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Abstract

Knowledge of academic words, academic formulas and general for-
mulas is essential for second language learners, but resources for
incidental learning of these lexical items are very limited, especially
in English as a Foreign Language contexts. This study employed a
corpus-driven approach to examine the potential of online news for
incidental learning of core academic words, academic formulas, and
general formulas. Twenty-six corpora were created from voice of
America (VOA) news to represent the amounts of reading that learn-
ers with the reading speed of 200 words per minute (wpm) and those
with the reading speed of 150 wpm could complete within certain
periods of time if they read VOA news regularly for 40 minutes per
day and 5 days per week. Then, occurrences of core academic words,
academic formulas, and general formulas represented by well-known
lists in each corpus were counted with corpus-based tools. Analysis
showed that the number of core academic words, academic formulas,
and general formulas increased steadily as more input was added.
Depending on the kind of target vocabulary and the reading speed,
reading VOA news regularly for 3 months to 3.5 years would likely
offer learners opportunities to encounter nearly all target words/for-
mulas and encounter at least 80% of them 12 or more times in their
reading. This finding suggests that online news is a useful resource
for incidental vocabulary learning. It also indicates the minimal
amounts of reading needed for incidental learning of core academic
words, academic formulas, and general formulas.
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INTRODUCTION

here are a large number of words and formulas that second lan-

guage (L2) learners need to know. Explicitly teaching all of them
is challenging given the limited class time (Webb & Nation, 2017).
Therefore, apart from deliberate learning, incidental learning has
been widely recommended as a way for L2 learners to expand their
vocabulary knowledge. Incidental vocabulary learning refers to learn-
ing vocabulary through meaning-focused activities (e.g., reading news,
listening to songs, or watching television programs) (Ellis, 1999; Webb
& Nation, 2017). This means learners mainly focus on understanding
the message in the input rather than deliberately learn a set of lexical
items from the activities. For incidental learning to happen, learners
need to repeatedly meet target lexical items in a large amount of com-
prehensible input of their interests so that these items could be
attended to and learned (Nation, 2007). However, research has shown
that the amount of L2 input in English as a Foreign Language (EFL)
contexts is very limited and mainly comes from textbooks (Alsaif &
Milton, 2012; Jordan & Gray, 2019). Unfortunately, EFL textbooks pro-
vide very few chances for learners to incidentally learn general words
(Sun & Dang, 2020), academic words, and academic formulas (Cox-
head, Rahmat, & Yang, 2020). This leads to the need for exploring
sources for incidental learning of these lexical items. Yet earlier studies
have mainly focused on resources for incidental learning of general
words. Very few studies have investigated resources for incidental
learning of formulas and academic vocabulary. This is surprising
because formulaic knowledge enables L2 learners to reach higher
levels of language proficiency (Siyannova-Chanturia & Pellicer-
Sanchez, 2019) while knowledge of academic vocabulary is essential
for those planning to study in English-medium or English for Aca-
demic Purposes (EAP) programs (Coxhead, 2018).

Online news might be a potential source for incidental learning of
formulas and academic vocabulary for several reasons. First, as authen-
tic materials, online news may include a considerable number of for-
mulas. Moreover, because online news covers a wide range of topics
(e.g., science, heath, technology, art, and culture), it may contain a
substantial number of academic words and formulas. Reading a large
amount of online news, therefore, may offer learners opportunities to
repeatedly encounter academic words (e.g., terminate, maximize, utilize),
academic formulas (e.g., according to the, in terms of, in response to), and
general formulas (e.g., no doubt, a great deal, kind of) in various con-
texts. As previous research (Hsu, 2019; Teng, 2015) found that mid-
frequency words could be learned through reading online news, the
same patterns may be found in the case of academic words, general
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formulas, and academic formulas. Another reason why online news may
be a potential source for learning academic words, general formulas,
and academic formulas is its lighter vocabulary load compared to aca-
demic texts. To achieve reasonable comprehension,' learners would
need to know 4000 words in the case of online news (Hsu, 2019), but
11,000 words in the case of academic texts (Lu & Coxhead, 2019). The
lighter vocabulary load may make it easier for learners to attend to unfa-
miliar lexical items and incidentally learn them when online news is used
as the input than when academic texts are used. Last but not least,
online news covers a wide range of topics. It is much shorter than aca-
demic texts and is freely available for everyone through a cell phone or a
computer connecting to the Internet. Therefore, learners could access
this kind of input easily, choose the news to read according to their inter-
ests, and can finish reading a piece of news in a short period of time.
This will motivate them to read regularly and make it possible for teach-
ers to set reading news as both in-class and outside classroom activities.

Despite the potential of online news for incidental learning of aca-
demic words, academic formulas, and general formulas, no attempts have
been made to test this hypothesis. To address this gap, this corpus-driven
study aimed to estimate the extent to which learners would encounter
academic words, academic formulas, and general formulas if they read
voice of America (VOA) news, a popular kind of online news, over certain
periods of time. The finding of the study would provide further insight
into the value of online news for incidental vocabulary learning and use-
ful implications for English language teachers and learners, especially
those working in English-medium programs and EAP programs.

BACKGROUND
Academic Words, Academic Formulas, and General Formulas

Vocabulary can be counted as single words and formulas (Webb &
Nation, 2017). A formula is a string of words that ‘is perceived by the

! Following Nation’s (2006) seminal work, corpus-driven research has widely adopted the
98% coverage as the optimal lexical coverage for comprehension of written texts. How-
ever, a lower coverage cut-off point (95%) was selected in the present study to indicate
reasonable comprehension because there are chances that learners could read for plea-
sure at this lexical coverage level. First, Laufer’ (2020) recent experiment with EFL learn-
ers found that the comprehension and inferencing scores of participants who read the
95% lexical coverage version of a text were not significantly different from the scores of
those reading the 98% lexical coverage version. Therefore, it could be expected that
there would be no significant difference in students’ reading speed whether the 95% or
the 98% coverage was adopted. Second, lexical coverage is not a single factor affecting
comprehension of texts, other factors (e.g., background knowledge on the topic, reading
strategies) also play a role (e.g., Nergis, 2011).
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agent (i.e., learners, researchers, etc) to have an identity or usefulness
as a single lexical unit’ (Wray, 2019, p. 267). Single words and formu-
las can be further classified into academic and general items. Aca-
demic words (e.g., accumulate, significant) and academic formulas (e.g.,
in terms of, in response to) occur frequently in academic discourse
whereas general words (e.g., holiday, cake) and general formulas (e.g.,
feel like, no doubt) occur frequently in various kinds of discourse.

Knowledge of academic words, academic formulas, and general for-
mulas® is particularly important for learners studying in English med-
ium university programs and EAP programs. Academic vocabulary is
an essential component of university discourse and knowledge of this
vocabulary significantly contributes to students’ comprehension of aca-
demic text and academic performance (Coxhead, 2020). Meanwhile,
formulaic knowledge is essential for L2 learners to achieve higher lan-
guage  proficiency levels  (Siyannova-Chanturia &  Pellicer-
Sanchez, 2019). As formulas make up a large proportion of language,
knowledge of these items would allow learners to improve their com-
prehension and production of the language, which would then
develop their fluency (Simpson-Vlach & Ellis, 2010).

Despite the value of academic vocabulary and formulas, L2 learners
have insufficient knowledge of these lexical items (e.g., Nguyen &
Webb, 2017; Read & Dang, 2022). Therefore, several lists of core aca-
demic vocabulary and formulas have been developed to support vocab-
ulary learning of L2 learners, especially EAP learners. Reviewing all of
them is beyond the scope of a single study (please see Dang, 2020a for
a systematic review). Therefore, this section will focus on four vocabu-
lary lists: Academic Word List (Coxhead, 2000), the Academic Spoken
Word List (Dang, Coxhead, & Webb, 2017), the Phrasal Expressions
List (PHRASE list) (Martinez & Schmitt, 2012), and the Academic For-
mulas List (Simpson-Vlach & Ellis, 2010). There are several reasons for
this focus. First, these lists have clear pedagogical purposes. Second,
they have clear selection criteria, which makes it possible for replica-
tion. Third, they have gone through a rigorous process of develop-
ment and validation and has been widely recommended by vocabulary
researchers (e.g., Coxhead, 2018, 2020; Nation, 2016). Last but not
least, these lists are all publicly available, which makes it possible for
teachers, learners, and researchers to make use of them.

Appendix 1 presents the key features of each list. The Academic
Word List (AWL) (Coxhead, 2000) and the Academic Spoken Word
List (ASWL) (Dang et al., 2017) are lists of core academic words. The

2 General words can be further divided into high-frequency words, mid-frequency words,
and low-frequency words. Knowledge of high-frequency words and mid-frequency words
is essential for L2 learners. As Hsu (2019) has already examined the potential of VOA
news for learning these words, the present study would not focus on these words.
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AWL was developed from an academic written corpus of 3.5-million
words and the ASWL was derived from an academic spoken corpus of
13-million words to support EAP learners’ comprehension of academic
written and spoken English, respectively. Statistical criteria (range, fre-
quency, and dispersion) were used to ensure these lists capture core
items that occur frequently in a wide range of academic texts. More-
over, Coxhead (2000) and Dang et al. (2017) also consider learners’
prior knowledge of general words and excluded from their lists words
that are likely to be known by learners. The AWL and ASWL consis-
tently covered 10% of the words in academic written English and 90%
of the words in academic spoken English, respectively.

The Phrasal Expressions List (PHRASE List) (Martinez & Sch-
mitt, 2012) and the Academic Formulas List (Simpson-Vlach &
Ellis, 2010) are lists of core formulas. The PHRASE List was developed
with the aim to guide L2 vocabulary learning and teaching and to mea-
sure progress in vocabulary acquisition while the AFL was developed to
support EAP learners in their academic study. The PHRASE List was
derived from the British National Corpus of 100-million words, which
represents both spoken and written English. Meanwhile, the AFL was
created from an academic spoken corpus and an academic written cor-
pus, each of which has around 2.1-million words. Statistical criteria
(range, frequency, and N-grams) were used in the development of these
lists to ensure that they capture core formulas that occur frequently in
general English (PHRASE List) and academic English (AFL). Other cri-
teria were also used to make these lists better meet their end-users’ need.
A series of qualitative criteria (e.g., morpheme equivalence, semantically
transparency, potentially deceptive transparency) were applied to filter
items in the PHRASE List so that only meaningful formulas were kept.
Meanwhile, the AFL formulas were ranked according to their value for
learning and teaching as rated by experienced EAP instructors.

As all items in the AWL, the ASWL, the AFL, and the PHRASE list
have met the rigorous selection criteria, they well represent core aca-
demic written words, academic spoken words, academic formulas, and
general formulas. Their developers and other vocabulary researchers
have recommended that if learners would like to have a solid knowl-
edge of these core lexical items, they should know all items from these
lists (e.g., Coxhead, 2000, 2018; Dang et al., 2017; Martinez & Sch-
mitt, 2012; Nation, 2016; Simpson-Vlach & Ellis, 2010). Given the ped-
agogical value of the four lists for L2 learners, it is important to
identify various ways to support L2 learners’ acquisition of items from
these lists (Coxhead, 2018; Nation, 2016). In addition to explicit teach-
ing, exploring resources for learners to incidentally learn these core
academic vocabulary and formulas is also important. The next section
discusses research on incidental vocabulary learning further.
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Factors Affecting Incidental Second Language Vocabulary
Learning

Incidental vocabulary learning from meaning-focused input is essen-
tial for L2 vocabulary development (Nation, 2007). To communicate
effectively, learners need to know a large number of words and formu-
las, but the limited class time makes it challenging for teachers to
explicitly teach all of them to their learners. Moreover, vocabulary
learning is an incremental process; therefore, apart from explicit
teaching, teachers should create opportunities for learners to repeat-
edly encounter the target lexical items in varied contexts so that they
can deepen knowledge of these items (Webb & Nation, 2017).

Research has indicated that incidental learning of single words and
formulas through written input could be affected by various
vocabulary-related factors (e.g., frequency of occurrences, cognateness,
congruency, concreteness), learner-related factors (e.g., prior vocabu-
lary knowledge, topic familiarity, language proficiency, engagement),
and inputrelated factors (e.g., input modes, text enhancement) (see
Boers, 2020 and Peters, 2020 for detailed reviews). Among these fac-
tors, frequency of occurrence has received the greatest attention from
previous studies. Research has found that frequency of occurrence has
a positive impact on the learning of both single words (e.g., Pellicer-
Sanchez & Schmitt, 2010; van Zeeland & Schmitt, 2013) and formulas
(Webb, Newton, & Chang, 2013). However, no agreement has been
reached about the frequency threshold at which incidental vocabulary
learning occurs. Vidal (2011) found that learning increased the great-
est between two and three repetitions in the case of reading and five
to six repetitions in the case of listening. However, other studies sug-
gested that a larger number of repetitions are needed: 10 or more
times (Webb, 2007) and 20 or more times (Brown, Waring, &
Donkaewbua, 2008) in the case of written input, and 15 or more times
in the case of spoken input (van Zeeland & Schmitt, 2013). The incon-
sistent findings are probably because of the variation in the measures
of vocabulary knowledge and the kind of input being examined across
studies. Moreover, as previously mentioned, apart from frequency of
occurrence, other factors also affect incidental vocabulary learning
(Boers, 2020; Peters, 2020). In fact, in a meta-analysis of the effects of
frequency on incidental vocabulary learning, Uchihara, Webb, and
Yanagisawa (2019) found that frequency and learning gains moder-
ately correlated with each other and other factors (e.g., learners’ age
and engagement) also contributed to vocabulary learning. These find-
ings suggest that while frequency of occurrence is important, it is not
the only factor that affects vocabulary learning. Thus, Webb and
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Nation (2017) pointed out that although the more frequently a lexical
item occurs in the input, the more likely it is to be learned, there is
no frequency threshold at which learning occurs.

Given the lack of a frequency threshold for incidental vocabulary
learning to happen, corpus-driven studies have adopted certain arbi-
trary frequency cut-off points to estimate the potential for incidental
learning from input. Knowledge of form-meaning connection is a key
aspect of knowing a word, but knowledge of other aspects (e.g., word
parts, associations) is also important (Nation, 2013). Therefore, most
studies (e.g., Csomay & Petrovic, 2012; Rodgers & Webb, 2011;
Webb, 2010) set 10 or more times as the point at which incidental
learning of the form-meaning connection of new words happened and
5 or more times as the point at which knowledge of other aspects of
known words was acquired. Meanwhile, other studies (Hsu, 2019;
Nation, 2014) chose 12 or more times as the point at which inciden-
tally learning of the form-meaning connection of new vocabulary
occurred. Recently Dang (2020b) and Sun and Dang’s (2020) adopted
a range of frequency cut-off points: 5 or more times, 10 or more times,
15 or more times, and 20 or more times. This approach provides a bet-
ter insight into the potential of learning from L2 input. The present
study followed Dang’s (2020b) and Sun and Dang’s (2020) approach
by using multiple frequency cut-off points: 5 or more times, 12 or
more times, and 20 or more times. The cut-off point of 5 or more
times was chosen to indicate the point at which partial knowledge of
different aspects of known vocabulary could be acquired and
expanded. The cut-off point of 12 or more times was chosen to indi-
cate the point at which knowledge of the form-meaning connection of
new vocabulary could be learned incidentally. As this cut-off point has
been used by Hsu (2019) to examine the potential of VOA news for
learning mid-frequency words, it would allow a direct comparison of
the findings of the present study with those of Hsu’s study. The cut-off
point of 20 or more times was chosen because it indicates the point at
which the effect of frequency of occurrence on incidental learning of
new vocabulary is still stable (Uchihara et al., 2019).

Potential Sources for Incidental Vocabulary Learning

Although incidental vocabulary learning is essential for L.2 vocabu-
lary development, learners in EFL contexts have limited amounts of
input (Webb & Nation, 2017). Therefore, a major trend in vocabulary
studies is to explore potential sources of input for incidental vocabu-
lary learning to happen. Based on systematic analysis of the occur-
rences of vocabulary in large amounts of texts representing certain
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discourse types, corpus linguistics offers an innovative approach to
identify these sources.

Earlier corpus-driven studies have indicated that textbooks in EFL
contexts do not create ideal conditions for incidental learning of both
single words and formulas. Sun and Dang’s (2020) analysis of a set of
senior high school EFL textbooks in China revealed that 86.7% of the
second 1000 words and 62.8% of the third 1000 words of general Eng-
lish occurred in these textbooks; importantly, only 50.2% of the sec-
ond 1000 words and 27% of the third 1000 words occurred 10 or
more times in the textbooks. This indicates that these textbooks pro-
vided poor conditions for incidental learning of the second and third
1000 words of general English. As for academic vocabulary, Coxhead
et al. (2020) used the AWL to represent core academic written words
and the AFL to represent core academic formulas. They found that
only 3.51% of the academic words occurred at least 10 times in a set
of three EFL textbooks in Indonesia, and only 1.23% occurred at least
10 times in a set of two EFL textbooks in China. Meanwhile, 57% of
the academic formulas occurred in one Chinese EFL textbook and
45.89% occurred in the other. However, Coxhead et al. (2020) did not
report the percentage of core academic formulas that occurred 10
times or more times in their textbook corpora. Despite this fact,
together Coxhead et al.’s findings indicated that the examined EFL
textbooks did not provide sufficient exposure for incidental learning
of core academic words and formulas.

As EFL textbooks provide few opportunities for incidental vocabu-
lary learning, research has identified several potential resources for
EFL learners to incidentally learn vocabulary. Most research has
focused on general words. Webb and Rodgers conducted a series of
studies exploring the potential of television programs (e.g., Rodgers &
Webb, 2011; Webb & Rodgers, 2009a) and movies (Webb, 2010; Webb
& Rodgers, 2009b) for learning low-frequency words. These research-
ers set 10 or more encounters as the point at which incidental learn-
ing of the form-meaning connection of new words happened and 5 or
more encounters as the point at which knowledge of other aspects of
known words was learned. They found that a reasonable number of
low-frequency words occurred at least five or more times in television
programs and movies, suggesting that television programs and movies
are potential sources for incidental learning of low-frequency words.

Unlike Webb and Rodger, Nation (2014) and Hsu (2019) identified
sources for incidental learning of mid-frequency words. Setting 12 or
more occurrences as the frequency cut-off point for incidental learn-
ing to happen, Nation (2014) found that 80% of the words from the
second to the nineth 1000 words occurred at least 12 times in his 3-
million-word corpus of novels, and therefore suggested that to
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incidentally learn mid-frequency words, learners would need to read at
least 3-million words from novels. He also pointed out that if EFL
learners read at the speed of 200 words per minute and spend 40 min-
utes per day and 5 days per week, they would be able to complete this
reading amount within a year and are likely to have enough exposure
to most of the midfrequency words. Following Nation’s approach,
Hsu (2019) also set 12 or more times as the cut-off point for inciden-
tal learning of mid-frequency words. She found that 80% of the words
from the first to the nineth 1000-word levels occurred at least 12 times
in a 6-million word corpus of VOA news. This finding indicates that to
incidentally learn most of the mid-frequency words, learners would
need to read 6-million words from VOA news. Hsu’s study also
revealed that 4000 words are needed for reasonable comprehension of
VOA news (i.e., to know 95% of the words in the news). Together,
Nation’s (2014) and Hsu’s (2019) studies indicate that novels and
VOA news are potential sources for incidental learning of mid-
frequency words.

Several corpus-driven studies have explored potential sources for
incidental learning of technical words. Rolls and Rodgers (2017) ana-
lyzed the occurrences of scientific specific technical words represented
by Coxhead and Hirsh’s (2007) EAP Science List in a corpus of
science fiction-fantasy texts. The results showed that the EAP science
list covered 0.5% of the words in the corpus, which was 46% higher
and 70% higher than its coverage in fiction texts (0.27%) and aca-
demic science journals (1.68%), respectively. Rolls and Rodgers also
found that 21% of the items from the EAP Science list occurred 10 or
more times at the 500,000-word reading level and suggested that
science fiction-fantasy could be a potential source for learners to learn
specialized vocabulary in science.

Two studies have explored the potential for learning technical
words through watching discipline-related television programs (Cso-
may & Petrovic, 2012; Dang, 2020b). Csomay and Petrovic defined
technical words as those appearing in discipline-related movies and
television programs and having specialized meaning in a specialized
dictionary. They then developed a list of technical words in law-related
television programs and movies and analyzed the occurrences of these
words in these movies and programs. The findings showed that words
with occurrences of 10 or more encounters made up 73.8% of the
words in the corpus of movies and programs. Dang (2020b), however,
defined technical vocabulary as those occurring frequently in special-
ized texts. She created a Medical Spoken Word List (MSWL) which
represented technical words in medical lectures and seminars, and
analyzed the occurrences of these words in a corpus of 37 medical
television programs. The results revealed that watching all 37 programs
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would enable learners to be exposed to all MSWL words, and repeat-
edly meet 99.44% of the MSWL words 20 or more times. Despite the
different approaches, both Csomay and Petrovic’s (2012) and
Dang’s (2020b) findings suggested that discipline-related television
programs have potential for learning technical words.

It can be seen that previous research on non-textbook resources for
incidental vocabulary learning only examined the learning of single
words, especially general words (mid and low frequency words) or
technical words in a specific discipline (science, law, and medicine).
Moreover, only three studies have explicitly estimated the minimal
amounts of input needed for incidental vocabulary learning to hap-
pen. Yet they only focused on mid-frequency words (Hsu, 2019;
Nation, 2014) and technical words in a specific subject (Rolls & Rod-
gers, 2017). General formulas (e.g., as well as, of course), academic for-
mulas (e.g., in fterms of, in response to), and academic words (e.g.,
accumulate, significant) are also important for L2 learners. Knowledge
of core formulas such as general formulas and academic formulas is
essential for higher language proficiency levels (Siyannova-Chanturia
& Pellicer-Sanchez, 2019) while knowledge of core academic vocabu-
lary (e.g., the lexical items that occur frequently in a range of aca-
demic disciplines) is also essential for L2 learners, especially those
studying in English-medium programs and EAP programs (Cox-
head, 2018). Given the importance of core general formulas, academic
formulas, and academic words and the lack of research exploring the
potential sources for incidental learning of these items, further
research is warranted.

The Present Study and Research Questions

The literature review has shown that knowledge of core academic
words, academic formulas, and general formulas is essential for L2
learners, especially those studying in English-medium or EAP pro-
grams. Yet no studies have identified the potential sources for inciden-
tal learning of these lexical items. Nor have any studies estimated the
minimal amounts of inputs which could potentially lead to incidental
learning of core academic words, academic formulas, and general for-
mulas. To address these gaps, the present study employed a corpus-
driven approach and used VOA news as an example to investigate the
potential of online news for incidental learning of the core academic
words, academic formulas, and general formulas represented by well-
known vocabulary lists. Apart from this primary aim, this study also has
a secondary aim of comparing the relative value of online news for
learning each group of core vocabulary. VOA news was chosen because
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earlier research has shown that reading VOA news could help learners
to incidentally learn mid-frequency words (Hsu, 2019). Moreover,
VOA news is freely available and has been widely used as the learning
materials in many EFL classes. These features make it possible to
incorporate this kind of input in real classrooms. In particular, this
study aimed to answer the following research questions:

1. To what extent are core academic words encountered in differ-
ent amounts of VOA news reading?

2. To what extent are core academic formulas encountered in dif-
ferent amounts of VOA news reading?

3. To what extent are core general formulas encountered in differ-
ent amounts of VOA news reading?

METHODOLOGY
Research Design

A corpus-driven approach was employed to find the answer to the
three research questions. First, we created 26 corpora representing the
amounts of reading that learners with the reading speed of 200 words
per minute (wpm) and 150 wpm could complete within certain peri-
ods of time if they read VOA news regularly for 40 minutes per days
and 5 days per week. These reading speeds were recommended by
Nation (2014). Nation’s review of speed reading research indicates
that university EFL students with speed reading training can easily
read texts at an average rate of 200 wpm. As speed reading is a com-
mon activity in many language courses, the speed of 200 wpm was cho-
sen in the present study. However, considering that not all EFL
learners receive speed reading training, we also examined the reading
speed of 150 wpm, which is considered by Nation as a conservative fig-
ure to account for low proficiency learners. Adopting both reading
speeds to estimate the reading amounts that learners are likely to com-
plete in certain periods of time would provide an in-depth evaluation
of the potential of online news for incidental vocabulary learning. The
amount of time spent on regular reading (40 minutes per days and
5 days per week) is also based on Nation’s suggestion.

Once the corpora had been created, we used corpus tools to count
the occurrences of core academic words, academic formulas, and gen-
eral formulas presented by well-known vocabulary lists in each corpus
in turn. After that, we compared the occurrences of these lexical items
in different corpora to see the degree to which core academic words,
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academic formulas, and general formulas were encountered in differ-
ent reading amounts. Detailed information of the corpora, vocabulary
lists, and data analysis is presented below.

Corpora

Twenty-six corpora of VOA news were created in the present study.
Materials for these corpora were developed from VOA news published
online from April 2009 to December 2021. The news was manually
downloaded from the VOA news website https://www.voanews.com/.
Headlines and captions of images were included in the corpus because
they were related to the main content of the news and students could
refer to them when reading the news. Authors’ names and dates of
publication were removed because they were not closely related to the
content of the news and students may not pay much attention to them
when reading. Each corpus has five sub-corpora representing five main
topical sections in the VOA news websites: (1) Arts & Culture, (2)
Economy & Business, (3) Politics, (4) Science & Health, and (5) Sili-
con Valley & Technology.

The steps of creating these corpora are as follows. First, the size of
each corpus was decided based on two factors:

1. The size of the corpus should be roughly around the amount of
reading that EFL learners with different reading speeds could
read within certain periods of time as estimated by
Nation (2014); that is, they could read 200 wpm or 150 wpm
and read 40 minutes per day and 5 days per week.

2. The number of words in each sub-corpus should be roughly the
same to minimize the bias caused by a particular topic on the
lexical analysis.

Second, a series of trials were conducted in which news from five
main topical sections in the VOA news website was gradually added up
until 80% of the academic spoken words, academic written words, aca-
demic formulas, and general formulas in the selected lists occurred at
least 12 times in the whole corpus. As a result, reading amounts rele-
vant to 2.5 years® and 3.5 years® were chosen for the reading speed of

® The 2.5-year corpus (200 wpm) consists of 7478 pieces of news (1459 from Art & Cul-
ture, 1732 from Economy & Business, 1059 from Politics, 1524 from Science & Health,
and 1704 from Silicon Valley & Technology).

* The 8.5-year corpus (150 wpm) includes 7834 pieces of news (1596 from Art & Culture,
1752 from Economy & Business, 1140 from Politics, 1609 from Science & Health, and
1737 from Silicon Valley & Technology).
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https://www.voanews.com/

200 and 150 wpm, respectively. After that, the corpora representing
these reading amounts and their topical sub-corpora were split into
sections representing different reading amounts (e.g., 1 day,
3 months, 6 months) with AntFile Splitter (Anthony, 2017) (see
Appendices 2 and 3). This approach was consistent with earlier studies
(Hsu, 2019; Nation, 2014; Rolls & Rodgers, 2017) and ensured the
analysis would not be biased toward a certain topic or reading
amount.

Vocabulary Lists

Two lists of single words and two lists of formulas were used for the
analysis (see Appendix 1). The lists of single words are the AWL (570
words) (Coxhead, 2000) and the ASWL (1741 words) (Dang
et al., 2017). These lists represent core academic written words and
academic spoken words, respectively. The lists of formulas are the AFL
(207 formulas) (Simpson-Vlach & Ellis, 2010) and the PHRASE List
(505 formulas) (Martinez & Schmitt, 2012). These lists in turn repre-
sent core academic formulas and general formulas. The four vocabu-
lary lists were chosen for the reasons mentioned in the “Background”
section.

Analysis

The occurrences of core academic words, academic formulas, and
general formulas in each corpus representing the amount of VOA
news being read in a certain period of time were investigated from
two perspectives: (1) the number of these items occurring in the news
and (2) the number of these items occurring multiple times in the
news. To investigate the occurrences of academic words, each corpus
was run through the RANGE program (Heatley, Nation, & Cox-
head, 2002). The AWL and ASWL were in turn used as the base word
lists. To examine the occurrences of core academic formulas and gen-
eral formulas, each corpus was uploaded to Sketch Engine. Then, the
frequency of each item in the AFL and the PHRASE lists in the corpus
was computed with the N-gram function and each list of formulas serv-
ing as the base list. Based on these analyses, items in each list were
classified into four groups: (1) items with one or more occurrences,
(2) items with 5 or more occurrences, (3) items with 12 or more
occurrences, and (4) items with 20 or more occurrences. Then, the
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percentage of each group in the list’” was calculated by dividing the
number of items in the group by the total number of items in the list
and multiplying by 100%. For example, the AWL had 570 words, but
only 3 words occurred 20 or more times in the 1-day reading amount
(200 wpm). It means that 0.53% (=3 + 570 x 100%) of the AWL
words occurred 20 or more times in this reading amount.

RESULTS
Occurrences of Core Academic Words in VOA News

In answer to Research question 1, Appendices 4-7 present the
occurrences of core academic spoken words and academic written
words represented by the AWL and the ASWL in different reading
amounts when the reading speeds were 200 wpm (Appendices 4 and
5) and 150 wpm (Appendices 6 and 7). At the speed of 200 wpm,
more than 46% of the core academic spoken words and nearly 32% of

5 As the selected lists have different length, readers may think that it is better to compare
the most frequent items in each list so that each list contains an identical number of
items. While this approach is useful, it does not work in the present study for two rea-
sons. First, all items in the four examined lists, not just the most frequent items, deserve
attention from teachers and learners. If we only evaluate the potential of online news for
learning the most frequent items in the selected lists, we cannot provide a thorough eval-
uation of the potential of online news for learning all core academic words, academic
formulas, and general formulas. For example, analysis of the top 100 items of each
selected list in the 3-month reading amount (at the reading speed of 200 wpm) showed
that all top 100 ASWL words and top 100 AWL words appeared in the examined online
news. Moreover, all of the top 100 ASWL words and 92 of the top 100 AWL words
occurred at least 12 times. However, only 61 of the top 100 AFL formulas and 91 of the
top 100 PHRASE formulas occurred in the examined online news, and only 29 of the
top 100 AFL formulas and 60 of the top PHRASE formulas occurred 12 or more times.
This analysis enables us to compare the relative value of online news for learning the
top 100 items of each list. However, it missed to reflect the fact that other core items in
the selected lists, though not among the top 100 items, also occurred in the reading
(1602 ASWL words, 545 AWL words, 61 AFL formulas, and 216 PHRASE formulas) and
that many of them occurred 12 or more times (1344 ASWL words, 310 AWL words, 13
AFL formulas, 60 PHRASE formulas). In other words, it failed to reflect the fact that
reading online news could potentially help learners to learn other core lexical items, not
just the top 100 items. Second, the original number of items in each list was driven by
the number of items that met the selection criteria set by the list developers. Removing
any items from a list would consequently change the list nature and negatively affect its
pedagogical value. Comparing the percentage of items in each list, though not perfect,
is a more reasonable solution. It helps to deal with the uneven number of items in dif-
ferent lists and at the same time takes the relative value of all items in the list into
account. It also allows us to provide precise implications to teachers and learners; that is,
if learners spend a certain amount of time reading online news regularly, what percent-
age of core academic words, academic formulas, and general formulas could be learned
through this activity. This finding would help teachers to evaluate the relative value of
reading online news for learning core lexical items.
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the core academic written words occurred in the 1-day reading
amount. If the speed was 150 wpm, a smaller percentage of core aca-
demic spoken words (nearly 45%) and academic written words (more
than 26%) occurred in the reading. A relatively small percentage of
core academic spoken words occurred multiple times in both the cases
of 150 wpm and 200 wpm: 11% and 15% (5 or more occurrences),
and 3% and 5% (12 or more occurrences), and 2% and 2% (20 or
more occurrences). Likewise, regardless of the reading speed, the per-
centage of core academic written words with multiple occurrences was
small: 3%-5% (5 or more occurrences), 0.18%-2% (12 or more occur-
rences), and 0%—0.5% (20 or more occurrences).

As more input was added, the percentage of core academic words
being encountered increased accordingly. If the reading speed was
200 wpm, there was a sharp rise in the percentage of academic spoken
words and academic written words in the VOA news in the first
3 months. Appendices 4 and 5 show that nearly 98% of core academic
spoken words and more than 97% of core academic written words
appeared in the 3-month reading amount. Within the first 3 months
of reading, the percentage of core academic spoken words occurred 5
or more times, 12 or more times, and 20 or more times also went up
rapidly to more than 90%, more than 80%, and nearly 75%, respec-
tively. Similarly, more than 85%, more than 70%, and more than 55%
of core academic written words occurred 5 or more times, 12 or more
times, and 20 or more times.

The percentage of core academic words in VOA news kept rising
in the next 3 months. Nearly all core academic spoken words
occurred in the 6-month reading amount. More than 95% of core
academic spoken words had occurrences of 5 or more, more than
90% had occurrences of 12 or more, and more than 85% had occur-
rences of 20 or more. Meanwhile, more than 98% of core academic
written words occurred in the 6-month reading amount and most of
them occurred multiple times: more than 90% (5 or more times),
more than 80% (12 or more times), and nearly 75% (20 or more
times).

After the first 6 months, the percentage of academic words in VOA
news still went up, but the growth was very small. Reading VOA news
for an extra 2 years only resulted in a growth of 1.27% of core aca-
demic spoken words and 1.58% of core academic written words. More-
over, the percentage of core academic spoken words and academic
written words with multiple occurrences only rose by 3.85% and 7.72%
(b or more times), 7.76% and 14.73% (12 or more times), and
11.84% and 20.17% (20 or more times) over this two-year period.
Despite the slow growth, by the end of 2.5 years, nearly all core aca-
demic spoken words and all academic written words appeared in the
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reading. Importantly, nearly all core academic spoken words and aca-
demic written words had multiple occurrences: 99% and 99% (5 or
more times), 99% and 97% (12 or more times), 98% and 94% (20 or
more times).

If the reading speed of 150 wpm was adopted, a longer period of
time would be needed for learners to encounter most core academic
words multiple times. Appendices 6 and 7 show that the percentage of
core academic spoken words and academic written words represented
by the AWL and ASWL in the VOA news rose sharply in the first
6 months. More than 98% of core academic spoken words appeared
in the six-month reading amount (Appendix 6). The percentage of
core academic spoken words occurred 5 or more times, 12 or more
times, and 20 or more times also went up rapidly to nearly 95%, more
than 85%, and more than 80% within the first 6 months of reading,
respectively. The percentage of core academic written words in the
VOA news also increased during the first 6 months, but the increase
was slightly slower than that of academic spoken words (see Appen-
dix 7). Nearly 98% of core academic written words appeared in the 6-
month reading amount, with more than 85%, more than 75%, and
more than 65% having occurrences of 5 or more times, 12 or more
times, and 20 or more times, respectively.

The percentage of core academic words in VOA news kept increas-
ing in the next 3 months. Nearly all core academic spoken words and
academic written words occurred in the 9-month reading amount.
Most of them occurred multiple times in both the case of core aca-
demic spoken words — more than 95% (5 or more occurrences), more
than 90% (12 or more occurrences), and more than 85% (20 or more
occurrences) — and core academic written words — more than 90% (5
or more occurrences), more than 80% (12 or more occurrences), and
more than 75% (20 or more occurrences).

After the first 9 months, the percentage of core academic words in
VOA news still increased, but the growth was very small. Reading VOA
news for an extra of 2 years and 9 months only resulted in an increase
of 1.1% of core academic spoken words and 1.23% of core academic
written words. Moreover, the percentage of core academic spoken
words and academic written words with multiple occurrences only rose
by 3.33% and 7.01% (5 or more times), 7.12% and 13.69% (12 or
more times), and 10.23% and 18.07% (20 or more times) over this 2-
year-and-9-month period. Despite the slow growth, by the end of
3.5 years, nearly all core academic spoken words and all core academic
written words appeared in the reading. Importantly, nearly all core
academic spoken words and written words had multiple occurrences:
99% and 99% (5 or more times), 99% and 97% (12 or more times),
98% and 94% (20 or more times).
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Occurrences of Core Academic Formulas in VOA News

In answer to Research question 2, Appendices 8 and 9 show that
more than 2% (200 wpm) and more than 1% (150 wpm) of the core
academic formulas represented by the AFL appeared in the 1-day read-
ing amount. If the speed was 200 wpm, nearly 0.5% of the core aca-
demic formulas occurred 5 or more times, and none of them
occurred 12 or more times. If the reading speed is 150 wpm, no core
academic formulas occurred multiple times.

However, the percentage of core academic formulas appearing in
VOA news kept rising steadily over a long period of time. Appendix 8
shows that if the reading speed was 200 wpm, by the end of 2 years
and 3 months, nearly 97% of the core academic formulas occurred in
the reading with nearly 95%, more than 80%, and nearly 70% of the
core academic formulas occurred 5 or more times, 12 or more times,
and 20 or more times, respectively. After this period, the percentage
of core academic formulas occurring one or more times did not
increase while the percentage of those with more occurrences
increased slightly. Reading VOA news for an extra of 3 months did
not improve the percentage of core academic formulas being encoun-
tered 1 or more times. Yet it helps to increase the percentage of core
academic formulas encountered 5 or more times, 12 or more times
and 20 or more times by 0.48%, 1.93% and 3.38%, respectively.

Appendix 9 shows that if the reading speed is 150 wpm, by the end
of 3 years and 3 months, nearly 97% of the core academic formulas
occurred in the reading. Nearly 95% of the core academic formulas,
more than 80%, and more than 70% of the core formulas had 5 or
more occurrences, 12 or more occurrences, and 20 or more occur-
rences, respectively. After that, the percentage of core academic for-
mulas encountered one or more times in the reading did not change,
but there was a small increase in the percentage of those with more
occurrences. Reading VOA news for an extra of 3 months did not
increase the percentage of core academic formulas being encountered
one or more times. However, it allowed the percentage of core aca-
demic formulas encountered 5 or more times, 12 or more times and
20 or more times to go up by 0.03%, 2.41%, and 2.42%, respectively.

Occurrences of Core General Formulas in VOA News

In answer to Research question 3, Appendices 10 and 11 present
the occurrences of core general formulas represented by the PHRASE
list in different amounts of VOA news reading when the reading speed
is 200 and 150 wpm, respectively. Similar to academic formulas, only a
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small percentage of core general formulas (more than 3% and nearly
3%) occurred in the 1-day reading amount and a very small percent-
age of them (0.40% and 0%) occurred five or more times. None of
them had occurrences of 12 or more.

However, there was a stable increase in the percentage of core gen-
eral formulas over the period of time. Compared to academic formu-
las, the growth in the percentage of core general formulas was slightly
slower. It was just by the end of 2.5 years (in the case of 200 wpm)
and 3.5 years (in the case of 150 wpm) that the percentage of core
general formulas in the reading reached nearly 97%, and more than
90%, 80%, and around 70% of the general formulas occurred 5 or
more times, 12 or more times, and 20 or more times, respectively.

DISCUSSION

The present study expands on corpus-driven research on incidental
vocabulary learning in several ways. It is the first study to explore
resources for incidental learning of core academic vocabulary and for-
mulas. Importantly, it is the first to investigate the opportunities for
incidental learning of a wide range of vocabulary over certain periods
of time: both single words and formulas, both academic and general
vocabulary, both vocabulary in spoken and written English, and at dif-
ferent reading speeds. It is also among the few incidental vocabulary
studies examining online news. Detailed answers to the research ques-
tions have already been provided in the “Results” section. This section
will draw these findings together to provide in-depth discussion of the
potential of online news for incidental learning of core academic
words, academic formulas, and general formulas.

Online News Is a Potential Source for Incidental Vocabulary
Learning

The present study suggests that online news is a potential source for
incidental learning of core academic words, academic formulas, and
general formulas for several reasons. To begin with, even reading
online news for a very short period of time would be likely to offer
learners a fairly good opportunity to incidentally learn a number of
core academic words and initially encounter several core general and
academic formulas. This study found that reading VOA news for
40 minutes at the speed of 200 wpm would allow learners to meet
more than 46% of core academic spoken words, nearly 32% of core
academic written words, more than 2% of core academic formulas,
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and more than 3% of core general formulas represented by the ASWL,
AWL, AFL, and the PHRASE list, respectively. Even if learners read at
a slower speed (150 wpm), they would meet nearly 45% of the core
academic spoken words, more than 26% of the core academic written
words, more than 1% of the core academic formulas, and nearly 3%
of the core general formulas represented by the selected lists. In par-
ticular, depending on the reading speed, this activity would enable
them to encounter 11% and 15% of the core academic spoken words,
3% and 5% of the core academic written words, 0.5% of the core aca-
demic formulas (in the case of 200 wpm) and nearly 0.5% of the core
general formulas (in the case of 200 wpm) five or more times. If these
lexical items are unknown vocabulary, encountering them at least five
times could create a fairly good condition for learners to attend to
these lexical items later if more input is provided, which would then
potentially lead to incidental learning in the future. If learners have
known the form-meaning connection of these lexical items, encounter-
ing them at least five times would help to consolidate their knowledge
of form-meaning connection and learn other aspects of these known
items.

What is more encouraging is that if learners read online news regu-
larly, the potential for learning core academic words, general formulas,
and academic formulas is much greater. First, this activity would bring
about an excellent opportunity for them to learn academic words. As
shown in this study, if learners read at the speed of 200 wpm, regular
reading VOA news for 3 months would likely to allow them to encoun-
ter nearly all core academic spoken words, and encounter more than
90%, more than 80%, and nearly 75% of them 5 or more times, 12 or
more times, and 20 or more times, respectively. Similarly, if learners
read VOA news regularly for a period of 6 months, they would be
likely to meet most of the core academic written words in the news
and encounter more than 90%, more than 80%, and nearly 75% of
them 5 or more times, 12 or more times, and 20 or more times. Even
if learners read at a slower speed (150 wpm), reading VOA news regu-
larly for 6 months would allow them to meet all core academic spoken
words and encounter most of them multiple times: nearly 95% (5 or
more times), more than 85% (12 or more times) and more than 80%
(20 or more times). Likewise, if they read VOA news for 9 months,
learners would meet nearly all core academic written words and meet
90% of the core academic written words 5 or more times, 80% 12 or
more time, and 75% 20 or more times. Additionally, after reading
VOA news for 2.5 years (in the case of 200 wpm) or 3.5 years (in the
case of 150 wpm), learners would encounter nearly all core academic
spoken and written words and encounter nearly all of them at least 20
times. The frequent occurrences and reoccurrences of these lexical
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items in VOA news would create an excellent condition for learners to
incidentally learn unknown academic words and to consolidate and
expand their partial knowledge of known items.

Second, reading online news regularly would provide learners with
a very good opportunity to learn core academic formulas and general
formulas. This study found that if learners read VOA news regularly
for 2 years and 3 months (at the speed of 200 wpm) or 3 years and
3 months (at the speed of 150 wpm), they would have an opportunity
to encounter nearly 97% of core academic formulas in VOA news and
nearly 95%, more than 80%, and more than 70% of these formulas 5
or more times, 12 or more times, and 20 or more times, respectively.
Meanwhile, reading VOA news for 2.5 years (at the speed of 200 wpm)
and 3.5 years (at the speed of 150 wpm), learners would likely to meet
nearly 97% of the core general formulas, more than 90%, 80%, and
around 70% of these formulas 5 or more times, 12 or more times, and
20 or more times. The frequent occurrences of core academic formu-
las and general formulas in VOA news would well facilitate the learn-
ing of the form-meaning connection of unknown formulas as well as
consolidating knowledge of the form-meaning connection and acquir-
ing other aspects of known formulas. This finding is meaningful
because formulaic knowledge is essential for learners to achieve higher
levels of language proficiency (Siyannova-Chanturia & Pellicer-
Sanchez, 2019), but EFL learners do not have much exposure to these
sequences in their textbooks (Coxhead et al., 2020).

Another reason why online news is an excellent resource for inci-
dental vocabulary learning is that by simply reading online news for
pleasure, learners may have opportunities to learn various kinds of
vocabulary that are essential for their further language development in
one go. This study found that reading VOA news, learners are likely to
be exposed to and develop both the breadth and depth of different
kinds of vocabulary: academic spoken words, academic written words,
academic formulas, and general formulas. Hsu (2019) also suggests
that VOA news is a potential source for incidental learning of mid-
frequency words. Knowledge of general formulas and mid-frequency
words is important for learners to achieve higher language proficiency
while knowledge of academic words and formulas is essential for them
to deal with academic texts (Nation, 2013). The fact that learners are
exposed to only one kind of input, but still have excellent opportuni-
ties to repeatedly encounter a wide range of useful vocabulary makes
the finding of the present study meaningful.

The findings of this study shed light on the potential sources for
incidental learning of formulas and academic vocabulary. Coxhead
et al. (2020) found that EFL textbooks did not provide a good condi-
tion for incidental learning of core academic words and formulas,
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which indicates the need for exploring resources for EFL learners to
incidentally learn these lexical items. However, previous research only
examined resources for incidental learning of mid-frequency words
(e.g., Hsu, 2019; Nation, 2014), Ilowfrequency words (e.g.,
Webb, 2010), and technical words in a specific discipline (e.g., Rolls &
Rodgers, 2017). Therefore, the present study effectively addresses this
gap. Based on a systematic analysis of the occurrences of various kinds
of vocabulary represented by well-known vocabulary lists in different
reading amounts, this study provides solid evidence indicating that
online news is a potential source for incidental learning of core aca-
demic words, academic formulas, and general formulas. Moreover, by
finding that reading online news, which is normally considered as a
means for entertainment, could help learners to incidentally learn var-
ious kinds of academic vocabulary, both single words and formulas,
this study provides further evidence supporting the suggestions from
earlier studies that certain non-academic genres could be potential
bridge resources for EFL learners to incidentally learn specialized
vocabulary (Csomay & Petrovic, 2012; Dang, 2020b; Rolls & Rod-
gers, 2017).

The Minimal Amounts of Online News Reading for Incidental
Learning of Core Academic Words, Academic Formulas and
General Formulas

The present study also provides further insight into the minimal
reading amounts needed for core academic words, academic formulas,
and general formulas to potentially be learned through reading online
news. Although the lexical items that learners are likely to encounter
in the texts increase with the amount of reading being completed, this
study suggests that in the case of online news, the amounts of reading
needed for incidental learning to happen may vary according to the
kind of vocabulary. Regardless of the adopted reading speed, among
the groups of vocabulary being examined, core academic words are
likely to require the smallest amount of input. This study found that if
VOA news was used as L2 input, the first 3 months (in the case of 200
wpm) or the first 6 months (in the case of 150 wpm) would be a criti-
cal period for incidental learning of core academic spoken words, and
the first 6 months (in the case of 200 wpm) or the first 9 months (in
the case of 150 wpm) would be essential for incidental learning of
core academic written words. Although reading VOA news for a day
offers learners a fairly good opportunity to incidentally learn a number
of core academic words, the potential for incidental learning was only
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apparent for core academic spoken words during the period of
3 months (in the case of 200 wpm) and 6 months (in the case of 150
wpm), and for core academic written words during the period of
6 months (200 wpm) and 9 months (150 wpm). Learners would
encounter more than 80% of the core academic spoken words 12 or
more times after reading VOA news for 3 months (200 wpm) or
6 months (150 wpm) and encounter more than 80% of the core aca-
demic written words 12 or more times after a reading period of
6 months (200 wpm) or 9 months (150 wpm). In contrast, reading
VOA news for an extra 2 years (200 wpm) or an extra of 2 years and
9 months (150 wpm) only allows learners to meet extra 1%-2% of
core academic spoken words and academic written words. Previous
research (Hsu, 2019; Nation, 2014) considered the amount of input
being sufficient for learning a specific group of lexical items if at least
80% of the items in that group occurred 12 or more times in the
input. Following this cut-off point, the findings of the current study
suggest that perhaps the first 3 months (200 wpm) or the first
6 months (150 wpm) would be crucial for learning the form-meaning
connection of new academic spoken words while the first 6 months
(200 wpm) or the first 9 months (150 wpm) would be essential for
learning the form-meaning connection of new academic written words.
Meanwhile, the time beyond this timeframe is probably more useful
for consolidating and expanding knowledge of known academic
words.

The present study also indicates that compared to academic words,
larger amounts of input would be needed for incidental learning of
core general formulas and academic formulas. Although reading VOA
news for 1 day had some potential for incidental learning of core gen-
eral formulas and academic formulas, it was not until learners had
read VOA news for 2 years and 3 months (200 wpm) or 3 years and
3 months (150 wpm) that they would likely encounter at least 80% of
the core academic formulas for 12 or more times. Similarly, only after
2.5 years (200 wpm) or 3.5 years (150 wpm) would learners meet 80%
or more of the core general formulas for 12 or more times. This sug-
gests that depending on the reading speed, about 2 years and
3 months or 3 years and 3 months would be needed for incidental
learning of core academic formulas. Meanwhile, 2.5 or 3.5 years would
be essential for incidental learning of core general formulas.

Previous research has found that learners would need to read 3-
million words from novels (Nation, 2014) and 6-million words from
VOA news (Hsu, 2019) to potentially learn mid-frequency words and
500,000 words from science fiction-fantasy to potentially learn scientific
technical words (Rolls & Rodgers, 2017). This study found that learn-
ers would need to read 480,000 or 576,000 words from VOA news,
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which is relevant to the 3-month reading amount (200 wpm) and the
six-month reading amount (150 wpm) — and 960,000 words or 864,000
words from VOA news — which is relevant to the 6-month reading
amount (200 wpm) and the 9-month reading amount (150 wpm) — to
potentially learn core academic spoken words and academic written
words, respectively. Meanwhile, they would need to read 4,320,000
words or 3,744,000 words of VOA news — which is relevant to the 2-
year-and-3-month reading amount (200 wpm) or the 3-year-and
3 month reading amount (150 wpm) — and at least 4,800,000 words or
5,041,189 words of VOA news — which is relevant to the 2.5-year read-
ing amount (200 wpm) or the 3.5-year reading amount (150 wpm) —
to potentially learn core academic formulas and general formulas,
respectively. The differences in the findings of the present study and
previous studies may be due to the differences in the kind of vocabu-
lary and input being examined. Moreover, the fact that core academic
formulas and general formulas required much larger amounts of input
than academic words, mid-frequency words, and technical words may
be due to the nature of formulas. Unlike single words, formulas do
not occur frequently in a single text, and therefore a large amount of
input would be needed for the same formulas to be re-encountered
(Nation, 2013). By indicating the minimal amounts of reading needed
for incidental learning of different kinds of vocabulary through read-
ing online news, this study made a significant contribution to research
on incidental vocabulary learning. It also supports the use of authentic
materials as supplementary for vocabulary learning.

This study has several limitations which deserve attention from
future research. First, to allow a direct comparison of the findings
across studies, this study adopted Nation’s (2014) suggestions on the
reading speed and the amount of reading time per day. However,
these figures may vary depending on individuals. Second, this study
aims to investigate the potential of reading online news for incidental
learning of items in core vocabulary lists. Therefore, we only examined
the core academic words, academic formulas, and general formulas
represented by the selected lists. We did not examine modifiers of the
core formulas. For example, we only examined the occurrences of a
number of, but not a great number of. 1t is because a number of met
Simpson-Valch and Ellis’s selection criteria and was included in the
AFL, but a great number of did not. However, some modifiers of the
core formulas may occur in online news and learners may incidentally
learn them. The potential for incidental learning of these formulas
may not be as great as that of the core formulas though, because
learners may process and acquire adjacent formulas more easily than
non-adjacent formulas (Vilkaite, 2016). Third, the corpora represent-
ing smaller amounts of reading were split from corpora representing
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the reading amounts in 2.5 and 3.5 years. While this approach helps
to avoid the bias toward a certain topic, the different lengths of news
mean that in real life the division is not as neat as those in the present
study. Third, this study took VOA news as an example of online news
because it has been widely used as supplementary materials in many
EFL classes, which makes it easy to apply the implications of the pre-
sent study to real classrooms. It would be useful to examine other
kinds of online news. Fourth, like previous studies (e.g., Hsu, 2019;
Nation, 2014), this study drew on evidence from the corpus-driven
analysis. Experiments with real learners would provide further insight
into the potential of online news for incidental learning of academic
words, academic formulas, and general formulas. Moreover, the pri-
mary aim of this study is to explore the potential of online news for
incidental learning of core academic words, academic formulas, and
general formulas. It does not mean to suggest that online news is the
only source for incidental learning of these lexical items. As 2.5 or
3.5 years are likely to be needed for most core academic formulas and
general formulas to be encountered multiple times, further research
should explore if there are better materials to learn these formulas. In
other words, future research exploring other bridge resources for
learning academic words and formulas and comparing the learning
from these sources with that from academic texts would be valuable.

PEDAGOGICAL IMPLICATIONS

This study suggests that online news, or at least VOA news, is a use-
ful resource for learners to learn various kinds of vocabulary. There-
fore, teachers should encourage learners to read online news
regularly. To ensure the effectiveness of this activity, certain principles
should be followed in the implementation. To begin with, as inciden-
tal learning is an incremental process (Webb, 2020), teachers should
encourage learners to read online news at least 40 minutes per day
and 5 days per week. Regular reading would allow them to repeatedly
encounter core academic words, academic formulas, and general for-
mulas over a certain period of time as well as developing a good read-
ing habit even after the English language course is over.

Incidental vocabulary learning only happens if the input is compre-
hensible to learners. To achieve reasonable comprehension of VOA
news, learners would need to know the most frequent 4000 words
(Hsu, 2019). Therefore, this kind of input is probably more relevant
to learners with this vocabulary size. Readers may think that with their
current vocabulary knowledge, these learners may already know all
core academic words, academic formulas, and general formulas and
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may not benefit from reading VOA news. It is important to note that
well-known diagnostic tests such as the (updated) Vocabulary Levels
Test (e.g., Schmitt, Schmitt, & Clapham, 2001; Webb, Sasao, & Bal-
ance, 2017) or the Vocabulary Size Test (Nation & Beglar, 2007) sam-
pled test items from 1000-word frequency bands. Therefore, these test
scores only provide us with an estimation of how well learners know a
certain 1000-word band, not an individual item in that band. There
are always chances that learners know most items in the 4000-5000-
word bands, but not all of them. It follows that a number of AWL
words are likely to be unknown to learners although they fall into the
most frequent 4000-5000-word bands. Moreover, having knowledge of
single words in the most frequent 4000-5000-words band does not nec-
essarily mean that learners know the core academic formulas and gen-
eral formulas made up of words from these bands. Nguyen and Webb
(2017) found that L2 learners’ knowledge of formulas was lagged
behind their knowledge of single words at the same frequency band.
Additionally, knowing a word involves various aspects (form, meaning,
and use) (Nation, 2013). Each aspect develops at different rates and it
is unlikely that L2 learners, even advanced learners, have already fully
mastered all of them in one go (Schmitt, 2010). Therefore, while it is
important for learners to learn new lexical items, it is equally impor-
tant for them to deepen and expand their knowledge of known items
by engaging with a wide range of meaning-focused activities
(Nation, 2007). Reading VOAs is a useful meaning-focused activity
because it allows learners to learn the form-meaning connection of
new academic words, academic formulas and general formulas, but at
the same time enables them to consolidate knowledge of the form-
meaning connection and acquire other aspects of known items.
Although VOA news is more relevant to learners with knowledge of
the most frequent 4000 words, it does not mean that learners with
slightly smaller vocabulary sizes do not benefit from this kind of input.
First, the lexical demand varies according to individual texts
(Webb, 2021). Therefore, learners with the vocabulary sizes of 2000 or
3000 words may select VOA news which requires knowledge of the
most frequent 2000-3000 words for reasonable comprehension and
start reading these pieces first (see Appendix 12 for an example). Sec-
ond, news which requires the vocabulary size of 4,000-words can still
be comprehensible for learners with smaller vocabulary sizes. Lau-
fer (2020) found that despite not leading to inferencing scores as high
as the 95% and 98% coverage, the 90% coverage resulted in fairly sim-
ilar comprehension scores as the other two coverage points. This indi-
cates that learners with the vocabulary size of fewer than 4000-words
could probably achieve as good comprehension of the news as those
with the vocabulary size of 4000 words. Third, pre-learning a very small
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number of unknown words can make texts which require a vocabulary
size of 4000 words suitable to learners with smaller vocabulary sizes.
Unlike other kinds of input (e.g., academic books, articles, novels),
online news is very short. Webb (2010) found that pre-learning a small
number of unknown words that occur frequently in a short text can
help to increase the lexical coverage significantly, which in turns may
improve comprehension quickly. The digital format of the news allows
learners to use the look-up functions in Microsoft Word or the Kindle
function which connected with dictionaries or programs such as Read
with resources (www.lextutor.ca) to quickly check the meaning of
unknown words in the news without interrupting the reading flow
(Nation, 2014). This would help to increase the lexical coverage and
improve learners’ comprehension of the news. For example, Appen-
dix 13 presents a piece of VOA news. Analysis with the VocabProfiler
in Lextutor showed that the most frequent 4000 words accounted for
95.4% of the words in this text. However, this text can still be relevant
to learners with the vocabulary knowledge of the most frequent 3000
words. Given their current vocabulary knowledge, they are likely to
achieve 92.6% of the words in the text. The text has 352 running
words. There are four words at lower frequency level but occurred fre-
quently in the text: dioxide (occurring four times), greenhouse (occur-
ring six times), and meteorological (occurring two times). If learners
learn these words, it would add 3.41% coverage [=
(4+6+2)) = 352 x 100]. As a result, learners with the vocabulary
size of 3000-word families can achieve 96.01% coverage of the text. To
guide learners in the selection of pieces of VOA news that matches
their current vocabulary knowledge, teachers could instruct learners to
use Webb et al.’s (2017) updated Vocabulary Levels Test to measure
their vocabulary knowledge and then use Cobb’s (n.d.) Lextutor to
analyze the lexical profile of the pieces of VOA news that they are
interested in (see Dang, 2022 for further instruction).

Apart from setting regular reading activities and selecting relevant
news to learners, to help learners keep track of their progress and
motivate them to learn further, teachers can draw on the findings of
the current study about the minimal amounts of reading to set specific
expectations for learners. If learners’ reading speed is 200 wpm, at
least 3 months, 6 months, 2 years and 3 months, and 2.5 years would
be needed for most of the core academic spoken words, academic writ-
ten words, academic formulas, and general formulas to be learned
incidentally, respectively. However, if their reading speed is only 150
wpm, longer periods of time would be needed to learn these lexical
items: 6 months (academic spoken words), 9 months (academic writ-
ten words), 3 years and 3 months (academic formulas) and 3.5 years
(general formulas). The much shorter period of time needed in the
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case of 200 wpm compared to 150 wpm suggests that speed reading
activities is essential in language courses. The figures in this study also
provide learners with a rough idea of the gains that they may achieve
if they spend a certain amount of time reading. For example, if they
read VOA news regularly for 3 months at the speed of 200 wpm, they
could potentially learn more than 80% of the core academic spoken
words, more than 70% of the core academic written words, more than
20% of the core academic formulas, and nearly 20% of the core gen-
eral formulas. However, if they read the news for 6 months, the per-
centage of vocabulary they could potentially learn would increase to
more than 90% (academic spoken words), more than 80% (academic
written words), more than 30% (academic formulas), and nearly 40%
(general formulas). This would motivate learners to read more and
help teachers to evaluate the relative value of online news reading for
students in their specific courses.

Last but not least, by suggesting online news as a useful source for L2
learners to learn core academic words, academic formulas, and general
formulas, we do not mean that it is the one and only source for L2 learn-
ers to learn these lexical items. The fairly large amount of time needed
for learners to incidentally learn core academic words, academic formu-
las, and general formulas suggests that deliberately learning these lexical
items is important because it helps learners to learn a larger number of
words and phrases in a shorter period of time than incidental learning
(Webb & Nation, 2017). However, it does not mean that incidental
learning does not have any value. Exposure to a large amount of
meaning-focused input such as online news allows learners to repeatedly
meet core academic words, general formulas and general formulas in
various contexts, which helps them to learn the form-meaning connec-
tion of unknown items but at the same time expand their knowledge of
other aspects of known items (Webb, 2020). In fact, research has sug-
gested that to better support learners’ lexical development, teachers
should combine both incidental learning and deliberate learning
(Webb & Nation, 2017). Therefore, reading online news should not be
the only activity for learners to learn core academic words, academic for-
mulas, and general formulas, but should be combined with other activi-
ties in Nation’s (2007) Four Strands. In this way, learners would have
various opportunities to deliberately and incidentally learn core aca-
demic words, academic formulas, and general formulas.

CONCLUSION

As the first corpus-driven study exploring sources for incidental
learning of formulas and academic vocabulary, this study indicates that
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online news is a potential source for incidental learning of core aca-
demic words, academic formulas, and general formulas. Given the lim-
ited resources for learners in EFL contexts to incidentally learn core
formulas and academic vocabulary, the fact that simply reading online
news regularly for entertainment can still allow learners to learn a wide
range of vocabulary that is essential for their language development
makes the finding of the present study meaningful. This study also
suggests that smaller amounts of reading would be needed for inciden-
tal learning of core academic spoken words and academic written
words than for core academic formulas and general formulas. This
finding provides teachers and learners with useful implications of the
minimal amounts of reading needed when online news is used as the
input and highlights the importance of speed reading in language
learning programs.
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