accurate assessment of lexical variation.

These definitions help clarify the methodological framework
for measuring lexical richness in the study, ensuring consistency
and transparency in index calculations.

Data analysis. To examine group differences in the three LR
dimensions, independent samples t-tests or Mann–Whitney U
tests were selected based on data distribution and assumption
checks. The t-test assesses whether the means of two groups differ
significantly. When the assumption of normality is violated, the
Mann–Whitney U test, a nonparametric alternative, would be
applied.

The t-test requires the following assumptions: (1) the
dependent variable is continuous, (2) the independent variable
is categorical, (3) observations are independent, (4) no significant
outliers are present, (5) the dependent variable follows a normal
distribution, and (6) homogeneity of variance is maintained. In
this study, the dependent variables, score of LR index, were
continuous, while the independent variable, group membership,
was categorical with two levels: the EFL group and the ENL
group. Each text was produced by an individual student and
randomly sampled, satisfying the assumption of independence.
Therefore, the first three assumptions were satisfied.

However, other assumptions were not fully satisfied. Boxplot
analysis identified outliers in all LR indices except Lexical Word
Variation. Moreover, histogram analysis showed that most LR
indices did not follow a normal distribution. The
Kolmogorov–Smirnov test confirmed these findings, with only
the EFL group’s CTTR showing normal distribution (p > 0.05).
Moreover, Levene’s test for homogeneity of variances indicated
significant differences in variance between the EFL and ENL groups
(p < 0.05) for several variables, including Lexical Density, Lexical
Sophistication-I, Verb Sophistication-II, and Corrected TTR.

In summary, three critical assumptions for independent
samples t-test were violated: significant outliers, non-normal data
distribution, and unequal variances. Therefore, Mann–Whitney U
tests were conducted in SPSS to assess group differences across
the five LR indices. This test compares mean ranks rather than
raw means between groups.

The null and alternative hypotheses for this study are defined
as follows:

H0: There are no significant differences in the mean ranks of
LR indices between CUSs’ EFL writing and ENL writing.

H1: There are significant differences in the mean ranks of LR
indices between CUSs’ EFL writing and ENL writing.

To determine statistical significance, the threshold was set at
0.05. However, given that multiple dependent variables were
analyzed, and several Mann–Whitney U tests were conducted
simultaneously, the Bonferroni correction (Bonferroni
1935, 1936; Haynes 2013) was applied to mitigate the risk of
false positives associated with multiple comparisons. This is a
standard procedure for adjusting the significance level to reduce
the likelihood of committing Type I errors when performing
multiple tests (Yang et al. 2022). As a result, a more stringent
threshold was applied to establish statistical significance. For
instance, with two lexical sophistication indices, Lexical
Sophistication-I and Verb Sophistication-II (see Table 2), being
compared between the EFL and ENL groups, the adjusted
significance level was set at 0.025 (0.05 divided by 2).

Lastly, since SPSS does not automatically calculate and report
the effect size after running the Mann–Whitney U test, it was
manually computed using the Z score obtained from the test
results and presented in the following section. The effect size for
the Mann–Whitney U test was calculated using the following
formula:

Effect Sizer ¼ zj j
ffiffiffi

n
p

In this formula, “Z” represents the Z score from the
Mann–Whitney U test, and “n” refers to the total sample size.

Results and discussion
This section presents the descriptive statistics for the LR indices
of both the EFL and ENL groups, including their mean ranks,
distribution illustrated by histograms, and the results of the
Mann–Whitney U tests. The findings are interpreted and dis-
cussed in relation to relevant previous studies. In the
Mann–Whitney U tests, ranks are assigned such that the smallest
value is given rank one, the second smallest rank two, and so
forth. Thus, a higher mean rank indicates a larger value and
superior performance on the corresponding LR index.

Lexical density. Figure 1 depicts the mean ranks and distribu-
tions of lexical density for the EFL and ENL groups. The mean
rank for the ENL group (312.18) slightly exceeds that of the EFL
group (294.66), suggesting that the ENL group demonstrates
greater lexical density. Furthermore, the histograms indicate that
the mode for the ENL group is higher than that of the EFL group.
However, the results of the Mann–Whitney U test (see Table 3)
indicate that this difference in lexical density is not statistically
significant (U= 37663.5, Z=−1.17, p > 0.05). Moreover, based
on Cohen’s (1988) guidelines for interpreting effect size, the effect
size (r= 0.05) is negligible, suggesting minimal difference
between the two groups in terms of lexical density.

Lexical density is defined as the ratio of lexical words to the
total number of words in a text. This suggests that CUSs produce
a proportion of lexical words in their EFL writing comparable to
that of their ENL counterparts. Waller (1993) argued that a lexical
density of 0.5 suggests that a composition may have been written
by a native speaker or by a writer who has achieved a level of
lexical density comparable to that typically observed in native
English writing. In this study, the mean lexical density for CUSs is
0.51, with mean ranks closely matching those of the ENL group.
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Thus, Chinese university EFL learners appear to achieve lexical
density levels comparable to ENL writers.

This finding aligns with prior research (e.g., Eckstein and Ferris
2018; Lei and Yang 2020), which similarly concluded that there
are no significant differences in lexical density between EFL and
ENL writing of the same genre or among writers with comparable
age or proficiency levels. For instance, Lei and Yang (2020) noted
that the lexical density in research articles authored by Chinese
Ph.D. candidates is comparable to that of ENL experts and even
surpasses that of novice ENL students.

Many prior studies have reported similar findings but offered
limited explanation, especially regarding Chinese EFL learners. A
closer analysis suggests that this result may be influenced by
linguistic and educational factors unique to Chinese EFL learners.
One possible explanation involves cross-linguistic influence from
Chinese and its typological characteristics. The proportion of
lexical words in Chinese is higher than in English. Liu (2021)
found that in a random sample of news articles, Chinese nouns
and verbs in People’s Daily constituted 67.58% of the content,
compared to only 47.11% in the English New York Times.
Similarly, Ye and Xin (2018) reported that the English translation
of China’s Report on the Work of the Government (政府工作报
告) contains a higher proportion of lexical words than its
American counterpart, the State of the Union Addresses. Chinese
EFL learners tend to use more content words in their Chinese
writing, and this tendency may transfer to their EFL writing,
resulting in similar proportions of lexical words, even though
other LR dimensions, such as lexical sophistication and variation,
may be lower compared to ENL writers.

Pedagogical emphasis on accuracy and clarity in Chinese EFL
instruction may also contribute to this result. Chinese EFL
learners are often trained to write concise and information-rich
texts to align with standardized testing requirements, such as the
CET-4 (College English Test Band 4) and CET-6, where lexical
density is indirectly rewarded. This instructional emphasis might
result in students producing texts with high lexical density,
despite potential limitations in their lexical sophistication and
variation.

Originally, lexical density was used to distinguish written from
spoken language (Read 2000). A lexical density greater than 0.4 is
typically associated with written language, as spoken language
usually has a lower lexical density. A higher lexical density
suggests that a text conveys more information. However, based
on the findings of this study and previous research (e.g., Lei and
Yang 2020; Linnarud 1986), it can be concluded that lexical
density may not be a reliable measure for distinguishing between
EFL and ENL writing. The findings underscore the need to
consider additional LR dimensions, such as lexical sophistication
and variation, to capture a fuller picture of language learners’
proficiency.

Lexical sophistication. Figure 2 presents the mean ranks and
distribution of Lexical Sophistication-I and Verb Sophistication-II
for both the EFL and ENL groups. The histograms suggest that
the ENL group exhibits higher values in both indices compared to
the EFL group. Specifically, the mean rank for Lexical
Sophistication-I is higher in the ENL group (426.16) than in the

Fig. 1 Mean ranks of Lexical Density of EFL and ENL groups.

Table 3 Ranks and test statistics of Mann–Whitney U test for lexical density.

Index Group N (Mean) Mean rank Mann–Whitney U Z Asymp. Sig. (2-tailed) Effect size r

LD EFL 400 (0.510) 294.66 37,663.50 −1.17 0.242 0.05
ENL 200 (0.514) 312.18
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EFL group (237.67). Similarly, the mean rank for Verb
Sophistication-II is also greater in the ENL group (440.71)
compared to the EFL group (230.4).

Mann–Whitney U tests revealed significant differences
between the EFL and ENL groups in both Lexical
Sophistication-I (U= 14867.50, Z=−12.57, p= 0.000) and Verb
Sophistication-II (U= 11959.00, Z=−14.01, p= 0.000). Effect
sizes were medium (r= 0.51 and 0.57, respectively), according to
Cohen’s (1988) guidelines. These findings suggest that CUSs use
considerably fewer sophisticated words and verbs in their EFL
writing compared to ENL students.

Lexical sophistication reflects a writer’s use of low-frequency
and advanced vocabulary. In this study, it is assessed through two
indices: Lexical Sophistication-I and Verb Sophistication-II. As
shown in Table 4, approximately 20% of lexical words in CUSs’
EFL writing are sophisticated, compared to 30% in ENL writing.
Similarly, the values for Verb Sophistication-II indicate a
substantial gap between CUSs and ENL writers in their use of
sophisticated verbs. This is particularly relevant given the central
role of verbs in academic writing, especially reporting verbs,
which are essential for source integration, conveying authorial
stance, and persuasion (Hyland 2014).

The pronounced gap in sophisticated word use may stem from
several interrelated factors. First, exposure to low-frequency words
in authentic contexts is a key determinant. ENL writers, immersed
in an English-dominant environment, have abundant exposure to
advanced vocabulary through daily interactions and academic
materials. In contrast, CUSs rely heavily on textbook-based
learning, which often emphasizes high-frequency vocabulary
(Qin and Wen 2007). This limited exposure reduces opportunities
for learners to internalize and use low-frequency words.

Second, teaching practices in Chinese EFL classrooms often
prioritize grammatical accuracy and basic vocabulary over the

development of sophisticated language use. Many teachers adopt
a prescriptive approach focused on avoiding errors, which
discourages students from experimenting with unfamiliar or
complex vocabulary (Zhu and Wang 2013). This accuracy-first
approach results in overuse of high-frequency vocabulary.

Finally, limited writing practice targeting lexical sophistication
and cultural attitudes toward risk-taking may further contribute
to the issue. Exam-style prompts in Chinese universities prioritize
clarity over lexical variety, while fear of errors often discourages
students from experimenting with low-frequency words, hinder-
ing the expansion of their lexical repertoire (Zheng 2016).

To address these limitations, EFL instruction in China should
adopt targeted strategies to enhance students’ exposure to and use
of low-frequency words. Introducing vocabulary-enriched read-
ing materials, such as academic journals and literature, can
provide contextual exposure to advanced vocabulary (Hyland
2014). Tasks that integrate sophisticated vocabulary into mean-
ingful contexts, such as argumentative essays, and explicit
instruction on word families and collocations can further support
lexical development (Lu 2012). Workshops using vocabulary
substitution and corpus-based tools (e.g., the Lexical Complexity
Analyzer) can help students replace overused words with
advanced alternatives (Kyle and Crossley 2015). Additionally,
fostering a classroom culture that values experimentation with
less familiar vocabulary and incorporating lexical sophistication
into grading rubrics may encourage students to expand their
lexical repertoire. These strategies collectively aim to balance
accuracy with creativity, promoting deeper engagement with
sophisticated vocabulary.

Lexical variation. Figure 3 presents the mean ranks and dis-
tributions for the two lexical variation indices, Corrected TTR

Fig. 2 Mean ranks of lexical sophistication indices of EFL and ENL groups.

Table 4 Ranks and test statistics of Mann–Whitney U test for lexical sophistication.

Index Group N (Mean) Mean rank Mann–Whitney U Z Asymp. Sig. (2-tailed) Effect size r

LS1 EFL 400 (0.206) 237.67 14,867.50 −12.57 0.000a 0.51
ENL 200 (0.300) 426.16

VS2 EFL 400 (0.433) 230.40 11,959.00 −14.01 0.000a 0.57
ENL 200 (2.054) 440.71

aDifference is statistically significant at the level of 0.025 after Bonferroni Correction.
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and Lexical Word Variation, for both the EFL and ENL groups.
The histograms indicate that the ENL group outperforms the EFL
group in terms of Corrected TTR, while the performance of both
groups is comparable in terms of Lexical Word Variation.

The results in Table 5 show that the mean rank of Corrected
TTR for the ENL group (441.36) is significantly higher than that for
the EFL group (230.07), as confirmed by the Mann–Whitney U test
results (U= 11828.5, Z=−14.07, p= 0.000) at the 0.025 sig-
nificance level with a substantial effect size (r= 0.57). This result
indicates that ENL writing contains a significantly higher
proportion of distinct words, reflecting greater lexical diversity
compared to CUSs’ EFL writing. The Lexical Word Variation index
shows no significant difference between the EFL group (mean rank
= 311.34) and the ENL group (mean rank= 278.82),
U= 35664.00, Z= 2.17, and p= 0.030 with a negligible effect size
(r= 0.09), suggesting that CUSs and ENL writers use a comparable
proportion of distinct lexical words in their total lexical output.

While Lexical Word Variation showed no significant differ-
ence, Corrected TTR was significantly lower in EFL writing.
These findings suggest that EFL writing may exhibit lower overall
lexical variation than ENL writing, particularly as indicated by the
significant difference in Corrected TTR. This conclusion is
further supported by the fact that Corrected TTR serves as a more
comprehensive and fundamental index of lexical variation. While
Lexical Word Variation reflects the degree of variation specifically
within lexical words, Corrected TTR captures a broader scope of
lexical variation by considering the overall distribution of unique
words relative to text length. Given its ability to account for
variations across the entire lexical repertoire rather than a subset
of words, Corrected TTR provides a more robust and
representative assessment of lexical variation in writing.

Lexical variation reflects vocabulary breadth and the degree of
lexical diversity in writing. The gap in lexical variation

underscores the limited lexical repertoire of EFL learners. This
finding aligns with previous research (e.g., Eckstein and Ferris
2018; Nakamaru 2010; Staples and Reppen 2016). For instance,
Eckstein and Ferris (2018) reported similar outcomes when
comparing L1 and L2 texts, showing that ENL writing
consistently had a higher Corrected TTR than EFL/ESL writing,
while differences in Lexical Word Variation were not statistically
significant.

This disparity may arise from several interrelated factors.
Limited exposure to authentic lexical input constrains CUSs’
ability to internalize and apply broader vocabulary, as textbooks
often prioritize high-frequency words over those found in
authentic texts like academic articles or literature (Hyland
2014). Writing tasks in EFL classrooms typically emphasize
coherence and accuracy, discouraging lexical experimentation
and variety (Hernández 2022). Additionally, vocabulary instruc-
tion often focuses on rote memorization rather than strategies like
using synonyms or word families, further limiting lexical
variation (Kyle and Crossley 2015).

To enhance lexical variation in Chinese EFL instruction,
targeted interventions are essential. For example, exposure to
diverse lexical items through enriched input, such as academic
texts and authentic media, provides meaningful contexts for
vocabulary acquisition (Calvo-Ferrer and Belda-Medina 2021;
Myers and Chang 2009). Writing tasks should promote varied
vocabulary use, including lexical substitution and creative writing.
Explicit instruction on synonyms, paraphrasing, and word
families equips students with practical tools for diversification
(Kyle and Crossley 2015). Moreover, a classroom culture that
fosters risk-taking can encourage students to experiment with
broader vocabulary.

Another noteworthy point is that EFL and ENL writing show
no significant difference in Lexical Word Variation. This suggests

Fig. 3 Mean ranks of lexical variation indices of EFL and ENL groups.

Table 5 Ranks and test statistics of Mann–Whitney U test for lexical variation.

Index Group N (Mean) Mean rank Mann–Whitney U Z Asymp. Sig. (2-tailed) Effect size r

CTTR EFL 400 (5.627) 230.07 11,828.50 −14.07 0.000a 0.57
ENL 200 (7.123) 441.36

LWV EFL 400 (0.704) 311.34 35,664.00 2.17 0.030 0.09
ENL 200 (0.679) 278.82

aDifference is statistically significant at the level of 0.025 after Bonferroni Correction.
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that CUSs can produce a comparable proportion of distinct
lexical words, aligning with studies showing that formulaic
sequences and high-frequency chunks dominate both EFL and
ENL writing (Duan and Shi 2024; Staples and Reppen 2016).
However, similar Lexical Word Variation does not imply equal
lexical proficiency, as it overlooks lexical sophistication and
contextual appropriateness (Crossley et al. 2012). Thus, Lexical
Word Variation should be interpreted alongside other LR indices
to better assess EFL vocabulary use.

In summary, the results of this study highlight significant
differences between EFL and ENL writing across LR dimensions.
While CUSs demonstrate a lexical density comparable to that of
ENL writing, their writing exhibits notable gaps in lexical
sophistication, underscoring limited vocabulary depth. For lexical
variation, although no significant difference was found between
EFL and ENL writing in terms of Lexical Word Variation, the
mean rank of Corrected TTR for the EFL group was significantly
lower than that of the ENL group. Corrected TTR is considered
more stable across texts of varying lengths and has been shown to
yield more reliable results in previous studies on lexical variation
(Covington and McFall 2010; Lu 2012). Given these methodo-
logical advantages, CTTR was emphasized in interpreting group
differences in lexical variation. Based on this, it can be cautiously
concluded that, overall, EFL writing may exhibit lower lexical
variation than ENL writing. These findings emphasize the need
for targeted pedagogical interventions, including enriched input,
explicit vocabulary instruction, and feedback-driven strategies, to
enhance EFL learners’ lexical development. Addressing these gaps
is critical for improving their overall writing proficiency and
advancing research on LR in EFL contexts.

Conclusion
This study examined LR in CUSs’ EFL writing by comparing it
with an ENL corpus. The research aimed to identify key differ-
ences in lexical choices and the overall LR in EFL learners
compared to native speakers, focusing on quantitative measures
of LR. Through corpus-based analysis, this study sought to
address the existing gap in understanding the specific areas where
Chinese EFL learners struggle with lexical usage in their writing.

Findings show that although CUSs match ENL writers in
lexical density, they exhibit notable differences in both lexical
sophistication and lexical variation. The high lexical density of
CUSs’ writing may stem from linguistic transfer from Chinese, a
language characterized by a higher proportion of lexical words. In
contrast, the gaps in lexical sophistication and variation highlight
limited vocabulary depth and breadth among EFL learners, likely
influenced by teaching practices that prioritize grammatical
accuracy over advanced vocabulary development and task designs
that do not incentivize lexical diversity. These disparities under-
line the need for more targeted instructional interventions to
address these specific deficiencies.

This study enhances the understanding of LR in EFL contexts
by highlighting key distinctions among lexical dimensions and
their pedagogical implications. Its findings emphasize the
importance of designing instructional strategies that integrate
enriched input, explicit teaching of advanced vocabulary, and
feedback-driven writing tasks to foster greater lexical depth and
diversity. Beyond its practical implications, this study contributes
theoretically by refining and empirically validating a multi-
dimensional framework of LR tailored to EFL writing contexts. By
adopting three computationally robust and pedagogically inter-
pretable dimensions, lexical density, sophistication, and variation,
the study advances a more nuanced conceptualization of LR that
aligns with EFL learners’ actual linguistic output. The corpus-
based comparative design, incorporating matched genres and task
conditions, offers a replicable methodological model for future

research on productive vocabulary use. These contributions
narrow the gap between quantitative lexical indices and theore-
tical frameworks of lexical proficiency in second language writing.

However, the present study is limited by its cross-sectional
design and focuses on a single genre, argumentative writing,
which may constrain the generalizability of its findings. Future
research could address these limitations by exploring longitudinal
changes in CUSs’ LR, examining the effects of pedagogical
innovations, and utilizing advanced corpus-based tools to further
refine the measurement and understanding of LR in EFL writing.

Data availability
The primary data applied in this research are from the published
corpora SWECCL 2.0 (Wen et al. 2008) and LOCNESS (Granger
1998). The processed data will be available upon reasonable
request from the corresponding author.
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Notes
1 Kyle (2020) uses the term “lexical diversity” to denote “lexical variation”. Since the
term “lexical diversity” in other studies (e.g., Jarvis 2013) refers to a broader concept
that encompasses lexical density and sophistication, this paper adopts the term “lexical
variation”.

2 http://www.cohmetrix.com/.
3 https://uclouvain.be/en/research-institutes/ilc/cecl/locness.html.
4 https://www.random.org/.
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