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A Hard Science Spoken Word List

A Hard Science Spoken Word List (HSWL) was developed and validated to help
second language learners of hard sciences better comprehend academic speech at
English-medium universities. It consists of the 1,595 most frequent and wide ranging
word families in a 6.5-million running word hard science spoken corpus which
represents 12 subjects across two equally-sized sub-corpora. Its coverage in different
discourse types indicates that the HSWL truly reflects the language in hard science
academic speech. The comparison between the HSWL with Dang, Coxhead, and
Webb’s (2017) Academic Spoken Word List shows that the HSWL focuses more on
specialized vocabulary in hard science speech. Depending on their vocabulary levels,
learners may achieve 93%-96% coverage of hard science academic speech with

knowledge of the HSWL words.
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1. Introduction

To achieve academic success at English-medium universities, second language (L2)
learners planning to study hard sciences (e.g., Mathematics, Biology, Engineering,
Medicine) need to comprehend not only their reading materials but also lectures, seminars,
labs, and tutorials (Becker, 2016; Biber, 2006). A good vocabulary knowledge enhances
listening comprehension (Matthews & Cheng, 2015; van Zeeland & Schmitt, 2013).
Therefore, mastering the most important words in academic speech from their disciplines is
crucial for these learners. To meet this need, Dang, Coxhead, and Webb (2017) developed

an Academic Spoken Word List (ASWL) for students from different disciplines who study



in the same English for Academic Purposes (EAP) programs. This study expands on Dang
et al.’s (2017) study by developing a Hard Science Spoken Word List (HSWL) for EAP
programs where all learners plan to study hard science subjects. Together with the ASWL,
the HSWL should provide more choices for hard science students in different EAP

programs.

1.1.Why do we need a specialized spoken wordlist for hard science students?

Research on the variation in the subject matter characteristics, structure, output, teaching
styles (Biglan, 1973a, 1973b), and learning styles (Kolb, 1981) in a wide range of

university academic areas has suggested that academic disciplines can be divided into
groups based on three dimensions: hard/soft, pure/applied, and life/non-life. The hard/soft
dimension is concerned with the existence of a paradigm, the pure/applied dimension is
related to application, and the life/non-life dimension is corehnith life system. Of the

three dimensions, the hard/soft division is the strongest. Hard sciences have greater
consensus about content and methods than soft sciences (Biglan, 1973a, 1973b). According
to Neumann (2001) and Neumann, Parry, and Becher (2002), the content of hard sciences is
fixed, and the teaching in these disciplines has a greater emphasis on helping students to
acquire and apply accepted scientific facts, principles, and concepts. In contrast, soft
sciences place greater importance on building critical thinking skills and individual
interpretations of the world of human experience. Hence, the content of soft subjects is
more free-ranging with the teaching and learning activities being constructive and

interpretative.



Studies investigating how many words learners need to know to comprehend a certain
discourse type also reveal the distinction between hard and soft sciences. Drawing on the
close relationship between comprehension and lexical coverage (Laufer, 1989; Laufer &
Ravenhorst-Kalovski, 2010; Schmitt, Jiang, & Grabe, 2011; van Zeeland & Schmitt, 2013),
these studies examined the vocabulary sizes needed to reach 95% and 98% coverage of
different kinds of hard and soft science texts. Lexical coverage is the percentage of known
words in a text (Nation & Waring, 199895% and 98% are widely used as the coverage
figures to indicate high and stable degrees of listening and reading comprehension (Hu &

Nation, 2000; Laufer, 1989; van Zeeland & Schmitt, 2013).

In terms of written discourse, a vocabulary size of 5,000 word families is needed to
reach 95% coverage of textbooks in Engineering, and a vocabulary size of 10,000 word
families is necessary to achieve 98% coverage (Hsu, 2014). These vocabulary sizes are
larger than those needed to reach 95% coverage (3,500 word families) and 98% coverage
(5,000 word families) of textbooks in Business (Hsu, 2011). A similar trend is seen in
academic spoken English. Dang and Webb (2014) analyzed academic speech from two
hard disciplinary groups (Physical Sciences and Life and Medical Sciences) and two soft
disciplinary groups (Arts and Humanities and Social Sciences) of the British Academic
Spoken English Corpus (BASE). They found that, to reach 95% and 98% coverage of the
academic speech from the hard science disciplines, learners need a vocabulary size of
4,000-5,000 word families and 10,000-13,000 word families, respectively. These
vocabulary sizes are larger than those needed in the case of soft sciences: 3,000-4,000 word

families (95%), and 5,000-7,000 word families (98%). Together, these findings indicate



that, written and spoken texts of hard sciences are more challenging than those of soft
sciences in terms of lexical coverage. This then highlights the importance of developing

wordlists to support the reading and listening comprehension of hard science students.

In recognition of this need, several specialized wordlists for hard science students have
been developed. The majority of them were derived from written text (e.g. Coxhead, 2000;
Coxhead & Hirsh, 2007; Gardner & Davies, 2014; Wang, Liang, & Ge, 2008; Ward, 1999,
2009 Watson-Todd, 2017). In contrast, only three studies have attempted to develop a
wordlist that is representative of spoken English. All of them are universal specialized

wordlists for EAP programs which are made up of both hard and soft science students.

Simpson-Vlach and Ellis (2010) focused on multi-word units by developing a spoken
Academic Formulas List. An academic spoken corpus and a non-academic spoken corpus
were compiled in that study. The academic spoken corpus had a total size of 2.1-million
running words, and was divided into five sub-corpora: Humanities and Arts, Social
Sciences, Physical Sciences, and Non-departmental/other. The non-academic spoken
corpus consisted of 2.9 million running words. To be included, an academic formula had to
be outside the formulas that occurred frequently in both the academic and non-academic
spoken corpora. Moreover, it had to occur at least 10 times per million in four out of five
sub-corpora. There were 979 formulas satisfying these criteria. A list of multi-word units is
beneficial because knowledge of multi-words is significant for fluent processing (Nation &
Webb, 2011; Simpson-Vlach & Ellis, 2010). However, knowledge of single words also
provides valuable support for the acquisition of multi-words. Hence, there is value in

developing lists of single words.



Nesi (2002) investigated single words. Her Spoken Academic Word List (SAWL) was
created from the BASE corpus which consists of 1.6-million running words. The SAWL
contains items thato not appear in Nation’s most frequent 2,000 word families, but have
high frequency and wide range in the BASE corpus. Unfortunately, to date, no precise
information about the list has been reported, and the list is not available to access.
Considering these facts, Dang et al. (QdLther developed a list of single words. Their
ASWL was created from a 13-million running word corpus or academic spoken English.
The corpus had four sub-corpora which represgatademic speech from four disciplinary
groups: hard-pure (e.g., Mathematics, Physics), hard-applied (e.g., Engineering, Medicine),
soft-pure (e.g., Arts, History), and soft-applied (e.g., Law, Business). Each disciplinary sub-
corpus was made up of materials from six subject areas. The disciplinary divisions followed
Becher’s (1989) classification of academic disciplines in higher education which was based
on the findings of Biglan (1973a, 1973b) and Kolb (1981). Unlike Nesi (2002), Dang et al.
(2017) did not remove general high-frequency words (i.e. the most frequent 2,000 words of
general vocabulary such as know, therefore, determine, and approach) from their lists if
these words fulfilled the three following selection criteria. First, the ASWL word families
had to occur in all four sub-corpora and in at least 50% of the subject areas. Second, they
had to have a frequency of at least 26.9 times per millions in the corpus. Third, they had to
have a Juilland and Champdrigues’s (1964) dispersion D of at least 0.6. As a result,

1,741 word families met these criteria and were included in the ASWL. The list provided
90% coverage of the corpus from which it was developed and around the same amount of
coverage in each disciplinary sub-corpus. When tested against an independent academic

spoken corpus of a similar size and structure, the list provided about 90% coverage. The



consistent coverage of the ASWL indicates that it is a useful list for both hard and soft
science students. With knowledge of proper nouns and marginal words, these learners can
achieve from 92% to 96% coverage of academic spoken English depending on their

vocabulary levels.

It is important to note that while these universal specialized wordlists are valuable
resources for hard science stutdestudying in the same EAP programs with soft science
students, there are programs with all learners planning to study hard sciences (Coxhead &
Hirsh, 2007 Valipouri & Nassaji, 2013; Ward, 1999, 2Q0atson-Todd, 2017)). In such
programs, discipline-specific wordlists that are specifically developed for hard science
students may be more useful. These lists will focus these studenmgt®n specialized
words in their field, especially items that have high frequency and wide range in the speech
of hard sciences but are absent from universal academic wordlists due to their low

frequency and narrow range in the speech of soft sciences.

1.2.How are existing wordlists for hard science stude#igrable to learners’

proficiency?
Different approaches have been taken to identify specialized vocabulary for hard science
students. The most common approach is to assume that learners already know a certain
number of words and look for items outside these words that have high frequency and wide
range in the specialized corpora. Therefore, some specialized wordlists did not include
general high-frequency vocabulary (i.e., the most frequent 2,000 or even 3,000 words of
general English) (Browne, Culligan, & Phillips, n.d.; Coxhead, 2000; Hsu, 2013, 2014,

Nesi, 2002; Valipouri & Nassaji, 2013; Wang et al., 2008). The other (Coxhead & Hirsh,



2007) even excluded general academic vocabulary (i.e. the shared vocabulary across
multiple subject areas and disciplines such as minimize, ambiguous, paradigm) apart from
general high-frequency vocabulary. Another approach is not to assume learners already
know any words and develop specialized wordlists from scratch (Gardner & Davies, 2014;

Lei & Liu, 2016; Ward, 1999, 2009).

According to Dang et al. (2017), each approach has its own strength. The first approach
allows teachers and learners to avoid repeatedly teaching and learning known items. In
contrast, the second approach enables the specialized wordlists to avoid the limitations
related to the general high-frequency wordlists and general academic wordlists that they
were based on. However, Dang et al. (2017) also point out that these methods share the
sane limitation; that is, they assume that all learners have the same vocabulary level when
using their lists. To address this limitation, Dang et al. (RA&veloped their ASWL from
scratch bugraded the list into four levels according to Nation’s (2012) BNC/CO@&
frequency levels. Levels 1, 2, and 3 represent the ASWL items which appeartafie 1
and 3% 1,000 BNC/COCA frequency levels, respectively. Level 4 is made up of ASWL
words outside the most frequent 3,000 BNC/COCA word families. Depending on their
current vocabulary levels, learners can skip certain levels of the ASWL. This approach is
innovative. It makes the best use of the strengths of the two approaches towards developing
specialized wordlists, and results in a list which is nadeptable to learners’ proficiency.

It also enables teachers to incorporate the ASWL with Nat{@12) BNC/COCA lists in
organizing a systematic vocabulary program for L2 learners as the learning sequence

presented in Figure 1. According to this sequedgending on their learners’ vocabulary



levels and learning purposes, teachers can identify the relevant levels of the ASWL and
BNC/COCA lists to focus on. For these reasons, the development of the HSWL in this

study followed Dangt al.’s (2017 approach.

[FIGURE 1 NEAR HERE]

1.3. Research questions
1. Which lexical items occur frequently and are evenly distributed in a wide range of
academic speech in hard science subjects?
2. What is the coverage of these items in independent collections of academic speech
of hard science, soft science, academic writing, and non-academic speech?
3. How do these items compare with those from Dang st(@017 ASWL?
4. With knowledge of these words, how much coverage of academic speech in hard

sciences may be reached by learners with different vocabulary levels?

2. Methodology

2.1. Developing the corpora

Five corpora were developed in the present study (Table 1). The first hard science spoken
corpus was used to develop the HSWL while the other four corpora were used to validate
the list from different perspectives. This is a common approach to validate specialized
wordlists (Coxhead, 2000; Coxhead & Hirsh, 2007; Gardner & Davies, 2014). Each corpus
has around 6.&illion running words, which satisfi®éation and Webb’s (2011) guideline

that a validating corpus should have a similar size as the corpus from which the list is



developed so that it can provide an accurate assessment about the occurrences of items in

the list in the target discourse.

[TABLE 1 NEAR HERE]

Tables 2 and 3 present the composition of the two hard science spoken corpora while
Table 4 shows the structure of the soft science spoken corpus. These corpora have a similar
size and structure. Each corpus is divided into two sub-corpora: pure and applied, each of
which consists of around 3.2-million running words. These corpora were made up of
naturally occurring academic speech from a wide range of academic subjects recorded in
various universities in different paf the world (the U.S, the U.K, Hong Kong, New
Zealand). They represent four kinds of speech events (lectures, seminars, labs, and
tutorials) and at least seven varieties of English (American-English, Australian-English,
British-English, Canadian-English, Hong Kong-English, Irish-English, and New Zealand-

English). The sources of these corpora are presented in Appendix A.

[TABLES 2, 3, AND 4 NEAR HERE]

Table 5 demonstrates the components of the hard science written corpus. This corpus
includes different kinds of hard science written texts (book chapters, journal articles,
student writings, research reports, and textbooks) from the Massachusetts Institute of
Technology open courseware, the British Academic Written English corpus (BAWE), and
the Corpus of Contemporary American Englishisidcademic written corpus has a similar
structure as the two academic spoken corpora. It contains around 6.5-million running words

and is divided into two sub-corpora, each of which has more than 3-million running words.



Table 6 presents the components of the non-academic spoken corpus. This corpus
represents different kinds of general spoken English (e.g., TV programs, movies, telephone
conversation) and 10 varieties of English. It also has a total size of around 6.5-million

running words.

[TABLES 5 AND 6 NEAR HERE]

2.2. Determining the unit of counting for the HSWL

A great effort has been made to argue whether lemmas or word families should be the
suitable unit of counting for specialized wordlists (Gardner, 2007; Gardner & Davies, 2014,
Nation, 2013). Nation (2016), however, points out that the lemma, in fact, is a level in
Bauer and Nation’s (1993) scale of word families. In this scale, word families can be
classified into seven levels according to the frequency, productivity, predictability, and
regularity of the affixes. Word families at Level 1 consist of the most elementary and
transparent members while those at Level 7 consist of the least transparent mémbers.
lemma is relevant to a Level 2 word famitigat is, it is made up of the stem itself (e.qg.
evaluate) together with its inflections (e.g., evaluated, evaluating, evaluates). A Level 6
word family includes the stem (e.g. evaluate), its inflections (e.g., evaluated, evaluating,
evaluates), and closely related derivations with affixes up to Level 6 (e.g., evaluation,
evaluations, evaluative, evaluator, evalugtorkerefore, according to Nation (2016), the
question is not whether lemmas or word families are the best unit of counting, but which

word family level is the most suitable for a particular group of learners.

Word families up to Level 6 were chosen as the unit of counting for the HSWL for two

reasons. First, this level is the most common unit of counting in specialized vgordlist
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(Coxhead & Hirsh, 2007; Hsu, 2013, 2014; Valipouri & Nassaji, 2013; Wang et al., 2008).
Second, following earlier studies (e.g., Coxhead, 2000; Nation, 2013), this study does not
consider knowledge of word families as something that can be acquired all at the same
time, but is gradually picked up during the learning process. Knowledge of a known word
form (e.g. happymay provide support for the acquisition of other word forms from the
same word family (e.g., unhappy, happily). This assumption is supported by studies which
reported an incremental increase in L2 learners’ derivational knowledge over time

(Mochizuki & Aizawa, 2000; Schmitt & Zimmerman, 2002). In other words, a Level 6
word family should be considered as a guide rather than a handbook for teachers and
learners to strictly followHowever, given that learners” morphological knowledge

increases incrementally, following Dang et al. (2017), another version of the HSWL was
also developed. This version listed the HSWL lemmas within each Level 6 HSWL word
family. Presenting the HSWL in different formats allows the list to better suit learners with

different proficiency levels.

2.3. Developing and validating the HSWL

To be selected, an HSWL word family had to satisfy the range, frequency, and dispersion
criteria. Thseare common criteria in the construction of corpus-based wordlists so that the
lists can capture the words that occur frequently and distribute evenly in a wide range of
target texts (Nation, 2016; Nation & Webb, 2011). The range and frequency critexia wer
based on Dang al.’s (2017) criteria when developing their ASWL. With respect to
dispersion, unlike Dang et al. (2017), this study usaeks’s (2008) DP rather than Juilland

and ChandRodrigues’s (1964) D because DP seems to be better at distinguishing well-

11



dispersed and not well-dispersed itema aorpus with a large number of sub-sections

(Biber, Reppen, Schnur, & Ghanem, 2016). The detailed selection criteria are as follows:

(1) Range: a selected word family had to occur in both sub-corpora of the first hard science
spoken corpus, and in at least 50% of the subjects in this corpus (six out of 12 subjects).
This criterion ensures that the HSWL benefits learners from different hardescienc
subjects.

(2) Frequency: a selected word family had to occur at least 26.9 times per million running
words in the first hard science spoken corpus. As the first hard science spoken corpus
has 6.5-million running words, this means that a selected word family had to have a
frequency of at least 175 times in the whole corpus. This criterion makes sure that the
HSWL includes items that hard science students are likely to encounter often in
academic speech.

(3) Dispersion a selected word family had to have Gries’s (2008) DP below 0.6. The DP
value indicates how evenly a word family distributes across the corpus. It can range
from O (perfectly even distribution) to 1 (extremely uneven distribution). The DP cut-
off point of 0.6 is the result of extensive experimentation which compared the items
included or excluded from the HSWL when different DP cut-off points (from 0.1 to 0.9)
were chosen. Unlike lower DP cut-off points (0.1-0.5), 0.6 resulted in a list which
provided higher coverage in the two hard academic spoken corpordh@ant al.’s
(2017) ASWL. Unlike higher DP cut-off points, 0.6 resulted in a list with a smaller
number of items than the ASWL. This study aims to draw hard science students’

attention to the most important words in their specific areas and provide a shortcut to

12



reduce the amount of learning for these students. Choosing the DP cut-off point of 0.6
means that the HSWL has a smaller size but still provides higher coverage in hard

science spoken English than the ASWL.

Items that satisfied tisethree criteria were included in the HSWL. Following Dang et
al. (2017, the HSWL words were then divided into levels according to Nation’s (2012)
BNC/COCA lists so that the list is suitable for learners with different vocabulary levels.
Levels 1, 2, and 3 represent HSWL words from te2Y and 3* 1,000 BNC/COCA
frequency levels, respectively. Level 4 are HSWL words that are outside the mosttfrequen
3,000 BNC/COCA word families. Given the difference in the nature of function words
(e.g., through, unle¥and lexical words (e.g., equation, fip{®ang & Webb, 2016), like
the ASWL, each level of the HSWL is broken down into one list of function words and

sub-lists of lexical words. Each sub-list of lexical words consists of around 50 items.

The coverage of the HSWL and its levels was examined against the first hard science
spoken corpus and the four validating corpora. This was done by running these corpora in
turn through Heatley, Nation, atthxhead’s (2002) RANGE with the HSWL and its levels

serving as the base wordlistdie RANGE program was downloaded from Paul Nation’s

websitelhttp://www.victoria.ac.nz/lals/about/staff/paul-nafi@iso, the HSWL was

compared with the ASWL in two aspects: (1) the coverage provided by the each list in the

two hard science spoken corpora, and (2) the overlap between items from the two lists.

2.4. Determining the potential coverage for different groups of learners
The potential coverage that learners may reach with the aid of the HSWL was the

combination of the coverage provided by (1) the word families that they already know and
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(2) the HSWL word families that they may not know (Figure 2). Items in the first group are

represented by the BNC/COCA word families that are at learners’ existing vocabulary

levels. Items in the second group are HSWL words that are outside the BNC/COCA words
in the first group. For example, pre-intermediate learners may have the vocabulary level of
the most frequent 1,000 words. Therefore, the potential coverage that they may reach with
the support of the HSWL is the sum of the coverage of¥ieQD0 BNC/COCA word

families and the coverage of the HSWL word families from Level 2 to Level 4.

[FIGURE 2 NEAR HERE]

3. Results

In answer to the first research question about the lexical items occurring frequently in a
wide range of academic speech in hard science subjects, there are 1,595 word families that
met the selection criteria. Although six was fixed as the range cut-off point, 83.01% of the
HSWL words appear in all 12 subjects. In fact, 99.50% of the HSWL words appear in at
least nine subjects. Similarly, although 0.6 was set as the maximum cut-off point for the
dispersion criterion, 88.46% of the HSWL had DP lower than 0.5. The lexical profile of
these words in the HSWL and its levels are presented in Table 7. See Appendices B-F for

the HSWL headwords in each sub-list within each level.
[TABLE 7 NEAR HERE]

It can be seen that 449 HSWL words are outside general high-frequency words. These
words account for 28.15% of the words in the HSWL. This proportion is larger than the

proportion of words outside general high-frequency words in Beaigs (2017) ASWL

14



(26.13%). The HSWL covers 90.94% of the whole corpus. This coverage is higher than the
coverage provided by thraost frequent 2,000 BNC/COCA word families (88.06%)

although the HSWL has 405 fewer word families. Also, the HSWL consistently provides
around the same amount of coverage in the hard-pure (90.12%) and hard-applied (91.80%)

sub-corpora.

In answer to the second research question about the coverage of the HSWL in
independent validating corpora, the HSWL covers 90.82% of the words in the second hard
science spoken corpus, which is similar to the coverage of the list in the first hard science
spoken corpus. In contrast, its coverage in the three other validating corpora is lower:
88.48% (soft science spoken corpus), 83.81% (non-academic spoken corpus), and 80.12%

(hard science written corpus).

The third research question is about the comparison between the HSWL and Dang et
al.’s (2017) ASWL. The ASWL covers 90.24% of the first hard science spoken corpus and
89.84% of the second hard science spoken corpus. These coverage figures are lower than
the coverage provided by the HSWL in these two corpora (90.94% and 90.82%). It should
be noted that the HSWL has 146 fewer word families than the ASWL. In terms of overlap,
1,438 HSWL word families (90.16%) occur in the ASWL while 157 word families (9.84%)
are unique to the HSWL. Noticeably, 76.91% of the shared items are among the most
frequent 2,000 BNC/COCA word families (e.g., investigate, technology, research) whereas
74.52% of the items unique to the HSWL are outside the most frequent 2,000 BNC/COCA
word families (e.g., cell, vector, molecule). Moreover, the examination of the 157 word

families unique to HSWL showed that a number of them have high frequency, wide range,
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and even distribution in the hard science subjects but have either low frequency or narrow
range in soft science speech. For example, seven HSWL word families (amplitude,
quadratic, epsilon, cosine, micron, cubed, theta) appeared in nine subject areas of the first
hard science spoken corpus with a frequency from 31.08 to 152.62 times per million

running words. These word families, however, appeared in no more than three subject areas
and had a frequency of no more than 2.46 times per million running words in this corpus.

All of these seven word families are at low BNC/COCA frequency levEl§; @0

(amplitude), 18 1,000 (micron, epsilon), 1,000 (cubed), 121,000 (theta), 131000

(quadratic), and 61,000 (cosine).

In answer to the fourth research question about the amount of coverage of academic
speech in hard sciences which may be reached by learners with different vocabulary levels,
Table 8 shows the potential coverage that learners of different vocabulary levels may reach
with the support of the HSWL. The number of HSWL words that are beyond learners’
existing vocabulary level is presented in the third column of the table. The coverage that
learners may gain if they study the HSWL is presented in the next two columns. Coverage
provided by proper nouns (e.g., James, Heded marginal words (e.g., oh, hm) is shown
in the last two rows of the table. Earlier research on the vocabulary load of spoken English
(Dang & Webb, 2014; Nation, 2006; Webb & Paribakht, 2015; Webb & Rodgers, 2009a,
2009b) added the coverage by proper nouns and marginal words to the potential coverage

because they assumed that these words have minimal learning burden for learners.

The potential coverage achieved by beginner learners (i.e. those having not mastered the

most frequent 1,000 words) is demonstrated in the first row of the table. Their insufficient
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vocabulary knowledge means that these learners are unlikely to know the HSWL words.
Learning all 1,595 word families from the HSWL may allow them to reach around 91% of
the words in the two hard science academic spoken corpora. If they know proper nouns and
marginal words, these learners may gain potential coverage of around 93%. This coverage
is much larger than the coverage provided by the most frequent 2,000 BNC/COCA2000

word families plus proper nouns and marginal words (90.09%, 89.44%).

The second row of the table presents the potential coverage for pre-intermediate learners
(i.e. those with the vocabulary level of the most frequent 1,000 BNC/COCA word
families). Their existing knowledge means that these learners only need to study 833
HSWL words which are beyond their level. These word families, however, may enable
them to achieve coverage of more than 91% (without proper nouns and marginal words)
and about 94% (with proper nouns and marginal words). This potential coverage figure is
higher than the potential coverage provided by the most frequent 2,000 BNC/COCA word
families. It should be noted that learning the HSWL also allows the beginner and pre-
intermediate learners to achieve reasonable coverage of the non-academic spoken corpus:

89.15% (beginner learners) and 90.98% (pre-intermediate learners).
[TABLE 8 NEAR HERE]

The next two rows of the table demonstrate the number of HSWL words that the
intermediate learners (i.e. those having mastered the most frequent 2,000 BNC/COCA word
families) and advanced learners (i.e. those with the vocabulary level of the most frequent
3,000 BNC/COCA word families) need to learn and the potential coverage that they may

reach with the aid of the HSWL. These learners only need to study a small number of

17



words: 449 (intermediate learners) and 153 (advanced learners). Yet, they may achieve
potential coverage of 92%-94% (without proper nouns and marginal words) and 95%-96%
(with proper nouns and marginal words). These amounts of coverage are larger than (in the
case of intermediate learners) or as large as (in the case of advanced learners) the potential
coverage that these learners may gain from learning 1,000 word families from the

subsequent BNC/COCA frequency levels (see Table 9).

[TABLE 9 NEAR HERE]

4. Discussion

4.1. The HSWL is a useful resource for hard science students

This study suggests that the HSWL effectively supports the vocabulary development of
hard science students for four reasons. First, the list accurately reflects the vocabulary in
hard science speech. Its consistent coverage in the two academic spoken corpora (one to
develop and one to validate the list) indicates that the HSWL truly represents the most
frequent, wide ranging, and evenly distributed words in hard science academic speech.
Moreover, the HSWL provides higher coverage in the two hard science spoken corpora
than in the soft science spoken corpus, the non-academic spoken corpus, and the hard
science written corpus. This indicates that the list better represents vocabulary in hard
sciences rather than soft science, academic rather than non-academic, and spoken rather
than written English. This finding is in line with the findings of previous studies validating
specialized wordlists (e.g., Coxhead, 2000; Coxhead & Hirsh, 2007; Gardner & Davies,
2014). These studies found the coverage of their lists in the corpora from which they were

created was similar to their coverage in corpora of a similar genre but higher than in
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corporaof different genres. Together, these findings suggest that the HSWL truly captures
the items that hard science students are likely to encounter often in a wide range of

academic speech.

Second, the HSWL benefits learners from a wide range of hard science subjects. The list
was derived from academic speech in 12 hard science subjects, but it still provides similar
coverage in the two sub-corpora (hard-pure and hard applied). This indicates that the
HSWL can offer fairly equal benefits for students planning to study hard science subjects.
Moreover, the division of the subject areas in the sub-corpora of the two hard science
spoken corpora was based on Becher’s (1989) classification of academic subjects in higher
education. This classification has been validated in numerous contexts (Biglan, 1973a,
1973b; Kolb, 1981), and has been widely used to classify academic disciplines in higher
education (Jones, 2011) as well as organizing academic corpora such aSthangA
BAWE. Considering the high validity and wide transference of Becher’s (1989)
classification, the HSWL is expected to be useful for hard science students irrespective of

their specific academic areas and the administrative structure of their institutions.

Third, the HSVL is more specialized than Daegal.’s (2017) ASWL. It has 146 fewer
word families but provides higher coverage in the two hard science spoken corpora (about
91%) than the ASWL (around 90%). Moreover, the HSWL has a higher proportion of
words outside general high-frequency words (28.15%) than the ASWL (26.13%). The
HSWL words outside general high-frequency words are from a wider range of frequency

levels (3% 16" 1,000 word levels) than those from the ASWI{E" 1,000 word levels).
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Additionally, most items unique to the HSWL are outside general high-frequency words,

and many of them do not have high frequency or wide range in soft science speech.

The fourth reason why the HSWL is a useful list for hard science students is that it
benefits these learners regardless of their vocabulary levels. Intermediate and advanced
learners only need to study 449 word families and 153 word families from the HSWL,
respectively. Yet, they can achieve around 95%-96% coverage of hard science speech,
which is larger than the coverage they may gain from learning 1,000 word families at the
subsequent BNC/COCA frequency level. This finding is even more meaningful when
compared with Dang and Webkl{2014) result. These researchers found that a vocabulary
size of 4,000-5,000 word families is needed to reach 95% coverage of hard science speech.
This means that the number of BNC/COCA word families beyond their levels that these
learners would have to study is 2,000-3,000 word families (mid-level learners) and 1,000-
2,000 word families (high-level learners). The HSWL better serves intermediate and
advanced learners because these learners have to learn a much smaller number of words
and still allows them to reach more than 95% coverage, which should provide a high and

stable degree of listening comprehension (van Zeeland & Schmitt, 2013).

Beginner and pre-intermediate learners may study the most frequent 2,000 and even
3,000 BNC/COCA words before moving to the HSWL so that they can reach 95% or more
coverage of hard science speech. However, this may be too daunting a goal for a proportion
of L2 learners. Research on the vocabulary growth rate of English as a Foreign Language
(EFL) learners has shown that these learners can acquire an average of 400 word families

per year (Webb & Chang, 2012). This means that it may take beginner learners more than
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six years to learn the most frequent 2,000 BNC/COCA word families plus 499 extra HSWL
word families, and nearly eight years to learn the most frequent 3,000 BNC/COCA word
families and the extra 153 word families. Research on the vocabulary knowledge of
learners in various EFL contexts (Henriksen & Danelund, 2015; Matthews & Cheng, 2015;
Nguyen & Webb, 2016; Webb & Chang, 2012) suggested that some learners may have
even slower vocabulary growth rates. A reasonable proportion of learners in these studies
had not mastered the most frequent 2,000 words, and even the most frequent 1,000 words

after a long period of formal English instruction.

Therefore, for these beginner and pre-intermediate learners, learning the ASWL words
that are beyond their current level may be more reasonable. It may allow them to reach
around 91% coverage (without proper nouns and marginal words) and 93%-94% coverage
(with proper nouns and marginal words) of hard science speech. These figures mean that
beginner and pre-intermediate learners need to study a much smaller number of items but
may achieve higher coverage of hard science speech than learning the subsequent 1,000-
word levels of general vocabulary. While listening comprehension may not be as easy as at
the 95% coverage figure, 91%-94% coverage may enable learners to achieve at least basic
comprehension of academic speech. Van Zeeland and Schmitt (2013) reported no
significant difference in L2 listening comprehension between the 90% and 95% coverage
figures. Moreover, in real life academic speech, students receive support from various
sources such as reading materials, visual aids, interaction with course instructors and other
students, which may enable them to compensate for their inefficient vocabulary knowledge

and enhance their listening comprehension of hard science speech (MacDonald, Badger, &
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White, 2000; Mulligan & Kirkpatrick, 2000). Noticeably, if beginner and pre-intermediate
learners study the HSWL words that are beyond their current levels, they may reach around
90% coverage of general spoken English, allowing them to achieve basic comprehension of
this important discourse type. In sum, the HSWL is an effective shortcut for beginner and
pre-intermediate learners to achieve basic comprehension of both hard science speech and

general spoken English.

4.2. Wordlists should suit the context

This study provides further insight into the debate over the value of universal academic
wordlists versus discipline-specific wordlists. One view suggests that there is a core
vocabulary across multiple academic disciplines, and supports the development of universal
academic wordlists for L2 learners irrespective of their academic disciplines (e.g.,

Coxhead, 2000; Gardner & Davies, 2014). A second view questions the existence of a core
academic vocabulary from different academic disciplines and argues that frequency, range,
meanings, functions, and collocations of a certain word change across disciplines due to the
variations in the practice and discourse of disciplines (Hyland & Tse, 2007). Hence, it

promotes the idea of developing discipline-specific wordlists.

As mentioned, the HSWL is more specialized than Raal’s (2017) ASWL, which
supports the value of discipline-specific wordlists. However, around 90% of the HSWL
words appear in the ASWL, and the ASWL provides around 90% coverage of the two hard
science spoken corpus. This indicates that, although not as great a tool for hard science
students as the HSWL, the ASWL is still an effective tool for these learners. Together the

findings of the present study suggest that there is no one-size-fits-all specialidikstwo
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The more specialized a wordlist, the narrower its application, but the greater its benefit in a
specific context (Coxhead & Hirsh, 2007). Depending on the particular teaching and
learning context, either a discipline-specific list or a general academic wordlist can be a
valuable resource for L2 learners. This idea supports Hyland (2016), who points out that the
general and specific EAP approaches should be seen as ends of a continuum rather than a
dichotomy. In other words, specificity in wordlist construction should be implemented with
flexibility and consideration of the circumstances of particular students in a class. It also
echoes Nation’s (2016) suggestion that wordlists should suit the characteristics of a

particular group of learners.

4.3. Model of learning sequence for EAP learners

Expanding on Danegt al.’s (2017) sequence of learning the ASWL, this study proposes a
model which assigns together general high-frequency wordlists, universal academic
wordlists, and discipline-specific wordlists (see Figure 3). Teachers can set the learning
goal and sequence to match the target academic subjects, vocabulary levels, and learning
purposes of the learners in a particular language program by following the two steps in this
model. The ASWLHSWL, and potentially, &dt science spoken wordlist (SSWl_janda
medical spoken wordlist (MSWEpre used as the illustrations for the model. Although

these lists are spoken wordlists, this model can also be applied to written wordlists.
[FIGURE 3 NEAR HERE]

In the first step, teachers can determine the relevant wordlist for a particular group of
learners based on their target academic subjects. In an English for General Academic

Purposes (EGAP) program which is made up of both hard and soft science students, it is
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usually challenging for EAP teachers to address the specific needs of every learner due to
the great variation in learners’ target subject areas. Hence, universal academic wordlists

such as the ASWL are more practitt@n a discipline specific list.

It is important to note that drawing EGAdarners’ attention to the core vocabulary does
not mean a lack of focus on the discipline-specific meanings of a word. As suggested by
Nation (2013), the core meaning and discipline-specific meanings should not be seen as
different from each other. Knowledge of the core meaning provides an excellent
scaffolding for the acquisition of discipline-specific meanings (Crossley, Salsbury, &
McNamara, 2010). Highly frequent meanings are more likely to be stored as separate
entries in the brain while less frequent meanings are more likely to be inferred from the
context. Therefore, knowledge of the core meaning of an academic word will help learners
to gradually become aware of its discipline-specific meanings if they meet the word very
often in texts from their specific disciplines. These multiple encounters of the items from
universalacademic wordlists in different contexts help to enrich learners’ knowledge of the

discipline-specific meanings and help storage.

However, in an English for Specific Academic Purposes (ESAP) or English for Specific
Purposes (ESP) program where learners have highly specific needs and plan to study the
same discipline (e.g., hard discipline) or even the same subject area (e.g., Medicine),
discipline-specific lists may better sefearners’ needs than general academic wordlists.
Specialized vocabulary tends to occur more often in specialized texts (Chung & Nation,
2004; Nation, 2016). Hence, compared with universal academic wordlists, discipline-

specific wordlists, which are sdledeveloped from texts in learners’ target disciplines, are
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better at drawing their attention to the most important words in their specific areas and
providing a shortcut to reduce the amount of learfiNegion, 2013). Moreover, learners

are motivated to learn items from these lists because they can clearly see the relationship
between what they study in their English courses and their subject courses (Basturkmen,
2003; Hyland, 2016). Additionally, the similéies in the learners’ academic discipline may

make it easier for teachers to focus on more specialized vocabulary in a specific discipline.
Therefore, a wordlist specially developed for hard science students like the HSWL is the
most suitable for ESAP programs that consist of only hard science students, and a potential
SSWL may be the most relevant for ESAP programs with only soft science students.
Similarly, in ESP programs where all learners plan to study the same specific subject areas,
for example, Medicine, a specialized wordlist such as a potential MSWL may be the most

appropriate for this group of learners.

Once teachers have identified the relevant wordlist for their learners, the next step is
identifying the learning goals and sequences for the learners based on their current
vocabulary levels and learning purposes. Let us take the beginner learners (i.e., those
having not mastered the most frequent 1,000 BNC/COCA word families) in an ESAP
program whose learners all plan to study hard sciences as an example. If these learners
would like to go straight to the most frequent and wide ranging lexical items in hard science
speech, they can start learning items from Level 1 of the HSWL. This sequence istefficien
in terms of time because learners’ attention would be drawn to the lexical items that are
most relevant to their academic subject areas. The trade-off is that they would miss the

items that are useful for engaging in general conversation. For example, 21 survival words
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(Nation & Crabbe, 1991) are not in the HSWL.: bus, delicious, excuse, goodbye, hospital,
ladies, police, sick, thirteen, towi™ 1,000 BNC/COCA word level), gents, hotel,

newspaper, restaurant, stamps, ticket, toilet, tourist, wel(@hg,000 BNC/COCA word

level), entrancg3™ 1,000 BNC/COCA word level), and ext" 1,000 BNC/COCA word

level). If the learners would like to master items that are useful for general use first, they
can learn items from Natids (2012) BNC/COCA lists, and then move to the relevant

levels of the HSWL once they are happy with their knowledge of general vocabulary.

While these sequences take more time than going straight to the HSWL, they would enable
learners to effectively engage in both general conversation and academic spoken discourse.
Dividing specialized wordlists into levels and integratinigtio lists of general vocabulary

is innovative. This approach makes it possible for learners to start learning specialized
vocabulary at any level of general proficiency, and therefore, gives more flexibility to
teachers and learners. Students can consider the pros and cons of each sequence and choose

the one that best suits learners’ learning purposes and proficiency level.

Taken together, considerimgarners’ target academic subject areas, proficiency levels,
and learning purposes in the determination of the learning goal and sequence offers several
benefits. First, it ensures that the list draws as mughsaile learners’ attention to
specialized vocabulary in their academic disciplines but still matches the context of their
EAP programs. Second, it avoids repeatedly teaching and learning known items asd allow
learners and teachers to spend their time effectively. It should be noted that once the
relevant list and the learning sequence for the learners have been identified, teachers and

material designers can use Nation’s (2007) four strands to guide the design of learning
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activities and materials so that their learners can repeatedly encounter and use the target
words in different contexts related to their subject areas. This allows learners to acquire,

consolidate, and expand their knowledge of these words in a meaningful way.

5. Limitations and futureresearch

The present study has a number of limitations. First, like previous corpus-driven studies
into the vocabulary load of spoken discourse (Dang & Webb, 2014; Nation, 2006; Webb &
Paribakht, 2015; Webb & Rodgers, 2009a, 2009b), the coverage figures in this study were
calculated with the assumption that learners are able to recognize the spoken forms of the
words ancproper nouns. Although L2 learners’ aural and orthographic knowledge are

closely related, the gap between the two kinds of knowledge may vary according to the
learning contextsnd learners’ characteristics (Milton, 2009). Additionally, it may be
overoptimistic to expect that L2 learners need little effort to recognize proper nouns in
listening (Kobeleva, 2012). Second, this study focuses on single word units while
knowledge of multi-words is also essential for fluent processing (Simpson-Vlach & Ellis,
2010). Third, like most previous corpus-based wordlists (e.g., Coxhead, 2000; Gardner &
Davies, 2014), this study used lexical coverage as the only indicator of the list value while

there are many factors influencing the value of a wordlist for L2 learners.

There are a few directions for future research. First, it is beneficial to develop a SSWL
for ESAP programs which consist of only soft science students. Such research provides not
only a useful tool for soft science students in these programs, but also further insight into
the similarities and differences between hard and soft spoken vocabulary. Second, it is

useful to create spoken wordlists of specialized vocabulagpecific subject area (e.qg.,
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Mathematics, Medicine, or Engineering). Third, the importance of multi-word units in
fluency development also means that there is value in developing discipline-specific lists of
multi-words. Such wordlists together with the ASWL and the HSWL will provide teachers
and learners with a wide range of options so that they can choose the list which best suits
their learning and teaching contexts. Fourth, it is beneficial for future studies to investigate
learners’ knowledge and teachers’ perceptions of the value of items in these corpus-based

wordlists so that these lists can better serve the need of learners in a particular context.

6. Conclusion

This study is among several attempts to explore the nature of academic spoken vocabulary
to better support L2 learners’ vocabulary development. On one hand, it confirms the value

of Danget al.’s (2017) ASWL for EGAP programs. On the other hand, it indicates the

value of discipline-specific wordlists for ESAP programs. The HSWL developed in this
study consists of 1,595 word families which are the most frequent, wide ranging, and
evenly distributed items in hard science speech. It benefits hard science students in ESAP
programs irrespective of their target subject areas, language proficiency levels, and
university administrative structures. Compared with the ASWL, the HSWL better focuses
hard science students’ attention to specialized vocabulary in their field. Therefore, this

study highlights the fact that there is no one-size-fits-all specialized wordlist, and provides
amodel in which teachers can choose the specialized wordlist and learning sequence to
match the target academic subjects, current proficiency levels, and learning purposes of the

learners in their programs.
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Notes

!so-called is outside the BNC/COCA lists because these lists do not in include hyphenated
items

2,3 These wordlists have not been developed yet. They are potential wordlists that were

used to illustrate for the model.
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Table 1. Five corpora in the present study

Corpus Purposes Size

1st hard science spoken corpus Develop the HSWL 6,515,717

2nd hard science spoken corpu Validate the hard science, academic, and 6,397,458
spoken nature of the list

Soft science spoken corpus Validate the hard science nature of the list 6,513,944

Hard science written corpus Validate the spoken nature of the list 6,631,403

Non-academic spoken corpus Validate the academic nature of the list 6,505,382

Table 2. First hard science spoken corpus

Hard-applied

Hard-pure

Subject Running words
Astronomy 593,062
Biology 552,452
Chemistry 556,138
Ecology & Geology 555,312
Mathematics 450,481
Physics 554,178

Total 3,261,623

Subject

Chemical Engineering
Computer Sciences
Cybernetics

Electrical Engineering
Health & Medical Sciences
Mechanical Engineering
Total

Running words

563,938
555,175
555,401
550,181
470,795
558,604
3,254,094
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Table 3. Second hard science spoken corpus

Hard-pure Hard-applied
Subjects Running words Subjects Running words
Biology 699,286 Applied Statistics 14,179
Chemistry 761,025 Civil Engineering 33,718
Ecology & Geology 15,459 Computer Sciences 347,348
Mathematics 924,437 Construction 20,358
Physics 768,409 Cybernetics 904,854
Electrical Engineering 1,581,306
Engineering Graphics 22,409
General Engineering 118,751
Industrial & Operation Engineering 10,722
Manufacturing 63,912
Marine Engineering 46,567
Mechanical Engineering 21,279
Meteorology 43,439
Total 3,168,616 Total 3,228,842

“ Subjects that are not represented in the first hard science spoken corpus

Table 4. Soft science spoken corpus

Soft-pure Soft-applied

Subjects Running words Subjects Running words
Art 553,160 Business 513,133
Cultural Studies 498,393 Economics 610,998
History 554,214 Education 571,023
Philosophy 549,577 Law 616,398
Political Studies 545,059 Management 461,093
Psychology 555,880 Public Policy 485,016

Total 3,256,283 Total 3,257,661
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Table 5. Hard science written corpus

Hard applied

Hard pure

Subjects Running words

Astronomy 293,720
Biology 341,250
Chemistry 122,283
Ecology & Geology 275,173
General Sciences 1,195,124
Mathematics 688,465
Physics 183,776
Total 3,099,791

Subjects

Agriculture

Civil engineering
Computer science
Cybernetics
Electrical engineering
General Engineering
Health & Medicine
Material Engineering
Mechanical engineering
Media Art & Science
Meteorology

Total

Running words
425,647
430,706
191,735

86,208
576,810
720,587
398,153
155,905
382,337
120,796

42,728

3,531,612
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Table 6. Non-academic spoken corpus

Main variety of Running
Corpus _
English words
' ' Indian, Pilipino, 5,262,502
International Corpus of English (spoken, non- . .
. Singapore, Canadiar
academic) _
Hong Kong, Irish,
Jamaican & New
Zealand
TV program corpus (Rodgers & Webb, 2011) British & American 943,058
Santa Barbara Corpus of Spoken American-Engli: American 299,822
(non-academic)
Total 6,505,382
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Table 7. Lexical profile of the HSWL

HSWL Number of Additional
BNC/COCA word level N Examples
level word-families  coverage (%)
Level 1 151,000 762 81.47 machine, gas
Level 2 2"91,000 384 5.06 metal, laboratory
Level 3 391,000 296 3.14 molecule, element
Level 4 4" 1,000 73 0.65 matrix, magnitude
51 1,000 36 0.28 analogy, equilibrium
6 1,000 17 0.15 vector, invert
7t 1,000 10 0.07 gradient, gamma
8 1,000 5 0.03 iterate, algebra
9" 1,000 1 0.01 exponential
10" 1,000 5 0.04 sine, epsilon
11" 1,000 2 0.01 lambda, cubed
121,000 1 0.02 theta
13" 1,000 1 0 quadratic
16™ 1,000 1 0.01 cosine
Outside BNC/COCA2500( 1 0 socalled
Total 1,595 90.94
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Table 8. Potential coverage gained by learners with the aid of the HSWL (%)

Group Existing vocabulary leve Number of Without PN & MW With PN & MW
HSWL beyond

1st corpus 2nd corpus 1stcorpus  2nd corpus
Beginner Less than 1,00( 1,595 90.94 90.82 92.97 93.35
Pre-Intermediate 1,000 833 91.48 91.15 93.51 93.68
Intermediate 2,000 449 92.47 91.81 94.50 94.34
Advanced 3,000 153 93.55 92.54 95.58 95.07
Proper nouns (PN) 0.66 0.74
Marginal words (MW) 1.37 1.79

Table 9. Potential coverage gained by the intermediate and advanced learners from the subsequent BNC/CQ@§ kefrelquen

(%)
Group of learners Existing vocabulary Extra words from the Without PN & MW With PN & MW
level (BNC/COCA  BNC/COCA list
- 1st corpus 2nd corpus 1st corpus 2nd corpus
word families)
Intermediate 2,000 391,000 92.28 90.87 94.31 93.40
Advanced 3,000 4" 1,000 93.79 92.32 05.82 94.85
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Figure 1. Dang et al.’s (2017) learning sequence of the ASWL

Have not mastered the most frequent 1,000 BNC/COCA word families ] -

K1 BNC/COCA

Have mastered the most frequent 1,000 BNC/COCA word families ] ‘

ﬁ.ﬁ

[ Have mastered the most frequent 2,000 BNC/COCA word families ] -

K3 BNC/COCA

l Have mastered the most frequent 3,000 BNC/COCA word families ] ‘ Lewvel 4 (ASWL)

...

Technical vocabulary in
their fields
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Figure 2. Component of the potential coverage reached by learners of different vocabulary levels with the aid of the HSWL

Groupsof learners

Beginner

Vocabulary level

Lessthan 1,000

Sour ces of potential coverage

BNC/COCA word families

Coverage oAll HSWL word families J

Pre-Intermediate

1,000
BNC/COCA word families

~N

J/

I ntermediate

.

/[ Coverage of th&* 1,000 BNC/COCA word families

~N

Coverage of thé evels 2-4 HSWL word families

J/

Vs

2,000
BNC/COCA word families

\

N
Coverage of tha® & 2" 1,000 BNC/COCA word

families
J

Advanced

~N

Coverage of thé evels 3-4 HSWL word families

J/

3,000
BNC/COCAword families

Coverage of tha%, 2"4 & 39 BNC/COCA word
families
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Figure 3. Options in wordlists and learning sequence for different EAP/ESP programs

Step 1. Identifying the relevant list based on learners’ target academic subjects

[ EAP/ESP Programs ]

V- T

English for General English for Specific English for Specific
Academic Purposes Academic Purposes Purposes
A mixture of Hard & Soft science Hard science Soft science A specific subject area
students students only students only (e.g., Medicine)
. J
¢ l l A 4
Academic Spoken Word Hard Science Spoken Soft Science Spoken Medical Spoken

P

Step 2. Identifying the learning goal & sequence based on learners’ existing
vocabulary knowledge and learning purposes

[ Have not mastered the most frequent 1,000 BNC/COCA word families ]—> Level 1
(ASWL/HSWL/SSWL/MSWL)

v
15t 1,000 BNC/COCA
Have mastered the most frequent 1,000 BNC/COCA word families Level 2
' (ASWL/HSWL/SSWL/MSWL)
v

2" 1,000 BNC/COCA

'

[ Have mastered the most frequent 2,000 BNC/COCA word families ]\,

Level 3
(ASWL/HSWL/SSWL/MSWL)

A
371,000 BNC/COCA

[ Have mastered the most frequent 3,000 BNC/COCA word families ]——b Level 4
(ASWL/HSWL/SSWL/MSWL)
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