UNIVERSITYOF
BIRMINGHAM

iversit}/]ofBirmin am
esearch at Birmingham

Large-scale patterns of number use in spoken and
written English

Woodin, Greg; Winter, Bodo; Littlemore, Jeannette; Perlman, Marcus; Grieve, Jack

DOIl:
10.1515/clIt-2022-0082

License:
Creative Commons: Attribution (CC BY)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
Woodin, G, Winter, B, Littlemore, J, Perlman, M & Grieve, J 2023, 'Large-scale patterns of number use in
spoken and written English’, Corpus Linguistics and Linguistic Theory. https://doi.org/10.1515/cllt-2022-0082

Link to publication on Research at Birmingham portal

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@Ilists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 19. Jul. 2023


https://doi.org/10.1515/cllt-2022-0082
https://doi.org/10.1515/cllt-2022-0082
https://birmingham.elsevierpure.com/en/publications/af339b59-6a3b-4419-9a07-15f64068836e

DE GRUYTER MOUTON Corpus Linguistics and Ling. Theory 2023; aop 8

Article

Greg Woodin*, Bodo Winter, Jeannette Littlemore, Marcus Perlman
and Jack Grieve

Large-scale patterns of number use in
spoken and written English

https://doi.org/10.1515/cllt-2022-0082
Received September 25, 2022; accepted March 6, 2023; published online March 27, 2023

Abstract: This paper describes patterns of number use in spoken and written
English and the main factors that contribute to these patterns. We analysed more
than 1.7 million occurrences of numbers between 0 and a billion in the British
National Corpus, including conversational speech, presentational speech (e.g.,
lectures, interviews), imaginative writing (e.g., fiction), and informative writing
(e.g., academic books). We find that four main factors affect number frequency:
(1) Magnitude - smaller numbers are more frequent than larger numbers;
(2) Roundness — round numbers are more frequent than unround numbers of a
comparable magnitude, and some round numbers are more frequent than others;
(3) Cultural salience — culturally salient numbers (e.g., recent years) are more
frequent than non-salient numbers; and (4) Register — more informational texts
contain more numbers (in writing), types of numbers, decimals, and larger
numbers than less informational texts. In writing, we find that the numbers 1-9
are mostly represented by number words (e.g., ‘three’), 10-999,999 are mostly
represented by numerals (e.g., 14’), and 1 million-1 billion are mostly represented
by a mix of numerals and number words (e.g., ‘8 million’). Altogether, this study
builds a detailed profile of number use in spoken and written English.
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rounding
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1 Introduction

People use some numbers more often than others. For example, English speakers
tend to use numbers like 3, 100, and 2022 more often than numbers like 43, 104, and
3022. More generally, smaller numbers may be used more often than larger numbers,
round numbers (e.g., multiples of ten) more often than unround numbers, and
culturally salient numbers (e.g., recent years) more often than non-salient numbers.
People may also use numbers more often when communicating precise information,
or in situations where presenting facts in an informative manner is important.
Exploring the frequency with which different numbers are used can reveal the
numbers people deem important to communicate about, in what contexts, and why.
The present study investigates patterns of number use in spoken and written English
and explores the primary factors that contribute to these patterns. Using the 100
million word British National Corpus (BNC Consortium 2007), we identified over 1.7
million occurrences of numbers from 0 to a billion and analysed their frequency in
relation to four factors: magnitude, roundness, cultural salience, and register. In
written texts, we explored the format in which numbers of different magnitudes are
expressed, i.e., as numerals (e.g., ‘140’), number words (e.g., ‘three’), or a mix of both
(e.g., ‘1 million’). Overall, this paper reports the largest, most comprehensive corpus
analysis of number use to date.

2 Background

Several factors are believed to influence the frequency with which people use
different numbers. One is magnitude: studies have shown that people use smaller
numbers more frequently than larger numbers (Coupland 2011; Dehaene and Mehler
1992; Dorogovtsev et al. 2005; Jansen and Pollmann 2001). A possible explanation for
why people discuss smaller numbers more frequently is that smaller quantities are
encountered more often and are more easily countable, making them more relevant
to discuss (Cummins 2015: 32). For example, we are more likely to encounter a group
of three people than a group of 27, and even if we do encounter the larger group,
the exact number may be unknown, or irrelevant to the point that a simple non-
numerical description such as “a large group” or “several people” may suffice. The
bias toward using small numbers may create a feedback loop in which smaller
numbers are encountered more often and learnt earlier, which may cause them to be
used more frequently still (Rath 1966). Dehaene and Mehler (1992) also consider the
possibility that people discuss small numbers more often because these numbers are
easier to mentally process, citing magnitude comparison tasks in which smaller
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numbers are identified more quickly than larger ones (Buckley and Gillman 1974;
Dehaene 1989). Another aspect to consider is that we conventionally use scales to
keep numbers small (Coupland 2011: 34-35) — for example, we can avoid having to
talk about 600 seconds by using a larger temporal unit, like 10 minutes.

The second factor that influences number frequency is roundness: research has
shown that round numbers are used more frequently than unround numbers of a
similar magnitude (Coupland 2011; Dehaene and Mehler 1992; Dorogovtsev et al.
2005; Jansen and Pollmann 2001). In decimal number systems — those based on the
number ten (including tenths and powers of ten), such as the English system — round
numbers are typically considered to be multiples of ten and sometimes five (e.g.,
Dorogovtsev et al. 2005; Sigurd 1988). One possible reason why round numbers are
used more frequently is that they can be used approximately in a practice known as
rounding, where the nearest round number is used in place of the real value
(Cummins 2015: 20; Jansen and Pollmann 2001; Krifka 2009; Sigurd 1988). For
example, instead of saying that a lecture has 99 attendees, a speaker may round 99 up
to 100. In instances like this, round numbers can represent a range of values — they
have a larger pragmatic halo (see Lasersohn 1999) than unround numbers, which
usually only represent a single precise value. For example, it is generally acceptable
to use ‘100’ to denote the number 103, while it is generally unacceptable to use ‘103’ to
denote the number 100. In other cases, the use of rounding may be explicitly signaled,
such as if a speaker were to say that a distance is “a hundred and twenty miles, to the
nearest ten miles” (example from the British National Corpus: BNC Consortium 2007).
The increased flexibility in the use of round numbers may help explain why they
have been found to be used more frequently than unround numbers. Additionally,
the nearest round number can be used as a benchmark indicating some level of
completion (Dehaene 1997, Ch. 4; Gunasti 2016). For instance, if there are 99 people at
alecture, someone may write that there are “nearly 100 people”, whereas if there are
103 people, they may instead write that there are “over 100 people”.

The reason that multiples of ten and five are treated as round numbers may be
that they are psychologically salient (Van der Henst and Sperber 2004), making these
numbers more cognitively accessible, simpler, and less cognitively costly compared
to other numbers (Dehaene 1997; Krifka 2009; see Cummins 2015: 32). The psycho-
logical salience of these numbers may be due to their structural prominence within
the decimal system, which may have deeper roots in finger counting practices
(Butterworth 1999; Dehaene 1997; see Cummins 2015: 33): the number of fingers on
each hand may be the basis of decimal systems (e.g., Bender and Beller 2012; Ifrah
1987; Wiese 2003). Due to this special status, cultural artifacts and customs are often
based on these values. For example, packs of ten items are more common than packs
of 11 items (Cummins 2015: 36), and we celebrate jubilees on the 5th, 10th, 25th, and
50th (etc.) anniversaries, rather than the 6th, 12th, 18th, and so on (Jansen and



4 —— Woodin et al. DE GRUYTER MOUTON

Pollmann 2001). These cultural artifacts and customs may create a feedback loop
in which multiples of ten and five are encountered even more often (Chrisomalis
2020: 35), further enhancing the psychological salience of these numbers (Cummins
2015: 36)."

People use round numbers in an approximate way for several different reasons.
First, the precise number is often deemed unnecessary to mention. For example,
while it might be helpful to have a ballpark figure of the number of people that will be
attending your lecture, the precise number may be practically irrelevant. By using
round numbers in such contexts, language users conform to Grice’s (1975) maxims,
being only as precise as is necessary to achieve the aims of the interaction (Gibbs Jr.
and Bryant 2008; Van der Henst et al. 2002). Unnecessary precision may also be seen
as pedantic (Beltrama et al. 2022; see also Cotterill 2007; Lin 2013; McCarthy 2006: 22),
exerting additional social pressure toward rounding in certain contexts. Second,
people often use round numbers imprecisely when the exact number is unknown,
such as when estimating the size of a crowd (e.g., ‘a thousand people’), using a round
number to reduce commitment to a precise value (Ruud et al. 2014). This strategy
works because people usually interpret round numbers approximately, unless they
are modified by words such as ‘exactly’ (Krifka 2009; Lasersohn 1999). Finally,
another reason that can motivate the use of round numbers is strategic manipula-
tion, such as when stating that a university is a ‘top ten university’ (a round number)
as opposed to a ‘top six university’ (an unround number in context), because the
latter expression yields the disadvantageous implicature that the university is
exactly 6th place (Cummins and Franke 2021).

Corpus studies have shed light on the two roles of magnitude and roundness in
numerical communication. Dehaene and Mehler (1992) investigated number words
(e.g., ‘three’, ‘sixteen’, ‘eighty’, ‘thousand’) from 0 to a billion in a corpus of over 1
million American English words (Francis and Kucera 1982). The results showed that
number frequencies decline with numerical magnitude, but that round numbers
10, 20, 50, and 100 are used more frequently than other numbers of a similar
magnitude. Jansen and Pollmann (2001) reported similar results for numerals and
number words in the range 2-1,000 in a 40 million word corpus of 1994 volumes
of English newspaper The Times. Coupland (2011) uncovered a similar pattern
for number words from 1 to 20 in the 100 million word British National Corpus

1 The idea that roundness is determined by the base of the mathematical system means that the
numbers considered round differ between different systems. We can see evidence of this in sexa-
gesimal systems (base 60) used, for example, in the measurement of time. In this time-telling context,
15 and 30 may be round numbers because they are, respectively, a quarter and half of 60 s or min
(Dehaene and Mehler 1992; Jansen and Pollmann 2001). Similarly, 90, 180, and 360 may be round
numbers in the measurement of angles. However, in this paper we focus on round numbers in
decimal systems, the predominant system in Western cultures.
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(BNC Consortium 2007), and for both numerals and number words from 1 to 100 on
the internet. Lastly, though not framed explicitly as a corpus study, Dorogovtsev
et al. (2005) found that frequencies of web pages containing positive numerals
declined with numerical magnitude, but that frequencies were relatively higher for
pages containing powers of ten (i.e., round numbers in the decimal system).

Some authors have argued that roundness is a matter of degree, rather than
being absolute. For example, Sigurd (1988) proposed a model of roundness where
powers of ten (e.g., 10, 100, 1,000) and halves (e.g., 5, 50, 500) and quarters (e.g., 2.5,
25, 250) of these powers are ‘rounder’ than other numbers. Jansen and Pollmann
(2001) developed Sigurd’s model, showing empirically that numbers are used
more frequently if they have one of the properties of 10-ness (10, 20, 30, ... 100, 200,
300, ...), 2-ness (20, 40, 60, ... 200, 400, 600, ...), 2.5-ness (25, 50, 75, ... 250, 500,
750, ...), and 5-ness (50, 100, 150, ... 500, 1,000, ...). Notably, 10-ness, 2-ness, 2.5-ness,
and 5-ness do not simply refer to numbers that are divisible by these respective
factors; rather, they refer to numbers that equal an integer no greater than 9 when
divided by 1, 2, 2.5, or 5 multiplied by a power of 10. For example, 200 has 10-ness
because it equals 2 when divided by 100 (1 x 10%, and 750 has 2.5-ness because it
equals 3 when divided by 250 (2.5 x 10%). Jansen and Pollmann (2001) argue that
these numbers are used more often due to humans having a “natural propensity”
(p. 201) for doubling and halving the base of the mathematical system (e.g., powers
of ten in a decimal system), and, in the case of 2.5-ness, halving again.

Two questions regarding roundness remain unanswered. First, it is not clear if
multiples of ten and five without 10-ness, 2-ness, 2.5-ness, or 5-ness (e.g., 1,010, 70,515,
944,500) are used more often than non-multiples, or if it is only those multiples of ten
and five with 10-ness, 2-ness, 2.5-ness, or 5-ness (e.g., 70, 250, 600) that are used more
often. Second, Jansen and Pollmann (2001) report that numbers with more roundness
properties (e.g., 40 has 10-ness, 2-ness, and 5-ness; 300 has 10-ness and 5-ness) are
used more frequently than numbers with fewer. However, as Cummins (2015: 34)
points out, we do not know whether certain of these properties are more important
predictors of number frequency than others. For instance, 10-ness may be a more
important predictor of number frequency than 2-ness, or vice versa. Table 1 shows
examples of numbers with each of the roundness properties discussed in this paper.

The two factors of magnitude and roundness may interact: people may round
larger numbers to a greater extent than smaller numbers (see Coupland 2011). If so,
this aspect of numerical communication may reflect numerical cognition, which
becomes less precise for larger quantities. We can precisely quantify sets of three or
four objects or fewer, which is known as subitization (Butterworth et al. 2008; Gordon
2004; Pica et al. 2004). However, above this limit, this quantification ability is
approximate; we cannot, for example, quantify a crowd at a glance (Cheyette and
Piantadosi 2019; McCrink and Wynn 2007; Xu and Spelke 2000). This quantification
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Table 1: Examples of numbers with properties associated with being a round number: Multiple of 5,
Multiple of 10, 10-ness, 2-ness, 2.5-ness, and 5-ness. Numbers can have more than one of these properties
at once (e.g., 100 has all six roundness properties; 60 is a multiple of five and ten and has 10-ness and
2-ness).

Roundness property Examples
Has property Does not have property
Multiple of 5 15 57
765 313
94,300 61,692
525,635 865,387
Multiple of 10 90 96
760 592
73,270 92,133
198,250 285,989
10-ness 80 47
300 523
3,000 18,341
600,000 527,374
2-ness 60 64
200 897
1,400 31,128
100,000 587,084
2.5-ness 50 58
125 903
10,000 87,882
500,000 140,770
5-ness 100 84
4,500 751
45,000 17,329
350,000 187,772

ability is increasingly imprecise for larger sets, which is described by the Weber-
Fechner law: the just-noticeable difference between quantities is linearly related to
their ratio. According to this law, sets of 110 and 120 (ratio = 11:12) are harder to
discriminate than sets of 10 and 20 (ratio = 1:2), despite each pair differing by an
equal number (10) (DeWind et al. 2015; Shepard et al. 1975). If we find it difficult
to discriminate larger sets, we may be unlikely to communicate the differences
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between these sets precisely, leading to a more approximate use of round numbers at
higher magnitudes.

In addition to magnitude and roundness, a third factor that influences the
frequency with which numbers are used is cultural salience. For example, studies
have reported that recent years (e.g., 2021) are discussed more often than less recent
years (e.g., 1788), probably because more recent years tend to be more relevant to
present discussion (Pollmann 1998; Pollmann and Baayen 2001). It is also possible
that numbers referring to significant dates and periods in human history, such as
1066 (the Battle of Hastings), 2019 and 2020 (the beginning of the Covid-19 pandemic),
and 1939-1945 (World War II) are used more frequently today than other numbers.
Moreover, Coupland (2011) finds that numbers with repeated numerals, like 99, 11,
and 44, are often used in product names, like the Xbox 360 game ‘Ninety-Nine Nights’,
perhaps for their phonological alliteration, aesthetic appeal, and ‘coolness’. Other
numbers are imbued with numerological significance and so may be expected to be
used more or less often on this basis. For example, in Christian cultures, the number
seven is associated with perfection and the Christian God (and is also the number of
days in a week), while 666 is associated with the Christian devil (Ayonrinde et al.
2021). Dehaene and Mehler (1992) also report that the number 13 is used less
frequently than 12 or 14, perhaps because 13 is deemed unlucky in Western cultures,
to the extent that floor numbering systems in many buildings skip the number 13
(Pokryshevskaya and Antipov 2015).

Finally, a fourth factor that may affect number frequencies is register.
Registers are varieties of language use that are linked to a communicative context
or goal (e.g., Trudgill 1983: 101). Whereas the other three factors influence the
frequency of certain numbers, this factor relates to how number use differs in
different registers. One dimension of register variation is modality — speech versus
writing — and studies have revealed differences in language use across more
specific spoken and written registers, such as conversational speech (Biber 2009b;
Biber et al. 1999, Ch. 13; Conrad and Biber 2009) and informational writing (Biber
2009a, 2009b; Biber et al. 1999; Biber and Clark 2002; Biber and Gray 2010; Conrad
and Biber 2009). Neumann (2014) also reports on linguistic differences between
instruction manuals, novels, letters to shareholders, and other registers, while
Egbert and Mahlberg (2020) show differences between narration and speech in
novels, and Love et al. (2019) find differences in language use (e.g., turn length, word
length, modal verbs) across different activity types and locations (e.g., a family
playing a board game at home vs. colleagues discussing a project at work). There is
reason to believe that number use may also vary across registers according to
whether the primary communicative goal is to inform. For example, Zillman and
Brosius (2000: 42) report that 44% of the news articles they investigated included
numbers, like percentages, amounts, and proportions. Koetsenruijter (2011) finds
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that the use of numbers in news texts enhances the perceived credibility of the
information being communicated. Porter (1995) also argues that statistics are used
in academic and professional practice due to their perceived objectivity (see
Barchas-Lichtenstein et al. 2022 for a similar argument pertaining to journalism).
Moreover, quantification may be necessary to convey precise numerical infor-
mation, for example, in factual reports or financial transactions (Coupland 2011).
For these reasons, there may be more of an emphasis on numbers in more infor-
mational registers, such as news broadcasts, academic writing, and journalism,
compared with less informational registers, like casual conversation and fiction
writing.

Investigating number use in written registers raises the additional question of
how these numbers are expressed — as numerals (e.g., ‘1,000,000’), number words
(e.g., ‘one million’), or a mix of both (e.g., ‘1 million’). Throughout history, there have
always been multiple ways of writing a number in all literary traditions (Chrisomalis
2020, Ch. 6). Many style guides, like the Office for National Statistics’ (2022), prescribe
number words for numbers 0-9, numerals for numbers 10-999,999, and a mix of
numerals and number words for numbers above this range. We might wonder, then,
whether the representational formats chosen by authors reflect these style guides,
and hence whether numbers of different magnitudes tend to be represented in
different formats. On the internet, Coupland (2011) finds that numerals outnumber
number words by a ratio of about 4:1, and that this ratio increases rapidly to
approximately 200:1 by the number 99. However, the number words explored in this
study were exclusive to English, while the numerals 1, 2, 3, and so on are used in many
different languages (Chrisomalis 2020). Thus, we may observe a different pattern
with proportionally more reliance on number words in a monolingual corpus.

In this study, we examine the frequency with which different numbers are
used in a large corpus of spoken and written English. We observe how these
frequencies are affected by magnitude, roundness, cultural salience, and register,
and within written registers, we investigate how different formats (numerals,
number words, mixed numbers) are used to represent numbers of different mag-
nitudes. Our study, based on over 1.7 million numbers from 0 to a billion used in
English in the 100 million word British National Corpus (BNC Consortium 2007),
makes the following contributions. First, it replicates previous corpus studies of
number use in regard to magnitude and rounding (Coupland 2011; Dehaene and
Mehler 1992; Dorogovtsev et al. 2005; Jansen and Pollmann 2001). Second, it extends
work by Sigurd (1988) and Jansen and Pollmann (2001) by presenting an updated
model of round numbers, exploring which roundness properties matter more than
others in determining a number’s frequency, controlling for its magnitude. This
insight suggests that round numbers are not created equal — some are ‘rounder’
than others. Third, it investigates cultural salience as a general factor that may
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influence number frequencies, extending previous results pertaining to recent
years (Pollmann 1998; Pollmann and Baayen 2001), and numbers with numero-
logical significance (e.g., 13) (Dehaene and Mehler 1992) or aesthetic appeal (e.g., 99)
(Coupland 2011). Fourth, it introduces register as a novel factor that influences
number frequencies, investigating whether number use differs across more
informational and less informational texts. Finally, it shows that, in writing,
numbers of different magnitudes tend to be represented in different formats
(numerals, number words, mixed numbers). In doing so, this study builds a detailed
profile of number use in spoken and written English.

3 Methodology
3.1 The corpus

The British National Corpus (BNC; BNC Consortium 2007), collated from 1991 to
1994, is a 100 million word corpus of spoken and written British English from
the late 20th century. The corpus was slightly revised prior to the 2001 and 2007
releases (hence the citation date above) but no new texts were added. The corpus
includes samples of 45,000 words from longer texts, whereas texts under the 45,000
word limit are included in full. Samples were taken to avoid overrepresenting
idiosyncratic texts and obtain a wide cross-section of British English. The corpus
contains both single-author texts (e.g., monographs) and multi-author texts (e.g.,
magazine articles).

The spoken (10%) and written (90%) subcorpora are divided into four cate-
gories, including two spoken categories (conversational speech and presentational
speech) and two written categories (imaginative writing and informative writing).
The conversational speech subcorpus was collected via demographic sampling,
aiming to capture a representative spread of language users according to age,
gender, social group, and region. In contrast, what we call presentational speech —
‘context-governed speech’ according to the BNC nomenclature — encompasses
presentations to an audience, such as broadcast interviews, lectures, and legal
proceedings. Regarding the written subcorpora, imaginative writing includes
literary and creative fictional works, while informative writing includes non-
fiction works in domains like applied science, finance, and world affairs. Broadly,
presentational speech and informative writing are focused on communicating
information, whereas conversational speech and imaginative writing are less
informational. For more information about the BNC, see http://www.natcorp.ox.ac.
uk/corpus/index.xml.
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3.2 Software

The programming language Python (version 3.7) (Python Software Foundation 2021)
was used inside the integrated development environment PyCharm (version 2021.1.1)
(JetBrains 2021) to extract numbers from the British National Corpus (BNC
Consortium 2007). The following built-in Python libraries were used: Re (version
2.2.1), Time, OS, and IterTools (all: Van Rossum 2020). The following external Python
libraries were used: NumPy (version 1.20.2) (Harris et al. 2020), Pandas (version 1.2.4)
(McKinney 2010), NLTK (version 3.6.1) (Bird et al. 2009), BeautifulSoup (version 4.9.3)
(Richardson 2007), Requests (version 2.25.1) (Chandra and Varanasi 2015), Word2-
Number (Batorsky et al. 2021), and Num2Words (Dupras et al. 2021).

The statistical programming language R (version 4.0.3) (R Core Team 2020) was
used inside integrated development environment RStudio (version 2022.7.1.554)
(RStudio Team 2022) to assist with the number identification and perform the main
statistical analyses. The following R packages were used: tidyverse (version 1.3.0)
(Wickham et al. 2019), brms (Biirkner 2017, 2018), ggpubr (version 0.4.0) (Kassambara
2020), scales (Wickham and Seidel 2020), car (version 3.0.11) (Fox and Weisberg
2019), ggmemc (version 1.5.1.1) (Ferndndez-i-Marin 2016), tidybayes (version 3.02)
(Kay 2022), and ggrepel (version 0.9.1) (Slowikowski 2021). All data, analysis scripts,
and information about the procedure detailed in this section are stored in an OSF
repository (https://osf.io/ze9vk)).

3.3 Number identification and data processing

We identified integers and decimals 20 (i.e., no negative numbers) in the 4,054 texts
that comprise the BNC. Unlike previous corpus studies (Coupland 2011; Dehaene and
Mehler 1992; Dorogovtsev et al. 2005; Jansen and Pollmann 2001), which searched for
specific numbers in their respective corpora, we used natural language processing to
parse the BNC texts and capture all words identified as numbers. As a result, we
identify a greater range of numerical language than the aforementioned studies, but
we have to perform extra steps to process the data, which we detail in this section. All
decisions made in regard to number identification and data processing are fully
documented with reproducible scripts at the OSF repository associated with this
paper (https://osf.io/ze9dvk/).

To understand our data processing decisions, we must differentiate between
three senses in which numbers are used: cardinal, ordinal, and nominal (Wiese 2003;
Nieder 2005). Cardinal numbers refer to quantity or numerosity, such as the number
of apples in a basket. Ordinal numbers refer to numerical rank in an ordered list,
such as the top ten universities in the world. Finally, nominal numbers are used as
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names or identifiers, as in telephone numbers or bus numbers, with no quantity
or order necessarily being implied. Cardinal numbers are arguably the most pro-
totypical number sense, and are what we focus on in this paper, motivating our
analysis of numerical magnitude and roundness. For this reason, we do not analyse
numbers that are explicitly marked as being ordinal (e.g., ‘sixth’, ‘6th’), in line with
previous studies (Coupland 2011; Jansen and Pollmann 2001; but see Dehaene and
Mehler 1992). Thus, we focus here on a specific form of numbers: the most unmarked
forms of number words (‘one’, ‘two’, ‘three thousand’, etc.) and numerals (‘1’, 2’
‘3,000, etc.). We also exclude some instances of nominal numbers, as discussed
below. However, it is impossible to make sure we only identify cardinal numbers in
such alarge dataset, as doing so would require checking each number in its context of
use. The concern that our dataset is ‘contaminated’ by non-cardinal numbers is,
however, shared with all previous analyses of number word and numeral fre-
quencies (Coupland 2011; Dehaene and Mehler 1992; Dorogovtsev et al. 2005; Jansen
and Pollmann 2001). A benefit of our study is that our analysis explicitly acknowl-
edges non-cardinal uses of numbers by investigating numbers whose frequency
cannot be predicted accurately by focussing solely on magnitude and roundness (e.g.,
some culturally salient numbers).

We used the NLTK Python library to tag words in each text for whether they
were numbers. The NLTK library tags each word individually, meaning that
numbers comprising multiple words (e.g., ‘twenty five’ = two words) were initially
tagged as separate numbers (e.g., ‘twenty’ and ‘five’). To capture the full number, we
grouped together words tagged as numbers that were adjacent in the same text. We
included the words ‘and’ and ‘point’ in this grouping to capture number words
containing a conjunction (e.g., ‘one hundred and one’) or decimal values (e.g., ‘two
point one’). Hyphenated number words, like ‘twenty-five’, were captured as a whole.
NLTK was able to differentiate pronominal uses of number word ‘one’ (e.g., ‘as one
does’) from numerical uses (e.g., ‘one person’), which is a novel aspect of our
methodology: these uses of ‘one’ are confounded in Dehaene and Mehler’s (1992) and
Coupland’s (2011) corpus analyses of number words, and Jansen and Pollmann (2001)
chose not to look at the number word ‘one’ for this reason.

This number identification procedure identified 1,918,146 items (called as such
because some items were not numbers, or included more than one number; see
below). We then removed items that did not meet our definition of non-negative
numbers that were not explicitly marked as ordinals. Also removed were items that
were incorrectly tagged as numbers, did not refer to a specific number, or were not
relevant for other reasons. In particular, we removed 146,797 items containing a
mixture of both numerals and letters or other characters, including the aforemen-
tioned ordinals (e.g., ‘6th’), year ranges (1990s’), file names (e.g., ‘011207.tmp"), digital
times (e.g., ‘06:00), and ratios (e.g., 2:1’). Furthermore, we removed number words
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like ‘twelve fifty’ (6,016 items) that were ambiguous between different types of
numbers, such as prices (e.g., £12.50), times (e.g., ‘12:50’) and years (e.g., 1250’); non-
numerical words that were erroneously tagged as numbers (e.g., ‘year’, ‘ze’: 3,855
items); and vague numbers that did not refer to a precise value (e.g., ‘twenty odd’: 9
items). Finally, we excluded 5 items that included numerals preceded or followed by
a full stop and then followed by a multiplier word (e.g., ‘1 million’), and 9,407 items
beginning with ‘0’ that resembled binary codes (e.g., ‘00010°), digital times (e.g., 07.15),
or telephone numbers (e.g., 0207521133).2 Following these exclusions, 1,750,086 items
remained.

For the purposes of the data analysis, the number words we identified had to be
translated into numerals so they could be recognised by R as numbers rather than as
character strings. The Word2Num library in Python was used to translate the
number words we identified into numerals. To verify each translation, we used the
Num2Words library to back-translate the numerals into number words. We deemed
the translation accurate if the back-translated number word matched the original
number word. We manually translated some numbers that Word2Num was not able
to automatically translate, including mixed numbers comprising a numeral followed
by a multiplier word (e.g., 1.5 million’ = 1,500,000) and numbers written in a different
format (e.g., ‘seventy one hundred’ rather than ‘seven thousand one hun-
dred’ = 7,100). Furthermore, number words with an empty decimal place (e.g., ‘one
point zero’) were manually translated into integers (e.g., ‘1).

Even after these manual translations, we were unable to translate some
items into numerals. Consulting these untranslatable items, we saw that many
were not individual numbers, but were concatenations of multiple numbers
(e.g., ‘one hundred one thousand’ = ‘one hundred’ and ‘one thousand’). These
multi-number items were a by-product of our grouping together words tagged
as numbers that were adjacent in the same text. To capture the individual numbers
in these multi-number items separately, we classified the multi-number items
into structural types, so, for example, items such as ‘one and two’ and ‘eight and
six’ were both categorised as ‘Numser and numser’. Then, we updated the Python
script to capture the numbers in these multi-number items separately, and trans-
lated them into numerals. We did this until 20 or fewer cases of each structural type
remained (an arbitrary threshold as it would have been impractical to account for
every structural type due to the large size of the dataset). We excluded the
remaining 2,078 multi-number items from the dataset. To finish, we constrained the

2 We have no systematic way of identifying binary codes, digital times, and telephone numbers that
begin with a number other than 0, as these look the same as other numbers (e.g., 1001, 20.55, 3669734),
so there may be some of these numbers in the final dataset.
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numbers in our dataset to the range 0 to a billion, which led to the exclusion of 6,425
items.

This part of the procedure highlights a key limitation of an automatic approach
to identifying numbers: when number words are written in nonstandard ways, or
are not separated by commas, our automatic procedure may identify some of these
numbers incorrectly (as blanket rules were established for how multi-number
strings were dealt with, which may not be accurate for all cases), or these numbers
may be excluded. Only a manual analysis would allow us to identify the numbers in
these strings correctly in all instances. Ultimately, we believe that any numbers that
are inaccurately identified will constitute noise in the data that should not affect the
overall pattern of results we report, and that must be tolerated to facilitate the
collection of such a large dataset.

Overall, out of 97,476,231 words in the BNC, the number identification
procedure identified 1,739,343 numbers that met our search criteria. This figure
constitutes 1.8% of the total number of words in the BNC mentioned above, but
recall that some number word expressions comprised multiple words (e.g., ‘eight
hundred’).

4 Results
4.1 Overall results

First, we analysed the influence of magnitude, roundness, and cultural salience
overall by looking at the number frequencies across the whole of the BNC. Figure 1
displays the frequencies for numbers from 0 to a billion, excluding decimals. Number
and frequency are visualized on base-10 logarithmic scales (logo) — that is, x or y =1
represents 10, x or y = 2represents 100, x or y = 3 represents 1,000, x or y =4 represents
10,000, and so on.

The downward trend shows that frequency decreases as numerical magnitude
increases: smaller numbers are used more often than larger numbers. In fact, the
number 1is used more often than any other number, occurring 302,676 times (18.1%
of all integer tokens). The second most frequent number is 2, which occurs 180,079
times (10.8% of all integer tokens), and the third most frequent number is 3, which
occurs 98,035 times (5.9% of all integer tokens). As an exception to this trend, 0 is the
57th most frequent number in the dataset, occurring only 4,216 times (0.3% of all
integer tokens). Zero is different from other integers because it usually represents
the absence of a quantity, rather than the presence. Consequently, this number is not
typically used in counting practices. It should, however, be noted that only the
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Figure 1: Frequencies for all integers that appear in the British National Corpus in any representational
format. Both axes are base-10 logarithmically scaled (logso). Non-multiples and multiples of 10, 50, 100,
500, 1,000, 10,000, and 100,000 are color coded on a categorical scale from dark blue to light turquoise
(see legend). The number 0 is in red to highlight that we have manually coded its logyo value as -0.1 to
visualize it on a logqg scale, as the logarithm of 0 is not defined. The numbers 0, 1, 2, 3, 100, 1,000,
1,000,000, and 1,000,000,000 are circled and labelled.

numeral ‘0’ and the number word ‘zero’ were considered in this study — words such
as ‘none’ and ‘nought’ were not included.

The figure also shows that round numbers are used more often than unround
numbers of a comparable magnitude. For example, focussing on the round numbers
circled and labelled, 100 is used 14,819 times, while 99 is used 881 times and 101 is used
429 times; 1,000 is used 6,975 times, while 999 is used 182 times and 1,001 is used 54
times; 1 million is used 4,778 times, while 999,999 is used 13 times and 1,000,001 is
used 9 times; and 1 billion is used 1,075 times, while 999,999,999 is not used at all.

The color of the data points denotes whether the numbers are non-multiples or
multiples of round numbers of different magnitudes: 10, 50, 100, 500, 1,000, 10,000,
and 100,000. The transition from dark blue to light turquoise rightward across the
data points highlights the fact that, at higher magnitudes, the numbers that appear in
the BNC are increasingly round numbers, and multiples of a larger round number
(e.g., 110,000 is a multiple of 1,000 and 10,000, while 111,000 is a multiple of 1,000 but
not 10,000). This result hints that people are more likely to round numbers at higher
magnitudes, and to round to a greater extent — for instance, rounding 110,789 down to
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110,000 (the nearest multiple of 10,000) instead of rounding it up to 111,000 (the
nearest multiple of 1,000).

On top of the influence of magnitude and roundness, there are some other
notable features of the figure. First, there is a spike in frequency starting at about
x = 3 that reflects the high frequency of numerals from 1,000 to 2,000. Concordance
lines extracted via the English Corpora interface (https://www.english-corpora.org/
bnc/), which allows the user to conduct online searches of the BNC, showed that many
of these numerals are years (e.g., ‘the year 1990°), and are used with increasing
frequency as they approach the year the BNC’s collation was completed (1994).
Following Pollman and Baayen (2001), we might infer that these numbers are used
more frequently because recent dates are more relevant to discuss and so are more
culturally salient. The second notable feature of the figure is the spike in frequency
just before x = 5, which roughly represents the range 36,000-40,000. Concordance
lines for the most frequent of these numbers (e.g., 38,166) show that many of these
numbers are citations of page numbers mentioned frequently in multiple political
and economic records from the Keesings Contemporary Archives in the informative
writing subcorpus. The pages to which these numbers refer contain information
about widely significant, relevant topics (e.g., the Kuwait Democratic Forum). The
high frequency of these numbers appears to be an artifact of how the BNC’s com-
pilers sampled texts to include in the corpus, rather than these numbers being
culturally salient.

4.2 Statistical models

To understand the relative influence of magnitude, roundness, and cultural salience
on number frequencies, we statistically modelled number frequency as a function of
magnitude and roundness. We then identified the numbers used more frequently
than predicted when controlling for magnitude and roundness, whose frequency
may be attributable to cultural salience.

Bayesian negative binomial regression was used to model the number fre-
quencies (see Winter and Biirkner 2021). We included numbers that do not appear in
the BNC in this regression, which were assigned a frequency of 0, in addition to the
numbers that were identified (i.e.,, ones that appear at least once). This step is
justified because the frequency of the ‘missing’ numbers is genuinely 0 — it is not just
that we did not identify them. Number frequencies are positive integers, and so are
amenable to Poisson regression, which can be used to model unbounded count data.
However, because there is more variance in these count data than what is expected
under the Poisson distribution (known as overdispersion; see OSF repository for
evidence of overdispersion in the data: https://osf.io/ze9vk/) negative binomial
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regression was used, which modelled both the mean and the variance in counts. Like
Poisson regression, negative binomial regression uses the log link function (natural
logarithm), which means that all coefficients reported below model the log, number
frequencies.

We modelled number frequencies for the range 1-1 million. We did not include
0 because logarithmically transforming 0 is not possible, and we imposed an upper
limit of 1 million to mitigate the computational difficulties and time demands asso-
ciated with analysing larger datasets in this manner (all numbers from 1 to 1 million
were analysed, including numbers with a frequency of 0). We used default priors
from the R package brms (Biirkner 2017, 2018) for the intercept and standard devi-
ation. We set weakly informative priors on the independent variable slopes (normal
distribution centered at 0, standard deviation of 0.5) to build “mild skepticism”
(McElreath 2016, p. 186) into our analyses. Weakly informative priors bias slope
estimates slightly towards zero, making our results more conservative when
compared to a corresponding frequentist model.

The dependent variable in the model was Frequency and the independent
variables were Log;o Number Magnitude and the roundness properties Multiple of 5,
Multiple of 10, 10-ness, 2-ness, 2.5-ness, and 5-ness.® Variance Inflation Factors
(VIFs) for the roundness properties in a linear regression model were all below 3,
indicating that collinearity was not an issue (Winter 2019; see OSF repository for VIFs:
https://osf.io/ze9vk/).*

The coefficients from this model confirm that Log. Frequency declines with
Logyo Number Magnitude (8 = —3.62, 95% Bayesian credible interval = [-3.65, —3.59]).
From highest to lowest, the credible intervals for the roundness properties are:
10-ness (B = 4.46, 95% CI = [4.06, 4.88]), 2.5-ness (B = 3.84, 95% CI = [3.42, 4.29]), 5-ness
(B = 3.39, 95% CI = [2.95, 3.87]), 2-ness (B = 2.74, 95% CI = [2.29, 3.20]), Multiple of 10
(B = 245, 95% CI = [2.38, 2.53]), and Multiple of 5 (8 = 0.06, 95% CI = [-0.01, 0.13]). All
the credible intervals are well above zero, except for Multiple of 5, which slightly
overlaps with, but is mostly above, zero. All roundness properties thus predict that
a number will be used more frequently, but Multiple of 5 much less so than the
other roundness properties. Furthermore, numbers with more roundness properties

3 Technically, the mathematical definitions of 10-ness, 2-ness, 2.5-ness, and 5-ness proposed by
Jansen and Pollmann (2001) mean that all numbers from 1 to 9 have 10-ness, because dividing these
numbers by 1 (1 x 10° = 1) equals an integer no greater than 9. Similarly, all multiples of 2 from 2 to 8
have 2-ness, because dividing these numbers by 2 (2 x 10° = 2) equals an integer no greater than 9. As
our treatment of roundness assumes that all round numbers are multiples of ten or five (although not
all multiples of ten or five are necessarily round), we avoided this outcome by only considering the
first power of ten and above for all roundness properties (rather than the zeroth).

4 There is currently no implementation of VIFs in the brms R package, and in any case, whether the
model is Bayesian or frequentist does not affect assessments of collinearity.
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(e.g., 200, which is a Multiple of 10, a Multiple of 5, and also has 10-ness, 2.5-ness,
5-ness, and 2-ness) are predicted to be used more frequently than numbers with
fewer roundness properties (e.g., 15,000, which is a Multiple of 10, a Multiple of 5, and
also has 2.5-ness and 5-ness). Moreover, some credible intervals do not overlap,
indicating that some roundness properties are more predictive of number frequency
than others, with 10-ness being the most predictive (more predictive than 5-ness,
2-ness, Multiple of 10, and Multiple of 5), followed by 2.5-ness (more predictive than
2-ness, Multiple of 10, and Multiple of 5), 5-ness (more predictive than Multiple of 10
and Multiple of 5), 2-ness and Multiple of 10 (both more predictive than Multiple of 5),
and Multiple of 5.

We then identified numbers whose high frequency cannot be explained by
either magnitude or roundness by examining the model residuals, which show how
different the actual number frequencies are from the model’s predictions (see
Winter 2019, Ch. 4). High residuals reflect numbers that are used more often than
expected based on magnitude and roundness alone, factoring out the influence of
the model’s predictors. To better understand why these numbers are used so
frequently, we consulted concordance lines for them using the English Corpora
interface (https://www.english-corpora.org/bnc/). A full list of the residuals is pro-
vided in the OSF repository for this paper (https://osf.io/ze9vk).

The ten numbers with the largest residuals are all between 1984 and 1993,
reflecting the prevalence of dates in the BNC, especially those recent to the
completion of the BNC’s collation in 1994. If we exclude numbers between 1,000 and
2,000, the ten largest residuals are for numbers with at least one roundness property
(1st: 250,000, 2nd: 300,000, 3rd: 12,000). If we exclude numbers with any roundness
properties, the largest residual is for the number 80486, which refers to a micro-
processor. The second largest residual is for the number 2001, which refers to the
year and a savings plan called SaverPlus 2001. The third largest residual is for the
number 999, which is one of the UK’s emergency services numbers. The numbers at
ranks 8-10 in this list (38,211, 37,838, 37,914) are page numbers mentioned in texts
from the Keesings Contemporary Archives.

4.3 Analysis of subcorpora

We now turn our attention to comparisons across and within the BNC subcorpora. To
investigate the effect of register on number use, we compared more informational
(presentational speech, e.g., lectures, educational demonstrations, classroom in-
teractions; informative writing, e.g., non-fiction books about applied science, the arts,
world affairs, etc.) and less informational contexts (conversational speech; imagi-
native writing, i.e., fiction books) within speech and writing respectively. Across
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these registers, we compared: (1) Numerical density — how often numbers are used
in general; (2) Numerical diversity — how varied the set of numbers used is; (3)
Decimals — how frequently decimals are used; and (4) Magnitude — how frequently
smaller versus larger numbers are used. Then, in the written subcorpora, we
investigated the format (numerals, number words, mixed numbers) used to repre-
sent numbers of different magnitudes.

4.3.1 Numerical density

Relative to the size of each spoken subcorpus, people use numbers about the same
amount in presentational speech (1.6%, 97,589 number tokens out of 5,987,379 words)
and conversational speech (1.6%, 63,196 number tokens out of 3,976,158 words).
Relative to the size of each written subcorpus, people use numbers more frequently
in informative writing (2.1%, 1,473,425 number tokens out of 71,355,964 words) than in
imaginative writing (0.7%, 105,133 number tokens out of 16,156,730 words). Thus, in
writing, the more informational subcorpus (informational writing) is more numer-
ically dense than the less informational subcorpus (imaginative writing), whereas in
speech, there is not a substantial difference in numerical density between the more
informational (presentational speech) and less informational (conversational
speech) subcorpora.

4.3.2 Numerical diversity

When people speak about numbers, they use more different numbers in presenta-
tional speech (1,633 types, type-token ratio [TTR] = 1.7%) than in conversational
speech (634 types, TTR = 1.0%). When people write about numbers, they use more
different numbers in informative writing (27,016 types, TTR = 1.8%) than in imagi-
native writing (1,412 types, TTR = 1.3%). Hence, in their respective modalities, the
more informational subcorpora (presentational speech and informative writing) are
more numerically diverse than the less informational subcorpora (conversational
speech and imaginative writing).

4.3.3 Decimals

When people talk about numbers, they use more decimals in presentational speech
(1.0%, 978 decimals out of 97,589 number tokens) than in conversational speech
(0.5%, 297 decimals out of 63,196 number tokens). When people write about numbers,
they use more decimals in informative writing (4.6%, 68,257 decimals out of 1,473,425
numbers) than in imaginative writing (0.6%, 665 decimals out of 105,133 numbers).
These results show that more numbers used in the more informational subcorpora
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(presentational speech and informative writing) are decimals than in the less
informational subcorpora (conversational speech and imaginative writing) in their
respective modalities.

4.3.4 Magnitude

Figure 2 shows the proportion of number tokens in different log;, number ranges
(i.e., magnitudes) in the different subcorpora. In all subcorpora, smaller numbers are
used more often than larger numbers.

When we compare the subcorpora, we see that smaller numbers are propor-
tionally more frequent in the less informational subcorpora compared to the
more informational subcorpora in their respective modalities: the log;o number
range 0—<1 (numbers 1-9) is proportionally more frequent for conversational speech
(74.7%, 47,143 out of 63,091 tokens) than presentational speech (66.4%, 64,675 out of
97,332 tokens), and for imaginative writing (78.2%, 82,175 out of 105,045 tokens) than
informative writing (44.4%, 649,597 out of 1,462,196 tokens).
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Figure 2: Proportions of number tokens in different log,o number ranges in the spoken and written
subcorpora. Proportions are out of all number tokens in each subcorpus.
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In comparison, larger numbers are proportionally more frequent in the more
informational subcorpora than in the less informational subcorpora in their
respective modalities: the log,, number ranges 1-9 (numbers 10-1 billion) are
proportionally more frequent for presentational speech (33.6%, 32,657 out of 97,332
tokens) than conversational speech (25.3%, 15,948 out of 63,091 tokens), and for
informative writing (55.6%, 812,599 out of 1,462,196 tokens) than imaginative writing
(21.8%, 22,870 out of 105,045 tokens).

The proportions of number tokens become increasingly small for the higher
log;o number ranges as larger numbers are increasingly unlikely to be discussed in
general, meaning that proportional differences between the subcorpora become
trivially small. Also note that the relative increase for written numbers in logo
number range 3—<4 is due to numbers in the range 1,000-2,000 occurring frequently,
often referring to years.

4.3.5 Writing: representational formats

Figure 3 displays the proportions of numbers in each log;, number range that were
represented as a numeral, number word, or mixed number in writing. We focus on
writing because the representational format of a number in writing is a decision
made by the text’s author, whereas in the spoken texts, this format is a matter of
transcription and so does not reflect how the number was spoken in context.
Overall, the figure shows a transition from the dominance of number words
for the smallest numbers, to numerals for comparatively larger numbers, to
mixed numbers for the largest numbers. In particular, numbers 1-9 (log;, number
range 0-<1, 731,772 tokens) are mostly represented by number words (66.46%,
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Figure 3: Proportions of number tokens in each log;o number range that were written in different
representational formats. Proportions are out of all number tokens in each log;o number range.
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486,316 tokens) and less by numerals (33.54%, 245,456 tokens). Numbers 10-999,999
(logyo number range 1-<6, 811,536 tokens) are mostly denoted by numerals (92.77%,
752,834 tokens), followed by number words (7.23%, 58,647 tokens), and mixed
numbers (0.01%, 55 tokens). Numbers 1 million-9,999,999 (log;, number range 6—<7,
11,888 tokens) are mostly represented by mixed numbers (44.03%, 5,234 tokens),
followed by number words (38.45%, 4,571 tokens), and then numerals (17.52%, 2,083
tokens). Similarly, numbers 10 million-99,999,999 (log;o number range 7—<8, 6,413
tokens) are mostly denoted by mixed numbers (73.85%, 4,736 tokens), but, unlike the
preceding number range, are denoted more by numerals (20.58%, 1,320 tokens) than
by number words (5.57%, 357 tokens). This range is also more likely to be denoted
by mixed numbers than the previous range. We see a similar pattern for numbers
100 million-1 billion (log;, number range 8-9, 5,632 tokens), which are mostly
denoted by mixed numbers (72.46%, 4,081 tokens), followed by numerals (16.46%, 927
tokens), and then number words (11.08%, 624 tokens).

5 Discussion

This study is the largest, most comprehensive analysis of number use to date. Our
results have a number of important implications. First, they confirm the findings of
previous studies (Coupland 2011; Dehaene and Mehler 1992; Dorogovtsev et al. 2005;
Jansen and Pollmann 2001) that frequency declines as numerical magnitude in-
creases, and that round numbers are used more frequently than unround numbers
of a similar magnitude. As discussed in detail in Section 2, small numbers may be
used more often due to the ease of mentally processing these numbers (Dehaene and
Mehler 1992), because they are more relevant to discuss (Cummins 2015: 32), and
because we use scales that keep numbers small (Coupland 2011: 34-35). Round
numbers may be used more frequently due to their psychological salience (Van der
Henst and Sperber 2004) and cognitively accessibility or simplicity (e.g., Dehaene
1997), and also because the exact value may be unknown (Ruud et al. 2014) or
irrelevant to discuss (e.g., Van der Henst et al. 2002). People may also use round
numbers to avoid seeming pedantic (e.g., Lin 2013), and for strategic manipulation
(Cummins and Franke 2021). However, our data do not allow us to differentiate
between these different factors: we can state that smaller numbers and round
numbers are used more often than larger and unround numbers, but our data do not
tell us why.

Our findings clearly show that round numbers are not created equal: some are
used more often and so may be seen as ‘rounder’ than others. First, even multiples of
ten without 10-ness, 2-ness, 2.5-ness, or 5-ness (e.g., 810, 10,070) — and to a much lesser
extent, multiples of five without 10-ness, 2-ness, 2.5-ness, or 5-ness (e.g., 815, 10,075) —
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are used more often than non-multiples’ Second, numbers with more roundness
properties are more frequent than numbers with fewer roundness properties,
extending Jansen and Pollman’s (2001) findings by showing that this result also
applies if we treat being a multiple of ten or being a multiple of five as roundness
properties. Third, supporting Cummins’ (2015: 34) speculation that some roundness
properties may be more important than others in determining roundness, we find
that 10-ness is the most important factor, followed by 2.5-ness, 5-ness, 2-ness and
being a multiple of ten (which were tied), and, lastly, being a multiple of five.

The concept of ‘roundness’ may thus not be either/or but rather may be a radial
category with graded membership (Lakoff 1987, Ch. 6), consistent with prototype
theory (Rosch 1973; Taylor 2003). Numbers with more roundness properties may be
closer to the center of this category (i.e., be more prototypical of it) because they have
more features associated with it (e.g., 10-ness, 2-ness), just as a robin is a more
prototypical example of a bird than a penguin, because a robin has the feature ‘can
fly’ thatis associated with the bird category (e.g., Rosch 1975; Rossiter and Best 2013). A
radial category of roundness is illustrated in Figure 4. A more complete depiction of
roundness as a radial category would account for the different influence of different
roundness properties (e.g., 10-ness > 5-ness, 2-ness, Multiple of 10, and Multiple of 5).

Our results also suggest that number use is less precise at higher magnitudes:
people round larger numbers to a greater extent than smaller numbers (see also
Coupland 2011). This aspect of numerical communication may reflect the less precise
nature of numerical cognition at higher magnitudes (Cheyette and Piantadosi 2019;
McCrink and Wynn 2007; Xu and Spelke 2000), which is captured by the Weber-
Fechner law (DeWind et al. 2015; Shepard et al. 1975). Because this explanation
appeals to the notion that we find quantities more difficult to discriminate between
at higher magnitudes, it probably only applies to cardinal numbers (i.e., those
denoting quantities) rather than, for example, the calendar years in our dataset,
whose numerical value denotes their position in an ordinal sequence of years, rather
than the number of years per se. For years, larger numbers (i.e., more recent years)
may be easier to discriminate between than smaller numbers (i.e., less recent years),
because more recent years may be easier to recall accurately. For example, while it
may be easy to recall whether one went to Milan in either 2017 or 2018, it may be
harder to recall whether one went to Rome in either 2007 or 2008.>

We also identified numbers that were used frequently because they are
culturally salient. For example, confirming previous studies (Pollmann 1998;
Pollmann and Baayen 2001), numbers between 1,000 and 2,000 were especially
frequent as many were ordinal numbers that referred to years, particularly recent
ones, which are usually more relevant to present discussion. The number 999 was

5 We thank an anonymous reviewer for this point and example.
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380,179

Figure 4: Roundness as a radial category, where green indicates roundness and white indicates the
absence of roundness. The most prototypical or ‘roundest’ numbers are in the center circle

(i.e., numbers with all six roundness properties: 10-ness, 2-ness, 2.5-ness, 5-ness, being a multiple of ten,
and being a multiple of five). Progressing outward through the inner rings are less prototypical or ‘less
round’ numbers with five, four, three, two, or one roundness properties. The outer ring shows numbers
that have no roundness properties.

also used relatively often in the BNC as it is one of the UK’s emergency services
numbers, a nominal use of 999. Crucially, if the number 999 were not culturally
salient, we would hardly expect it to be used at all, because in all other contexts it
would probably be rounded to 1,000. Rather than reflecting cultural salience, other
frequently used numbers seemed to reveal issues of unrepresentativeness in the
BNC. The most obvious example is in the presence of ordinal page numbers from
texts from the Keesings Contemporary Archives, which probably reflects the texts
sampled for inclusion in the BNC rather than prominent use of these numbers
outside this context. Other examples include the use of numbers as names for
products, like the SaverPlus 2001 savings plan. While the nominal use of numbers in
branding can certainly lead to numbers being culturally salient, such as 747 (Boeing
jets), 501 (Levi jeans), and 57 (Heinz), it is doubtful whether the number 2001 is salient
outside the BNC, at least not due to its use in this particular brand name. Future
studies could conduct diachronic analyses to determine whether different numbers
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have gained or lost cultural salience over time. As cultures evolve, so too may the
preference for communicating about different numbers, and the ways about which
these numbers are communicated. For example, Chrisomalis (2020) demonstrates
that the popularity of the expression ‘1.2 million’ has surpassed the equivalent ex-
pressions ‘twelve hundred thousand’ and ‘one million two hundred thousand’ over
the years 1800-2000.

This study also investigated number frequencies across registers: across more
informational (presentational speech, informative writing) and less informational
(conversational speech, imaginative writing) contexts. We found that, in their
respective modalities, the more informational subcorpora were more numerically
diverse (people used more varied numbers) and contained more decimals and larger
numbers. In writing, we found that informative writing was more numerically dense
(people used more numbers in general) than imaginative writing. Overall, these
measures suggest that numbers are integral to contexts in which communicating
information is important. People may use numbers in informational registers to
quantify phenomena for the benefit of one’s audience — such as when listing in-
gredients for a recipe (e.g., 2 tablespoons of tomato purée, > a teaspoon of dried
marjoram) and describing how many people the meal will serve (e.g., 4 people) (see
BBC Good Food 2022) — or to precisely record financial transactions (Coupland 2011).
People may also use numbers to establish credibility (Koetsenruijter 2011) or convey
an air of objectivity (Porter 1995). The fact that we found register differences is
consistent with previous studies that found linguistic differences between English
registers (Biber 2009a, 2009b; Biber et al. 1999; Biber and Clark 2002; Biber and Gray
2010; Conrad and Biber 2009; Egbert and Mahlberg 2020; Love et al. 2019; Neumann
2014).

Comparing representational formats in writing, we found that the numbers 1-9
were mostly represented as number words, whereas 10-999,999 were mostly
represented as numerals, and 1 million-1 billion were mostly denoted by a mix of
numerals and multiplier words, consistent with the recommendations of many
writing style guides (e.g., Office for National Statistics 2022). These conventions may
stem from the fact that larger numbers, especially unround numbers, are often
longer to write and harder to parse when written as number words (e.g., ‘one
hundred thousand, seven hundred and fifty five’) than as numerals (e.g., ‘100,755").
However, even numerals may be difficult to parse for very large numbers (e.g.,
1,000,000,000), which may explain why a mix of numerals and number words are
preferred at these magnitudes (e.g., ‘1 billion’). Our results are consistent with
Coupland’s (2011) in that we found that number words were used proportionally
more often for smaller numbers. However, unlike this previous study, we found that
number words were dominant over numerals for the range 1-9. This discrepancy
may be attributable to the fact that the internet contains numerals from all
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languages, which was contrasted with number words in English, whereas our
analysis compares numerals and number words used exclusively in English.

People talk and write about numbers in many different ways, which are difficult
to account for exhaustively in a study like this that paints with broad brushstrokes
to capture numerical communication on a large scale. In the interest of feasibility
when working with large-scale data, blanket rules were established for what num-
ber expressions would be considered, which were necessarily imperfect. Our
methodology automatically identified words that are typically used to denote
numbers (e.g., ‘one’, hundred’), but some numerical expressions were not identified
(e.g., ‘nought’, ‘a dozern’, ‘a couple’), or were probably captured as separate numbers
even though they were part of a larger expression (e.g., ‘two and a half thou-
sand’ = ‘two’ and ‘thousand’; ‘one over three’ = ‘one’ and ‘three’). As a result, we did
not examine more non-standard or colloquial ways of referring to numbers (e.g., ‘a
couple hundred’), which may be more prevalent in speech than in writing, poten-
tially leading us to underestimate number use in speech. Our dataset may also be
slightly noisy or incomplete generally for the reasons described above. However, we
believe that the results we report would hold with a more complete identification of
numbers, due to the strength of the patterns observed and the sheer size of the
dataset, and because our results replicate many of the patterns revealed in previous
corpus analyses (Coupland 2011; Dehaene and Mehler 1992; Dorogovtsev et al. 2005;
Jansen and Pollmann 2001).

To replicate our findings, it may be instructive to reproduce these analyses with
another English language corpus, such as the Corpus of Contemporary American
English (COCA; Davies 2008), or a corpus in a different language, for example, from
the TenTen Corpus Family (Jakubicek et al. 2013). Doing so would reveal whether
our results apply across language varieties — for example, from British (BNC) to
American English (COCA) — and to other languages from the same (e.g., German) or a
different (e.g., Arabic) language family. It may also reveal differences in the numbers
that are salient across cultures. For example, we might expect 911 (rather than 999) to
be frequent in COCA, as 911 is the US’s emergency services number. Other corpora
also have a different makeup of registers than the BNC, affording different kinds of
comparative analyses than the more versus less informational comparison reported
here. Areplication could also be conducted with the 2004 version of the BNC (Brezina
etal. 2021; Love et al. 2017) when the full written English texts are downloadable (only
the spoken English texts are currently available).

People use some numbers more often than others. This large-scale study has
shed light on the numbers people use more often, in what contexts, and why, in
connection to magnitude, roundness, cultural salience, and register, and has iden-
tified the formats with which writers choose to represent these numbers. In doing so,
it has constructed a detailed profile of number use in spoken and written English.



26 —— Woodin et al. DE GRUYTER MOUTON

Research funding: This work was supported by UK Research and Innovation (Future
Leaders Fellowship MR/T040505/1) and Economic and Social Research Council
(ES/P000711/1).

References

Ayonrinde, Oyedeji A., Anthi Stefatos, Shadé Miller, Amanda Richer, Pallavi Nadkarni, Jennifer She,
Ahmad Alghofaily & Nomusa Mngoma. 2021. The salience and symbolism of numbers across cultural
beliefs and practice. International Review of Psychiatry 33(1-2). 179-188.

Barchas-Lichtenstein, Jena, John Voiklis, Bennett Attaway, Laura Santhanam, Patti Parson,

Uduak Grace Thomas, Isabella Isaacs-Thomas, Shivani Ishwar & John Fraser. 2022. Number soup:
Case studies of quantitatively dense news. journalism Practice. 1-28. https://doi.org/10.1080/
17512786.2022.2099954.

Batorsky, Ben, Alex Ledvosky, Tal Yarkoni & Buttered Groove. 2021. Word2Number. https://w2n.
readthedocs.io/en/latest/ (accessed 10 May 2021).

BBC Good Food. 2022. Chilli con carne recipe. BBC Good Food. https://www.bbcgoodfood.com/recipes/
chilli-con-carne-recipe (accessed 8 September 2022).

Beltrama, Andrea, Stephanie Solt & Heather Burnett. 2022. Context, precision, and social perception: A
sociopragmatic study. Language in Society. 1-31. https://doi.org/10.1017/S0047404522000240.

Bender, Andrea & Sieghard Beller. 2012. Nature and culture of finger counting: Diversity and
representational effects of an embodied cognitive tool. Cognition 124(2). 156-182.

Biber, Douglas. 2009a. Are there linguistic consequences of literacy? Comparing the potentials of
language use in speech and writing. In David R. Olson & Nancy Torrance (eds.), The Cambridge
handbook of literacy (Cambridge Handbooks in Psychology), 75-91. Cambridge: Cambridge
University Press. https://www.cambridge.org/core/books/cambridge-handbook-of-literacy/are-
there-linguistic-consequences-of-literacy-comparing-the-potentials-of-language-use-in-speech-
and-writing/3210F2D761DCC022B4CDAA048C55D3AA (accessed 24 September 2022).

Biber, Douglas. 2009b. A corpus-driven approach to formulaic language in English: Multi-word patternsin
speech and writing. International Journal of Corpus Linguistics 14(3). 275-311.

Biber, Douglas & Victoria Clark. 2002. How long can you go without a verb?: Historical shifts in modification
patterns with complex noun phrase structures (Current Issues in Linguistic Theory). In Teresa Fanego,
Javier Pérez-Guerra & Maria José Loépez-Couso (eds.), English Historical Syntax and Morphology:
Selected papers from 11 ICEHL, Santiago de Compostela, 7-11 September 2000. Volume 1 (Current Issues in
Linguistic Theory). Amsterdam: John Benjamins Publishing Company.

Biber, Douglas & Bethany Gray. 2010. Challenging stereotypes about academic writing: Complexity,
elaboration, explicitness. Journal of English for Academic Purposes 9(1). 2-20.

Biber, Douglas, Stig Johansson, Geoffrey Leech, Susan Conrad & Edward Finegan (eds.). 1999. Longman
grammar of spoken and written English. Harlow: Longman.

Bird, Steven, Ewan Klein & Edward Loper. 2009. Natural language processing with python: Analyzing text with
the natural language toolkit, 1st edn. Cambridge, Massachusetts: O’Reilly Media.

BNC Consortium. 2007. British National Corpus. University of Oxford, Oxford: BNC Consortium. http://
www.natcorp.ox.ac.uk/ (accessed 13 July, 2019).

Brezina, Vaclav, Abi Hawtin & Tony McEnery. 2021. The Written British National Corpus 2014 - design and
comparability. Text & Talk 41(5-6). 595-615.


https://doi.org/10.1080/17512786.2022.2099954
https://doi.org/10.1080/17512786.2022.2099954
https://w2n.readthedocs.io/en/latest/
https://w2n.readthedocs.io/en/latest/
https://www.bbcgoodfood.com/recipes/chilli-con-carne-recipe
https://www.bbcgoodfood.com/recipes/chilli-con-carne-recipe
https://doi.org/10.1017/S0047404522000240
https://www.cambridge.org/core/books/cambridge-handbook-of-literacy/are-there-linguistic-consequences-of-literacy-comparing-the-potentials-of-language-use-in-speech-and-writing/3210F2D761DCC022B4CDAA048C55D3AA
https://www.cambridge.org/core/books/cambridge-handbook-of-literacy/are-there-linguistic-consequences-of-literacy-comparing-the-potentials-of-language-use-in-speech-and-writing/3210F2D761DCC022B4CDAA048C55D3AA
https://www.cambridge.org/core/books/cambridge-handbook-of-literacy/are-there-linguistic-consequences-of-literacy-comparing-the-potentials-of-language-use-in-speech-and-writing/3210F2D761DCC022B4CDAA048C55D3AA
http://www.natcorp.ox.ac.uk/
http://www.natcorp.ox.ac.uk/

DE GRUYTER MOUTON Large-scale patterns of number use =—— 27

Buckley, Paul B. & Clifford B. Gillman. 1974. Comparisons of digits and dot patterns. fournal of Experimental
Psychology 103(6). 1131-1136.

Burkner, Paul-Christian. 2017. brms: An R package for Bayesian multilevel models using Stan. journal of
Statistical Software 80(1). 1-28.

Biirkner, Paul-Christian. 2018. Advanced Bayesian multilevel modeling with the R package brms. The R
Journal 10(1). 395-411.

Butterworth, Brian. 1999. The mathematical brain. New York City, New York: Macmillan. (15 July, 2021).

Butterworth, Brian, Robert Reeve, Fiona Reynolds & Delyth Lloyd. 2008. Numerical thought with and
without words: Evidence from indigenous Australian children. Proceedings of the National Academy of
Sciences 105(35). 13179-13184.

Chandra, Rakesh V. & Bala S. Varanasi. 2015. Python Requests Essentials. Birmingham, UK: Packt Publishing
Ltd.

Cheyette, Samuel J. & Steven T. Piantadosi. 2019. A primarily serial, foveal accumulator underlies
approximate numerical estimation. Proceedings of the National Academy of Sciences 116(36).
17729-17734.

Chrisomalis, Stephen. 2020. Reckonings: Numerals, cognition, and history. Cambridge, Massachusetts: The
MIT Press.

Conrad, Susan & Douglas Biber. 2009. Real grammar: A corpus-based approach to English. White Plains, NY:
Pearson/Longman.

Cotterill, Janet. 2007. ‘I think he was kind of shouting or something’: Uses and abuses of vagueness in the
British courtroom. In Joan Cutting (ed.), Vague language explored, 97-114. London, UK: Palgrave
Macmillan.

Coupland, Nikolas. 2011. How frequent are numbers? Language and Communication 31(1). 27-37.

Cummins, Chris. 2015. Constraints on numerical expressions (Oxford Studies in Semantics and Pragmatics).
Oxford: Oxford University Press.

Cummins, Chris & Michael Franke. 2021. Rational interpretation of numerical quantity in argumentative
contexts. Frontiers in Communication 6. 1-16.

Davies, Mark. 2008. The Corpus of Contemporary American English (COCA). Available at: https://www.
english-corpora.org/coca/.

Dehaene, Stanislas. 1989. The psychophysics of numerical comparison: A reexamination of apparently
incompatible data. Perception & Psychophysics 45(6). 557-566.

Dehaene, Stanislas. 1997. The number sense: How the mind creates mathematics. New York: Oxford
University Press.

Dehaene, Stanislas & Jacques Mehler. 1992. Cross-linguistic regularities in the frequency of number words.
Cognition 43(1). 1-29.

DeWind, Nicholas K., Geoffrey K. Adams, Michael L. Platt & Elizabeth M. Brannon. 2015. Modeling the
approximate number system to quantify the contribution of visual stimulus features. Cognition 142.
247-265.

Dorogovtsev, Sergey, José Fernando Mendes & Joao Oliveira. 2005. Frequency of occurrence of numbersin
the World Wide Web. Physica A: Statistical Mechanics and its Applications 360. 548-556.

Dupras, Virgil, Ernesto R. Ortiz, Istvan Szalai, Mark Lodato & Ben Harper. 2021. Num2Words. Montreal:
Savoir-faire Linux Inc.

Egbert, Jesse & Michaela Mahlberg. 2020. Fiction - one register or two?: Speech and narration in novels.
Register Studies 2(1). 72-101.

Fernandez-i-Marin, Xavier. 2016. ggmcmc: Analysis of MCMC Samples and Bayesian Inference. journal of
Statistical Software 70(9). 1-20.


https://www.english-corpora.org/coca/
https://www.english-corpora.org/coca/

28 —— Woodin et al. DE GRUYTER MOUTON

Fox, John & Sanford Weisberg. 2019. An R companion to applied regression, 3rd edn. Thousand Oaks,
California: Sage. Available at: http://socserv.socsci.mcmaster.ca/jfox/Books/Companion.

Francis, W. Nelson & Henry Ku€era. 1982. Frequency analysis of English usage: Lexicon and grammar. Boston:
Houghton Mifflin.

Gibbs Jr, Raymond W. & Gregory A. Bryant. 2008. Striving for optimal relevance when answering
questions. Cognition 106(1). 345-369.

Gordon, Peter. 2004. Numerical cognition without words: Evidence from Amazonia. Science 306(5695).
496-499.

Grice, H. Paul. 1975. Logic and conversation. In Peter Cole & Jerry Morgan (eds.), Speech arts (Syntax and
Semantics 3), 41-58. Cambridge, MA: Academic Press.

Gunasti, Kunter. 2016. Consumer reactions to round numbers in brand names. Marketing Letters 27(2).
309-322.

Harris, Charles R., K. Jarrod Millman, Stéfan J. van der Walt, Ralf Gommers, Pauli Virtanen,

David Cournapeau, Eric Wieser, Julian Taylor, Sebastian Berg, Nathaniel ). Smith, Robert Kern,
Matti Picus, Stephan Hoyer, Marten H. van Kerkwijk, Matthew Brett, Allan Haldane,

Jaime Fernandez del Rio, Mark Wiebe, Pearu Peterson, Pierre Gerard-Marchant, Kevin Sheppard,
Tyler Reddy, Warren Weckesser, Hameer Abbasi, Christoph Gohlke & Travis E. Oliphant. 2020. Array
programming with NumPy. Nature 585(7825). 357-362.

Ifrah, Georges. 1987. From one to zero: A universal history of numbers. New York, N.Y., U.S.A: Penguin Books.

Jakubicek, Milos, Kilgarriff Adam, Vojtéch Kovar, Pavel Rychly & Vit Suchomel. 2013. The TenTen corpus
family. In Proceedings of the 7th International Corpus Linguistics Conference, 125-127. Lancaster.

Jansen, Carel J. M. & Mathijs M. W. Pollmann. 2001. On round numbers: Pragmatic aspects of numerical
expressions. Journal of Quantitative Linguistics 8(3). 187-201.

JetBrains. 2021. PyCharm.

Kassambara, Alboukadel. 2020. ggpubr: “ggplot2” based publication ready plots. Available at: https://
CRAN.R-project.org/package=ggpubr.

Kay, Matthew. 2022. tidybayes: Tidy data and geoms for Bayesian models. Available at: http://mjskay.
github.io/tidybayes/.

Koetsenruijter, A. Willem M. 2011. Using numbers in news increases story credibility. Newspaper Research
Journal 32(2). 74-82.

Krifka, Manfred. 2009. Approximate interpretations of number words: A case for strategic
communication. In Erhard Hinrichs & John Nerbonne (eds.), Theory and evidence in semantics,
109-132. CSLI Publications. (28 June, 2022).

Lakoff, George. 1987. Women, fire, and dangerous things: What categories reveal about the mind. Chicago:
University of Chicago Press.

Lasersohn, Peter. 1999. Pragmatic halos. Language 75(3). 522-551.

Lin, Yen-Liang. 2013. Vague language and interpersonal communication: An analysis of adolescent
intercultural conversation. International Journal of Society, Culture & Language 1(2). 69-81.

Love, Robbie, Vaclav Brezina, Tony McEnery, Abi Hawtin, Andrew Hardie & Claire Dembry. 2019. Functional
variation in the Spoken BNC2014 and the potential for register analysis. Register Studies 1(2). 296-317.

Love, Robbie, Claire Dembry, Andrew Hardie, Vaclav Brezina & Tony McEnery. 2017. The Spoken BNC2014:
Designing and building a spoken corpus of everyday conversations. International Journal of Corpus
Linguistics 22(3). 319-344.

McCarthy, Michael. 2006. Explorations in corpus linguistics. New York, NY: Cambridge University Press
Marketing Department.

McCrink, Koleen & Karen Wynn. 2007. Ratio abstraction by 6-month-old infants. Psychological Science 18(8).
740-745.


http://socserv.socsci.mcmaster.ca/jfox/Books/Companion
https://CRAN.R-project.org/package=ggpubr
https://CRAN.R-project.org/package=ggpubr
http://mjskay.github.io/tidybayes/
http://mjskay.github.io/tidybayes/

DE GRUYTER MOUTON Large-scale patterns of number use =—— 29

McElreath, Richard. 2016. Statistical rethinking: A Bayesian course with examples in R and Stan (Chapman &
Hall/CRC Texts in Statistical Science Series 122). Boca Raton: CRC Press/Taylor & Francis Group.

McKinney, Wes. 2010. Data structures for statistical computing in Python. Proceedings of the 9th Python in
Science Conference 445. 56-61.

Neumann, Stella. 2014. Cross-linguistic register studies: Theoretical and methodological considerations.
Languages in Contrast 14(1). 35-57.

Nieder, Andreas. 2005. Counting on neurons: the neurobiology of numerical competence. Nature Reviews
Neuroscience 6(3). 177-190.

Office for National Statistics. 2022. Writing Numbers. Office for National Statistics. https://style.ons.gov.uk/
house-style/writing-numbers/ (accessed 28 June 2022).

Pica, Pierre, Cathy Lemer, Stanislas Dehaene & Veronique Izard. 2004. Exact and approximative arithmetic
in an Amazonian indigene group. Science 306(5695). 499-503.

Pokryshevskaya, Elena B. & Evgeny A. Antipov. 2015. A study of numerological superstitions in the
apartments market. Economics Bulletin 35(1). 83-88.

Pollmann, Thijs. 1998. On forgetting the historical past. Memory & Cognition 26(2). 320-329.

Pollmann, Thijs & R. Harald Baayen. 2001. Computing historical consciousness. A quantitative inquiry into
the presence of the past in newspaper texts. Computers and the Humanities 35(3). 237-253.

Porter, Theodore M. 1995. Trust in numbers: The pursuit of objectivity in science and public life, 1st edn.
Princeton, N.J: Princeton University Press.

Python Software Foundation. 2021. Python. https://www.python.org/ (accessed 10 May 2021).

R Core Team. 2020. R. (Bunny-Wunnies Freak Out). Vienna, Austria: R Foundation for Statistical
Computing. Available at: https://www.R-project.org.

Rath, Gustave J. 1966. Randomization of humans. The American Journal of Psychology 79(1). 97-103.

Richardson, Leonard. 2007. Beautiful soup documentation. Available at: https://buildmedia.readthedocs.
org/media/pdf/beautiful-soup-4/latest/beautiful-soup-4.pdf.

Rosch, Eleanor H. 1973. Natural categories. Cognitive Psychology 4(3). 328-350.

Rosch, Eleanor H. 1975. Cognitive representations of semantic categories. Journal of Experimental
Psychology: General 104(3). 192-233.

Rossiter, Clare & Wendy Best. 2013. “Penguins don’t fly”: An investigation into the effect of typicality on
picture naming in people with aphasia. Aphasiology 27(7). 784-798.

RStudio Team. 2022. RStudio: Integrated Development Environment for R. R. Boston, Massachusetts: RStudio,
PBC. Available at: http://www.rstudio.com/.

Ruud, Paul, Daniel Schunk & Joachim Winter. 2014. Uncertainty causes rounding: An experimental study.
Experimental Economics 17(3). 391-413.

Shepard, Roger N., Dan W. Kilpatric & James P. Cunningham. 1975. The internal representation of
numbers. Cognitive Psychology 7(1). 82-138.

Sigurd, Bengt. 1988. Round numbers. Language in Society 17(2). 243-252.

Slowikowski, Kamil. 2021. ggrepel: Automatically position non-overlapping text labels with “ggplot2”. R.
Available at: https://CRAN.R-project.org/package=ggrepel.

Taylor, John R. 2003. Linguistic categorization (Oxford Textbooks in Linguistics), 3rd edn. New York, NY:
Oxford University Press.

Trudgill, Peter. 1983. On dialect: Social and geographical perspectives. New York: New York University Press.

Van der Henst, Jean-Baptiste, Laure Carles & Dan Sperber. 2002. Truthfulness and relevance in telling the
time. Mind and Language 17(5). 457-466.

Van der Henst, Jean-Baptiste & Dan Sperber. 2004. Testing the cognitive and communicative principles of
relevance. In Ira A. Noveck & Dan Sperber (eds.), Experimental pragmatics (Palgrave Studies in
Pragmatics, Language and Cognition), 141-171. London, UK: Palgrave Macmillan.


https://style.ons.gov.uk/house-style/writing-numbers/
https://style.ons.gov.uk/house-style/writing-numbers/
https://www.python.org/
https://www.R-project.org
https://buildmedia.readthedocs.org/media/pdf/beautiful-soup-4/latest/beautiful-soup-4.pdf
https://buildmedia.readthedocs.org/media/pdf/beautiful-soup-4/latest/beautiful-soup-4.pdf
http://www.rstudio.com/
https://CRAN.R-project.org/package=ggrepel

30 —— Woodin etal. DE GRUYTER MOUTON

Van Rossum, Guido. 2020. The Python library reference, release 3.8.2. Wilmington: Python Software

Foundation.

Wickham, Hadley & Dana Seidel. 2020. scales: Scale functions for visualization. R. Available at: https://CRAN.

R-project.org/package=scales.

Wickham, Hadley, Mara Averick, Jennifer Bryan, Winston Chang, Lucy D’Agostino McGowan,

Romain Frangois, Garrett Grolemund, Alex Hayes, Lionel Henry, Jim Hester, Max Kuhn,

Thomas Pedersen, Evan Miller, Stephan Bache, Kirill Muller, Jeroen Ooms, David Robinson,

Dana Seidel, Vitalie Spinu, Kohske Takahashi, Davis Vaughan, Claus Wilke, Kara Woo &

Hiroaki Yutani. 2019. Welcome to the Tidyverse. fournal of Open Source Software 4(43). 1686.
Wiese, Heike. 2003. Numbers, language, and the human mind. Cambridge, UK: Cambridge University Press.
Winter, Bodo. 2019. Statistics for linguists: An introduction using R. New York, NY: Routledge.

Winter, Bodo & Paul-Christian Biirkner. 2021. Poisson regression for linguists: A tutorial introduction to
modelling count data with brms. Language and Linguistics Compass 15(11). e12439.
Xu, Fei & Elizabeth S. Spelke. 2000. Large number discrimination in 6-month-old infants. Cognition 74(1).

B1-B11.

Zillmann, Dolf & Hans-Bernd Brosius. 2000. Exemplification in communication: The influence of case reports
on the perception of issues (Exemplification in Communication: The Influence of Case Reports on the

Perception of Issues). Mahwah, NJ, US: Lawrence Erlbaum Associates Publishers.


https://CRAN.R-project.org/package=scales
https://CRAN.R-project.org/package=scales

	Large-scale patterns of number use in spoken and written English
	1 Introduction
	2 Background
	3 Methodology
	3.1 The corpus
	3.2 Software
	3.3 Number identification and data processing

	4 Results
	4.1 Overall results
	4.2 Statistical models
	4.3 Analysis of subcorpora
	4.3.1 Numerical density
	4.3.2 Numerical diversity
	4.3.3 Decimals
	4.3.4 Magnitude
	4.3.5 Writing: representational formats


	5 Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


