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Abstract

Given the importance of specialized vocabulary in scientific communication and aca-
demic discourse, there is a growing need to create wordlists to address the vocabu-
lary-learning needs of university students and researchers in different subject areas.
The current study analyzed a corpus of chemistry research articles (with 278 million
running words) to establish a mid-frequency vocabulary list for this field. Using fre-
guency, range, and dispersion criteria, the study identified 560 lemmas in the fourth
to the ninth British National Corpus/Corpus of Contemporary American English (BNC/
COCA) lists that provided 6.4% coverage of all words in the corpus. The list was vali-
dated using specialized and general corpora, and the results confirmed the value

and relevance of the items for chemistry. Moreover, for using the list for pedagogical
goals, the vocabulary items were divided into five bands based on their coverage

and importance. The 100 words in the first band were the most important mid-fre-
quent vocabulary in chemistry, as they provided 3.05% coverage. The study highlights
the significant contribution of mid-frequency words in research articles and the find-
ings have implications for using large corpora as a big data source in identifying
specialized and field-specific vocabulary.

Keywords: Wordlist, EAP/ESP vocabulary, Chemistry, Research article, Corpus
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Introduction

In the current academic landscape, being able to read and publish Research Articles
(RAs) in English has become a crucial factor for professional success of many univer-
sity students (Flowerdew, 2015; Li & Flowerdew, 2020; Martinez et al., 2009). Relatedly,
as there is an increasing demand for English proficiency in academic settings, students
must prioritize improving their language skills to expand their opportunities for engag-
ing with the global community of academics. Within this competitive culture of schol-
arly publishing in higher education, RA is considered as the “pre-eminent genre of the
academy” being the most important site for creating and disseminating scientific knowl-
edge (Hyland, 2009, p. 67). More than 90 percent of the top-tier international journals
are published in English (Lillis & Curry, 2010), and scholars are required to publish in
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those journals to attain academic achievements and recognition (Hyland, 2022). Given
these considerations, the study of linguistic features of RAs has remained a significant
area of inquiry within applied linguistics.

Against this background, it is widely recognized that non-native speakers of English
(NNES) face significant linguistic challenges when attempting to publish in English
(Corcoran, 2017; Flowerdew, 2019; Politzer-Ahles et al., 2020). One major obstacle in
this regard is the insufficient vocabulary knowledge which makes it difficult for NNESs
to write and read in English (Bazerman et al., 2012). This linguistic deficiency further
hinders their engagement with research communities and impedes their academic and
professional growth (Flowerdew, 2019). In this regard, research focusing on disciplinary
and field-specific vocabulary is important for several pedagogical reasons. Firstly, vocab-
ulary is a critical factor in language learning and proficiency development (Clenton &
Booth, 2020) which correlates positively with scores in general proficiency tests (Alder-
son, 2006; Dodigovic & Agustin-Llach, 2020). Secondly, vocabulary size, measured as
the number of words a person knows, is a strong predictor of writing quality and reading
comprehension (Laufer, 1996; Morris & Cobb, 2004; Qian, 2002; Schoonen et al., 2011).
In addition, specialized vocabulary is closely linked to the content knowledge in a spe-
cific field (Hyland & Tse, 2007; Woodward-Kron, 2008) and “constitutes a very impor-
tant and required knowledge for those who work directly or indirectly in a subject area”
(Liu & Lei, 2020, p. 111). Recognizing this indispensable role of vocabulary, creating dis-
cipline-specific word lists is gaining increased attention in English for Specific Purposes
(ESP) education (Coxhead, 2018b; Coxhead & Demecheleer, 2018; Dang, 2019; Nation,
2016).

The current study aimed to contribute to this line of research by creating and validat-
ing a mid-frequency word list for chemistry RAs. The study is significant as it addresses
vocabulary in chemistry, a field that received scant attention in the expanding litera-
ture on ESP vocabulary studies (Coxhead, 2018b). Moreover, the focus of the research
is on mid-frequency vocabulary-learning needs which is conceptually different from
traditional views on specialized vocabulary in terms of academic and technical words
(Coxhead & Nation, 2001). The study also used Meso-level big data as the computer-
ized writings of the experts in educational fields (Fischer et al., 2020) to identify field-
specific words, that provide a more reliable resource for mining frequently used words in
chemistry. The research is intended to inform English for Research Publication Purposes
(ERPP) programs in chemistry by providing a resource for the frequently used vocabu-
lary items in RAs. Additionally, chemistry students and researchers might find the devel-
oped wordlist instrumental in setting and planning their personal vocabulary-learning
endeavors.

Review of the literature

Big data in education

Big data refers to large and complex datasets that exceed the processing capacity of tra-
ditional data management tools. More specifically, these high volume, fast-growing, and
complex datasets has three key characteristics of volume (massive amounts of data),
velocity (high speed at which data is generated and processed), and variety (heteroge-
neous data from diverse sources) (Ward & Barker, 2013). Big data provides numerous
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affordances and opportunities for improvements in education. These affordances include
monitoring, evaluating, and understanding learning processes to enhance educational
effectiveness through informed decision-making (Baig et al., 2020; Fischer et al., 2020;
Williamson, 2018). Recently, Fischer et al. (2020) outlined a three-level framework for
using big data in education, encompassing Micro (e.g., clickstream data), Meso (e.g., text
data), and Macro (e.g., institutional data) levels. The first level relates to the staggering
amount of data generated when learners interact with digital learning environments
or work with digital tools and resources. The most pertinent examples include intelli-
gent tutoring systems, massive open online courses (MOOCs), simulations, and games.
Meso-level big data accounts for the computerized writings of the learners and experts,
which is available in the form of digital corpora. The analysis of available data at this
level provides reliable information with respect to the actual uses of language in different
contexts and discourse types. The third level, namely the Macro-level big data, encom-
passes the data collected at the institutional level (e.g. course enrolment data).

In line with these developments, the utilization of big data is also gaining increased
interest in language teaching and learning (Godwin-Jones, 2017, 2021; Lee et al., 2019;
Reinders & Lan, 2021; Thomas & Gelan, 2018). One of the recent developments in this
area that impacted the field significantly is the availability of large and easily accessible
corpora for language analysis (Chambers, 2019; Reinders & Lan, 2021; Romer, 2011).
A corpus, defined as a principled collection of naturally occurring language (spoken
or written) in a machine-readable format makes it possible to obtain valuable informa-
tion concerning the patterns of language use, frequency of lexical items, collocations,
and related statistics, which was unimaginable before (Baker, 2016; McEnery & Hardie,
2011). In recent years, a growing number of studies are using the affordances provided
by big data in the form of large corpora for investigating the lexical profile of various
discourse types (Ha, 2022a, 2022b; Nguy & Ha, 2022; Trang et al., 2023). For example,
Ha (2022b) examined the lexical profile of informal spoken English using a 625 million-
words corpus. The findings of the study revealed that a vocabulary size of 3000-5000
words in BNC/COCA frequency levels is needed for adequate level of comprehension
of informal spoken English. Analyzing a much larger corpus containing 12 billion words
from online newspapers and magazines, Ha (2022a) showed that 4000 most frequent
word families in the BNC/COCA lists and familiarity with acronyms, marginal words,
proper nouns, and transparent compounds seem to be necessary for gaining a 95%
vocabulary coverage threshold for newspapers.

Moreover, the implementation of corpus-based pedagogy has been viewed as one of
the most important developments in Computer Assisted Language Learning (CALL) in
recent years that has great potential to revolutionize language education (Godwin-Jones,
2021). Accordingly, considering the long-standing interest in applied linguistics for ana-
lyzing language-related features in academic discourse, Meso-level big data also provides
a more reliable source for studying vocabulary in academic discourse. More specifically,
since the kind of texts that university students need to interact with in graduate or post-
graduate studies are currently available in massive amounts in digital format, Meso-level
big data as a corpus for language analysis provides insights regarding the most important
vocabulary for using English for academic and research publication purposes. A recent
study investigated the lexical profile of academic written English by analyzing a corpus
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of 100,000 abstracts with 26 million words (Nguy & Ha, 2022). The findings indicated
that there is a considerable variation in the lexical demands of academic language across
different subject areas. Additionally, it was found that the comprehension of written
academic English is significantly more demanding compared to spoken language and
it required a much larger vocabulary size spanning from 7000 to 15,000 most frequent
words in BNC/COCA base lists. Such findings point to the importance of building a
large vocabulary base for university students that goes beyond the accepted thresholds
of lexical knowledge for everyday language use.

Mid-frequency vocabulary

A commonly employed approach for teaching vocabulary involves grouping English
words into four distinct categories based on their frequency of use and level of techni-
cality. These categories consist of high-frequency, academic (semi-technical), technical,
and low-frequency words (Coxhead & Nation, 2001; Nation, 2001). Language education
programs designed for beginner English language learners are advised to focus on and
prioritize the items in the first group (Nation & Waring, 1997). There are a number of
resources for such words but the most notable and classic example is the General Ser-
vice List (GSL) (West, 1953). These high-frequency vocabulary refers to the most basic
English words that constitute a significant proportion of daily conversations and most
words in all types of writing (Nation, 2001). On the other end of the continuum are
the low-frequency words which are rarely used across different text types, and might
be ignored in teaching if they are considered less important for comprehension (Laufer,
2013). Technical vocabulary constitutes subject-specific words used in different special-
ized fields. Academic or semi-technical vocabulary is viewed as “formal, context-inde-
pendent words with a high frequency and/or wide range of occurrence across scientific
disciplines, not usually found in basic general English courses; words with high fre-
quency across scientific disciplines” (Farrell, 1990, p. 11).

Although this four-part categorization has been influential in many ESP vocabulary
studies, recent research has indicated that it is untenable for a pedagogical description
of vocabulary (Schmitt & Schmitt, 2014). More specifically, given the high demands of
reading academic and authentic texts (Hsu, 2014, 2018; Laufer, 2013, 2020; Nation, 2006;
Nguy & Ha, 2022; Schmitt et al., 2011), the four-part categorization leaves a consider-
able gap between high- and low-frequency words, that academic and technical vocabu-
lary fail to cover appropriately (Vilkaité-Lozdiené & Schmitt, 2019). Schmitt and Schmitt
(2014) suggested a potential solution to address this issue by proposing two changes
to the existing model. Firstly, they argued for expanding the high-frequency group to
encompass the 3000 most frequently used word families based on the BNC/COCA lists
(Nation, 2012). Secondly, they recommended introducing a new category referred to as
mid-frequency vocabulary, which would encompass words ranging from the fourth to
the ninth list in the BNC/COCA wordlists (3001-9000) (Nation, 2012). Although there
are still ongoing debates around a suitable size for high-frequency words (Cobb, 2007;
Dang & Webb, 2016; Dang et al., 2020; Nation, 2013), it has been argued that together
with these words, mid-frequency words “represent the amount of vocabulary needed to
deal with English without the need for outside support” (Nation, 2013, p. 18).
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The importance of mid-frequency vocabulary is widely acknowledged in the literature
(Masrai, 2019; Schmitt et al., 2011, 2017; Webb & Rodgers, 2009b), and the receptive
knowledge of these items are considered to be necessary for 95% or minimal, and 98% or
adequate comprehension thresholds (Laufer & Ravenhorst-Kalovski, 2010; Schmitt et al.,
2011). Moreover, it has been argued that after learning high-frequency vocabulary, fur-
ther vocabulary knowledge developments are idiosyncratic and mostly related to one’s
job and interests (Nation, 2001). In this regard, Vilkaité-Lozdiené and Schmitt (2019)
believe that since mid-frequency words are more domain-specific, it is not possible to
come up with general mid-frequency lists to serve the needs of a diverse group of learn-
ers in language education programs. Furthermore, given that mid-frequency words are
not encountered frequently enough compared to high-frequency words (Cobb, 2007),
there is no systematic attention to these words in textbooks or teacher talk in language
education programs (Schmitt & Schmitt, 2014; Yang & Coxhead, 2020), which makes
mastering them a daunting task for language learners at various levels. According to
Vilkaité-Lozdiené and Schmitt (2019), mid-frequency vocabulary can be dealt with by
focusing on lists developed for specific purposes.

Previously compiled word lists based on RAs
In recent years, numerous studies have explored the vocabulary requirements for vari-
ous types of communication. For instance, studies on daily conversations, television
shows, and movies have indicated that individuals need to know approximately 3000
word families to participate effectively in these types of discourse (Nation, 2006, 2013;
Rodgers & Webb, 2011; van Zeeland & Schmitt, 2012; Webb & Rodgers, 2009a, 2009b).
Additionally, to comprehend academic spoken English, an extra 1000 word families
are necessary (Dang & Webb, 2014). However, the vocabulary knowledge needed for
understanding authentic texts such as academic books, novels, and newspapers goes
beyond these thresholds. According to some estimates, for achieving sufficient compre-
hension of written discourse in English, a vocabulary size of around 8000-9000 word
families seems necessary (Hsu, 2014, 2018; Nation, 2006; Schmitt et al., 2011). Accord-
ingly, informed by the four-part categorization approach, a consistent concern in ESP
vocabulary research has been the establishment of general academic (Browne et al.,
2013; Coxhead, 2000, 2019; Farrell, 1990; Gardner & Davies, 2014) or field-specific aca-
demic vocabulary lists (Green & Lambert, 2018; Hsu, 2013; Lei & Liu, 2016; Valipouri &
Nassaji, 2013; Wang et al., 2008; Ward, 2009; Yang, 2015). General academic lists aim to
identify common academic words shared among different disciplines, while field-spe-
cific lists focus on the academic vocabulary used in specific fields (Dang, 2019). In recent
years, the common core approach to academic vocabulary has been challenged in light
of the accumulated evidence that provided a strong case for the specificity of academic
literacy (Durrant, 2014, 2016; Hyland & Tse, 2007). Consequently, given the inadequacy
of general academic word lists for vocabulary-learning needs across disciplines, develop-
ing field-specific word lists has attracted increased attention (Chen & Ge, 2007; Hyland
& Tse, 2007; Konstantakis, 2007; Li & Qian, 2010; Martinez et al., 2009; Masrai & Mil-
ton, 2018; Valipouri & Nassaji, 2013).

In an early study within this field of research, Wang et al. (2008) analyzed a corpus
of 288 medical research articles, containing 1093011 words. They applied three criteria
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proposed by Coxhead (2000), including specialized occurrence, range, and word fre-
quency, to develop a list of specialized academic vocabulary for medical writing. Spe-
cifically, the chosen words had to appear at least 30 times in the entire corpus (word
frequency), be used in at least 16 of the 32 subject areas (range), and fall outside of the
top 2000 most frequently used English words (specialized occurrence) according to the
GSL (West, 1953). The study identified 623 word families that met the abovementioned
criteria, and those items provided around 12.24% coverage of the corpus of medical RAs.
Lei and Liu (2016) created a new academic wordlist for medical students. Their corpus
contained medical RAs (760 articles, taken from 38 journals in medicine, 2.7 million
words) and medical textbooks (3.5 million words). The study identified 819 lemmas as
medical academic vocabulary list that consisted of 444 nouns, 133 verbs, 219 adjectives,
and 23 adverbs. The findings indicated that the new list provided much more improved
coverage in medical RAs (i.e., 19.44%) compared to the previously developed medical
word list by Wang et al. (2008). Moreover, using an enhanced methodology for their data
analysis and word selection criteria, the study filtered out some frequent but less valu-
able words related to medicine. Unlike Wang et al. (2008), who excluded the GSL items
from their final list, this study investigated highly frequent and general service lemmas
in the context of medical texts and identified 313 items with special meaning in medical
fields, and subsequently included those items in their final list.

In another study, Valipouri and Nassaji (2013) investigated a 4-million words corpus,
compiled with 1185 Chemistry RAs, to establish a Chemistry academic word list for EFL
students. Following Coxhead (2000), the study identified 1577 word families that met the
frequency, range and specialized occurrence criteria. However, it should be noted that
although the researchers included specialized occurrence as a criterion in their word
selection procedures, they did not exclude the GSL items and ended up with 1577 word
families in their first round of data analysis. To establish the Chemistry academic word
list, the researchers then excluded abbreviations, technical terms, and function words
(such as pronouns, articles, and propositions) from the initial list, which resulted in a list
with 1400 word families containing 683 GSL, 327 AWL, and 390 non-GSL/AWL word
families. The coverage provided by GSL items in this study was 65.46% of the entire cor-
pus, and the remaining AWL and non-GSL/AWL items provided additional coverage of
16.83%. The developed Chemistry academic word list provided total coverage of 81.18%
in the 4-million words corpus of Chemistry RAs.

Yang (2015) established a nursing academic word list. This study investigated a corpus
containing 1006934 words called Nursing Research Articles Corpus (NRAC) with RAs
from different sub-disciplines within the nursing field. Similar to Wang et al. (2008), the
criteria proposed by Coxhead (2000) were also employed in this study, and 676 word
families were identified as Nursing Academic Word List (NAWL), which provided
13.46% coverage of NRAC. The top 100 word families in NAWL provided 6.75% cover-
age in the corpus, which is considerably high, given that the remaining 576 word families
provided 6.89% coverage. Finally, a study by Liu and Han (2015) investigated an environ-
mental science corpus of 200 RAs with 862242 running words. Using the three criteria
proposed by Coxhead (2000), in addition to a dispersion criterion, the study identified
458 word families for the environmental academic word list (EAWL) and reported a cov-
erage of 70.61% for the GSL items. The EAWL word families provided 15.43% coverage
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in the corpus of environmental RAs. Liu and Han (2015) validated their EAWL using
two additional corpora. The first validating corpus was created using RAs from ten
environmental science academic journals (20 RAs, 99942 words). The second corpus
was compiled with RAs from the same academic journals used in the study (20 RAs,
78,827 words). The 458 word families in the EAWL accounted for 14.92% of the tokens
in the first corpus and 15.59% in the second corpus. These coverage figures were close to
15.43% coverage of the list in 200 RAs. The study concluded that the EAWL serves the
environmental science academic learning better than other academic word lists such as
the AWL (Coxhead, 2000).

The present study

The abovementioned studies contributed significantly to our understanding with respect
to the specialized uses of vocabulary in RAs. It is now well established that there is a
need to develop more restricted and discipline-related vocabulary lists to satisfy the
needs of university students and researchers in different subject areas. Moreover, cre-
ating discipline-related vocabulary lists for university students is in line with the cur-
rent emphasis on promoting disciplinary literacy, which highlights the close connection
between language and a given discipline (Airey et al., 2017; Kuteeva & Airey, 2014).
Nonetheless, some methodological issues in this line of research deserve further atten-
tion. First, most studies have used the GSL (West, 1953) and the AWL (Coxhead, 2000)
as the lists for high-frequent and academic vocabulary in English, and both lists have
been criticized recently for various shortcomings associated with them (Gardner &
Davies, 2014; Hyland & Tse, 2007; Martinez et al., 2009). A related concern to this issue
stems from the proposed distinctions among general service, academic, and technical
words. In this regard, studies indicated a large overlap between academic and general
vocabulary, making it difficult to define and operationalize the related constructs (Green
& Lambert, 2018; Schmitt & Schmitt, 2014). The same difficulty arises when dealing
with highly specialized and technical words, as there is a technicality gradient associated
with those items (Ha & Hyland, 2017). These limitations in defining different types of
words foreground adopting a more pedagogically functional classification of vocabulary
in ESP studies.

The second issue of concern pertains to the limited size of the corpora examined in
previous studies. For instance, the range varied from 862,242 running words for envi-
ronmental science (Liu & Han, 2015) to four million words for Chemistry (Valipouri
& Nassaji, 2013). Previous research suggests that a corpus of one million running
words is sufficient to obtain a reliable list of highly frequent words (Brysbaert & New,
2009). However, for vocabulary items beyond this range, a corpus of around 20 mil-
lion words is required (Nation, 2016; Sorell, 2013). As studies discussed above pro-
duced vocabulary lists that extended beyond highly frequent words, the relatively
small sizes of the investigated corpora make it necessary to approach their findings
with caution. To address this limitation, the present study used big data in the form
of a large corpus of research articles to get more reliable results. Third, although vali-
dation of discipline-specific word lists is of crucial importance in their application
(Coxhead, 2018b; Dang, 2019), it seems that this consideration has been neglected
to a large extent in the existing literature, and only a few studies have built validating
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corpora to test their findings against different databases (Liu & Han, 2015). Further-
more, given the importance of mid-frequency vocabulary in general, its role in ESP
vocabulary studies remained less explored. The current study aimed to fill these gaps
in the literature by answering the following research questions:

(1) What is the coverage of the mid-frequency vocabulary in chemistry RAs?

(2) What are mid-frequent vocabulary items used frequently in the corpus? What is
the coverage of frequently used mid-frequency words?

(3) What is the coverage of frequently used mid-frequency words in chemistry in other
specialized and general corpora?

Method

Corpus compilation

Following the criteria of representativeness, balance, and size (McEnery & Hardie, 2011;
Sinclair, 1991), a corpus of around 50,000 chemistry RAs with 278,000,000 running
words was created and analyzed. To create the corpus, the study employed the Ant Cor-
pus Generator (AntCorGen) program, a freeware tool that creates subject-specific cor-
pora utilizing the PLOS ONE database (Anthony, 2019). The corpus represented a wide
range of sub-areas within chemistry, such as organic chemistry, inorganic chemistry,
chemical thermodynamics, physical chemistry, chemical kinetics, spectroscopy, theoret-
ical chemistry, and more. In the process of compiling RAs for vocabulary profiling, refer-
ences and appendices were excluded from the corpus, while all other sections such as
abstracts, introductions, materials and methods, findings, discussions, and conclusions,
were included. Next, to make the database manageable for word profiling purposes (see
the following subsection), the collected research articles were combined into a single
text file, and then using the Ant File Splitter program (Anthony, 2017), the text was bro-
ken down into 278 sub-corpora, each containing one million running words. Given the
enormous size of the corpus and a large number of files, creating smaller sub-corpora
and balancing the number of words in 278 text files helped in establishing sound criteria
for word selection, which was based on the guidelines proposed by Nation (2016) for

analyzing very large corpora.

Lexical analysis software

The process of lexical profiling for chemistry research articles (RAs) was conducted
using the Ant Word Profiler program (Anthony, 2021). This software, which is available
as freeware, facilitates the assessment of vocabulary complexity levels in the text files
that are uploaded to the program. By default, the program employs two word lists, the
General Service List (GSL) and the Academic Word List (AWL) comprising 570 words.
Nevertheless, it is feasible to evaluate the text against other vocabulary lists, which can
be manually uploaded to the program. Once the data has been processed, the software
produces a set of vocabulary statistics and comprehensive frequency information per-
taining to the corpus. In the current study, the BNC/COCA lists (1st—34th) (Nation,
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2012) freely accessible from the Ant Word Profiler website were used for profiling RAs.
Given that the software could not provide the lexical profile output for 50,000 files, the
278 sub-corpora were given as the input texts to Ant Word Profiler.

Word selection criteria

Developing word lists involves a crucial decision regarding the unit of counting, with
previous studies utilizing various units such as types, lemmas, and families. One widely
adopted strategy has been to employ word families, which consist of the base word
and its inflected forms as well as transparent derivations (Bauer & Nation, 1993). This
approach is based on the assumption that familiarity with the base word in a family can
aid in comprehending its derived and inflected forms (Coxhead, 2000; Webb & Nation,
2017; Xue & Nation, 1984). It is important to acknowledge that this perspective has been
contested in recent years, as some researchers have called into question the effectiveness
of using word families. Instead, they advocate for the use of lemmas, which comprise a
headword along with its inflected forms which is more appropriate for creating peda-
gogically useful lists (Brown et al., 2020; Gardner & Davies, 2014; Lei & Liu, 2016). In
a recent discussion, Nation (2016) argued that the choice for the counting unit should
match the purposes of the list development. In this regard, it has been argued that the
lower levels (types and lemmas) are suitable for productive purposes (Dang, 2019; Dur-
rant, 2014), and higher levels for receptive uses of vocabulary items (Dang et al., 2017;
Nation, 2016). Given this important consideration, and based on the intended uses of the
list developed in the current study that aims to help university students and researchers
in the chemistry field to read and write research articles in English, the present study
used lemma as the unit for counting and analyzing words.

The data was processed through several steps. Firstly, the outputs obtained from Ant
Word Profiler were transferred to Microsoft Excel documents to identify frequently
occurring mid-frequency words across the entire corpus. To achieve this, Coxhead’s
(2000) three criteria of range, frequency, and specialized occurrence were utilized. In
addition, due to the vast size of the corpus and its 278 sub-corpora, a fourth criterion
of dispersion was also employed, as recommended by Egbert and Biber (2019). To meet
the range criterion, vocabulary items had to appear in at least 200 sub-corpora (i.e., in
over 70% of the source texts). For frequency and dispersion, the words needed to occur a
minimum of 7923 times in the entire corpus and at least 28.5 times in each of the smaller
corpora containing one million running words. Finally, the selected words had to fall
outside of the 3000 most frequent word families in English, as determined by the BNC/
COCA lists (Nation, 2012).

Results and discussion

Table 1 presents the lexical profile of chemistry RAs based on BNC/COCA lists. The
1000 most commonly used words in the English language make up a significant por-
tion of the corpus, comprising 144,158,658 tokens and 5639 types, which account for
51.86% of the corpus. The next 1000 most frequent words account for 31,538,369 tokens
and 52733 types, representing 11.34% of the corpus. The third BNC/COCA list pro-
vided 10.83% coverage, with 30,100,486 tokens and 5010 word types. Combined, these
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Table 1 The lexical profile of chemistry RAs based on BNC/COCA lists

BNC-COCA lists Token Token% CumToken% Type Group
1 144158658 51.86 51.86 5639 999

2 31538369 11.34 63.2 5273 1000

3 30100486 10.83 74.03 5010 1000

4 8785085 3.16 77.19 3839 996

5 5529036 1.99 79.18 3220 985

6 3410422 1.23 8041 2971 976

7 3087538 .11 81.52 2493 955

8 1873841 067 82.19 2236 923

9 1252030 045 82.64 1949 907
10-30 9895518 358 86.22 16562 10800
31-34 20637310 742 93.64 16409 15002
0 17731707 6.38 100.02 616952 616952
Total 278000000 682553 651495

three lists as the high-frequency vocabulary in English provided 74.03% coverage. As the
first base list in the mid-frequency vocabulary, the coverage of the fourth list dropped
to 3.16%, with 8,785,085 tokens and 3839 types. The coverage provided by lists 5 to 9
was 1.99%, 1.23%, 1.11%, 0.67%, and 0.45%, respectively. The mid-frequency words
(i.e., base lists 4 to 9) provided a total coverage of 8.61%. Adding this coverage to 74.3%
provided by high-frequency words, the high- and mid-frequency words accounted for
82.64% of the entire corpus. Moreover, the low-frequency words (i.e., base lists 10-30)
provided 3.58% coverage. Finally, the last base lists that contain proper names, exclama-
tions, alphabet letters, transparent compounds, and abbreviations provided a coverage
of 7.42%. Totally, the BNC/COCA lists accounted for 93.64% of the corpus, and 6.38% of
the words in the database were beyond BNC/COCA lists.

To generate a list of mid-frequency words relevant to chemistry RAs, we examined
items listed in BNC/COCA lists 4 to 9. A total of 560 words (i.e., lemmas) satisfied the
criteria proposed for this study, with these words comprising 17,796,194 tokens and
6.40% of the overall corpus. This indicates that the remaining mid-frequency words in
the corpus accounted for just 2.21%. To clarify this finding further, data analysis revealed
that 5742 mid-frequency word families that comprised 16,708 types or individual words
were used in the corpus (with a total coverage of 8.61%). The selection criteria resulted
in identifying 560 lemmas (expanding to 1074 word types) that provided around 6.40%
coverage. Accordingly, the identified items are highly valuable for chemistry students
and researchers who read academic articles in this field.

The study identified 560 mid-frequency words with a coverage of 6.40% in chem-
istry RAs, which is lower than the 12.24% coverage of 623 academic word families
compiled for medical RAs (Wang et al., 2008), 13.46% coverage of 676 academic word
families in nursing RAs (Yang, 2015), and 15.59% coverage of 458 word families in
environmental RAs (Liu & Han, 2015). Moreover, Valipouri and Nassaji (2013) also
identified 717 word families beyond the GSL that provided 16.83% coverage in their
corpus of chemistry RAs, which is considerably larger than the coverage of 610 mid-
frequency words identified in the current study. It is worth noting that the approach
taken to define high-frequency vocabulary in this study was different from previous
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studies. In comparison to studies that used the GSL as a reference for high-frequency
words, this study utilized the first to third BNC/COCA lists and found a higher cover-
age of 74.03% for high-frequency words in the English language. For instance, previ-
ous studies found 65.46% coverage for the GSL in chemistry RAs (Valipouri & Nassaji,
2013) and 70.61% in environmental RAs (Liu & Han, 2015). Moreover, an analysis of
1400 academic vocabulary items in chemistry RAs identified by Valipouri and Nas-
saji (2013) revealed that 73.79% (about 1000 word families) of these items are high-
frequency words when considering the 3000 most frequent word families in English.
This suggests that several words previously categorized as academic vocabulary in
research articles should be reclassified as high-frequency vocabulary when extending
the range of high-frequency words to the 3000 most frequent word families.

Comparing the 1400 items identified by Valipouri and Nassaji (2013) as Chemistry
academic word list with the current study findings, it was found that the two lists had
only 11.18% shared items. As 267 out of 1400 word families in the list were mid-fre-
quent vocabulary, the overlap of these items with the 560 items identified in this study
was investigated. The findings showed that only 27.51% of the mid-frequent words in
Valipouri and Nassaji (2013) were also present in the list of mid-frequency chemistry
vocabulary developed in this study. This underscores the importance of replication
studies in ESP vocabulary studies (Coxhead, 2018a, 2018b, 2019; Miller, 2022). More-
over, it should be noted that the current study investigated a much larger corpus,
which resulted in identifying the words used frequently in chemistry RAs. Finally,
compared to medical texts, 560 mid-frequency words in chemistry RAs provided less
coverage than the 19.44% coverage of the 819 lemmas in the new academic wordlist
for medical students (Lei & Liu, 2016). However, it should be noted that these lemmas
contained some items from high-frequent English words in the GSL, which explains
the observed differences.

In order to create a more pedagogically useful mid-frequency list, the 560 head-
words were divided into five bands (see "Appendix A"). The following table provides
additional information regarding the number of words in each band and their cover-
age in the corpus. As indicated below, the first 100 most frequent items accounted for
3.05% of the tokens in the corpus and should be regarded as very important words in
chemistry RAs. The first 300 word families provided total coverage of 5%. Table 2 also
provides some sample items from each band ordered by their frequency, and acid,

Table 2 mid-frequency words in chemistry RAs in 6 bands

Band Coverage (%) Sample words

1 3.05 Antibody, peptide, amino, receptor, substrate, buffer, mutation, subject, simulation,
incubated
2 1.01 Inflammatory, interface, gradient, nucleus, helix, extracellular, catalytic, proliferation,

duration, secretion

3 0.74 Cardiac, enrichment, deficient, inflammation, kinetic, specimen, aggregation, pulse,
amplitude, pellet

4 0.53 Mineral, peripheral, gram, administered, analytical, cocaine, adjacent, scaffold, ammo-
nium, deposition

5 0.6 Poly, aerobic, semi, micro, bulk, placebo, drought, pulmonary, horizontal, aligned
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residue, glucose, mutant, assay, domain, induced, enzyme, membrane, and parameter
were the ten most frequent mid-frequency words that accounted for 2,115,966 tokens
and about 0.76% of the corpus.

Validating the list
After establishing the mid-frequency vocabulary list for chemistry RAs (Appendix
A), the study used a number of specialized and general corpora to validate the list. To
this end, the list was investigated against a 31-million-word corpus of RAs published
in different disciplines. More specifically, this specialized corpus contained an equal
number of RA (i.e., 600) in biology, medicine, earth sciences, ecology, computer sci-
ences, engineering and technology, medicine and health, physical sciences, and social
sciences. The selection of these research areas was based on the categorization used in
Ant Corpus Generator software (Anthony, 2019). This corpus also contained 600 chem-
istry research articles from the Science Direct database. The coverage of the 560 mid-
frequency items frequently used in chemistry RAs in different corpora is shown in Fig. 1.
As shown below, the list provided 3.97% coverage in RAs published in biology, 2.63% in
medicine, 2.34% in earth sciences, and 2.3% in ecology. One possible reason for the high
coverage of the list in biology is that one main subarea of chemistry is organic chemis-
try. Accordingly, there might be considerable overlap between the fields. Additionally,
chemistry has been regarded as the central science connecting life sciences and physi-
cal sciences (Henry & Malin, 2010). In this regard, the list has around 2.5% coverage in
medicine, earth sciences, and ecology. The coverage of the list dropped considerably in
other research areas, including people and places (1.74%), mathematics (1.58%), social
sciences (1.45%), and computer sciences (1.23%). The lowest coverage was in technology
(i.e., 1.1%). Finally, the list provided around 5.1% coverage in chemistry RAs collected
from the Science Direct database. Although this is less than the 6.4% coverage of the list
in the original corpus, it is considerably larger than the coverage provided for RAs in dif-
ferent research areas. Moreover, given the differences in the size of corpora, such varia-
tion is inevitable (Nation, 2016).

The second specialized validating corpus was compiled based on the classifica-
tion of disciplinary groups into four major areas, including (1) Arts and Humanities
(AH), (2) Life Sciences (LS), (3) Physical Sciences (PS), and (4) Social Sciences (SS). In

Chemistry

6

Technology 5 Biology
4
3

Computer Sciences 2 Medicine
1
0
Social Sciences Earth Sciences
Mathematics Ecology

People and Places

Fig. 1 Coverage (%) of the frequently used mid-frequency words in chemistry RAs across other research
areas
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Table 3 the coverage of 560 mid-frequent words in chemistry RAs in validating corpora

Statistics

Level Token Token% Cumtoken% Type Group
BNC/COCA 1° 55972999 59.03 59.03 5889 999
BNC/COCA 2nd 12706677 134 7243 5499 1000
BNC/COCA 3rd 10935436 1153 83.96 5341 1000
560 mid-frequency 2412420 2.54 86.5 1050 577
Off lists 12791597 1349 99.99 314,422 314,422
Total 94819129

CRAs

(S, ) N

SS PS

AH LS

Fig. 2 Coverage (%) of the frequently used mid-frequency words in chemistry RAs across disciplines

doing so, an equal number of RAs were downloaded for each group (i.e., 4000) using
Ant Corpus Generator tool. The inclusion of different fields under each category was
based on the classification of the disciplines used in the British Academic Written
English (BAWE) corpus (https://www.coventry.ac.uk/research/research-directories/
current-projects/2015/british-academic-written-english-corpus-bawe/). This large
corpus contained 16,000 RAs and around 95 million words. The results of profiling
the corpora against high-frequency vocabulary and frequently used mid-frequency
words in chemistry are provided in Table 3. Overall, approximately 84% of the words
in the second validating corpus were high-frequency words, which is 10% higher
than the corpus of chemistry RAs. However, frequently used mid-frequency words in
chemistry accounted for 2.54% of the corpus, which is around 4% lower than in chem-
istry alone.

Figure 2 shows the coverage of the mid-frequency word list for chemistry in differ-
ent disciplines. The list provided around 3.1% coverage in PS. As chemistry is within
PS, this high coverage indicates that the items are more frequent in this discipline.
The coverage of the list was lower in LS; however, it provided 2.83% coverage which
is close to PS. Taken together, the list provided around 3% coverage in PS and LS.
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Additionally, the list accounted for 2.58% of the words in AH. The lowest coverage
among the four disciplinary groups was for SS, as the list provided only 1.66% cover-
age of the words used in RAs published in this discipline. The results for validating
the list against two balanced and specialized corpora (with 30 and 95 million words)
indicated that the identified items are highly relevant for chemistry. Additionally, data
analysis indicated that the list provides around 2.5% coverage in other disciplinary
areas which is around 4% lower than chemistry.

After analyzing the list of frequently used mid-frequency words in chemistry against
specialized corpora compiled by RAs, the coverage of the list was examined using gen-
eral corpora. In this regard, the list was validated against different sections of the Corpus
of Contemporary American English (COCA, https://www.english-corpora.org/coca/).
The first corpus was a 37-million word sample from iWeb (https://www.english-corpora.
org/iweb/), a 14-billion words database created from around 22 million web pages. The
analysis indicated that the list developed in this study provided 0.72% coverage in the
iWeb corpus. Additionally, analyzing the list against the COCA sample corpus (around
9 million words) pointed to 0.47% coverage. More specifically, the list provided 1.14%
coverage in the academic sub-section (1.1 million words) of the COCA sample; how-
ever, the list coverage was 0.37% in other sections (8 million words) that included fiction,
news, movies, blogs, and magazines. Finally, the coverage of the list was examined in
relation to other general corpora samples available on the COCA website (https://www.
corpusdata.org/formats.asp). This general corpus contained around 10 million words
(Wikipedia, SOAP, movies, TV, corona, NOW, GloWbE, COHA), and the list provided
0.30% coverage of the entire text. Overall, data analysis indicated that the coverage of the
list is considerably low in general corpora compared to specialized corpora created from
RAs. Consequently, the validation process showed that the items in "Appendix A" (1) are
highly relevant to field of chemistry, (2) contain a considerable proportion of mid-fre-
quency words used in RAs generally, and (3) are specialized (or technical) terms with
infrequent use in general English texts.

Conclusion

The current corpus-based study investigated a large corpus of chemistry RAs contain-
ing 278 million words to establish a list of mid-frequency vocabulary for researchers
(and EAP students) in the field of chemistry. The study found that 560 mid-frequency
words provide 6.4% coverage in chemistry RAs, and with the high-frequency words (the
first 3000 most frequent words in English) based on the BNC/COCA list, the cover-
age reaches 80.43%. By adding the coverage of the 31-34 BNC/COCA lists that include
proper names, exclamations, alphabet letters, transparent compounds, and abbre-
viations, the total coverage reaches around 88%. Accordingly, learning the 560 mid-
frequency words in chemistry is a significant step for EAP students in chemistry and
researchers in this field. Although understanding the text goes beyond the knowledge
of the lexical items, such vocabulary knowledge significantly facilitates reading compre-
hension (van Zeeland & Schmitt, 2012). Moreover, the developed mid-frequency word
list has been validated using specialized and general corpora. The low coverage of chem-
istry mid-frequency words in the general corpus (0.30%) and around 2.5% coverage in
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other disciplines indicates that the list contains field-specific words that are more rel-
evant to chemistry.

The findings of the study has implications for chemistry students, researchers, EAP
teachers, and materials developers in this field. First, the list of mid-frequency items
identified in this study could be an important vocabulary-learning goal for chemis-
try students and researchers. In order to get the most out of the time spent on learn-
ing these items, the words are divided into five bands depending on their importance,
and any effort to learn the first 300 words should bring the most benefit. Second, given
the importance of mid-frequency vocabulary, EAP teachers in chemistry can focus on
these items in the classroom and spend more time focusing learners’ attention on these
items. This can be realized, for example, through using different approaches within focus
on form in vocabulary instruction, such as task-embedded and task-related instruc-
tion (Laufer, 2005). Third, as mid-frequency words receive no systematic attention in
the textbooks (Schmitt & Schmitt, 2014), there is a need for intentional focus on these
items in EAP materials for chemistry. The study also has some methodological impli-
cations for vocabulary studies in ESP. First, given the recent developments in corpus
analysis software, the study compiled and analyzed a large corpus of RAs. Given the
importance of corpus size in creating word lists (Sorell, 2013), future studies can use
the tools employed in the current study to create field-specific word lists. Even teachers,
students, and researchers can create and use word lists if they receive relevant training
in using such tools. Second, by comparing our list with a previous study on chemistry
RAs (Valipouri & Nassaji, 2013), it was found that there is a considerable difference in
the produced word lists, and only 11.18% of the items were the same in the final lists.
Although the current study used a different corpus with a much larger size (70 times
larger), this observation highlights the importance of replication research in ESP vocab-
ulary studies (Miller, 2022) and using larger corpora to get more reliable results. Finally,
the study further highlighted the need for validating the produced word lists to see their
coverage in different text types. This will help users of the lists make informed decisions
on setting vocabulary learning goals.

The current study had some limitations. First, texts from a single genre, i.e., RAs, were
used to create a mid-frequency list for chemistry students and researchers. As these
groups need to read other text types, such as textbooks, posters, and lab manuals, to
name just a few, there is a need to investigate the role of mid-frequency words in such
text types. Second, the study was concerned with identifying individual words; none-
theless, given the role of lexical bundles and chunks in academic discourse (Biber &
Barbieri, 2007; X. Liu et al., 2023), there is also a need to create pedagogical resources
containing such items. Moreover, incorporating the output from corpus studies into
instructional programs has received far less attention in the literature. Such endeavors
will bring the real benefits of word list research to stakeholders in EAP. In this regard,
a promising direction for future research is integrating wordlist research with materials
development for language teaching.

Appendix A: mid-frequency words in chemistry
Band 1 (3.05% coverage)



Xodabande et al. Asian. J. Second. Foreign. Lang. Educ. (2023) 8:32 Page 16 of 21

Acid, residue, glucose, mutant, assay, domain, induced, enzyme, membrane,
parameter, antibody, peptide, amino, receptor, substrate, buffer, mutation, subject,
simulation, incubated, activation, RNA, serum, insulin, inhibitor, oxygen, plasma, flu-
orescence, ion, spectrum, fraction, inhibition, metabolic, terminal, primer, metabo-
lism, pre, genome, cellular, phosphate, leaf, gel, mediated, coli, vitamin, incubation,
protocol, synthesis, liver, transcription, tumor, vector, linear, lipid, particle, neuron,
loop, ethanol, purified, uptake, coefficient, affinity, hydrogen, conformation, sodium,
mitochondrial, nitrogen, induce, intracellular, matrix, abundance, deviation, yeast,
diabetes, blot, kit, sigma, nutrient, dynamics, degradation, calcium, regression, inter-
val, intake, electron, motif, replicate, quantify, induction, flux, median, transcript,
activated, physiological, deletion, inhibit, lung, threshold, strand, biomass.

Band 2 (1.01% coverage):

Inflammatory, interface, gradient, nucleus, helix, extracellular, catalytic, prolifera-
tion, duration, secretion, microbial, algorithm, diameter, zinc, microscopy, overnight,
organism, tolerance, diffusion, solvent, axis, intermediate, differentiation, genomic,
arrow, salinity, alignment, chronic, stimulus, viability, dilution, beta, transcriptional,
diluted, saline, quantification, fusion, cholesterol, cohort, basal, kidney, UV, viral,
putative, spatial, inhibited, sediment, antioxidant, carbohydrate, encoding, optimal,
fluid, utilize, acute, aggregate, bead, soluble, tag, fluorescent, toxicity, embryo, cen-
trifuge, chromosome, cleavage, parasite, biochemical, diabetic, inhibitory, donor,
dynamic, purification, graph, electrode, deficiency, clone, polymer, differential, identi-
cal, replication, modulate, denote, template, docking, mitochondria, dissolved, micro-
scope, respiratory, pathogen, trait, defect, alpha, renal, thermal, fasting, kinetics,
antibiotic, prevalence, minimal, morphology, pore.

Band 3 (0.74% coverage):

Cardiac, enrichment, deficient, inflammation, kinetic, specimen, aggregation, pulse,
amplitude, pellet, array, larva, lesion, enriched, velocity, centrifugation, voltage, tra-
jectory, harvested, node, verify, conversion, tagged, equilibrium, validation, activate,
amplified, residual, simulated, multi, magnitude, vascular, dye, abundant, nicotine,
sensor, efficacy, coral, amplification, maximal, precursor, differentially, antigen, urine,
epithelial, mediate, copper, lipids, toxic, hormone, therapeutic, synthetic, classifica-
tion, impaired, neuronal, collagen, accession, synthesized, maternal, starch, onset,
fungal, dependence, inoculate, diagnosis, chloride, mammalian, spike, transient,
potassium, intact, filament, classified, overlap, nitrate, scenario, genus, temporal, car-
diovascular, depletion, obesity, optical, dissociation, fetal, digestion, laser, blotting,
ecosystem, cortex, locus, fluctuation, compartment, ethics, inclusion, homology, min-
imize, insect, saturation, spectral, upstream.

Band 4 (0.53% coverage):

Mineral, peripheral, gram, administered, analytical, cocaine, adjacent, scaffold,
ammonium, deposition, dashed, precipitation, dysfunction, habitat, proton, cloned,
complement, encode, null, accordance, oxide, toxin, robust, ex, vertical, trans, polar,
aromatic, incidence, intestinal, peg, exponential, hybrid, wells, helice, decay, reten-
tion, coil, susceptibility, antagonist, dot, inactivation, wheat, diagram, mutated, acidic,

encoded, fermentation, configuration, exclusion, virulence, calibration, adverse,
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syndrome, hypertension, systemic, loci, lateral, fungi, neural, validated, digested, mid,
skeletal, medication, annotation, saturate, potent, radius, optimized, duplicate, ster-
oid, litter, decomposition, reef, ensemble, beneficial, modulation, cavity, consensus,
capillary, crude, suppression, pancreatic, intrinsic, microorganism, urinary, sperm,
isotope, prolong, cognitive, sterile, susceptible, obese, glut, resin, artery, batch, opti-
mization, utilization.

Band 5 (0.6% coverage):

Poly, aerobic, semi, micro, bulk, placebo, drought, pulmonary, horizontal, aligned, grid,
fixation, goat, molar, absent, helical, gut, dual, integrity, contamination, permeability, infu-
sion, multivariate, secreted, homologous, morphological, resonance, amp, viable, diagnos-
tic, caffeine, composite, inoculation, arterial, cumulative, spontaneous, buffered, indirect,
gag, chemistry, tract, artificial, retinal, logistic, elongation, viscosity, ambient, germination,
invasive, stationary, annotated, demographic, rotation, questionnaire, inducing, maize,
broth, magnification, ammonia, impairment, nutritional, predominantly, offspring, turno-
ver, activator, magnesium, clamp, sham, alkaline, inhibiting, bold, embedded, tobacco,
sulfur, carbonate, comparative, photosynthetic, mesh, suppressed, arsenic, depleted, polym-
erization, proximal, displacement, lag, geometry, distilled, differentiated, posterior, cloning,
numerical, abnormal, embryonic, irradiation, gastric, refinement, overlapping, distal, con-
secutive, biology, tuberculosis, ecological, dotted, cultivation, attenuated, cerebral, prism,
inset, influenza, shear, serial, moisture, canonical, intestine, fibrosis, fused, inverse, larval,
biotechnology, fret, phosphorus, mammal, colon, activating, vegetation, triple, cleaved,
conversely, repression, binary, tandem, gamma, photosynthesis, automate, hybridization,
penicillin, reproductive, anterior, ventilation, complementary, cadmium, relevance, qualita-
tive, sensory, preliminary, diagnosed, immobilized, pathological, proximity, humidity, con-
trary, excretion, appendix, bleaching, longitudinal, mini, adherence, cultivated, asymmetric,
dorsal.
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