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Abstract: Miller’s (1956, The magical number seven, plus or minus two: Some
limits on our capacity for processing information. Psychological Review 63(2).
81–97) working memory (WM) capacity of around seven items, plus or minus
two, was never found by usage-based linguists to be a recurrent pattern in
language. Thus, it has not figured prominently in cognitive models of grammar.
Upon reflection, this is somewhat unusual, since WM has been considered a
fundamental cognitive domain for information processing in psychology, so one
might have reasonably expected properties such as capacity constraints to be
reflected in language use and structures derived from use. This paper proposes
that Miller’s (1956) number has not been particularly productive in usage-based
linguistics because it turns out to have been an overestimate. A revised WM
capacity has now superseded it within cognitive science, a “magic number four
plus or minus one” (Cowan 2001, The magical number 4 in short-term memory:
A reconsideration of mental storage capacity. Behavioral and Brain Sciences
24(1). 87–185). This paper suggests, drawing on evidence from spoken language
corpora and multiple languages, that a range of linguistic structures and pat-
terns align with this revised capacity estimate, unlike Miller’s (1956), ranging
from phrasal verbs, idioms, n-grams, the lengths of intonation units and some
abstract grammatical properties of phrasal categories and clause structure.

Keywords: usage-based linguistics, working memory, corpus linguistics,
cognitive grammar, psycholinguistics

1 Introduction

An in-principle stipulation of usage-based linguistics is that general cognitive
domains should turn out to be sufficient to explain many of the properties of
human language (Evans 2014; Evans and Levinson 2009; Langacker 2009). Usage-
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based linguistics with a cognitive orientation therefore involves exploring the
interaction of the linguistic system with other cognitive processes (Givón 2002;
Goldberg 2006; Lakoff 2009), and its progression requires continually integrating
experimental and theoretical findings from the rest of cognitive science. This
paper focuses on some relatively recent developments in working memory (hen-
ceforth WM) research, which is one of the most important cognitive domains for
information processing (Henry 2012). WM has been an intensely studied subfield
of cognitive psychology since at least mid-way through the previous century
(Aboitiz et al. 2006; Baddeley 2003; Cowan et al. 2005). Arguably, the most
influential paper in the history of WM research was Miller’s (1956), in which he
proposed that the capacity of WM was seven items, plus or minus two. Miller’s
(1956) famous phrase for this constraint was themagic number seven. The magic of
the number, he suggested, derived from its recurrent patterning with psychometric
tests, both visual and auditory. Miller (1956) also argued that WM operates in a
hierarchical fashion and its capacity can be extended by chunking. That is, lower
order sequences of items can form chunks, and these chunks can function as
single units in a higher order sequence.

A cognitive domain that constrains information processing and operates
hierarchically is highly relevant to usage-based linguistics. Bybee (2006, 2010)
invokes the process of chunking to explain how sequences of words become
lexicalized into single symbolic units over time, as in the archetypal example of
be going to. Multi-word sequences such as formulaic language have also often
been explained with reference to WM processes and chunking (Biber et al. 2004;
Wray 2002). Even though the word has played a prominent role in WM research
(Baddeley 2003), it is not of course the only information upon which WM
operates. It has been proposed to limit the length of reference chains in dis-
course (Givón 1984; Gernsbacher and Givón 1995), constrain information packa-
ging in the clause (Chafe 1994), play a role in the integration of discourse
propositions (Gilchrist et al. 2008; Van Dijk and Kintsch 1983), and in general,
an individual’s working memory (typically measured by word/digit span recall)
correlates highly with first and second language proficiency (Gathercole et al.
2003; Ellis and Sinclair 1996).

However, while chunking has been a productive concept in research, usage-
based linguists never found that Miller’s (1956) magic number seven was a
recurrent property of language, and thus it has never been considered as a
feature of cognition that might contribute to a model of cognitive grammar.
Upon reflection this is somewhat odd, as it seems reasonable to expect that if
WM is a cognitive domain that constrains language use, and structure derives
from use, then a relationship would be expected. This paper argues that perhaps
the reason why usage-based linguistics has not been able to make much use of

2 Clarence Green

Authenticated | clarence.green@nie.edu.sg author's copy
Download Date | 3/18/17 2:56 AM



Miller’s (1956) capacity estimate is because it was an overestimate. There has
been a relatively recent correction beginning with the seminal article by Cowan
(2001), which has revised WM capacity down to four items, plus or minus one.
This new magic number four, has in general superseded Miller’s (1956) larger
estimate in cognitive science (Bor 2016), yet this revision could do with more
exposure in linguistics, since Miller’s (1956) number is still cited in otherwise up-
to-date linguistic research (Mahlberg et al. 2014). As Van Dyke and Johns (2012:
193) note, “linguistic theory has generally not made close contact with memory
research” and even though one finds the revised capacity of WM now cited in
the most introductory of cognitive psychology textbooks (Hills and Pake 2016),
there has been little discussion or research attention to this significant develop-
ment from within the field of cognitive linguistics. This should be corrected as
the field is in spirit and practice the linguistics branch of cognitive science.
Thus, the following paper has two modest goals. First, it opens the discussion
space for the revised WM capacity and its implications in the context of usage-
based linguistics. Second, it offers preliminary evidence that unlike the magic
number seven, the revised WM capacity of four, plus or minus one, appears to a
recurrent linguistic pattern. The general contention is that WM constrains use
and that language behavior demonstrates an alignment with the revised capa-
city of four, plus or minus one, manifesting in linguistic phenomena such as
phrasal verbs, idioms, n-grams, phrase and clause structures, and intonation
unit length. Data is drawn from a range of spoken corpora across multiple
languages. As Givón (2012: 48) puts it so well, what follows may turn out to
“be only partially accurate… but this kind of partial accuracy is a necessary early
step in all science”.

The paper is organized as follows. Section 2 outlines the current model of
WM, providing an overview of some key concepts and terminology relevant to
usage-based linguistics. Section 3 considers phrasal verbs, idioms and n-grams
in relation to capacity constraints, and Section 4 does so for noun and verb
phrases. Section 5 extends the analysis to clause grammar and Section 6 to
intonation units. A general discussion is had in Section 7.

2 Working memory, chunking and language

The most prominent current model of WM is that of Baddeley (2003, 2007), in
which WM is the intermediate cognitive domain between long term memory
(LTM), where procedural and semantic memory is stored, and sensory memory,
where the physical world first interacts with cognition (Henry 2012). Baddeley’s
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(2007) is not the only model of working memory in cognitive science but it “has
had immense popularity and influence” (Van Dyke and Johns 2012: 195).
Baddeley (2003: 190) proposes WM consists of three subsystems: a phonological
loop, an episodic buffer and a visual-spatial sketchpad. These are “slave sys-
tems” controlled by the central executive, which directs attentional resources.
The episodic buffer is a cognitive space where information from the phonologi-
cal loop, visual-spatial sketchpad, and activated LTM can be integrated and
symbolically represented (Robinson-Riegler and Robinson-Riegler 2008). The
visual-spatial sketchpad, specialized for visual information, is often thought to
be primary and to have evolved earlier than the phonological loop (Hurford
2007). However, it is the phonological loop that is mostly involved in language
processing, and there have been several proposals that the phonological loop
(co)evolved with language to facilitate language acquisition (Aboitiz et al. 2006;
Baddeley 2003: 194). Speculatively, hierarchical combinatorially, fundamental
properties of both WM and language, may derive from co-evolution. The pho-
nological loop consists of two components (Baddeley 2003: 191): a phonological
store and an articulatory loop. The phonological store holds incoming auditory
information for a period of around 2 seconds (Baddeley 2007), while the articu-
latory loop is a mechanism for refreshing the phonological store by rehearsing
information to keep it activated.

The phonological loop and the visual-spatial sketchpad are parallel subsys-
tems that process visual and auditory information concurrently, and the capa-
city constraint of WM applies to each subsystem equally; that is, the visual-
spatial sketchpad seems constrained to around four items at once, as with the
phonological loop (Cowan et al. 2005). Cowan’s (2001: 8) revision of WM
capacity is based on a reevaluation of its “pure capacity limits”. In his seminal
article, he demonstrates through a review of decades of research that Miller’s
(1956) findings were based on experimental procedures that tapped into multiple
processes. For example, Cowan (2001) shows that experimental measures based
on recalling sequences of stimuli can lead to overestimates of WM capacity when
participants are able to subitize some items (the instant formation of a tempor-
ary chunk) and subvocally rehearse other items. When these processes are
teased apart in experiments that suppress rehearsal in the articulatory loop,
then a consistent pure capacity limit emerges at around four items, plus or
minus one; much lower than Miller’s (1956).

Both Miller (1956) and Cowan (2001) agree, however, that WM extends its
limited capacity via chunking. As noted above, chunking can consist of
ephemeral associative bindings via subitization. However, recurrent associa-
tive bindings tend to become stored as chunks in LTM (Hurford 2007: 94). This
process has been cited as a basic mechanism of language acquisition (Bannard
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and Lieven 2012; MacWhinney 2005). What counts as a chunk in WM opera-
tions has no simple definition. The definitions of item, unit and chunk in
relation to WM are terms that are often broad and overlapping in the cognitive
psychology literature. Depending on the level of analysis, the terms are inter-
changeable (Cowan et al. 2005: 60). For example, a word is an item at one level
of analysis and has been the most common probe of WM since Miller (1956),
yet it is also a chunk of syllables with high transitional probability at another
level of processing (Ellis and Sinclair 1996). In the following paper, the term
unit is used generally, with item referring to lower order units (often words),
while chunk refers to higher order units (often multi-word sequences). Cowan’s
(2001: 89) definition of a chunk is “a collection of concepts that have close
associations to one another”. Note that “concepts” here may be misleading for
linguists, since Cowan (2001) notes a chunk can be patterns of dots in an
image or digit sequences, thus encompassing both information processing and
symbolic representation. The definition is perhaps intentionally broad in order
to capture the range of what is cited as a chunk in cognitive science. This has
included subitized groupings in visual arrays (Hurford 2007), ad-hoc group-
ings of digits to facilitate the recall of numerical sequences (e. g., phone
numbers) (Baddeley 2003), associative learning that groups new information
with long term memory stores (Ericcson et al. 1980), and more besides.
Neuroscientist Gazzinga (2015: 5) even cites the lexical item truck as a chunk,
on the basis that it is a neural binding of its category of vehicle, its function to
carry things, and its component parts of having an engine etc. What counts as
a chunk therefore seems to be a continuum, from units that may be neurally
bound and fixed, through to units made up of items with high transitional
probability, and even only temporary cognitive associations. In linguistics, the
term has also had wide application, including phonemes chunked into sylla-
bles (Kuhl 2004), syllables into words (Gathercole and Alloway 2008), words
into idioms and formulaic language (Sosa and MacFarlane 2002), words into
lexicalized phrases (Bybee 2010), concepts within propositions (Hurford 2007),
words bound into phrasal categories (Bergen 2012), and intonation units
within discourse (Chafe 1994).

Though chunking has often been invoked by linguists with the understand-
ing that it is a mechanism of WM to overcome capacity constraints, the revised
capacity constraint on WM has not received the same attention. This is unfortu-
nate since as early Cowan’s (2001) target article, Pothos and Juola (2001:138)
argued in a direct response that the revised pure capacity limit is reflected across
multiple languages. They begin with the proposition, which is essentially the
same as in this paper, that one would expect language to reflect WM capacity if
language is shaped by use and there are constraints on use. They calculated the
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entropy of word sequences in eight languages represented by the European
Corpus Initiative Multilingual Corpus and computed Mutual Information (MI)
scores across all word sequences. What they found was that at around four
words in all of the languages, MI scores declined toward zero, indicating that
words tended to have statistically significant relationships with other words up
to around four words, after which there were few to no correlations. They
conclude that this reflects the influence on language of the WM capacity pro-
posed by Cowan (2001). Falsifiability is achieved in this corpus study in the
sense that MI scores spanning closer to 7 word sequences would have been
consistent with Miller’s (1956) larger estimate, while MI scores insignificant after
fewer words than four might have suggested no relationship between WM
capacity and multi-word sequences, or perhaps a smaller capacity.

The current study extends Pothos and Juola (2001) approach, and illustrates
multiple other language patterns consistent with the revised WM capacity con-
straint. Like their work, some of these patterns relate to word sequences in spoken
corpora, which is worth comment at the outset. Van Dyke and Johns (2012: 195) in
review of WM capacity theories note that the word has a long history of being a
“relevant metric” in cognitive psychology, but it not the only one and it is an
imperfect measure. In the following paper, it is not suggested that words in speech
always map 1–1 to an item in WM attention, nor that all words have equivalent
cognitive load during discourse processing (consider pronouns versus first men-
tion lexemes, priming, common ground etc.) The word is but a proxy metric for
measuring WM span, as in the corpus research of Pothos and Juola’s (2001) and
experimental research (see Cowan et al. 2008 for a review).

3 Multi-word units: Phrasal verbs, idioms
and n-grams

English and perhaps most languages have many recurrent multi-word
sequences (Bannard and Lieven 2012). These may be highly fixed sequences
such as phrasal verbs, which are difficult to disambiguate from single lexical
items (MacWhinney 2005), they may be formulas and idioms (Liu 2003; Wray
2002: 34), or they may simply be n-grams, i. e., high frequency recurrent
phrases (Arnon and Snider 2010; Ibbotson and Tomasello 2009). The terminol-
ogy for such sequences, let alone their cognitive status, is far from settled
across the literature. A reasonable view is that a gradient exists along which
phrasal verbs, idioms, formulaic sequences and n-grams distribute. As Xiao
(2010: 4) states “Idioms … are similar to fixed and semi-fixed formulaic
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expressions based on collocations which are known as word clusters, lexical
bundles, multiword units, prefabs, and n-grams … the demarcation line
between idioms and word clusters is actually fuzzy … [Idioms] can be regarded
as an extreme example of word clusters”. In general, however, idioms and
phrasal verbs consist of relatively fixed word sequences that seem to be
produced and processed as single units in discourse (MacWhinney 2005;
Sinclair 1991). Part of the evidence that has been offered for their status as
chunks is that their semantic profile spreads across the words in the unit
(Martinez and Schmitt 2012: 300), and they are processed faster in experimen-
tal settings in comparison to word sequences with lower transitional probabil-
ities (Sosa and MacFarlane 2002). N-grams are a broader linguistic
phenomenon, within which idioms and phrasal verbs are special cases.
N-grams are high frequency recurrent word strings that may be fully composi-
tional and cross phrase category boundaries. Again, their cognitive status is
debated (Siyanova-Chanturia 2015); however, what has been demonstrated
experimentally is that phrase frequency alone has cognitive advantages
(Bannard and Matthews 2008; Sosa and MacFarlane 2002), and so current
research suggests statistical information that spans recurrent sequences of
words is stored cognitively (Arnon and Snider 2010).

These multi-word sequences all fall within the scope of Cowan’s (2001)
definition of a chunk as a collection of items with a close association to each
other. The claim that WM allocates attentional resources to words during com-
munication is a long-standing one in cognitive psychology (Baddeley 2007;
Miller 1956; Van Dyke and Johns 2012) and it seems not unreasonable to
examine large collections of authentic spoken language corpora to explore
whether Cowan’s (2001) revised capacity span might be a soft constraint limiting
the lengths and distributions of multi-word sequences.

3.1 Corpus consultation: Idioms and phrasal verbs

To explore this, two corpora were created from the online dictionary
WIKTIONARY. One contained all headword entries for English phrasal verbs
and the other all entries for idioms. There is no guarantee that all English
phrasal verbs and idioms are listed in the dictionary, and all entries are crowd
sourced rather than selected by lexicographers or linguists (Liu 2003). However,
web corpora have the advantage of size, and WIKTIONARY provided a sample (as
of June 2016) of 2946 phrasal verbs and 8680 idioms. Table 1 reports the
frequencies of phrasal verbs and idioms according to words per unit, with
some data examples appended below.
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Observe that the number of phrasal verbs and idioms in the dictionary decline as
the number of words in the unit increase. While 25 phrasal verbs were listed in
the dictionary with four words, and one even with five, inspection of the data
revealed all contained nominals, and were in fact three word phrasal verbs in a
citation form, e. g., get ahead of oneself. The five-word sequence was fly in the
face of, and it is debatable if this belongs in a phrasal verb dictionary.
Regardless, note how this 5–word example has only two stress beats and three
function words (all within the ten most frequent words of English). High resting
activation and low cognitive load correlates with high frequency function words
(Levelt et al. 1999). That the maximum length of English phrasal verbs is three
words is no new finding, but its consistency with revised WM capacity has not
been pointed out. Similarly, Table 1 shows that in almost nine thousand idioms,
89% were four words or fewer. A reasonable linking hypothesis on the basis of
the data is as follows: Bybee’s (2006, 2010) “the mind’s response to repetition”
in which recurrent language patterns are chunked over time interacts with
Cowan’s (2001) revised WM capacity which places a soft constraint on the length
of lexicalized multi-word sequences (i. e., chunks). Of course, not all of the data
are lexicalized associative bindings of words. Behind these numbers are multi-
word sequences acquired holistically during language acquisition via chunk
extraction (Ibbotson and Tomasello 2009), and others such as proverbs are
likely remembered wholesale via mechanisms similar to memorizing lines from
a play rather than working memory associative binding. The longest idiom,
which was 11 words, is likely such as case: look as if one has lost a shilling
and found sixpence. While boundaries are fuzzy, Sinclair (1991) argued that

Table 1: Frequencies of English phrasal verbs and idioms by length.

Phrasal Verbs
 words  words  words  words
 (%)  (%)  (%)  (.%)

Idioms
 words  words  words  words  words >  words
 (%)  (%)  (%)  (%)  (%)  (%)

N words Phrasal Verb Idiom
 take up big shot
 put up with part and parcel
 come to terms with keep an eye on
 fly in the face of turn over a new leaf
 in any way, shape or form
 your guess is as good as mine
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idiomatic language is best restricted to those formulas that can seamlessly be
slotted into otherwise fully creative utterances, and have comparatively high
frequency in a corpus, and it is these that fall within the scope of our hypothesis.

The distributions in the dictionaries are skewed to within WM capacity, but
there were several hundred multi-word idioms greater than four words. How
these are used in speech was investigated, with the rationale that units greater
than four, plus or minus one, would likely be rare given WM constraints. The
WIKTIONARY data were therefore searched in the BNC spoken component (10
million words BrE). First, a wordlist index was created using WORDSMITH (Scott
2015), which was then clustered to produce recurrent sequences ranging from
two to seven words, and occurring at a frequency greater than five (the upper
limit of seven words was set to reflect Miller’s (1956) original WM capacity).
These BNC lists were imported into Excel and a function was written to match
them against the dictionary data, providing the frequency estimates in Table 2.

Table 2 indicates that idioms listed in the dictionary longer than four words are
not particularly productive in spoken language. While 28% were four words or
more in Table 1, actual use was 1.16%. The observational evidence thus aligns
with WM capacity. Note, however, that six word idioms had more tokens than
five word idioms. This was due to 322 uses of, at the end of the day. It is certainly
a circular argument to propose that this is not a chunk because it is six words
and thus does not fit with the four, plus or minus one, model. Readers are of
course welcome to consider this falsification, yet the argument is not that there
is some hard boundary at four orthographic English words. It need not always
be the word that is the salient information unit attended to (see section 5 and 6).
Also consider that at the end of the day is a sequence of monosyllabic, mostly
semantically empty high frequency words which have easy lexical access and
low processing cost (Levelt et al. 1999). In terms of phonological structure, often

Table 2: Frequencies of English phrasal verbs and idioms (BNC Spoken).

Phrasal Verbs  words  words  words  words  words  words

Types      

Tokens      

Proportion % % %   

Idioms  words  words  words  words  words  words
Types      

Tokens      

Proportion % % % .% .% 
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the determiner forms a single phonological word with its noun, and the
sequence above is single prosodic unit with only two heavy beats (Jackendoff
2003: 656). Certainly longer sequences can be chunked when they have features
such as low complexity, low information value across words, incorporate smal-
ler chunks, and form coherent prosodic units. Also, WM is not the only expla-
natory variable for the multi-word sequences, given the range of other factors
that contribute to the formation of entrenched symbolic units well-known to
cognitive linguists, e. g., metaphor, rhythm, metonymy, common ground etc.
(Colston 2008; Langacker 2009).

Returning to the data, since two word phrasal verbs were the overwhelming
majority in the dictionary, it is not surprising that they made up 95% of all
phrasal verbs in the spoken corpus. Perhaps smaller phrasal verbs are reduced
because they are more frequently used (Haspelmath 2008), though it is unclear
whether a Zipf effect would necessarily apply to multi-word units. Again, the
four word phrasal verbs were of the kind take it out on, and questionable
category members. One might ask, however, why there are not more three
(and four) word phrasal verbs, given that this is within WM capacity. One
consideration is that, from a diachronic perspective, some phrasal verbs that
lexicalized from recurrent word sequences emerged within VPs with slots for
tense, aspect, and mood. For example, Denison (2004: 153) notes that put up
with emerged through a reanalysis of three phrasal categories to one: He [put]
[up [with X] > he [put up with] X. During lexicalization, usage would have
included have/has/could have put up with and so forth. As discussed in
Section 4, WM might also constrain the length of VPs and this may limit the
length of multi-word verbs that can emerge.

Let us consider some cross-linguistic idioms, since WM capacity constraints
and operations such as chunking should not be only reflected in English
(Hurford 2007). Mandarin is a highly analytic language, in which there is a
much stronger correlation between the word, morpheme and syllable than in
English. Generally, transliterations of English sentences require more words in
Mandarin. Xiao (2010) explored the distribution of idioms in multiple Mandarin
corpora and offers a discussion of a class of idioms known as Chengyu. These
are idioms that largely derive from classical Chinese sources, and by some
estimates there are up to 20,000 thousand of them. An example is given in (1).

(1) Mandarin Idioms: Chenyu (adapted from Wu 1995)
唯 利 是 图

wei2 li4 shi4 tu2
ADV profit AUX work
Only working for profit
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Chengyu idioms are formulaic patterns of four. Wu (1995: 67) argues that
their influence has been so great “it might be said that most Chinese spoken
expressions and written sentences continue to be based on the idiom’s four
character form”. They are not the only idioms in Mandarin, and there are some
that are longer and shorter. Xiao (2010) reports 7979 idioms in the Lancaster
Corpus of Chinese (LCC), but does not report how many of these were Chengyu.
His data was therefore rerun. All idioms in the Lancaster Corpus of Chinese are
tagged <POS = “l”>, so all hits with this tag were extracted using WORDSMITH.
Syllable lengths were computed by keying off tone unit transcriptions in the
pinyin version of the corpus. Results are reported in Table 3 (n.b. the publically
available LCC is smaller than the original study).

The average length of idioms in the Mandarin corpus was 3.79 syllables, and as
Table 4 shows, the majority were Chengyu. One might suggest that this pre-
ference for patterns of four in idiomatic expressions in Mandarin reflects the
general cognitive comfort of WM with four, plus or minus one.

3.2 Corpus consultation: N-grams in bnc spoken

Idioms and phrasal verbs are special cases of n-grams. N-grams are any recur-
rent word sequence, as the examples in (2) illustrate.

(2) N-grams from BNC spoken
of the /very much /a lot of /to deal with /do you want to

Table 3: Idioms by frequency and syllable length in the Lancaster Corpus of Chinese.

 syllables  syllables  syllables  syllables  syllables  syllables > syllables

      

Table 4: N-grams in the BNC spoken component (>40 p/m).

 words  words  words  words  words  words

Types      

Tokens      

Proportion .% .% .% .%  
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Authenticated | clarence.green@nie.edu.sg author's copy
Download Date | 3/18/17 2:56 AM



In principle, an n-gram can be of any length, as they are extracted from data
on the basis of the statistical co-occurrence. The emergence of n-grams as an
object of study has largely derived from corpus linguistics, and while the psycho-
linguistic status of an n-gram (i. e., whether stored holistically or not) may need to
be determined experimentally on a case-by-case basis (Schmitt et al. 2004;
Siyanova-Chanturia 2015), what has been demonstrated experimentally is that
phrase frequency alone, much like word frequency, is cognitively retained and
has processing advantages (Arnon and Snider 2010; Sosa and MacFarlane 2002). If
the span of WM attention is around four units, the statistical information that can
be stored for recurrent word sequences might align with this.

From the BNC spoken all n-grams from two to seven words were computed,
with a minimum frequency of forty per million words. This has been argued to
be a reasonable lower boundary to isolate n-grams with psycholinguistic proces-
sing advantages (Biber et al. 2004). No other limitations were imposed on the
WORDSMITH tool. Results are reported in Table 4, with proportions calculated
against the total number of tokens.

The results indicate an n-gram distribution that aligns with Cowan’s (2001)
revised WM capacity, in that with spoken language, recurrent phrases of four or
five words are less than 1% of all tokens, and none were detected beyond this.
There is no long tail to the distribution; rather, n-grams approximate zero around
the upper boundary of WM capacity. There do not seem to be any that align with
Miller’s (1956) WM capacity estimate of around 7. Not every n-gram Table 4 is a
WM chunk, of course, and as Schmitt et al. (2004) emphasize experimentation is
required to confirm which corpus-derived clusters have psycholinguistic proces-
sing advantages. Nevertheless, this data is essentially a different expression of
Pothos and Juola’s (2001) corpus finding that mutual information scores in
numerous European languages become statistically insignificant after four
words, which they cited as supporting evidence for the revised WM capacity.

4 Constraints on English NPs and VPs

Abstract grammatical categories, from a usage-based perspective, are general-
izations across recurrent patterns in input (Hilpert 2014; Pothos 2007). The
phrasal category is a grammatical relation that is hierarchical, and functions
to bind words into symbolic units (Bergen 2012). Again, given that language use
is constrained by WM which is itself a hierarchical cognitive process, one might
expect grammar would reflect the properties of this cognitive domain. Typically
the grammar of noun and verb phrases is described as a head with optional
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modifiers. The number of possible modifiers, and consequently the length, of
these phrasal constituents is not restricted by the grammar. An NP head, in
principle, accepts pre and post modification by any number of adjectives,
adverbs, other nouns etc. Similarly, there is no limit to the number of adverbs
permitted to modify a VP. Despite the principle of unbounded modification,
there are in fact patterns of four that restrict English noun and verb phrases.
Quirk et al. (1985), for example, analyze English NPs as constrained to a max-
imum string of three determiners before the head. These are pre-determiners,
central determiners, and post-determiners. The NP in (3) illustrates this max-
imum string: all is a pre-determiner, the is a central determiner and many is a
post-determiner.

(3) Maximal determiner modification in an NP (BNC spoken: K76)
NP > D D D N

all the many tasks

These are mutually exclusive grammatical classes that do not permit recursion.
Once one of these determiner slots is filled, the grammar does not allow another
of the same type in the string. Thus, NP grammar exhibits a grammaticalized
pattern of four. Let us turn to the verb phrase. Even with the stipulation that
unbounded adverbial modification is permitted, the English VP is restricted to
four, potentially five, verbs, as in (4).

(4) Constraints on the VP

The only sequence in (4) not attested in the BNC (spoken) was the five word
sequence: the modal passive continuous. It is questionable whether it is
productive in spoken English. In sum, the phrasal categories of English
exhibit certain grammatical properties consistent with the WM number cited
by Cowan (2001). If grammar is an abstraction that emerges from recurrent

N words Verb Phrase











do
have done
has been done
could have been done
?could have been being done

Usage-based linguistics and the magic number four 13

Authenticated | clarence.green@nie.edu.sg author's copy
Download Date | 3/18/17 2:56 AM



encounters with input (Bybee 2006; Goldberg 2006), then it is not unreason-
able to suggest the restrictions on the VP and NP grammatical categories
might have a cognitive explanation, namely the (revised) WM capacity
constraints.

4.1 Corpus consultation: NP modification

It has been suggested that the constraints on determiner strings in the NP may
have its origins in use over time interacting with the WM cognitive domain. Yet,
we have also acknowledged unbounded modification. If corpus data were to
indicate that NPs are, in fact, frequently long, this might be taken as evidence
against the proposal that an abstract grammatical pattern could derive from
recurrent patterns of four. The BNC spoken was again examined to determine the
frequencies of NPs ranging in length from two to eight words (head plus 1–7
modifiers). Data were extracted using a Perl script that searched for all sub-
stantive nouns and counted immediately preceding adjectives, determiners,
adverbs and/or nouns up to a sentence break or verb. The script was somewhat
limited, and was not able to count coordinated modification, e. g., old and yellow
potatoes, coordinated NPs, e. g., old potatoes and carrots, nor gerund headed
NPs. Results are reported in Table 5.

The data indicate that noun phrase length exhibits a similar pattern to
n-grams and idioms in that relative frequency falls below 1% after four
words. Though there were several hundred tokens in the tail of the distribu-
tion, a qualitative check of the data indicated few convincing examples that
were not artefacts of the search procedure. One of the longest modification
sequences was: a a single non-symmetrical a single hand gesture [BNC: JSA].
This is a sequence of false starts, with multiple intonation contours, rather
than an eight word NP. Also, the extraction script overestimated: e. g., full
well perhaps too much too much discussion, consultation, assessment
[BNC: HVG].

Table 5: Frequencies of noun phrases by length (BNC spoken).

Length  words  words  words  words  words  words  words

Freq.
%

 

%


%


%


.%


.


.


.
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5 Clause level constraints

In terms of clause structure, English contains no verbs with a valency that
licenses more than three arguments. Verbs such as put or give represent the
maximum complementation pattern. The equivalent of give is the most common
three argument verb cross-linguistically (Haspelmath 2003). The set of canonical
clauses for English are given in (5) (Collins and Hollo 2009; Downing 2015;
Huddleston and Pullum 2002).

(5) Canonical clauses of English

The canonical clauses of English reflect a limit on the number of phrase
categories in a clause that have necessary grammatical relations to each other.
What is meant by a necessary grammatical relation is that an object complement
(Oc) depends on an object (Od), which depends on a transitive verb (V) and a
subject (S). Thus, SVOiOd, for example, forms a string in which each phrasal
category is grammatically coded as a core argument. While the clauses in (5)
may add any number of adjuncts, these phrasal constituents are not coded as
core arguments (excepting SVA and SVOA clauses with obligatory adjuncts such
as she put the book on the table). In usage-based linguistics, clause patterns are
essentially constructional schemas that emerge as abstractions over input
(Goldberg 2006; Givón 2002). If WM is able to attend to only around four
bindings of words into groups (i. e., phrasal categories) at a time, it is plausible
that grammatical relations do not tend to emerge that extend beyond this.

5.1 Corpus consultation: Clause patterns

If the grammatical restrictions on clause structure have emerged via interaction
with the attentional constraints of WM, one might expect that clauses are
generally not greater than four phrasal constituents in spoken language even
when all adjuncts are taken into account. Clause, phrase and function tags were
searched in the Christine Treebank (Sampson et al. 2000), a 100 000 word

SV
SVOd
SVC
SVOiOd
SVOdOc

She sang [BNC: PS]
She changed bedrooms [BNC: PSO]
She felt sorry [BNC: D]
She gave me a key [BNC: KCN]
She keeps him prisoner [BNC: GV]
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parsed subsample of BNC spoken. Table 6 reports the distributions of canonical
clauses, phrasal categories, and the total number of clauses.

The data indicate that the majority of clauses were either SVO or SVC, and that
the average number of phrasal categories per clause was 2.95. As a rough
estimate, if the frequency of adjuncts is distributed across the total number of
clauses, there is approximately one adjunct for every two clauses (51%). In other
words, clauses in spoken English do seem to be, on average, around three to
four phrasal constituents.1

6 Intonation unit constraints

An intonation unit (IU) consists of words grouped under a single intonation
contour, which are offset from the ongoing discourse by a slight pause.
Interestingly, there has been a corpus study that reported finding Miller’s
(1956) WM capacity of seven reflected in the word lengths of intonation units.
Chafe and Danielewicz (1987), using English corpora, examined one hundred
intonation units recorded from natural conversations and one hundred from
academic lectures. They found a mean length of 6.2 words in conversation, and
7.3 words in lectures. This mean word length of intonation units, they con-
cluded, was due to the capacity of WM proposed by Miller (1956). Chafe’s (1994)
follow up work reports only four words per intonation unit on average; yet, even
here, he explicitly maintains Miller’s (1956) number seven as correct, likely
because it had such widespread acceptance at the time. What may have been
overlooked in Chafe and Danielewicz (1987) was that other pauses in the speech
flow such as hesitations, false starts and repetitions all function to buffer WM

Table 6: Clause and phrase distributions in the Christine Treebank.

SV SVO SVC SVOI SVOC Adjuncts

     

Total phrasal categories Total canonical clauses Total clauses
 

1 The number of canonical clauses and total clauses are different due to spoken language
patterns such as: (T40_8205) Nick, “Still ain’t got one”.
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capacity (Ellis and Sinclair 1996). Let us therefore consider the mean length of
intonation units again, taking such features into account.

6.1 Corpus consultation: Intonation units

Two corpora were used because unlike the large and balanced BNC, corpora
coded for intonation tend to be smaller and unbalanced. One was the Santa
Barbara Corpus of Spoken American English (SBCSAE) (Du Bois et al. 2005),
which consists of casual spontaneous conversations between two or more
speakers. The other was the Talkbank Switchboard Corpus (Graff and Bird
2000), an annotated corpus of 36 telephone conversations between two speak-
ers based on a variety of discussion prompts. These corpora both follow the
same discourse analysis transcription system (Du Bois et al. 1993). To estimate
the average length of continuous intonation without any pauses or intonation
resets in each corpus the following procedures were used. All intonation unit
transcription codes (?), (.) and (,), and all other transcribed pauses (..), (…),
and (–) were converted to a single code in Notepad ++, namely (.). All
transcriber notes and tags were stripped, such as (Hx), <XX>, (cough) etc.,
and the total word count was then averaged over the single code frequency (.)
to produce an estimate of the mean length of continuous intonation. Results
are reported in Table 7.

The mean length of continuous discourse without pauses is around four words
in both corpora. The results are consistent with Chafe (1994) and Cowan’s
(2001) revised WM capacity. It may be that Chafe and Danielewicz (1987)
were able to find an intonation unit length consistent with Miller (1956),
because by not considering other pauses in intonation, they were looking at
intonation units in much the same way as Miller’s (1956) experimental condi-
tions measured recall span, which as Cowan (2001) notes, confounded WM
capacity by also allowing rehearsal/planning processes to achieve the greater
number.

Table 7: Mean length of continuous intonation.

SBCSAE Switchboard

Words: mean . .
Cont. intonation: sum  

Word count: sum  
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6.2 Spoken Inuktitut

Experimental research has long used the (English) word as a proxy unit in
probing WM (Miller 1956; Gilchrist et al. 2008). However, there is no necessary
relationship between the word and a WM unit. For example, during language
acquisition, syllables and phonemes are a unit of analysis (Kuhl 2004), and even
for adult speakers of English in experimental conditions, recall declines with
polysyllabic stimuli (Baddeley et al. 1975). Let us therefore consider polysyn-
thetic languages, in which the word is a more complex unit. One suspects that in
such languages the patterns would not be identical to the English data above,
since the salient information unit to which WM attends might be below the
word, perhaps the stress marked root morpheme (Kelly et al. 2014: 60). Inuktitut
is an agglutinative language of northern Canada and a member of the Eskimo–
Aleut family. An Inuktitut utterance and its English translation are given in (6).

(6) Inuktitut (adapted from Allen and Schröder 2003: 308)
Maunaasijunga
ma una aq si junga
here VIA go PROG PTCP.1sg
I am going through here.

The single word in (6) requires five words in English. This information density is
not always true of the language, but if it is correct that WM capacity is not
necessarily reflected in word span constraints, then one would expect shorter
multi-word sequences in Inuktitut. It would be problematic to find in such
languages that intonation units, n-grams and so forth looked the same as in
the English or Mandarin data. One would have to argue, in the event of such as
finding, that WM always operates on the word, which seems implausible. Such a
finding would probably indicate that the above patterns of four above are
artifacts of statistics and corpus linguistics, rather than reflecting anything
cognitively interesting about WM operations and language.

A spoken corpus of Inuktitut transcribed for intonation was not obtainable,
so the Nunavut Hansard Inuktitut-English Parallel Corpus (Martin et al. 2003)
was used. This is a corpus of spoken parliamentary proceedings, containing
approximately 2.5 million words of Inuktitut. To estimate the length of utter-
ances without pauses, the following procedures were used. All transcription
punctuation (,), (.), (?) were converted to a single (.) code; when the transcrip-
tion lacked utterance final punctuation but this was signaled by a line break, (.)
was also added. Using NOTEPAD ++, XML tags were added to all Inuktitut and
English utterances, so that the parallel data could be computed separately.
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Beside intonation unit length, n-grams were also investigated. Parliamentary
language is inherently formulaic, however, typically with every speaker’s name
and their department mentioned before their utterance. To try to gain a more
accurate measure of multi-word sequences in the language, rather than context
dependent formulas, all n-grams containing the names of ministers, depart-
ments or committees were removed. N-grams were computed in WORDSMITH,
with a lower threshold of 40 occurrences p/m as with the BNC. Results are
reported in Table 8.

The data indicates that in the parallel corpus, Inuktitut has a mean IU length of
approximately 3.35 words. Since the data is not a narrow transcription that
contains all pauses, such as in Section 6.1, one expects that the mean length
might in fact be shorter. N-grams are far less frequent in Inuktitut than in
English, and there were zero n-grams in Inuktitut of four words or more (though
in the parallel English utterances there were 581 types, 153,213 tokens). Even
with names and departments removed, many of the two and three word n-grams
were still highly contextual. The most frequent two word sequence was qujan-
namiik uqaqtii (‘thank you Mr. Speaker’), and inspection of the 19 three word n-
grams indicated almost all were parliamentary formula, such as katimajiralaat
katimannanga kajusijunnaqsivuq (‘the committee will come to order’). The find-
ings suggest that the kind of multi-word formulaic language that we have seen
in the more analytic English and Mandarin aligning with WM capacity using the
word as a proxy item is not in evidence in this language, as expected. Moreover,
in a recent review Kelly et al. (2014: 61) notes that although chunk extraction is
often cited mechanism in FLA (Pinker 1989; Slobin 1985), it is “not clear what
the role of ‘chunking’ (storing unanalyzed exemplars or chunks) may play in the
acquisition of polysynthetic languages … If children do this, we would expect to
find learners of languages with complex distributed morphology to be producing
ungrammatical unanalyzed chunks on the basis of the speech context – a
finding that does not appear strongly in the literature”. They conclude that “it

Table 8: Nunavut Hansard Inuktitut-English Parallel Corpus.

Inuk. word count


Inuk. mean IU length
.

Eng. word count


Eng. mean IU length
.

Inuk. n-grams  words  words  words  words  words
Types     

Tokens     
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remains to be seen what the role of chunking is in other synthetic and poly-
synthetic languages”. This demonstrates the long way cognitive science has to
go before a complete understanding WM, chunking and language.

7 Discussion

What has been argued is that a range of structures and patterns in language
align with Cowan’s (2001) revised working capacity of four, plus or minus one,
something that was not able to be demonstrated for Miller’s (1956) earlier
capacity estimate of seven, plus or minus two. The fact that usage-based
linguists never found Miller’s (1956) number to have much magic explanatory
power is, in retrospect, unusual since WM has been considered a central cogni-
tive domain in psychology for language processing, development and even
evolution (Baddeley 2003; Cowan et al. 2005; Hurford 2007). There may be a
useful generalization for cognitive linguistics in the above corpus data, followed
up of course by further study and experimental evidence: i. e., grammatical
patterns are shaped by language use, and language use is constrained by
general cognitive domains, so WM limitations come to be reflected in linguistic
structure. Consequently, Cowan’s (2001) magic number four, plus or minus one,
is a (soft) constraint on idioms, phrasal verbs, n-grams, noun phrase length, and
even some abstract grammatical constructions.

This paper has looked at abstract grammar that permits fully creative strings,
such as phrasal categories and clauses, as well more formulaic strings, such as
idioms, phrasal verbs, and n-grams. It has been suggested that both of these
reflect WM chunking processes. One question that arises is if, and how, both of
these rather different phenomena can be considered chunks. Cowan et al.
(2005: 97) argues that not everything is as yet understood about chunking: “at a
microscopic level, we are still not sure what is going on and it is only at the
intermediate level of analysis that we can draw conclusions about WM capacity in
chunks”. The following is therefore a tentative proposal of how chunking applies
to both creative language use governed by grammar, and more formulaic lan-
guage, which may be stored in the lexicon as a more holistic unit (Conklin and
Schmitt 2012; Sosa and MacFarlane 2002). Essentially the argument is that they are
different types of chunks, but chunks nonetheless, and constrained by the same
working memory process. The use of a grammatical construction, which can be
fully creative, is a type of associative binding (Gilchrist et al. 2008), in which the
chunking operation applies to information that may not previously have been
connected (Bergen 2012); formulaic language that is not acquired holistically (in

20 Clarence Green

Authenticated | clarence.green@nie.edu.sg author's copy
Download Date | 3/18/17 2:56 AM



which we might include lexicalized units which underwent associative binding
diachronically) are chunks created after repeated experience that have been
transferred into LTM (Wray 2002).

Let us first discuss creative language use and grammar. It seems reasonable
to suggest that the hierarchical processes of working memory, via chunking, is
intimately related to the hierarchical structure of grammar. Pothos (2007: 236)
suggests that the emergence of a finite state grammar in artificial grammar
learning can be achieved via a generalization across statistical patterns in the
input in which “co-occurring chunks or elementary units are organized into
larger chunks [and] frequency of occurrence determines the salience of each
chunk”. An emergent grammar would then consist of constructions that are
constrained by WM span, such as in (7).

(7) Hierarchical associative binding by grammar
Clause 1

Clause  1

Phrase                  1 2     3

Word             1    2     3     1 2   3 4 1    2    

All the buttons have been knocked off the end [BNC: KJC1142]

One might propose the following analysis for (7). WM attends to the
sequence of three lower order items all+ the+ buttons, which then constitute
an NP in a higher order string. Thus, phrase category grammar binds multiple
words into a single unit, thereby refreshing part the WM store (Bergen 2012).
This building up of hierarchical structure operates across the VP and NP also
creating a sequence of three chunks of lower order items. While some readers
may prefer knocked off to have a single node or perhaps see the final constituent
as a PP, the constituent analysis is not crucial to the general point that rather
than WM attending to nine words, grammatical organization binds information
into three higher order chunks. In turn, this is organized into an even higher
order unit, namely the clause, which typically constitutes a single proposition
(of old and new information) in ongoing discourse (Chafe 1994; Givón 2002).
This associative binding by hierarchical syntax, from words, to phrasal cate-
gories to clauses, allows WM to buffer its limited capacity by organizing lower
order items into higher order bindings (Gilchrist et al. 2008). As noted at the
outset, not every word in a string has the same cognitive load in WM, but even
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so psycholinguistic evidence (e. g., from garden path sentences) has shown
sentence processing consists of the incremental building up of hierarchal struc-
ture so varied informational load of words in a string does not nullify the
associative binding process (Clahsen and Felser 2006).

Associative binding likely operates below the word and above the clause
also. It has been argued that in FLA the chunking of phoneme sequences leads
to syllables, and the chunking of syllables to words (Kuhl 2004; MacWhinney
2005). Incidentally, the current researcher computed a wordlist for the offline
version of Corpus of Contemporary American English (142,158 word types) and
when processed by a syllable counter (http://countwordsworth.com), the mean
length of English words was 2.60 syllables, approximating the WM span of
Cowan (2001). At the clause level, the proposition may function as a chunk in
discourse, something Chafe (1994) proposed on the basis of corpus data (1 clause
approximates 1 intonation unit with 1 new piece of information), and experi-
mentally demonstrated by Gilchrist et al. (2008), who presented sequences of
clauses controlled to around four words to (young) adults, and measured reten-
tion of these clauses in WM by testing whether participants could recall lexemes
in the clause stimuli. They report that participants’ recall span was on average
3.27 (sd.65) clauses.

A different account may apply to more fixed multi-word sequences, such as
one finds in formulaic language. These may already be some form of chunk in
the lexicon with processing advantages as a unit, before grammatical operations
apply (Bannard and Lieven 2012; Conklin and Schmitt 2012). In language acqui-
sition, Wray (2002, 2013) has proposed a theory known as Needs Only Analysis,
which argues a child initially extracts formulaic sequences from the input as
single items. These are stored as unanalyzed wholes, and are used holistically or
as pivot schemas to achieve communicative routines, such as I wanna X, more X
(MacWhinney 2005). It is only in later language development that the child
breaks down such formulaic language into the grammatical structures and
words from which they are made. Highly frequent sequences, Wray (2002,
2013) suggests, may come to be re-chunked in a u-shaped learning process,
i. e., via associative binding, but others remain unanalyzed chunk extractions.
That is, if there is no need to analyze multi-word sequences as component parts,
then this is never done, and language is a mixed system of formulas and ‘words
and rules’. In relation to the argument in this paper, it may be that fully creative
strings use grammar as a chunking mechanism, but formulaic language that has
already been chunked by WM via repeated experience (or acquired holistically)
need not rely on associative binding for processing advantages. One case would
be lexicalized strings such as those detailed in the work of Bybee (2010) which
have gone through the process of associative binding diachronically, but once
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lexicalized constitute a holistic lexical item FLA (i. e., a case of chunk extrac-
tion). The general point is that WM may attend to hierarchical syntactic structure
on a needs only basis (Wray 2002).

One might ask why formulaic sequences would align in English or Mandarin
when chunking four words into one unit would be a type of resetting that might
allow continual addition of words to that unit: chunks certainly do build upon
other chunks (MacWhinney 2005). Beside WM not being the only explanatory
mechanism involved in the linguistic phenomenon discussed in this paper, one
possibly that restricts the length of chunks and is related to WM is that the
cognitive domain has not only capacity but also resource constraints. As Cowan
et al. (2005) notes, WM cognition is constrained by time, which limits processing
to around 2 seconds. It is also constrained by energy, which limits the complexity
of units that can be attended to given physiological processes such as neuron
activation. Perhaps chunks up to 12 words (i. e., associatively bound 4 words x 4
chunks) are simply too complex and take too long to produce. As Cowan et al.
(2005) mention, however, the interactions of WM capacity and other processes can
make it difficult to settle on an explanatory variable. Conversely, one can also ask
why if up to four words can be chunked, there are sequences with fewer –might it
not be maximally efficient to chunk all information strings close to capacity and
store these in long term memory? Perhaps, but the WM research does not suggest
equal ease of processing for one versus four items. And, other factors such as
frequency, semantic coherence and discourse functionality are also highly rele-
vant. For example, even with largely statistical phenomenon such as n-grams,
Biber et al. (2004) demonstrated that they tend to have relatively clear discourse
functions and taxonomies. If a two word recurrent sequence is a coherent unit and
high frequency, it may be chunked into LTM.

Relatedly, an anonymous reviewer suggested, the corpus data on phrasal
verbs, idioms, n-grams, and noun phrase length is not inconsistent with a
smaller number than Cowan’s (2001); perhaps a magic number three, plus or
minus one. While Cowan’s (2001) estimate has by now much supporting experi-
mental evidence, smaller capacities have indeed been proposed. For example,
Broadbent (1975) proposed three as the capacity of working memory, and Gobet
and Clarkson (2004) suggest Cowan’s (2001) number may be an overestimate by
one or perhaps two. Oberauer (2005) has even argued that WM only has a
capacity of one, with a periphery of 3–5. Cowan et al. (2005: 58) responds to
such alternative estimates by arguing that the same evidence can be explained
by the 3–5 model, but notes substantial variation “with a range possibly spread-
ing from 2–6 chunks in normal adults”. Further, some cognitive scientists argue
for non-capacity memory models such as Van Dyke and Johns (2012) who
suggest that what may look like capacity constraints could results from resource
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constraints, interference and decay. It may turn out that another revision to WM
occurs as cognitive science progresses.

8 Limitations and future research

This study needs to be followed with a series of studies into the interaction
between WM and linguistic structure. Experimental evidence is needed, as
behavioral observation data from corpora is not enough on its own. The relation-
ship between formulaic chunks and associative binding via grammar needs to be
fully been worked out, along with other variables such as the role of metrical
structure, morphological complexity etc. Technical limitations of this paper
include a margin of error in counts. N-gram computation detects overlapping
sequences, such as at the end of the day, at the end of the, the end of, and so
forth; the script for NP modification was imperfect. It is not known how repre-
sentative the web corpora of idioms and phrasal verbs are; dictionaries vary with
respect to the examples they include. It should also be noted that the large scale
matching procedure in the BNC was insensitive to which phrasal verbs and
which idioms were literal uses, i. e., the counts do not disambiguate literal
and idiomatic uses of kick the bucket. A match-list built from dictionary head-
words did not find phrasal verbs or idioms that are variable: he put on a show
was counted but not he put a show on. Finally, in the analysis of intonation,
repetition was not counted due to the difficulty in obtaining counts, but hesita-
tions such I I I don’t know are certainly buffers to WM (Ellis 2001).

9 Conclusion

Usage-based linguistics never found Miller’s (1956) magic number seven, plus or
minus two, to be a recurrent feature in the grammatical patterns of language.
This is perhaps not surprising, since the WM capacity proposed by Miller (1956)
appears to be an overestimate after many years of such wide acceptance, and it
was during these years that usage-based linguistics developed as a branch of
cognitive science. Cowan’s (2001) seminal revision of WM capacity to a magic
number four, plus or minus one, has been a major development in cognitive
science in the past 15 years, and the current study has demonstrated an align-
ment in corpora with this revised WM capacity. The paper has opened the
discussion space for what may be an important cognitive constraint for usage-
based linguistics to attend to. The revised WM capacity has been given little
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attention thus far in linguistics, unlike the other branches of cognitive science.
This is a significant area for future research which can promote a more complete
integration of cognitive linguistics into cognitive science.
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