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Abstract: Lexical complexity has been a key consideration of teaching preparation
in determining grade appropriateness of teaching materials. However, the lack of
quantified and defined standards for benchmarking lexical complexity has made it
difficult for teachers when adapting source texts to target learners. This study has
assessed quantitative differences in lexical complexity of exemplar texts at different
points of schooling using a range of lexical diversity and sophistication features. The
data consists of 2,372 texts from popular curriculum packages adopted from 1 to 12
grades of the English curriculum in China. One-way ANOVAs revealed significant
differences in 16 out of 17 lexical complexity indices among different grades.
Subsequent post hoc tests identified three lexical diversity features and four
sophistication features that helped to differentiate exemplar texts across these 12
grades. These findings on the nature and role of lexical complexity have yielded new
insights into the establishment of grade-level benchmarks for material preparation.
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1 Introduction

It has been widely recognized that teachers should take on the role of the material
analyst and text adaptor to ensure effective language teaching (Crossley et al. 2012b;
Li et al. 2021). The primary concern of adaptation involves adjusting linguistic
complexity, including syntactic and lexical complexity (Berendes et al. 2018; Hiebert
et al. 2018). It has been found that lexical complexity significantly influences the
difficulty of comprehending reading materials (Rayner and Duffy 1986), with its
impact considered greater than that of syntactic complexity (Arya et al. 2011; Droop
and Verhoeven 1998). Consequently, selecting and preparing teaching materials
necessitates careful consideration of lexical complexity in order to effectively cater
to students’ needs. In other words, the ability of teachers to choose materials
appropriate for students’ lexical complexity level is crucial for successful language
learning (Chen and Meurers 2018).

Often teachers adopt an intuitive approach to adapting source materials by
relying on past experiences or knowledge (Allen 2009; Simensen 1987). Neverthe-
less, even experienced language teachers or specialists may make inconsistent or
incorrect judgments about the compatibility of text linguistic complexity and stu-
dent proficiency levels (Carabantes and Paran 2022; Green and Rogar 2012).
Recently, researchers have utilized computer techniques that include a range of
linguistic complexity indices to examine and quantify the linguistic properties of
adapted texts (Crossley et al. 2007; Crossley et al. 2011). However, such quantifi-
cation of linguistic features does not provide adequate assistance to teachers in
determining the grade-appropriateness of English curriculum teaching materials
in the absence of appropriate benchmarks of linguistic complexity suitable for
different grade levels, nor does it provide direct feedback to teachers’ text adap-
tation processes (Jin et al. 2020).

Previous research has sought to construct benchmark measures of EFL teaching
materials in terms of syntactic complexity and vocabulary profiles (Jin et al. 2020;
Jin and Lu 2018). Where the vocabulary profile offers a basic word list for a learning
grade, lexical complexity offers a more holistic and contextualized approach to
developing a functional foreign language and includes lexical density, sophistication,
and diversity (Allaw 2021; Bui 2021). Since benchmarks for lexical complexity have
yet to be developed, the purpose of this study is to offer a comprehensive analysis
of the lexical complexity of sample texts across China’s 12 grades of the English
curriculum. An in-depth examination of the lexical complexity of exemplar texts can
also reveal features that distinguish various grade levels.
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2 Literature review

2.1 Approaches to text adaptation

Preparingmaterials appropriate for the intended learners has always been a central
and challenging issue for language teachers. It requires a certain degree of text
adaptation to ensure the linguistic appropriateness of the texts for the intended
learners (Chen and Meurers 2018; Jin et al. 2020).

Teachers tended to favor the intuitive approach to text adaptation which
involves adapting the available or original texts to learner ability based on their
prior knowledge or experiences (Allen 2009; Simensen 1987). Several studies have
investigated intuitive strategies used by language instructors or experts, such as
modifying punctuation, replacing low-frequency words, transforming passive voice
into active, adding repetition to lower lexical diversity, replacing polysemous words
with unambiguous ones, modifying the proportion of word types, and simplifying
complicated syntactic structures (Green and Roger 2012; Noone 2018; Oh 2001; Rets
et al. 2022; Ross et al. 1991; Young 1999). Among the different types of adaptations,
lexical changes are the primary consideration in text adaptation. Previous research
has approved teachers’ intuitive approach to text adaptation in identifying texts that
are more comprehensible or suitable for the target learners (Oh 2001; Rets and
Rogaten 2021). Nevertheless, problems existed. First, earlier research primarily
focused on the text adaptation skills of experienced language teachers in adapting
original texts to a specific level, rather than on developing benchmark metrics for
text adaptation tailored to students of varying proficiency levels. Inexperienced
teachers may lack the skills to assess their students’ language proficiency levels or
learning capacities (Carabantes and Paran 2022), which can result in inconsistent
collation of teaching material of inappropriate complexity (Green and Roger 2012;
Noone 2018). Moreover, it has been found that the adapted texts might be over-
represented by high-frequencywords and atypical or simplified sentence structures,
which cannot facilitate students’ language development (Hiebert and Mesmer 2013).
Therefore, more guidance for teachers is needed to mitigate any negative influence
the intuitive judgment may cause.

Compared with the subjective intuitive approach, a more objective approach to
text adaptation is the structural approach. One method typically adopted by graded
readers is to follow specified wordlists and structure lists for different grade levels
(Hill 2008). However, the wordlists or structure lists are not considered prescriptive
since publishers still have a degree of flexibility in setting the language standards
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of their graded readers (Claridge 2012). Another structuralmethod is to use a range of
quantifiable linguistic features, such as referring to readability formulas (Crossley
et al. 2012b; Simensen 1987). Traditional readability formulas, such as the Flesch-
Kincaid (Kincaid et al. 1975) and Dale-Chall (Chall and Dale 1995), typically take into
account the length or number of words, sentences, or syllables. However, these
traditional readability formulas demonstrated an oversimplified representation
of the text difficulty and therefore cannot be regarded as reliable guidelines for
text adaptation. More recent readability formulas, such as Coh-Metrix (Crossley
et al. 2008), cover an evenwider variety of linguistic features, including lexical and
syntactic complexity features, discourse features, and the psycholinguistic and
cognitive aspects that might influence text processing. However, it is argued that
even with the guidance of various graded lists or the reference of quantitative
statistics of readability formula, teachers still need to rely on their intuition during
the text adaptation process (Allen 2009). While the structural approach can help
mitigate the subjectivity of the intuitive approach in text adaptation, the extensive
range of linguistic features and complex formulas may pose challenges for
teachers in understanding and implementing them effectively. Moreover, without
appropriate alignment of the quantitative statistics with curriculum standards
in different educational contexts, teachers may struggle to determine the appro-
priate level of linguistic complexity suitable for their intended students (Sung et al.
2015).

Some efforts have been made to establish benchmarks for adapting teaching
materials in EFL contexts using lexical coverage profiles and syntactic complexity
measures. For example, several studies have examined vocabulary coverage in
high-stakes English tests in Japan (Chujo 2004) and China (Jin et al. 2017; Jin and
Lu 2018) to propose consistent data-driven benchmarks of text features rather than
using intuition. Jin et al. (2020) systematically examined the syntactic complexity
of textbooks across 12 grades in China’s Basic English curriculum, identifying
distinguishing features of syntactic complexity that provided direct insights into
the establishment of syntactic complexity benchmarks for future text adaptation
practices. It is useful to follow up this study of syntactic complexity with one on
lexical complexity.

In view of the drawbacks of both the intuitive and structural approaches, along
with the lack of benchmark standards, it is crucial to conduct a systematic exami-
nation of the lexical complexity of exemplar texts across 12 grade levels. Such an
endeavor can offer valuable insights for the development of benchmark references
that frontline teachers can utilize when selecting teaching materials suitable for
their intended learners.
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2.2 Lexical complexity

Lexical complexity is an important construct in language education research. A va-
riety of research has been conducted to understand the relationship between lexical
complexity and language development, reading and writing quality or text compre-
hension (Allaw 2021; Cumming et al. 2005; Engber 1995; Lu 2012). By definition, lexical
complexity is a multidimensional construct, including lexical density, sophistication,
and variation (Allaw 2021; Bui 2021).

Lexical density quantifies the ratio of lexical items or content words to running
words in a text (Ure 1971). Specifically, lexical items, in contrast with grammatical
items, typically include “nouns, adjectives, verbs (excluding modal verbs, auxiliary
verbs), and adverbswith an adjectival base” (Lu 2012: 192) that could “contributewith
content to the meaning of a sentence” (Vicente 2018: 947). Although lexical density is
known as one of the dimensions of lexical complexity, researchers question the
utility of this construct since neither a significant relationship between the lexical
density score and the readability of texts (To et al. 2013) nor a correlation between
lexical density and L2 oral andwritten performances (Engber 1995; Lu 2012) has been
found.

Lexical diversity, also known as lexical variation or lexical range, measures the
variety of words used in texts (Lu 2012). Scholars have discovered a close correlation
between lexical diversity and students’ language proficiency and vocabulary
knowledge (Crossley et al. 2012a; Housen et al. 2011). The most straightforward
measurements of lexical diversity include the number of different words in a text
(NDW) and the type-token ratio (TTR) (Lu 2012; Jarvis 2013). However, the simple
type-token ratio is sensitive to the length of the text (Engber 1995). To mitigate the
impact of text length, researchers have proposed transformed versions of TTR, such
as Corrected TTR (CTTR; Carroll 1964) and Root TTR (RTTR; Guiraud 1960). Despite the
controversies surrounding TTR and its transformations, previous research has
recognized them as discriminative features for assessing the speaking and writing
abilities at different proficiency levels (Cumming et al. 2005; Daller et al. 2003;
Lu 2012). Jarvis (2013) argued that TTR primarily focuses on lexical repetition rather
than the actual lexical diversity of a text. He thus advocated using the Measure of
Textual Lexical Diversity (MTLD) developed by McCarthy (2005), which takes
into consideration the influence of text length and the evenness of vocabulary
distribution. However, MLTD contains relatively complex algebraic formulas which
may present challenges for teachers in understanding the concept and applying it
to their text adaptation practices. Other measures of lexical diversity focus on
the variation of specific word types, such as computing the ratio of verb types to
total verb tokens or using a corrected version to mitigate the impact of text length
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(Harley and King 1989). McClure (1991) calculated the ratio of specific word types,
including lexical words, nouns, andmodifiers, moving beyond the sole calculation of
overall word variety. However, consensus has yet to be reached on whether these
features can effectively discriminate texts of different levels (McClure 1991; Lu 2012).

The third dimension, lexical sophistication, also known as lexical rareness,
focuses on infrequently used words that require a higher level of contextual
knowledge (Linnarud 1987). Traditionally, researchers adopted a frequency-based
approach by examining frequency bands (Morris and Cobb 2004) or calculating the
mean frequency scores ofwords in a text relative to the reference corpus (Jarvis 2013;
Lu and Hu 2022). The frequency-based lexical sophistication measures describe
the percentage ofwords that are uncommon or advanced in a text (Lu andHu 2022). It
has been demonstrated that texts with more frequent words tend to be simpler
(Crossley et al. 2007). Recently, researchers have advocated for the inclusion of word
sense data when evaluating the lexical sophistication of texts for multiple reasons
(Deane et al. 2006; Lu and Hu 2022). First, when encountering polysemous words,
students exert more effort to select the context-specific meaning from a word’s
multiple senses in order to correctly comprehend the text (González-Fernández
and Schmitt 2020). Different word senses may present varying levels of difficulty
for students (Lu and Hu 2022). Students may find it challenging when encountering
low-frequency senses of high-frequency words typically employed in specific subject
fields (Skoufaki and Petri 2021). Recent scholars have therefore attempted to
disambiguate word senses in texts and calculate the frequency of particular senses
to indicate lexical sophistication (Hu et al. 2019; Lu and Hu 2022).

3 The present study

This study aims to examine the variations in lexical complexity of exemplar texts
across various grade levels and identify the lexical complexity features that could
distinguish between the grade levels. It is hoped that the findings of this study would
offer insights into the establishment of lexical complexity benchmarks. The following
two research questions aim to assist in developing suitable benchmarks for text
adaptation for the 12 EFL levels in China.
1. What are the overall patterns of lexical complexity of exemplar texts across 12

grade levels?
2. What are the features that best distinguish lexical complexity of different grade

levels?
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4 Methods

4.1 Dataset

In EFL contexts, textbooks are the primary input for students in language learning
(Chen and Meurers 2018), and thus textbooks can serve as compilations of exemplar
texts for exploring benchmarks for teachers in material preparation (Jin et al. 2020).
For this reason, the data in this study consists of exemplar texts from 12 grades of the
Basic English Curriculum in China. The exemplar texts were systematically sampled
from various textbook series used across different regions of the Chinese mainland.
The data collection process spanned five years, resulting in the collection of a total of
50 packages of exemplar texts published by 16 publishers from 2006 to 2021. The
development of textbooks follows the guiding principle outlined in the Regulations
on Textbook Management for Primary and Secondary Schools, which mandates
adherence to the Curriculum Standards set by the National Textbook Committee
Office (Ministry of Education 2019). Therefore, although the textbooks are published
by different publishers, they all adhere to two English curriculum standards, i.e., The
English Curriculum Standards for Compulsory Education (Ministry of Education
2012) (for textbooks of Grade 1–9); and The English Curriculum Standards for Senior
High Schools (Ministry of Education 2003, 2020), both of which follow standardized
procedures for textbook compilation. A team of experts in English, faculty and staff
members of teaching and research, and frontline teachers of primary and secondary
schools oversee the compilation of each series of textbooks (Ministry of Education
2019). First drafts of the textbooks are reviewed by an audit team of English experts,
and then trialed and revised multiple times following feedback from teachers and
students. The entire compilation and publication process is designed to ensure that
the complexity of the textbooks is suitable for students of varying grade levels (Jin
et al. 2020).

Due to the considerable variation in the number of exemplar texts among
different grade levels, a balanced dataset was created by randomly selecting
two hundred documents from the 50 packages of exemplar texts for each grade.
To ensure the reliability of the lexical complexity analysis, only texts that
contained at least one clause were included in the analysis. The final corpus
used in this study comprises a total of 2,372 exemplar texts spanning Grades 1–12
(see Table 1).
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4.2 Operationalization of lexical complexity

In this study, we carefully selected a set of lexical complexity measures for analysis
based on three criteria: (1) their relevance to teachers’ actual text adaptation practices,
(2) their ability to capture the multidimensional nature of lexical complexity, and (3)
their widespread popularity in the examination of L2 texts. In addition, to make sure
that the lexical complexity measures in our study are understandable for teachers
to guide their text adaptation practices, we selected relatively simple measures that
do not involve complex algebraic formulas. Since there is insufficient evidence to
establish a clear relationship between lexical density and the readability of texts and
considering that teachers’ text adaptation practices do not primarily focus on lexical
density, this study has solely concentrated on two dimensions: lexical diversity and
lexical sophistication. A total of 17 indices were selected for analysis.

4.2.1 Lexical diversity

Lexical diversity encompasses the range of words used in a text (Lyashevskaya et al.
2021). To customize texts according to learner proficiency levels, teachers sometimes
make adjustments to the text length, manipulate word repetition to modify the
overall vocabulary diversity (e.g., Green andRoger 2012; Oh 2001; Ross et al. 1991), and

Table : Details of the dataset.

Grade Number of
texts

Total
number of

words

MIN
words per

text

MAX
words per

text

Average
number of

words per text

Standard
deviation (SD) of
words per text

  ,   . .
  ,   . .
  ,   . .
  ,   . .
  ,   . .
  ,   . .
  ,   . .
  ,   . .
  ,   . .
  ,  , . .
  ,  , . .
  ,  , . .
Total , ,  , . .

The bold values in the “Total” column represent the aggregate data for all  levels as a whole dataset across the specific
variable or dimension being measured in the dataset.
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revise the proportion of words belonging to different parts of speech, such as nouns,
verbs, and modifiers (Rets et al. 2022). As a result, three sub-categories of lexical
diversity indices were included in the analysis. The first category is concerned with
the number of different words in a text (NDW). The second category analyzed the
diversification of the total vocabulary by utilizng the type-token ratio (TTR), which
contrasts the number of unique words with the total number of words in a text.
However, the simple type-token ratio is sensitive to the text length (Engber 1995).
Therefore, a relatively simple transformed form of TTR, i.e., root TTR (RTTR), that is
mediate the influence of the text length (Guiraud 1960), is also used in this study. The
third category consists of eight indices related to the variation of specific lexical word
types (Lu 2012; McClure 1991), including the variation of lexical words, verbs, nouns,
adjectives, adverbs, and modifiers (in this study, the sum of adjectives and adverbs),
see Table 2. Statistics for these lexical diversity indices were retrieved based on
Python scripts of the L2 Lexical Complexity Analyzer (L2LCA) (Lu 2012).

4.2.2 Lexical sophistication

The most frequently mentioned strategy in teacher text adaption practices is
substituting low-frequency words with high-frequency synonyms (Green and Roger

Table : Lexical diversity indices (Lu ).

Feature Code Formula* Source

Number of different words NDW T Klee (); Miller ()
Type-token ratio TTR T

N Templin ()

RTTR T
ffiffiffi

N
p Guiraud ()

Lexical word diversity LV Tð lexÞ
Nð lexÞ Casanave ()

Verb diversity VV Tð verbÞ
Nð verbÞ Harley and King ()

CVV Tð verbÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffi

Nð verbÞ
p Lu ()

VV Tð verbÞ
Nð lexÞ Lu ()

Noun diversity NV TðnounÞ
Nð lexÞ McClure ()

Adjective diversity AdjV TðadjÞ
Nð lexÞ McClure ()

Adverb diversity AdvV TðadvÞ
Nð lexÞ McClure ()

Modifier diversity ModV TðadjþadvÞ
Nð lexÞ McClure ()

Note: *T, number of word types; T(lex), number of lexical word types; T(verb), number of verb types; T(noun), number of
noun types; T(adj), number of adjective types; T(adv), number of adverb types; T(adj + adv), number of adjective and
adverb types;N, number of word tokens;N(lex), lexical word tokens;N(verb), number of verb tokens; N(noun), number of
noun tokens;N(adj), number of adjective tokens; N(adv), number of adverb tokens;N(adj + adv), number of adjective and
adverb tokens.
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2012; Noone 2018; Oh 2001; Rets et al. 2022). In some cases, teachers might also
substitute polysemous words that students find difficult to understand (Young 1999).
These text adaptation strategies pertain to another dimension of lexical complexity,
lexical sophistication, which engages both word frequencies and word senses.
In other words, both word-form-based indices and sense-aware indices are included
in analyzing the lexical sophistication of texts.

To retrieve the data of language sophisticationmeasures, language models were
trained to recognize and label word senses and frequency data in the exemplar texts
using natural language processing technology. Based on Lu and Hu’s (2022) Python
scripts, sense-aware lexical sophistication indices were retrieved. First, the Oxford
Dictionary Online was used to retrieve all the word senses and corresponding
example sentences for polysemous words, which were then fed as input for training
the word sense labeling system. With reference to the Corpus of Historical American
English (Davies 2012), the frequency distribution of each word sense was estimated.
Following Lu and Hu (2022), we determined whether a word or word sense is
sophisticated based on an empirically-determined reference frequency level termed
as “K”. When the frequency of amonosemous word or the frequency of a word sense
for a polysemous word in the reference corpus falls below the reference level K, the
word or word sense is classified as sophisticated (Lu and Hu 2022). Informed by the
reference frequency of 3,000 in the study of Lu and Hu (2022), we explored various
levels of “K”, ranging from 3,000 to 6,000 in increments of 500. At the reference
frequency of 5,500, all six lexical sophistication indices were strongly correlatedwith
grade levels, as shown by Spearman’s correlation analysis. Therefore, “K ” was ul-
timately set at 5,500. The six lexical sophistication indices are listed in Table 3.

Table : Lexical sophistication indices.

Definition Code Formula Source

Mean logarithmic frequency of sophisticated
word tokens

MW ∑n
j¼

logfðwjÞ Kyle and Crossley (); Lu and
Hu ()

Root-ratio of sophisticated word tokens RSN Nð swÞ
ffiffiffiffiffiffiffiffiffi

Nð swÞ
p Kyle and Crossley (); Lu and

Hu ()
Root-ratio of sophisticated word types RST Tð swÞ

ffiffiffiffiffiffiffiffiffi

Tð swÞ
p Kyle and Crossley (); Lu and

Hu ()
Mean logarithmic frequency of sophisticated
word senses

MS ∑n
i¼

logfðsiÞ Lu and Hu ()

Root-ratio of sense-aware sophisticated word
tokens

RSSN Nð sa swÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Nð sa swÞ
p Lu and Hu ()

Root-ratio of sense-aware sophisticated word
types

RSST Tð sa swÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Tð sa swÞ
p Lu and Hu ()
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4.3 Statistical analysis

After retrieving word sense data for exemplar texts, statistical analysis was
conducted to answer the research questions. Descriptive statistics regarding
the lexical complexity indices of various grade levels were provided to address
the first research question. To address the second research query into the
distinguishing features of LC at each grade level, data transformation and alternative
non-parametric analyses have been taken into consideration since some data was
skewed and did not meet the homogeneity assumption. However, we decided to
conduct one-way ANOVAs, following Iwashita et al. (2008), when analyzing the
lexical complexity of oral texts of varying proficiency levels. The reasons are as
follows: (1) the challenge of utilizing transformed data; (2) inappropriateness of
non-parametric tests when the groups do not share the same spread; and, (3)
ANOVA robustness even in conditions without normal distribution, equal variances
and given a large sample size (Blanca et al. 2017). The one-way ANOVA helped to
determine whether lexical complexity indices differed significantly across grade
levels, with grade level serving as the independent variable and the lexical
complexity indices serving as the dependent variables. In addition to one-way
ANOVAs, Games-Howell post hoc testswere performed to detect adjacent gradeswith
significant differences in lexical complexity.

5 Results

5.1 RQ1: patterns of lexical complexity across 12 grades

5.1.1 Lexical diversity

The descriptive statistics of lexical diversity measures that attend to all types of
vocabularies are presented in Table 4. As shown in Figure 1, the average number of
different words in a text gradually increased over 12 grades. Gradually, the growth
rate accelerated across the four stages (Grades 1–3, Grades 4–6, Grades 7–9 (junior
high school), and Grades 10–12 (senior high school). Figure 2 demonstrates the
distinct variation patterns of the type-token ratio and its transformed form. TTR
fluctuated across 12 grade levels, while its transformed form, i.e., RTTR, grew nearly
linearly from lower to higher grade levels, signifying a gradual increase of lexical
diversity across the 12 grades. The different patterns observed between TTR and
RTTR can be attributed to TTR’s sensitivity to text length (Lu 2012).
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Table : Descriptive lexical diversity measures applied to total vocabulary.

Grade N NDW TTR RTTR

M SD M SD M SD

  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
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Figure 2: TTR and transformation measures.
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The diversity of particular word types was also examined. Figure 3 shows that
across the 12 grades, the ratio of verb types to verb tokens or lexicalwords in a text (VV1
and VV2) did not present a discernable upward or downward trend. Only the trans-
formed form, i.e., CVV1, rose from a lower to a higher level. The reason behind this
observation might be that the transformed form reduces the influence of text length.
The descriptive statistics for the three verb diversity indices are shown in Table 5.

Table 6 below presents the descriptive results of the diversity of other specific
word types.
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Figure 3: Verb diversity measures.

Table : Descriptive results of verb diversity measures.

Grade N VV CVV VV

M SD M SD M SD

  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
  . . . . . .
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As shown in Figure 4, the proportion of lexical word types to lexical word tokens,
i.e., LV, remained stable across the 12 grades despite some slight fluctuations. The
diversity of nouns increased from Grade 1 to 3, but then showed a downward trend
from Grade 4 to 9 and remained relatively stable in Grade 10 to 12. The diversity of
adjectives, adverbs, and modifiers showed a slight upward trend from lower to
higher grade levels with some fluctuations.

5.1.2 Lexical sophistication

Table 7 summarizes the descriptive statistics of two frequency-based indices, i.e., the
mean logarithmic frequency ofwords and themean logarithmic frequency of senses.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

1 2 3 4 5 6 7 8 9 10 11 12

NV AdjV AdvV ModV LV

Figure 4: Diversity measures of specific word types.

Table : Descriptive results of lexical diversity measures applied to other word types.

Grade N LV NV AdjV AdvV ModV

M SD M SD M SD M SD M SD

  . . . . . . . . . .
  . . . . . . . . . .
  . . . . . . . . . .
  . . . . . . . . . .
  . . . . . . . . . .
  . . . . . . . . . .
  . . . . . . . . . .
  . . . . . . . . . .
  . . . . . . . . . .
  . . . . . . . . . .
  . . . . . . . . . .
  . . . . . . . . . .
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The descriptive statistics revealed that both frequency-based indices fluctuated
rather than progressed from lower to higher grade levels (see Figure 5), with theMW
ranging from 11.001 to 11.269 and the MS ranging from 10.277 to 10.455.

The results of the root-ratio indices differed from those of the frequency-based
indices (see Table 8). As depicted in Figure 6, all four ratio-based indices demon-
strated an upward trend from lower to higher grade levels, notwithstanding some
fluctuations from Grade 2 to Grade 3. Particularly, the four indices remained rela-
tively stable fromGrade 1 to Grade 6, with a slight rise between Grades 4 and 6. From
seventh to ninth grade, the four indices increased relatively faster, whereas Grade 10
to 12 witnessed the sharpest increase. It should be noted that the two sense-aware

Table : Descriptive results of mean frequency sophistication measures.

Grade N MW MS

M SD M SD

  . . . .
  . . . .
  . . . .
  . . . .
  . . . .
  . . . .
  . . . .
  . . . .
  . . . .
  . . . .
  . . . .
  . . . .
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Figure 5: Mean frequency measures of lexical sophistication.
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sophistication indices increased at a higher rate than the conventional word-based
lexical sophistication indices.

5.2 RQ2: distinguishing features of lexical complexity within
the 12 grades

5.2.1 Lexical diversity

One-wayANOVAs revealed significant differences between grade levels for all lexical
diversity indices. Table 9 summarizes the results for one-way ANOVAs and the post
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Figure 6: Root-ratio based measures of lexical sophistication.

Table : Descriptive results of root ratio sophistication measures.

Grade N RSN RSSN RST RSST

M SD M SD M SD M SD

  . . . . . . . .
  . . . . . . . .
  . . . . . . . .
  . . . . . . . .
  . . . . . . . .
  . . . . . . . .
  . . . . . . . .
  . . . . . . . .
  . . . . . . . .
  . . . . . . . .
  . . . . . . . .
  . . . . . . . .
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hoc tests. Researchers have raised concerns regarding the leniency of Cohen’s
guidelines for interpreting effect size (Olejnik and James 2000). They argue thatwhen
a single group exhibits significant deviation from others, the effect size derived from
the omnibus test can be notably skewed, leading to an overestimation that fails to
accurately reflect the true differences among the groups under study (Levin 1967). In
response to this concern, this study adopts Ferguson’s more stringent guidelines
(2009) for interpreting effect size in social science studies. According to Ferguson,
squared association indices between 0.04 and 0.25 can be considered indicative of a
small effect size, those between 0.25 and 0.64 as representing a moderate effect,
and values exceeding 0.64 as indicative of a large effect.

Two indicesmeasuring the lexical diversity of total vocabularies exhibited a large
effect size: NDW: F (11, 2,360) = 637.53, p < 0.001, ηp2 = 0.886; RTTR: F (11, 2,360) = 1,130.93,
p < 0.001, ηp2 = 0.925. TTR demonstrate a moderate effect size: F (11, 2,360) = 25.47,
p < 0.001, ηp2 = 0.348. Post hoc tests revealed that NDW and RTTR could distinguish
almost all the adjacent grade levels, with one exception: Grades 2 and 3 remained
stable on all three measures on total vocabulary diversity. TTR stayed virtually un-
changed between Grades 1–6, Grades 7–9, and Grades 10–12. Significant changes
tended to happen between the transition of different educational stages, e.g., tran-
sitioning from primary school to junior high school fromGrade 6 to 7, and from junior
to senior high school from Grade 9 to 10.

Among the indices that examine the diversity of specific word types, one-way
ANOVAs revealed that only the CVV1 exhibited a large effect size: F (11, 2,360) = 649.55,
p < 0.001, ηp2 = 0.888. The one verb diversity measure, and the diversity measures

Table : Results of one-way ANOVAs for lexical diversity indices.

Measure ηp
 Effect size label Post hoc tests*

NDW . Large , –, , , , , , , , , 
TTR . Moderate -, –, -
RTTR . Large , –, , , , , , , , , 
LV . Small –, –
VV . Moderate , –, , –
CVV . Large , –, , , , , , , –, 
VV . Small –, , –, , –
NV . Small –

AdjV . Moderate –

AdvV . Moderate –, –
ModV . Moderate –, –

Note: *We use “,” to indicate significant differences between adjacent grade levels in the post-test results. For example,
regarding the measure “NDW”, significant differences were observed between almost all adjacent grade levels, except
between Grade  and Grade .
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for adjectives, adverbs, and modifiers exhibited a moderate effect size: VV1:
F (11, 2,360) = 20.42, p < 0.001, ηp2 = 0.300; AdjV: F (11, 2,360) = 18.99, p < 0.001, ηp2 = 0.293;
AdvV: F (11, 2,360) = 30.24, p < 0.001, ηp2 = 0.354; ModV: F (11, 2,360) = 35.50, p < 0.001,
ηp

2 = 0.384. One verb diversity measure and the diversity measures for lexical
words and nouns showed a marginal effect size in one-way ANOVAs: VV2:
F (11, 2,360) = 20.42, p < 0.001, ηp2 = 0.227; LV: F (11, 2,360) = 3.97, p < 0.001, ηp2 = 0.135; NV:
F (11, 2,360) = 5.28, p < 0.001, ηp2 = 0.155. Post hoc tests showed a number of patterns of
variation of these measures across 12 grade levels. CVV1 could distinguish between
the majority of adjacent grade levels, with the exception of Grades 2 and 3, and 10
and 11. Although significant differences in NV and AdjV were identified across the 12
grade levels, the differences between adjacent grade levels for these two measures
were not clear-cut. For the remainder of the measures examining the diversity of
specific text types, significant changes were identified at various primary school
grade levels (Grades 1–6). Except for CVV1, all measures examining the diversity of
specific word types remained stable after the eighth grade.

5.2.2 Lexical sophistication

Table 10 presents the one-way ANOVA results for lexical sophistication indices. As for
the two mean-frequency-based lexical sophistication indices, although one-way
ANOVAs identified significant differences in MW among different grade levels: MW:
F (11, 2,360) = 4.512, p < 0.001, ηp2 = 0.144;MS: F (11, 2,360) = 1.791, p = 0.05, ηp2 = 0.091, the
effect size of both measures was marginal. Post-hoc tests identified significant dif-
ferences only between Grade 8 and the adjacent grades in MW, whereas in MS, there
were no significant differences between adjacent grade levels.

For the four root-ratio based lexical sophistication indices, results of one-way
ANOVAs revealed that there was a significant difference between the 12 grades
and all the four measures had large effect size: RSN: F (11, 2,360) = 340.95, p < 0.001,

Table : Results of one-way ANOVAs for lexical sophistication indices.

Measure ηp
 Effect size label Post hoc tests*

MW . Small –, –
RSN . Large -, –, –, , , 
RST . Large –, , , , , , 
MS . Small –

RSSN . Large –, –, –, , , , 
RSST . Large , –, –, , , , , , 

Note: *We use “,” to indicate significant differences between the adjacent grade levels in the post-test results. For
example, regarding the measure “MW”, significant differences were identified only between Grade  and Grade .
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ηp
2 = 0.783; RST: F (11, 2,360) = 537.15, p < 0.001, ηp2 = 0.843; RSSN: F (11, 2,360) = 461.56,

p < 0.001, ηp2 = 0.826; RSST: F (11, 2,360) = 668.10, p < 0.001, ηp2 = 0.870. Post hoc
analyses revealed that the differences between adjacent levels of all four indices
were more pronounced at higher grade levels and that the sense-aware indices
exhibited similar patterns to their word-form-based counterparts but performed
better at discriminating between adjacent grade levels. The RSN and RSSN both
remained stable in Grades 1–4, Grades 5–6, and Grades 7–8, but rose significantly in
Grades 5, 7, 10, 11, and 12. In addition, both RST and RSST increased significantly
from Grade 7–12 However, the word form-based index, i.e., RST, remained stable
throughout primary school (Grades 1–6), whereas RSST experienced significant
growth in Grades 2–5.

5.3 Summary

In general, descriptive statistics of lexical diversity and sophistication indices proved
that the lexical complexity of exemplar texts varied across grade levels. Except for
the mean logarithmic frequency of word senses, all lexical diversity and sophisti-
cation measures revealed significant differences across grade levels. However, the
measures did not always demonstrate a gradual increase from lower to higher
grade levels, and the differences between adjacent grade levels were occasionally
ambiguous. Two lexical diversity measures applicable to total vocabularies
(i.e., number of different words and the root-type-token-ratio) gradually increased
from lower to higher grade levels. These two measures had a large effect size in
one-way ANOVAs and effectively distinguished the lexical diversity of adjacent grade
levels. For diversity measures of specific word types, only CVV1 (verb diversity)
exhibited an upward trend from lower to higher grade levels and could distinguish
themajority of differences between adjacent grade levels. Othermeasuresfluctuated
in earlier grades but remained relatively stable after the eighth grade.

The variation patterns for measures of lexical sophistication diverge from the
measures of lexical diversity. In contrast to the lexical diversity measures of specific
word types, which changed significantly in lower grade levels but remained stable in
higher grade levels, the four root-ratio based sophistication indices rose slightly
in lower grade levels but increased dramatically after Grade 8. All four indices may
be used as distinguishing indices of lexical sophistication. In addition, the growth
of the two sense-aware lexical sophistication indices wasmore pronounced than that
of the twoword-form based indices at higher grade levels, suggesting that the former
has a greater capacity to discriminate between texts of higher grade levels. The two
word-form based sophistication indices fluctuated among the twelve grades. Both
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indices obtained marginal effect sizes in the one-way ANOVAs and were unable to
distinguish between adjacent grade levels.

6 Discussion

In the present study, we examined how lexical complexity in exemplar texts varied
across the 12 grades of the basic English curriculum in China, as well as what features
could account for differences in lexical sophistication across the grade levels. The
findings of the present study are expected to shed light on benchmarking the lexical
sophistication of readingmaterials and should therefore help build an automatic text
adaption feedback system in the future.

6.1 RQ1: lexical complexity graduation

The results show that the lexical complexity of exemplar texts varied by grade level.
All of the lexical diversity and sophistication indices were significantly different,
with the exception of the mean logarithmic frequency of word senses, which was
marginally significant (p = 0.05), indicating that the expert textbook compilers and
editors considered various aspects of lexical complexity when selecting and adapting
reading materials (Green and Roger 2012; Jin et al. 2020). Specifically, the number of
unique words in a text demonstrated a pattern of accelerated growth across
educational stages. The transformed indices that measure the proportion of unique
words in a text, i.e., RTTR, exhibited an ascending pattern. The progression patterns
of lexical diversity indices applied to total vocabularies reflect the English Curricu-
lum Standards objectives for teaching vocabulary (Ministry of Education 2020, 2022).
According to the English Curriculum Standards, students should acquire approxi-
mately 505words during primary school (Grades 1–6), 1,095 newwords during junior
high school (Grades 7–9), and around 1,500–1,600 new words during senior
high school (Grades 10–12). Regarding the diversity of specific word types, only one
corrected measure of verb diversity, namely CVV1, showed an increase from lower
to higher grade levels. These variation patterns indicate the crucial role of verbs
in vocabulary learning throughout all 12 grades compared to other word types. As a
result, it is suggested that, during the adaptation of texts across the 12 grades of the
English curriculum in China, teachers should place special emphasis on enhancing
the diversity of verbs. On the other hand, the remaining diversity indices related to
specific word types exhibited fluctuations during primary school but did not
demonstrate noticeable variation patterns in secondary school. This observation can
be explained by the requirements outlined in the English Curriculum (Ministry of
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Education, 2012, 2022). Students are introduced to different parts of speech during
primary school and are expected to comprehend and acquire the meanings and
usages of these different parts of speech in secondary school.

Moreover, this study has discovered that the lexical sophistication of exemplar
texts increased steadily and gradually throughout each stage of schooling, as
indicated by four root-ratio based indices. This suggests that teachers and experts
pay heed to the ratio of sophisticated words or word senses in a text during material
selection and adaptation. In particular, primary school demonstrated a slow increase
in lexical sophistication, while junior high school demonstrated a noticeable boost.
The sharpest increase in lexical sophistication occurred during senior high school.
Such a progression also reflects the vocabulary learning requirements of the English
Curriculum Standards, i.e., high frequency words are the primary focus in
compulsory education (primary school and junior high school) and vocabulary
knowledge should be broadened and deepened during senior high school. In addi-
tion, sense-aware lexical sophistication increased at a more pronounced rate in se-
nior high school, whichmay be explained by the inclusion of academic texts in senior
high school textbooks (Ministry of Education 2020). While academic texts contain a
large number of polysemous words, they might be more sensitive to word senses
(Skoufaki and Petric 2021).

6.2 RQ2: distinguishing lexical complexity features across the
12 grades

This study examined the indices that may contribute to differentiating lexical
complexity within the 12 grade levels. Although 16 out of 17 lexical complexity indices
were found to be significantly different across 12 grades, not all indices could
differentiate adjacent grade levels. Four lexical diversity indices and four lexical
sophistication indices exhibited large effect sizes for one-way ANOVAs andwere able
to differentiate the majority of adjacent grade groups in post hoc analyses. Two
indices pertaining to the lexical diversity of all types of words, namely the number of
different words in a text (NDW) and the root type token ratio (RTTR), may be
considered as distinguishing features of lexical complexity in exemplar texts. The
findings corroborated previous research findings that NDW, the transformed
version of TTR, and the transformed version of the ratio between the number of verb
types and verb tokens are reliable metrics to gauge second language writing and
speaking quality (Kim 2014; Lu 2012; Lyashevskay et al. 2021; Qin and Uccelli 2020).
The study also confirmed that the simple type-token ratio is sensitive to text length
(Lu 2012; Lyashevskay et al. 2021) and, therefore cannot be used to distinguish the
lexical complexity of teaching materials. Only the corrected verb diversity measure,
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CVV1, demonstrated a large effect size and differentiated the majority of adjacent
grade groups (with the exception of Grades 2–3 and 10–11) in post hoc tests. Other
measures examining the diversity of specific word types, such as lexical words,
nouns, adjectives, adverbs, and modifiers, could not distinguish between adjacent
grade levels. Similar to previous studies (Kim 2014; Lu 2012; McClure 1991), no
conclusive evidence can be obtained regarding the debate overwhether the diversity
of specific word types can serve as reliable indicators for gauging lexical complexity.

Four root-ratio based lexical sophistication indices could also be regarded as
discriminative features. Differences between adjacent grade levels in the four
indiceswere significant in the secondary school levels. Thefindings corroboratewith
the L2writing research of Lu andHu (2022) in that the four root-ratio indices are good
indicators of the L2 writing quality. Moreover, both sense-aware indices performed
better than the word-form-based ones in discriminating adjacent grade levels of
exemplar texts. Studies that adopted a frequency-based approach discovered that the
word frequency level might not be able to discriminate between different levels of
teaching materials very well (Chujo 2004; Sun and Yen Dang 2020). The differenti-
ating power of sense-aware lexical sophistication indices in this study indicates the
necessity of considering word sense information when preparing materials that are
appropriate for learners’ proficiency levels (Deane et al. 2006).

6.3 Implications for benchmarking

The findings have immediate implications for benchmarking the lexical complexity
of EFL reading materials. As the corpus in this study is comprised of exemplar texts
selected from EFL textbooks in China, the three lexical diversity indices and four
lexical sophistication indices that effectively differentiate adjacent grade levels can
serve as discriminative measurements for assessing lexical complexity. By consid-
ering the descriptive results and the differences between grade levels in these
measurements, lexical complexity benchmark guidelines can be established.
Teachers can use these benchmarks to assess the lexical complexity of their chosen
materials, adjust their levels accordingly and make adaptations as needed. More-
over, the identified cut-off frequency of sophisticated words andword senses can aid
EFL teachers in identifying sophisticated words and adapting the reading materials
to align with appropriate benchmarks. Future studies can also focus on developing
computational tools to automate the differentiation and comparison process. Such
tools would calculate the lexical complexity features of the input text and compare
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them with the established benchmarks. Subsequently, the tool would identify areas
that require adaptation and provide suggestions to teachers accordingly.

6.4 Implications for pedagogy

Thefindings of the present study shed light on the future of EFL pedagogy. First, since
measures of both lexical diversity and lexical sophistication vary across grade levels,
it is necessary for teachers to adapt the lexical complexity levels of readingmaterials
by considering both dimensions. Second, since the three lexical diversity indices
measured here increase gradually across the 12 grades, teachers should always pay
close attention to the number and proportion of different words in a text, as well as
the proportion of different verbs. Furthermore, when students spend time reading
inappropriately difficult texts, they may not benefit academically from the reading
(Allington 2002). As the findings indicate that the lexical sophistication indices
remain relatively stable in primary school, it might be unnecessary to include so-
phisticated words or sophisticated word sense in vocabulary teaching. In contrast,
English teachers should exercise caution when modifying sophisticated words or
word meanings at higher grade levels, which has been the focus of teachers’ text
adaptation practices (Rets et al. 2022; Young 1999).

Several pedagogical implications specific to higher grade levels are provided. As
sense-aware lexical sophistication indices rise sharply in secondary school levels,
particularly during senior high school, teachers should be aware of the need to
strengthen high school students’ mastery of various word senses that they may
encounter in particular contexts. The English curriculum also outlines specific re-
quirements for using phrases in specific contexts at both junior and senior high
school levels. However, many previous studies have found that students tend to rely
on preconceived or biased notionswhen attempting to comprehend themeaning of a
word when reading (Bensoussan and Laufer 1984; Frantzen 2003). As a first step,
secondary school teachers must instruct students on the polysemous nature of
numerous words. Teachers could, for instance, directly teach students the different
meanings and applications of a word and design vocabulary learning tasks that
explicitly require students to differentiate between different word senses in context
(Skoufaki and Petric 2021). In addition, teachers could teach students how to infer the
meaning of a word from the context in reading by using a variety of cues, such as
morphological cues and background knowledge (Levesque et al. 2019), to improve
their comprehension of word senses in specific contexts (Bensoussan and Laufer
1984; Skoufaki and Petric 2021).
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7 Conclusions and future research

This study has examined the lexical sophistication of exemplar texts across the 12
grade levels of China’s basic English curriculum. It has further investigated the
indices that contribute to the differentiation of lexical complexity across these grade
levels, broadening our understanding of the lexical complexity of exemplar texts
adapted for EFL in China. The study also provides recommendations for pedagogy,
benchmarking and textbook design.

There are several limitations in this study which could be investigated in future
research. The first is the singular focus adopted here on the lexical complexity of
textbooks without examining the lexical requirements of reading tests. Since it has been
determined that there is a vocabulary gap between teaching and testing (Jin et al. 2016), a
systematic analysis of the lexical complexity of reading texts could help to identify
potential gaps between teaching and testing and provide insights into teaching
practices. Secondly, this study does not take into account the variation in lexical
complexity across different topics or genres. Since texts of various genres or topics
may exhibit different proportions of lexically sophisticated words or word senses,
future research could examine the interaction between the topical or genre variable
and the lexical complexity measures of EFL learning materials. Despite these limi-
tations, there are important avenues for future exploration and application of this
research. For instance, designing sense-labelling systems and integrating lexical
complexity indices into an online text adaptation system could assist teachers in
adapting texts by automatically grading the lexical complexity level of a text and
labeling word senses that are too complex for students.
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