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Abstract

The main goal of this study is to report on the number of words (vocabulary load) native and non-native readers of medical
textbooks written in English need to know in order to be able to meet the lexical demands of this type of subject-specific
(medical) texts. For estimating the vocabulary load of medical textbooks, a corpus comparison approach and some existing
word lists, popular in ESP and EAP, were used. The present investigation aims to answer the following questions: (1) How
many words are needed beyond the General Service List (GSL; West, 1953), the Academic Word List (AWL; Coxhead,
2000), and the EAP Science List (Coxhead and Hirsh, 2007) to achieve a good lexical text coverage? and (2) What is the
vocabulary load of medical textbooks written in English? The implementation of this corpus comparison approach
consisted of: (1) making a written medical corpus of 5.4 million tokens, (2) compiling a general written corpus of the same
size (5.4 million tokens), (3) running both corpora (i.e., the medical and general) through some existing word lists (i.e., the
GSL, the AWL, and the EAP Science List), and (4) creating new subject-specific (medical) word lists beyond the existing
word lists used. The system for identifying medical words was based on Chung and Nation’s (2003) criteria for classifying
specialised vocabulary. The results of this investigation showed that there is a large number of subject-specific (medical)
words in medical textbooks. For both native and non-native speakers of English training to be health professionals, this
figure represents an enormous amount of vocabulary learning. This paper concludes by considering the value of creating
specialised medical word lists for research, teaching and testing purposes.
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Introduction
One of the main purposes of this study is to propose a methodology for the creation of subject-specific word lists
(i.e., medical word lists) that include the most salient vocabulary in medical texts. After doing a review of the
previous studies on the vocabulary load of medical textbooks, explaining the methodology and presenting the
subject specific lists of the most relevant words in medical texts, the results of this investigation attempt to: (1)
identify the lexical demands of medical texts using a corpus comparison approach, and (2) provide guidelines for
the creation of medical word lists organised by levels of frequency and salience.

Vocabulary Load
The number of known words (vocabulary load) needed for unassisted reading comprehension has been
investigated by several vocabulary researchers (Hirsh & Nation, 1992; Hu & Nation, 2000; Laufer, 1989; Nation,
2006). The first investigations (Laufer, 1989, 1992) on the vocabulary load of academic texts suggested a reading
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comprehension threshold of 95% text coverage. More recent research on the vocabulary load of written texts
(Hu and Nation 2000; Laufer and Ravenhorst-Kalovski 2010; Nation 2006; Schmitt, Jiang, and Grabe 2011) has
indicated that a higher lexical threshold of 98% text coverage or more is required for optimal unassisted reading
comprehension. In the present study, we explore the number of words required to be known to achieve a 98%
text coverage, and refer to 98% as an optimal lexical threshold.

Levels of Vocabulary

In order to estimate the number of words (vocabulary load) that learners of English for Medical Purposes (EMP)
need to know in order to be able to meet the vocabulary demands of medical texts written in English and achieve
a suitable reading comprehension threshold (i.e., between 95% and 98% text coverage); the various levels of
vocabulary proposed by Schmitt and Schmitt (2012) and Nation (2001, 2013) will be identified in the corpus of
medical textbooks compiled for this study. Frequency (high-frequency, mid-frequency, and low-frequency words),
and text type (i.e., general, academic, scientific, technical or specialised) are the two main criteria currently used
to classify the vocabulary of academic and specialised texts.

Schmitt and Schmitt’s (2012) classification of the levels of vocabulary is a frequency-based one, and
consists of the following three bands or levels: high-frequency, mid-frequency, and low-frequency words. The
high-frequency level includes the first 3,000 most frequent words in a language. The mid-frequency level refers to
those words between the 4,000 and the 9,000 frequency levels. The low-frequency level comprises those words
beyond the 9,000 frequency band. The concept of mid-frequency vocabulary was first introduced in Schmitt and
Schmitt’s (2012) classification. The introduction of this frequency level has served to stress the importance of
mid-frequency vocabulary and of words beyond the 3,000 most frequent words of the English language.

Nation’s (2013) classification, which was initially presented in 2001 and then revised in 2013, is both a
frequency and text-type based classification. Nation’s (2001) frequency levels included two frequency bands (i.e.,
high-frequency vocabulary and low-frequency vocabulary) and two kinds of text type words (academic
vocabulary and technical vocabulary). In 2013 Nation added to his classification of vocabulary levels the mid-
frequency band proposed by Schmitt and Schmitt in 2012. According to Nation (2013), there are three levels of
frequency based words, that is, high-frequency words, mid-frequency words and low-frequency words, and two
levels of text-type words (academic words and technical words) which are particularly likely to occur in academic
and specialised texts. Both the frequency and text-type based aspects of Nation’s (2013) classification are analysed
and discussed in the findings and discussion sections of this study:

Word Lists in EAP and ESP
High-frequency general, academic and specialised word lists have been used in English for Academic Purposes
(EAP) and English for Specific Purposes (ESP) by language teachers, students, researchers, test designers, and
course material developers. To the best of our knowledge, the most extensively used and discussed high-
frequency general academic word lists in EAP and ESP have been West’s (1953) General Service List (GSL) and
Coxhead’s (2000) Academic Word List (AWL). More recently, Coxhead and Hirsh (2007) developed an EAP
Science List that was created excluding words in the GSL and the AWL.

West’s (1953) General Service List (GSL) is a high-frequency list of English words that contains roughly
2,000 words (1.e., GSLI with the first 1,000 and GSL2 with the second 1,000 most frequent word families) which
are very common in all uses of the language. For more than 60 years, the GSL has been the most widely used
high-frequency word list for language curriculum planning, materials development, and vocabulary instruction.
The GSL has been criticised for its age (Hyland & Tse, 2007; Read, 2000, 2007), for its size (Engels, 1968), and
for its lack of suitability to the vocabulary needs of ESP learners at tertiary level (Ward, 1999, 2009). Ior
decades, vocabulary researchers constantly stated that the GSL was in need of revision (Coxhead, 2000; Hwang
& Nation, 1989; Wang & Nation, 2004); however, it was not until its 60" anniversary that two new general
vocabulary lists (Brezina & Gablasova, 2013; Browne, 2013) were created. Despite the criticism West’s (1953)
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GSL has received over the years, this is the general word list used in this study to replicate the corpus comparison
approach. The GSL is used in this investigation in order to: (1) serve as a starting point when estimating the
vocabulary load of medical texts, and (2) allow comparisons with previous studies in ESP that have also used the
GSL to look at the number of words in the health and medical sciences.

The other existing word list used in the present study is Coxhead’s (2000) Academic Word List (AWL). The
AWL works in conjunction with the GSL. That is, it includes words that do not occur in the GSL. Up to the
present, the AWL has been extensively used to learn, teach, and research academic vocabulary. To make the
AWL, Coxhead (2000) gathered a corpus of 3,513,330 tokens. This corpus was comprised of a variety of
academic texts from 28 academic subject areas, seven of which were grouped into one of the following four
disciplines: Arts, Commerce, Law, and Science. The AWL contains 570 word families and provides around a
10% text coverage for academic texts. For validating the AWL, Coxhead (2000) created a second academic
corpus (comprising 678,000 tokens) which accounted for 8.5% coverage.

Two new academic word lists have been recently developed: (1) The New Academic Word List (NAWL)
created by Browne, Culligan, and Phillips in 2013 and available at http://www.newacademicwordlist.org/, and
(2)  The New Academic Vocabulary List (AVL) created by Gardner and Davies (2014) and available at
http://www.academicvocabulary.info/download.asp. Both the NAWL and the AVL were developed from large
academic corpora of 288 and 120 million tokens, respectively. Despite the current availability of these more
recently developed academic word lists (i.e., the NAWL and the AVL), the decision to use Coxhead’s (2000) AWL
for the present study is based on the fact that for more than a decade the AWL has been widely researched and
used by ESP researchers to calculate the lexical demands posed by written academic texts.

Drawing on some aspects of the methodology used by Coxhead (2000) to create the AWL, various subject-
specific word lists have been developed: an EAP Science Word List (Coxhead & Hirsh, 2007), three medical
academic word lists (Chen & Ge, 2007; Lei & Liu, 2016; Wang, Liang, & Ge, 2008), a nursing word list (Yang,
2015) a pharmacology word list (Fraser, 2007), some engineering word lists (Mudraya, 2006; Ward, 1999, 2009),
a business word list (Konstantakis, 2007), and an agricultural word list (Martinez, Beck, & Panza, 2009). While
some of these subject-specific lists have been developed to work in conjunction the GSL (e.g, Yang’s (2015)
Nursing Word List, and Wang, Liang & Ge’s (2008) Medical Academic Word List), other word lists have been
created to work in conjunction with both the GSL and AWL (e.g., Coxhead and Hirsh’s (2007) EAP Science List,
and Fraser’s (2007) Pharmacology Word List).

Coxhead and Hirsh’s (2007) EAP Science List is another existing word list used in the present study to
estimate the vocabulary load of medical textbooks. Coxhead and Hirsh’s (2007) study aims at creating a science
word list that could help increase the lower coverage of the AWL over science texts (Coxhead, 2000). Criteria of
range, frequency of occurrence, and dispersion were considered for selecting the words to be added to the EAP
Science List. This list is based on a written science corpus of English comprising a total of 2,637,226 tokens. As
Coxhead and Hirsh (2007, p. 72) reported, the 318 word families in the EAP Science List cover 3.79% over the
science corpus compiled to create this list. Moreover, the EAP Science list covers 0.61% over the Arts subcorpus,
0.54% over the Commerce subcorpus, 0.34% over the Law subcorpus, and 0.27% over the fiction corpus
compiled by Coxhead (2000). The above mentioned coverage results confirm the scientific nature of the EAP
Science List. Coxhead and Hirsh’s (2007) study also attempts to draw a line between the percentage of general
vocabulary versus the percentage of science-specific vocabulary in science texts written in English that EAP
students are required to read at university. In addition to the GSL and the AWL, Coxhead and Hirsh’s (2007)
EAP Science List is used in the present investigation when adopting the corpus comparison approach to estimate
the vocabulary load of medical textbooks.

Since the present study focuses on investigating the vocabulary load of the most commonly used existing
general, academic and scientific word lists, these lists are used as the starting point to estimate the lexical
coverage of medical texts. By choosing a set of commonly used general/academic/scientific word lists, this study
tries to focus on general/academic/scientific vocabulary that has extensively been presented in EAP and ESP
teaching materials, assessments, and research. However, this investigation by no means attempts to undermine
the value of more recently created general (i.e., the two NGSLs) and academic (i.e., the NAWL and the AVL)
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word lists. Also, to the best of our knowledge, no study has so far estimated the vocabulary load of medical
textbooks having as a starting point for this quantification this set of widely used word lists (i.e., the GSL, the
AWL, and the EAP Science List) in EAP and ESP.

Moreover, existing pedagogical vocabulary lists of general high-frequency words (West’s GSL) and
academic words (Coxhead’s AWL), and scientific words (Coxhead and Hirsh’s EAP Science List) cannot provide
a complete coverage of the kinds of vocabulary in subject-specific texts. This happens particularly because the
GSL, the AWL and the EAP Science List were not designed to identify all the different kinds of vocabulary of
specialised texts. For this reason, a more inclusive approach to identify the various levels of vocabulary that occur
in medical texts could provide a clearer picture of the vocabulary demands of medical textbooks.

Research Questions

The present investigation looks at the vocabulary load of medical texts and explores the role played by the levels
of vocabulary proposed by Nation (2013) and Schmitt and Schmitt (2012). In particular, the three frequency-
based levels of vocabulary (high, mid, and low-frequency words) and four topic-based word lists (the GSL, the
AWL, the EAP Science List, and some specialised medical lists) that draw on words from these three frequency
levels were used in the analyses of the lexical frequency profiles of medical texts here investigated. With the main
goal of estimating the vocabulary load of medical textbooks in mind, the findings of this study provide answers
to the following research questions:

1) How many words are needed beyond the General Service List (GSL; West, 1953), the Academic Word
List (AWL; Coxhead, 2000), and the EAP Science List (Coxhead and Hirsh, 2007) to achieve a good
lexical text coverage?

2) What is the vocabulary load of medical textbooks written in English?

Methodology
The methodology used to estimate the number of words (vocabulary load) associated with the various levels of
vocabulary found in a corpus of medical textbooks is discussed in this section. The implementation of this
methodology involves compiling the medical and general corpora, adopting a corpus comparison approach,
adapting a semantic rating scale, creating a series of medical word lists, and justifying the unit of counting
selected for the present study.

Compiling the Corpora

The estimation of the vocabulary load of medical textbooks using a corpus comparison approach required the
use of two different corpora: a specialised (medical) corpus and a general corpus. For the medical corpus, two
widely consulted handbooks of general medicine were selected (i.e., Harrison’s Principles of Internal Medicine
by Fauci et al., 2008, and Cecil Textbook of Internal Medicine by Goldman & Ausiello, 2008). These two
medical textbooks include a comprehensive range of medical topics, and are commonly consulted by both
medical students (from the first year of medical studies) and health professionals. In relation to the general corpus
created to serve as a general comparison corpus for this study, it was compiled using most sections of seven
general English corpora, namely the FLOB corpus (British English 1999), FROWN corpus (American English
1992), KOLHAPUR corpus (Indian English 1978), LOB corpus (British English 1961), WWC corpus (New
Zealand English 1993), BROWN corpus (American English 1961), and ACE corpus (Australian English 1986).
Only section | (i.e., the learned section) was removed from all the general corpora used before compiling them.
Both the medical and general corpora are the same size (5,431,740 tokens each) so that distortion from adjusting
for various corpus sizes could be avoided when using the corpus comparison approach.
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Adopting a Corpus Comparison Approach

The use of the corpus-comparison approach involved largely following Chung and Nation’s (2003) procedure to
find potential technical vocabulary. Corpus-comparison entails the use of two different corpora: a non-technical
corpus and a technical corpus to compare word frequencies. Moreover, the corpus comparison procedure
involves comparing word frequencies in two corpora and choosing words that are much more frequent in the
technical corpus than in a non-medical comparison corpus, or that are unique to the technical corpus, as
potential technical words. Also, words occurring only in the technical corpus or with a higher frequency in the
technical corpus are more likely to be technical words. Range (Heatley, Nation, & Coxhead, 2002) was the
software used to carry out the frequency comparison of the medical and the general corpora.

Adapting a Semantic Rating Scale

As part of the procedures followed in this study to classify medical words and estimate the lexical demands of
medical textbooks, Chung and Nation’s (2003, 2004) methodology for identifying content area (technical) words
was used. Their methodology is twofold, involving the use of a semantic rating scale, and a corpus comparison
approach. Here we propose a semantic rating scale for classifying words related to health and medicine. This
rating scale approach for identifying medical words will be combined with a corpus-based approach for looking
at technical words in medical texts. These potential technical words needed to be checked systematically to
decide if they were truly technical words. This required the development of a checking system.

Only a yes/no decision-making procedure was required to decide whether words were to be considered as
medical or not, therefore the classification needed to use a semantic rating scale with two levels, namely, general
purpose vocabulary versus content area (technical) vocabulary. To guide this decision-making, four sub-levels of
medical words were used to ensure consistency. The starting point for the system was Chung and Nation’s (2003)
rating scale which was originally designed to identify the specialised vocabulary used in anatomy and applied
linguistic texts. The adaptation of Chung and Nation’s (2003) rating scale for this study consisted of grouping the
four levels of their semantic rating scale into two main levels to classify vocabulary into (1) general purpose
vocabulary and (2) content area (technical) vocabulary. Meaning is the main feature used to classify the
vocabulary in medical texts according to the rating scale developed for the present study. The primary purpose
of the semantic rating scale is to draw the line between (1) general purpose vocabulary, and (2) content area
(technical) vocabulary in medical texts written in English. The four sub-levels of content area (medical)
vocabulary for the present study are as follows:

* Sub-level 1: Some topic-related words are also general purpose words used in the medical field with the
same meaning they most frequently have in other general fields and everyday usage. Examples are words such as
nurse, doctor, child, medicine, blood, pain, health.

* Sub-level 2: Some topic-related words are general purpose vocabulary used in the medical field, but with
a particular meaning not so frequently encountered in general fields and everyday usage. Examples are words
such as transcription, pressure, antagonists.

* Sub-level 3: Some topic-related words are associated with more than one particular specialised subject
area with the same meaning, An expert in this particular field where these words come from would identify these
words as words specific to their discipline. Examples are words such as nitrogen, ethanol, fluorine from Chemistry;
and species, organisms, nature from Biology. These words are also used to talk and write about health and medicine.

* Sub-level 4: Some topic-related words are unique to the medical field, and they are only associated with
highly specialised medical topics. These medical words have a subject-specific meaning, and are very unlikely to
be found in other disciplines. That is, they will only or almost exclusively be used within the medical field. An
expert in the medical and health sciences can identify them as technical or scientific words specific to the subject
area. Examples of highly technical words in the medical field are schistosomuasis, polycythemia, dermatomyositis,
enteropathy and hemochromatosis. These highly specialised medical words are most likely to be only known by
specialists in the medical and health sciences.

These criteria were also used to decide whether the words from the GSL, AWL, EAP Science List and
medical word lists were general or medical words. Manual checking was used to identify the words found by

2017 TESOL International Journal Vol. 12 Issue 1 ISSIN 2094-3938



TESOL International fournal 182

corpus comparison. General words referring to abbreviations, living organisms, parts of the body, participants in
the health and medical community were classified as medical words. The manual checking of all the word types
(including content words, abbreviations, acronyms and proper nouns) classified using the semantic rating scale
involved: (1) looking up word types with unclear medical meaning in a specialised medical dictionary and (2)
confirming the medical senses of these in their actual context of occurrence in the medical corpus.

Developing New Medical Word Lists Through Corpus-Comparison

The General Service List (West, 1953), the Academic Word List (Coxhead, 2000), and the EAP Science List
(Coxhead & Hirsh, 2007) were used because the words in these lists are assumed to already be known by first and
second year medical students. The words not found in any of the lists were organised and classified following two
different procedures to make medical word lists: one with the words occurring in both corpora using frequency
comparison, and one with the words occurring only in the medical corpus. That is, the creation of the medical
word types was done by: (1) choosing the most frequent 3,000 medical word types occurring in both the medical
and general corpora and ranking first the word types with higher relative frequency (medical frequency of each
word type divided by general frequency of the same word type), and then (2) selecting 23,000 unique medical
word types and ranking the word types by their absolute frequency of occurrence in the medical corpus. These
26 new medical word lists included only word types that have been previously classified as medical words using
the yes/no decision-making procedure developed using the semantic rating scale previously mentioned. We
decided it would be better to keep the medical words occurring in both the medical and general corpora, and the
medical words unique to the medical corpus in separate word lists. The rationale behind this decision is twofold:
(1) ranking the two kinds of word lists separately provides better coverage with a smaller amount of word types
than ranking them together, and (2) these two kinds of medical words may involve different learning procedures.

Selecting the Unit of Counting

The decision about which unit of counting to use (word types, lemmas or families) depends on the goals of the
study and beliefs about relationships between lemma and word family members (see Nation, 2016 for further
discussion on units of counting). The word type is the unit of counting selected in the present study to create new
medical word lists, discuss the findings and estimate the vocabulary load of medical textbooks. The decision to
use the word type as the unit of counting for this study was made because even though the GSL, AWL and EAP
Science List word family members share the same core meaning, some word family members belong to different
word classes and only one word type has a technical meaning. This happens because these lists (i.e., the GSL,
AWL and EAP Science List) were made without grouping the word family members into word classes and taking
meaning into consideration. Examples of word types belonging to different word classes and having different
meanings in general and medical English are words such as culture, patient, and radical.

Results
How many words are needed beyond the General Service List (GSL; West, 1953), the Academic
Word List (AWL; Coxhead, 2000), and the EAP Science List (Coxhead and Hirsh, 2007) to achieve
a good lexical text coverage?
This question is answered by presenting the cumulative text coverage results of running three sets of word lists:
(Set 1) the GSL, AWL, EAP Science List, (Set 2) the three 1000 MGEN lists, and (Set 3) the twenty-three MED
lists through the medical corpus using the Range software (Heatley et al., 2002). First, the cumulative coverage
of the GSLI1 and GSL2, the AWL and the EAP Science List, and the words outside these lists is presented in
Table 1. Then, the cumulative text coverage of these three sets of word lists is summarised in Table 2.

Table 1 suggests that a 22.12% of the words outside the lists (i.e., the GSL1 and GSL2, AWL, and EAP
Science List) 1s still needed to achieve an optimal lexical threshold of 98% (i.e., 75.88% coverage of word types
in the lists plus 22.12% coverage of word types outside the lists). In order to find out how many more word types
are required beyond the four existing word lists summarised in Table 1, we applied the semantic rating scale
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described in the methodology section of the present study. This rating scale served as a semantic checking system
to classify over 30,000 medical word types (see Quero, 2015) occurring in the medical corpus and create the 26
medical word lists whose text coverage results are summarised in Table 2.

Table 1
Cumulative Coverage of the GSLI and GSLZ2, the AWL and the EAP Science List over the Medical Corpus including the Words
outside the Lusts

Word List Coverage % Number of Word Types
GSLI1, GSL2, AWL, EAP Science List 75.88 9,412

Words outside the lists 24.12 45,942

Total 100.00 55,354

Table 2

Cumulative Coverage of the GSL, the AWL, the EAP Science List, the three 1,000 MEDGEN Lists, and the Twenty-three 1,000
MED Lists

Word List Number of Tokens Coverage %  Number of Word Types
GSL1, GSL2, AWL, EAP Science List 4,121,539 75.88 9,412
MGEN (three 1,000) lists 607,498 11.18 3,000
MED (twenty-three 1,000) lists 542,747 10.00 23,000
Cumulative total of existing lists 5,271,784 97.06 35,414

Note in Table 2 that the cumulative text coverage of the GSL1, GSL2, AWL and EAP Science List
(75.88%) indicates that an additional 21.18% coverage is required to achieve a 97.06% text coverage. Moreover,
the results in Table 2 show that 26,000 new medical word types (i.e., 3,000 medical word types in the MGEN
lists, and 23,000 medical word types in the MED lists) need to be added to the GSL, AWL, and EAP Science List
for readers of medical texts to be able to understand 97.06% of the words they meet when they read medical
textbooks in English.

What is the vocabulary load of medical textbooks written in English?

The answer to this question is approached by looking at the behaviour of the three sets of word lists above
mentioned, namely, the GSL, the AWL, and the EAP Science list (set 1), the three 1,000 MGEN word lists (set 2),
and the twenty-three 1,000 MED lists (set 3).

We start by looking at the text coverage results of the existing lists (i.e., the GSL, AWL, and EAP Science
List). Then, we present the text coverage of the twenty-six 1,000 new medical word lists (i.e., the MGEN and
MED lists) created for this study. In this section, the results of the coverage and frequency of occurrence of the
word types across the GSL, AWL, EAP Science List, MGEN lists, MED lists and the words outside these lists are
summarised in Tables 3, 4, 5 and 6.

As shown in Table 3, the GSL accounts for 55.62% of the medical corpus. Because the GSLI includes the
most frequent words of the English language and comprises the highest text coverage of the tokens in medical
texts, this is a list of words worth learning for students of medical English. Regarding the lexical coverage of the
GSL2, this list accounts for 5.97% of the tokens in the medical corpus. In general, it may be worth highlighting
to medical students which are the medical words in the GSL that occur most frequently in medical textbooks. For
instance, using the semantic rating scale described in the methodology section of this study, we identified 626
medical word types (out of a total of 4,119 word types) in the GSLI, and 371 medical word types (out of a total
of 3,708 word types) in the GSL2. Examples of medical word types in the GSL are bleeding, stroke, and illness in
the GSL1 and fealth, pain, and brain in the GSL2.
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Table 3

Coverage of the GSLI and GSL2, the AWL and the EAP Science List over the Medical Corpus
Word List Coverage % Number of Word Types

GSL1 55.62 3,291

GSL2 5.97 2,415

AWL 8.23 2,418

EAP Science List 6.06 1,288

Cumulative total 75.88 9,414

In relation to the coverage of the AWL over medical texts, Table 3 shows that the AWL accounts for
8.23% of the 5.4 million tokens of the medical corpus. 527 of the 3,107 word types in the AWL were identified
as medical words. Examples of medical words in the AWL include depression, labour, and topical. When compared
with the coverage of the GSLI1 over medical texts, the 8.23% coverage of the AWL seems a good coverage of
academic words over medicine. Since the lexical coverage by the AWL is 2.26% higher than that of the GSL2,
these coverage results suggest that it may be more useful for ESP medical students to start learning the AWL
right after they have acquired the words in the GSL1. The AWL is a particularly useful word list to learn when
ESP medical students need to focus on academic words. For this reason, the AWL is a helpful list for medical
students taking first year ESP reading courses.

As also indicated in Table 3, the high coverage of the EAP Science List over medicine (6.06%), when
compared with the coverage of the GSL1, GSL2, and the AWL over medical texts, shows that EAP Science List
plays an important complementary role in helping ESP medical students become familiar with scientific words
that occur in texts of health and medicine (see Coxhead & Quero, 2015, for further discussion on the behaviour
of the EAP Science List over medical texts). Examples of some scientific words with a medical meaning in the
EAP Science List are cell, anatomy, and digest. These results also suggest that the EAP Science List is of particular
interest to science and medical students rather than to learners of general English. Additionally, the lexical
coverage results of the GSL, AWL and EAP Science List over the medical corpus suggest that the learning of
high frequency general, academic and scientific words in English could be sequenced differently for ESP medical
students.

Table 4

Cumulatie Coverage of the Three 1,000 MGEN Lusts

Word List Coverage % Number of Word Types
MGENI1 8.49 1,000
MGEN2 1.82 1,000
MGEN3 0.87 1,000
Cumulative total 11.18 3,000

Let us now look at the text coverage of the new medical word lists (i.e., the three 1,000 MGEN lists). These
3,000 medical word types are divided into three 1,000 word lists and referred to as MGEN1, MGEN2, and
MGENS in Table 4. Examples of medical words in the MGEN lists are syndromes, radiologist, and anatomical. Note
also in Table 4 that the three 1,000 MGEN lists provide a coverage of 11.18%. This means that the GSL, AWL,
EAP Science List and the three MGEN list together cover 87.06% (i.e., 75.88% for the GSL, AWL and EAP
Science List, and 11.18% for the three MGEN lists) of medical texts. This cumulative coverage of 87.06%
indicates that a 10.94% coverage is still needed to reach an optimal lexical threshold of 98%.

Table 5 gives the coverage details of the twenty-three frequency-ranked 1,000 MED word lists that are
unique to the medical corpus. As can be observed in Table 5, there is a large amount of low-frequency medical
words occurring in medical texts. Examples of medical words in the 23 MED lists are subcutaneously, polyartenitis,
and catarrhalis.
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Table 5
Coverage of the Twenty-three 1,000 MED Lists

Word List Coverage % Number of

Word Types
MEDI1 5.16 1,000
MED?2 1.46 1,000
MEDS3 0.82 1,000
MED4 0.54 1,000
MED5 0.39 1,000
MED6 0.30 1,000
MED7 0.23 1,000
MEDS8 0.18 1,000
MED9 0.15 1,000
MEDI10 0.12 1,000
MEDI1 0.10 1,000
MED12 0.09 1,000
MED13 0.07 1,000
MED14 0.06 1,000
MED15 0.06 1,000
MED16 0.05 1,000
MED17 0.04 1,000
MED18 0.04 1,000
MED19 0.04 1,000
MED20 0.04 1,000
MED21 0.02 1,000
MED22 0.02 1,000
MED23 0.02 1,000
Cumulative 10.00 23,000

total

Table 6 shows that 2.94% of the tokens and 19,942 word types occur in the medical corpus but not in the 30
existing word lists. These words outside the lists include single letters of the alphabet or roman numerals,
marginal medical words (e.g., chap an abbreviation of chapter), prefixes (e.g., non-, and micro-), and low-frequency
medical words (e.g., encephalographic, and haematologist).

Table 6
Coverage of the GSL, the AWL, the EAP Science List, the Three 1,000 MEDGEN Lists, and the Twenty-three 1,000 MED
Lists Including Words outside the Existing Lists

Word List Number of Tokens Coverage % Number of Word Types
Cumulative total of existing lists 5,271,784 97.06 35,414
Words outside the lists 159,956 2.94 19,942
Total 5,431,740 100.00 55,354

The cumulative coverage of all the 30 existing lists (i.e., the GSL, AWL, EAP Science List, and the three
MGEN lists, and the twenty-three MED lists) and words outside these lists is compared in Table 6. The results in
Table 6 show that if readers of medical texts want to get closer to a 98% text coverage over medical texts, a large
number of the 19,942 word types left outside all these 30 word lists are required to achieve a 98% coverage.
Based on the cumulative total coverage (97.06%) of the word lists shown in Table 6, we conclude that at least
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twenty-two 1,000 low-frequency medical word lists would need to be added to these already existing 30 lists to
increase the text coverage from 97.06% to 97.50% and start getting closer to 98% (the optimal lexical threshold).
Another way to get closer to 98% with a smaller amount of word types could be to add word lists of high and
mid-frequency words with general academic meaning that, for different reasons, are not included in the existing
general, academic, and scientific word lists (i.e., the GSL, AWL, EAP Science List) used as part of the present
investigation. (See also Appendix A with text coverage and occurrence figures of all the lists discussed in this
study).

Discussion
Next, we discuss the value of the twofold methodology here adopted for identifying medical words. This
discussion refers to the following aspects of the present study: (1) the semantic rating scale, (2) the size of the
corpus, (3) the corpus comparison approach, and (4) the new medical word lists.

The Semantic Rating Scale

The replication of Chung and Nation’s (2003) semantic rating scale involved the identification of thousands of
medical words (over 30,000) occurring in the medical corpus used. Despite the usefulness of the semantic rating
scale for making decisions on the number of content area vocabulary items found in medical texts, the need to
classify thousands of words made the use of this rating scale a very time-consuming process (as also reported by
Chung & Nation, 2004; Fraser, 2005, 2006). Likewise, there were still over 8,000 word types, most of them words
occurring only once, that remained unclassified. The adaptation of Chung and Nation’s (2003) rating scale for
the present study has enabled usto provide a comprehensive account of the lexical demands of medical
textbooks. Hence, the use of Chung and Nation’s semantic rating scale has proven effective to identify a large
amount of words with medical meaning in the medical corpus — occurring in existing word lists such as West’s
(1953) GSL, Coxhead’s (2000) AWL, Coxhead and Hirsh’s (2007) EAP Science List, and the 26 medical word
lists (i.e., the three 1,000 MGEN, and the twenty-three MED lists). In sum, the use of Chung and Nation’s rating
scale made possible the identification of a large number of content area (medical) words found in medical
textbooks.

The Size of the Corpus

The size of the medical corpus was determined by the amount of specialised texts from a variety of medical
topics available in digital format. The presence of a wide range of medical topics in the medical corpus
facilitated the estimation of the lexical demands of medical textbooks. In fact, the size of the medical corpus was
large enough in number of running words (5,431,740 tokens) and coverage of medical topics to estimate the
lexical profile of medical texts and provide a representative sample of the lexis found in medical textbooks.

The Corpus Comparison Approach

As previously mentioned in the methodology section, two corpora (i.e., a medical corpus and a general corpus)
were compiled to enable the implementation of the corpus comparison approach. These two corpora were
characterised by having the same size (i.e., 5,431,740 tokens), but comprising different topics, namely, a variety of
health and medical topics in the medical corpus, and a wide range of general topics in the general corpus. First
of all, the medical corpus was created for identifying medical vocabulary, using Chung and Nation’s semantic
rating scale, in popular existing word lists — such as West’s (1953) GSL, Coxhead’s (2000) AWL, and Coxhead
and Hirsh’s (2007) EAP Science List —and beyond these lists. Then, the general comparison corpus of the same
size was compiled to apply the corpus comparison approach for creating the medical word lists needed to
estimate the lexical demands of medical textbooks. The use of two corpora (i.e., the medical and general
corpora) of the same size but very different in their range of topics made possible the successful implementation
of the corpus comparison approach for estimating the 98% lexical threshold of medical textbooks in this study.
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The New Medical Word Lists

A series of medical word lists were created using two different frequency-based procedures. These two
procedures were used to rank and group the medical words previously classified using an adaptation of Chung
and Nation’s (2003) semantic rating scale. The first procedure included medical words occurring both in the
medical and general corpora: a total of three 1,000 MGEN word lists beyond the GSL, AWL, and EAP Science
List were created applying this first procedure. The sets of medical word lists created following this first
procedure were ranked by placing the medical word types with the highest relative frequency — which was
calculated by dividing the frequency of a word type in the medical corpus by the frequency of the same word in
the general corpus — at the top of the lists. The relative frequency, instead of the absolute frequency, was the
criterion selected for ranking the medical words classified applying this first procedure, because it provided the
best return — i.e., the smallest number of word types to obtain the highest coverage results. In relation to the
second procedure, it included medical words that only occurred in the medical corpus. Following the second
procedure, the medical word types were ranked by their highest absolute frequency of occurrence in the medical
corpus. A total of twenty-three 1,000 medical word lists were created, including words beyond the GLS, AWL,
and EAP Science List.

The creation of a series of medical word lists, using the above mentioned twofold methodology (i.e.,
semantic rating scale and corpus comparison approach), has made possible the identification of the number of
words (vocabulary load) required for students of medicine in general and for non-native medical students in
particular to be able to cope with the lexical demands of medical textbooks. The enormous number of medical
words to learn highlights the importance of acquiring subject-specific (medical) vocabulary as early as possible.

Conclusions and Implications

The use of the twofold methodology (i.e., semantic rating scale and corpus comparison approach) has enabled
the creation of a comprehensive set of medical word lists to deal with the lexical demands of medical textbooks.
The series of medical word lists here developed can serve several purposes. For instance, these medical word lists
can be used as a guide for designing the vocabulary syllabus of an English for Medical Purposes course, making
more informed decisions on the vocabulary worth focusing on when planning and teaching an ESP lesson,
assessing and testing the learner’s performance, and instructing medical students in the vocabulary learning
strategies necessary for them to take control of the learning of content area (medical) vocabulary inside and
outside the ESP classroom.

The text coverage results presented in this study demonstrate the large numbers of content area (medical)
vocabulary — at least 26,000 different word types — making up medical texts. These words range from very high
frequency words to many words occurring only once in the corpus, and represent an enormous amount of
learning for both native speakers and non-native speakers training to be doctors. This very large number of
medical words to learn stresses the importance of devising a plan for ESP reading courses, a plan that underlines
the value of (1) strategy training in the ESP reading courses for medical students, (2) learning medical vocabulary
as early as possible, (3) having a reasonable vocabulary size before starting medical study, and (4) testing the
vocabulary size of ESP learners.

Some comments on the perceived limitations encountered during this investigation in relation to the size of
the corpora, the identification of medical words, the nature of medical texts used for making the medical corpus,
and the pedagogical value of the medical word lists created can be summarised as follows:

1. Size of the corpora. It 1s not always possible to adopt the corpus comparison approach with different
corpora of similar or the same size, but comprising different (e.g., medical vs. general) topics, as in the
case of the present investigation. A common solution to this problem is to normalize the frequency
scores to a common base.

2. Identification of medical vocabulary. The replication of Chung and Nation’s (2003) semantic rating scale
involved the identification of thousands (at least 26,000) o f medical words occurring in the medical
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corpus used for creating the lists. In spite of the usefulness of the semantic rating scale for making
decisions on the number of content area vocabulary found in medical texts, its implementation proved
to be a very demanding and time-consuming.

Medical corpus limited to textbooks. The medical texts included in the medical corpus compiled for the
present investigation was restricted to textbooks. For future research to estimate the vocabulary load of
medical texts, it would be worth including a variety of text types (such as medical articles in specialised
journals and scientific magazines, book chapters, technical reports, and laboratory manuals) when
creating a specialised corpus of medical texts written in English.

Pedagogical value of the medical word lsts. The results of this investigation have shown that readers of
medical textbooks need to know about 26,000 medical word types beyond existing word lists — as
represented by the GSL, AWL, and EAP Science List, respectively — to be able to meet the lexical
demands of medical textbooks. As detailed in Appendix A, the pedagogical value of the last two-thirds
of the new medical word lists (i.c., around 16,000 medical word types needed for an additional 1%
cumulative text coverage) is questionable. The acquisition of 26,000 medical words is a vocabulary
learning goal that seems unrealistic to achieve in the restricted time span (one to two years at most) of
most English of Medical Purposes reading courses. The need to learn these 26,000 medical word
types clearly indicates that the technical vocabulary of medicine is very large and represents a major
learning burden for the students learning to read medical texts written in English.

Vocabulary expansion of medical terms should be an important goal for teachers of English for Medical
Purposes. In order to help ESP learners better cope with the lexical demands of medical texts and the large
number of medical words required to achieve an adequate lexical threshold, ESP teachers need to:

L.

4.
5.
6.

Design a lexical syllabus to teach the vocabulary learning strategies, such as guessing from context,
using mnemonic techniques, using word cards, doing extensive reading, that enable medical students to
cope with most of the new vocabulary independently.

Encourage learners to do extensive reading on topics that address the vocabulary they are trying to
learn.

Promote the use of genuine lexical contexts and provide authentic examples of medical vocabulary.
Examples of authentic reading materials for meeting and learning medical terms in context are
medical textbooks like those used to create the medical corpus mentioned in the present study.
Emphasise word relationships such as lexical bundles, word frequency, and phraseology.

Set ambitious vocabulary learning goals for your students of around 50 words per week.

Group the vocabulary that needs to be learnt in a manageable format (e.g,, word family lists).

In conclusion, it is important to equip medical students in the ESP classes at university with the vocabulary
learning strategies necessary to manage the acquisition of the massive number of words required to achieve good
reading comprehension of medical texts written in English.
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Appendix A
Text Coverage and Frequency of Occurrence of the Medical Corpus by the GSL, AWL, EAP Science List and the Twenty-Six
Medical Word Lists

Word List Tokens # Tokens % Types # Types % Families #
GSL1 3,021,029 55.62 3,291 5.95 981
GSL2 324,020 5.97 2,415 4.36 886
AWL 447,254 8.23 2,418 4.37 565
EAP Sc. List 329,236 6.06 1,288 2.33 316
MGENI 461,169 8.49 1,000 1.81 n/a
MGEN?2 98,853 1.82 1,000 1.81 n/a
MGENS3 47,476 0.87 1,000 1.81 n/a
MED]1 280,114 5.16 1,000 1.81 n/a
MED?2 79,208 1.46 1,000 1.81 n/a
MEDS3 44,413 0.82 1,000 1.81 n/a
MED4 29,254 0.54 1,000 1.81 n/a
MED5 21,085 0.39 1,000 1.81 n/a
MEDG6 16,127 0.30 1,000 1.81 n/a
MED7 12,593 0.23 1,000 1.81 n/a
MEDS 10,018 0.18 1,000 1.81 n/a
MED9 8,168 0.15 1,000 1.81 n/a
MEDI10 6,635 0.12 1,000 1.81 n/a
MEDI11 5,546 0.10 1,000 1.81 n/a
MEDI12 4,773 0.09 1,000 1.81 n/a
MED13 4,000 0.07 1,000 1.81 n/a
MED14 3,502 0.06 1,000 1.81 n/a
MED15 3,000 0.06 1,000 1.81 n/a
MEDI16 2,978 0.05 1,000 1.81 n/a
MED17 2,000 0.04 1,000 1.81 n/a
MED18 2,000 0.04 1,000 1.81 n/a
MED19 2,000 0.04 1,000 1.81 n/a
MED20 2,000 0.04 1,000 1.81 n/a
MED21 1,333 0.02 1,000 1.81 n/a
MED22 1,000 0.02 1,000 1.81 n/a
MED23 1,000 0.02 1,000 1.81 n/a
Words outside 159,956 2.94 19,942 36.03 0
the lists

Total 5,431,740 100.00 55,354 100.00 2,748
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