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Abstract: In this study, we investigated the accuracy of first language (L1) and sec-
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strength, and examined the linguistic influences that give rise to these judgments. L1
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giving intuitive statistical estimates. We found judgments of phrasal frequency and as-
sociation strength to be intertwined for both L1 and L2 speakers. Taken together, these
findings shed new insight on understanding language users’ statistical knowledge of
multiword sequences.
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Introduction

Judgments of the frequency and the probability of events have survival benefits
for humans in daily activities. As part of human cognition, the use of language
makes no exception in this regard. Natural languages abound in statistical reg-
ularities (Gries & Ellis, 2015). Over the past decades, the representation and
processing of statistical information in language have received a considerable
amount of attention. There is a growing body of evidence supporting the fact
that first language (L1) and second language (L2) speakers demonstrate re-
liable statistical intuitions. However, researchers have primarily focused their
efforts on the accuracy of intuitive judgments of word frequency, leaving un-
clear whether language users possess accurate intuition for other types of sta-
tistical information and for multiword sequences. More importantly, little is
known about how language users come to such intuitive judgments (Alderson,
2007). To address these issues in our study, we explored L1 and L2 speakers’
intuitions of two kinds of statistical information about collocations, namely,
phrasal frequency and association strength (i.e., the co-occurrence probability
of words that constitute word sequences). To reveal the sources of information
contributing to such intuitions, we also investigated influences of orthographic,
phonological, and semantic characteristics of the words that constitute such
larger-than-word units along with corpus statistics at the phrase level.

Background Literature

Intuition of Frequency of Single Words
Frequency of occurrence is a fundamental piece of information that people en-
code about their experience with language. Frequency of occurrence indicates
how likely language users are to encounter a linguistic unit and determines the
degree of automaticity with which language users process or retrieve a word or
phrase (Gries & Ellis, 2015). Researchers have studied frequency effects ex-
tensively from various perspectives. For lexical processing, ample evidence has
shown that L1 and L2 speakers are sensitive to the frequency of single words
(Diependaele et al., 2013). Along with research on frequency, in many stud-
ies, researchers have also examined, from practical and theoretical concerns,
language users’ intuitive estimation of word frequency. Practically, psycholo-
gists need to estimate how often words occur in a language in order to investi-
gate how word frequency affects lexical processing (Brysbaert & New, 2009);

Language Learning 0:0, xxxx 2022, pp. 1–35 2



Yi, Man and Maie Intuitions of Frequency and Association Strength

applied linguists need to estimate word frequencies (especially when these are
not available) so as to select materials that are worth teaching (McCrostie,
2007). Theoretically, investigations of word frequency intuition can contribute
to models of human memory (Zacks & Hasher, 2002) and decision-making
(Tversky, 1974). In the field of L2 acquisition, many researchers (e.g., Ellis
& Gries, 2015; Ellis, Romer, & O’Donnell, 2016) have held that language
users are attuned to frequency of input and that language users can acquire
knowledge of frequency and other probabilistic information after decades of
language use.

Research on language users’ intuition about word frequency was initiated
in studies conducted in the 1960s and 1970s (for a summary of studies on in-
tuitive judgments of word frequency, see Appendix S1 in the Supporting Infor-
mation online). These studies typically followed a three-stage paradigm. First,
researchers extracted objective frequency counts of preselected lexical items
from corpora that were assumed to reflect the language use of the society from
which they were drawn. Subsequently, researchers asked participants to judge
how often the words were used in a language community or in their personal
experience, collecting participants’ responses through the magnitude estima-
tion method or through a multiple rank order task (Shapiro, 1969). A mag-
nitude estimation task requires participants to estimate how frequently words
occur by assigning numbers to each word based on certain response scales; a
multiple rank order task asks participants to rank words according to the rela-
tive frequency of the words. Finally, to evaluate the accuracy of language users’
intuition of word frequency, researchers calculated Pearson product-moment
correlations for magnitude estimations or Spearman rank-order correlations
for multiple rank order tasks between these subjective frequency estimates and
objective frequency counts from corpora.

Tryk (1968) sampled 100 nouns to represent the spectrum of the
Thorndike-Lorge frequency counts and asked undergraduate students to esti-
mate how often average English speakers used each noun in daily conversation
in a given period of time. Correlations between subjective frequency estimates
and log-transformed objective frequency counts were moderately high, ranging
from .74 to .78. Shapiro (1969) selected 91 words from the Thorndike-Lorge
(Thorndike & Lorge, 1944) and Kučera-Francis (Kučera & Francis, 1967) tab-
ulations and had six groups of L1 English speakers estimate the frequencies
of the words in either spoken or written language. Participants first ranked
the words based on their intuition. Shapiro (1969) then asked the participants
to assign numbers to all the words in the entire list according to the relative
frequency of the words. Shapiro found high correlations between objective
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counts retrieved from corpora and participants’ subjective estimates of word
frequency, ranging from .92 to .98. Carroll (1971) borrowed 60 words from
Shapiro’s (1969) list and found that L1 speakers’ estimation of the frequency
of the words correlated highly with objective counts. Backman (1976) took 50
words translated from Shapiro’s (1969) list and had L1 speakers of Swedish
rate these words for frequency of occurrence in written language. Similarly,
Backman found subjective frequency ratings for these 50 words to be highly
correlated with objective frequency counts of the words (.93).

In later studies, researchers have reported L1 speakers’ accurate intuition of
word frequencies. Ringeling (1984) asked L1 speakers of English and Dutch–
English bilinguals to rank 24 nouns based on their perception of word fre-
quency in the language and in personal experience. Participants showed reli-
able intuition of word frequency in the language, with the correlation between
subjective frequency estimates and objective frequency of occurrence ranging
from .74 to .90. In a norming study, Balota et al. (2001) collected subjective
frequency estimates for 2,938 monosyllabic English words from L1 speakers.
Participants rated each word for how frequently they had encountered it in gen-
eral and in different domains. In line with previous studies, Balota et al. found
relatively high correlations between subjective frequency estimates and objec-
tive corpora frequencies (.78–.83). McCrostie (2007) compared the intuition
of word frequency of English instructors to that of undergraduate students.
McCrostie asked both groups of participants to arrange two lists of words in
frequency order. Intriguingly, English teaching professionals’ frequency judg-
ments were no better than those of undergraduate students. Moreover, for
both groups, their mean judgment accuracy of words in the middle frequency
range (.49–.51) was much lower than for words in the whole frequency range
(.83–.84).

Unlike the above-mentioned researchers, in their studies, Alderson (2007)
and Schmitt and Dunham (1999) did not find evidence supporting the validity
of language users’ intuition of word frequency. Schmitt and Dunham (1999)
selected 12 sets of near synonyms and asked L1 and L2 speakers of English to
assign frequency ratings relative to an anchor word within each lexical set. In
contrast to findings in previous studies, they found only moderate correlations
between subjective ratings of word frequency and objective word frequencies
from corpus data for L1 speakers (.53) and for L2 speakers (.58). Alderson
(2007) conducted three experiments to investigate the accuracy of judgments
of word frequency by professional linguists. For the first experiment, Alderson
asked participants to report how frequently 100 English verbs occurred in ev-
ery million words; for the second experiment, Alderson asked participants to
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rank order 50 verbs according to their frequency; and for the third experiment,
Alderson asked participants to rank order 25 verbs that he had chosen to repre-
sent a more evenly distributed range of word frequency. Similar to Schmitt and
Dunham (1999), Alderson found only moderate correlations between expert
judgments of word frequency and objective frequency counts.

Intuitions of Phrasal Frequency and Association Strength of Multiword
Sequences
Language consists of units of varying sizes from single words to multiword
sequences. Language users widely employ multiword sequences (Erman &
Warren, 2000), and multiword sequences play a critical role in achieving
nativelike proficiency for L2 learners. For multiword sequences, two types
of statistical information are crucial, namely, phrasal frequency and associ-
ation strength (Gries & Ellis, 2015). Phrasal frequency indicates how often
language users encounter a word combination, whereas association strength
is a measure of the co-occurrence probability of words that constitute the
word combination; association strength is thought to be linked to language
users’ ability to predict the words following or preceding another word in a
sequence (Gablasova et al., 2017). Recent empirical studies have supported
the conceptual distinction between phrasal frequency and association strength
by showing that phrasal frequency alone is not adequate for explaining lan-
guage users’ behavioral patterns (Gries & Ellis, 2015) and that association
strength plays an important role in L1 and L2 speakers’ online processing of
multiword sequences that is independent of phrasal frequency (e.g., Yi, 2018;
Yi et al., 2017). Phrasal frequency and association strength do not necessarily
go hand in hand. In fact, one can even expect to find highly frequent multi-
word sequences in which the constituent words are loosely associated (e.g.,
short time), and vice versa (e.g., historic buildings; for more examples, see
Appendix S2 in the Supporting Information online).

Association strength of multiword sequences is measured by various met-
rics, including forward or backward transitional probability (e.g., McDonald &
Shillcock, 2003), �P (e.g., Gries & Ellis, 2015), t-score (e.g., Gablasova et al.,
2017; Wolter & Gyllstad, 2011), mutual information (MI; e.g., Yi, 2018; Yi
et al., 2017), and log Dice (e.g., Gablasova et al., 2017; Öksüz et al., 2021).
Overall, each of these association measures has its advantages and disadvan-
tages. For instance, transitional probability and �P can identify the unidirec-
tional association of constituent words within collocations, whereas t-score,
MI, and log Dice assume that associations are mutual and quantify the strength
of co-occurrence in both directions. Among the bidirectional association
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measures, t-score does not operate on a standardized scale and is not com-
parable across corpora (Hunston, 2002), whereas MI and log Dice use a loga-
rithmic scale and highlight the exclusivity between words in collocations. MI
and log Dice are fairly similar. However, they differ in a number of aspects:
(a) MI expresses the ratio between the frequency of collocations and the fre-
quency of random co-occurrences of the constituent words, whereas log Dice
captures the tendency of two words to co-occur relative to the frequencies of
these words in a corpus (Gablasova et al., 2017); (b) MI does not have a theo-
retical minimum and maximum, whereas log Dice has a maximum value of 14;
(c) MI is said to reward rare word combinations (Gries & Ellis, 2015), whereas
log Dice does not have such a bias. For instance, based on the British National
Corpus (BNC), the highly frequent collocation long time has an MI value of
5.5 and a log Dice value of 9.4, yet for the low-frequency collocation racial
discrimination, the MI and log Dice values are 11.8 and 10.0, respectively.

Given that single words and multiword sequences are both essential com-
ponents of language users’ mental lexicon and that L1 and L2 speakers are
sensitive to statistical regularities underlying both types of linguistic units, it
is natural to assume that statistical intuitions that have been reported for sin-
gle words may extend to word combinations as well. So far, few researchers
have directly investigated language users’ intuition of phrasal frequency of
multiword sequences. Backman (1978) instructed a group of L1 speakers of
Swedish to estimate the phrasal frequency of 18 three-word combinations. In
an approach similar to that used in Schmitt and Dunham’s (1999) study, Back-
man used a word sequence as an anchor and asked the participants to assign
frequency estimates relative to the anchor. The correlation between subjec-
tive and objective phrasal frequency was .56. Siyanova and Schmitt (2008)
examined phrasal frequency judgments made by L1 and L2 speakers of En-
glish for 31 frequent (nativelike) and 31 infrequent (learner) adjective–noun
pairings extracted from a learner corpus of writings. Siyanova and Schmitt
further divided the frequent collocations into high- and medium-frequency
bands based on a cutoff point of frequency at 100 occurrences in the BNC.
They asked participants to rate each collocation on a scale of 1 (very uncom-
mon) to 6 (very common). Overall, participants’ ratings of phrasal frequency
did not correlate highly with corpus-based data for L1 speakers (.58) or for
L2 speakers (.44). Interestingly, Siyanova and Schmitt found that L1 speak-
ers were able to distinguish frequent collocations from infrequent colloca-
tions or high-frequency collocations from medium-frequency collocations. By
contrast, L2 speakers could only distinguish frequent from infrequent word
combinations.
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Siyanova-Chanturia and Spina (2015) investigated L1 and L2 speakers’
intuition of phrasal frequency of Italian collocations. They extracted 80 noun–
adjective collocations from the Perugia Corpus and divided them into high-,
medium-, and low-frequency bands. Additionally, they created another group
of noun–adjective combinations that were incorporated as low-frequency col-
locations. Siyanova-Chanturia and Spina instructed L1 and L2 speakers of Ital-
ian to report their intuition of phrasal frequency based on a 4-point frequency
scale (i.e., high, medium, low, very low). Results showed that frequency of col-
locations in the corpus predicted both L1 and L2 speakers’ judgments of col-
location frequency. Using Cohen’s kappa to measure the agreement between
language users’ judgments of phrasal frequency and objective corpus-based
frequency bands for each item, Siyanova-Chanturia and Spina concluded that
L1 and L2 speakers’ intuitive judgments of phrasal frequency were highly ac-
curate for collocations in the high-frequency band. Despite of the growing
recognition of the importance of association strength for the representation
and processing of multiword sequences, to the best of our knowledge, not a
single study has examined language users’ intuitive knowledge of the strength
of association between the constituent words within multiword sequences.

Linguistic Influences on Intuitive Judgment of Statistical Regularities
Usage-based approaches hold that L1 and L2 speakers can acquire rich knowl-
edge of linguistic units as their language experience accumulates (Ellis &
Ogden, 2017). When it comes to processing multiword sequences, recent ev-
idence has suggested that language users may access the knowledge of word
combinations as well as the constituent parts of the combinations (for a review,
see Siyanova-Chanturia, 2015). For instance, researchers found L1 and L2
speakers to be sensitive to constituent word and phrasal frequencies when pro-
cessing collocations (e.g., Öksüz et al., 2021; Wolter & Yamashita, 2018). In
addition to frequency, language users also encode phonological, orthographic,
and semantic information about words. If knowledge of constituent words con-
tributes to the processing of multiword sequences, one might expect that lan-
guage users should make use of various lexical properties when intuitively
judging word frequency, phrasal frequency, or association strength. Surpris-
ingly, few studies have considered how orthographic, phonological, and seman-
tic characteristics of words impact L1 and L2 speakers’ statistical intuitions.
Backman (1976) found that L1 speakers’ subjective estimation of word fre-
quencies correlated with word pronounceability, defined as the degree of diffi-
culty in pronouncing a word (.82), and with comprehensibility, defined as the
degree of difficulty in comprehending a word (.65). Using corpus frequency,
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orthographic neighborhood size (i.e., the number of words of the same length,
generated by changing one letter), and meaningfulness as predictors for subjec-
tive estimates of word frequency, Balota et al. (2001) found that L1 speakers’
intuition of word frequency was driven by objective corpus-based frequency as
well as the meaningfulness of lexical items. It is interesting that neighborhood
size also contributed to subjective frequency ratings, but only for highly famil-
iar items. Siyanova-Chanturia and Spina (2015) have been the only researchers
who have investigated linguistic influences on L1 and L2 speakers’ statistical
intuition of multiword sequences. They incorporated the length (i.e., number
of letters) and frequency of constituent words to predict intuitive judgments of
phrasal frequency of noun–adjective Italian collocations. Their results showed
that participants—especially L2 speakers—tended to assign higher frequency
ratings to collocations that contained shorter nouns.

The Present Study

The current literature is limited in the following aspects. First, although there
have been ample studies in which researchers examined the accuracy of lan-
guage users’ intuition of frequency of occurrence, most studies have focused
on single words, leaving unclear whether similar patterns could be found for
larger-than-word units. Second, in no single study have researchers explored
language users’ intuition of association strength of multiword sequences. Yet,
research has shown that language users’ knowledge of association strength
and phrasal frequency are related (Yi, 2018; Yi et al., 2017). As Siyanova-
Chanturia and Spina (2015) acknowledged, when judging phrasal frequency of
multiword sequences, participants might also make use of their knowledge of
association strength. Nevertheless, no research has been carried out to investi-
gate whether knowledge of phrasal frequency contributes to judgment of asso-
ciation strength, and vice versa. Third, little research has been done to reveal
the sources of information on which language users rely when making subjec-
tive judgments about frequency and probability of language use; research is
especially lacking for how knowledge of constituent words contributes to sta-
tistical intuitions of multiword sequences. Fourth, studies in which researchers
have examined L2 speakers’ statistical intuition have been scarce.

To bridge these gaps, we explored in our study both L1 and L2 speakers’
intuitions of phrasal frequency and association strength of collocations, while
examining the contribution of various kinds of phrasal and lexical characteris-
tics. We specifically chose MI and log Dice as measures of association strength
of collocations. As we mentioned previously, MI and log Dice capture the bidi-
rectional relationship between constituent words in collocations and operate on
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normalized scales, which could make our results comparable across corpora.
Moreover, the choice of log Dice allowed us to examine the exclusivity of col-
locations without the low-frequency bias that occurs in MI (Gablasova et al.,
2017). In addition to corpus-retrieved word frequency, phrasal frequency, and
association strength, we included word length (i.e., number of letters), phono-
logical and orthographic neighborhood size, and concreteness (the extent to
which a word refers to a perceptible entity) as predictors of statistical intu-
itions. We chose word length (Siyanova-Chanturia & Spina, 2015) and neigh-
borhood size (Balota et al., 2001) because research has shown that they moder-
ate intuitions of frequency of words or multiword sequences, and we selected
concreteness because it represents a fundamental semantic distinction among
words and plays a key role in word recognition (Schwanenflugel, 1991). We
asked the following research questions:

1. To what degree do L1 and L2 speakers’ subjective judgments match corpus-
retrieved phrasal frequency and association strength of collocations?

2. Are L1 and L2 speakers sensitive to corpus-retrieved phrase-level sta-
tistical information (i.e., collocation frequency, MI, log Dice) when
intuitively judging the phrasal frequency and association strength of
collocations?

3. How do orthographic, phonological, and semantic characteristics of con-
stituent words contribute to L1 and L2 speakers’ intuitive judgments of
phrasal frequency and association strength of collocations?

Method

Participants
We recruited 194 participants, including 81 L2 English learners (55 females)
and 113 L1 English speakers (58 females). The L2 speakers were Chinese
international students studying in undergraduate programs in the United States.
The L1 speakers were residents in the United States and had earned at least
a bachelor’s degree at the time of data collection. The mean ages of the L1
and L2 speakers were 34.1 years (SD = 12.7) and 24.0 years (SD = 3.5),
respectively. The L2 speakers’ mean age of onset for learning English was
9.0 years (SD = 2.7), and their mean length of residence in the United States
was 30.7 months (SD = 23.5). Seventy-four L2 participants reported their most
recent TOEFL iBT scores. Following the advice of an anonymous reviewer,
we classified the L2 participants following the TOEFL official guide1 as either
intermediate (TOEFL score ≤ 94, min = 70, n = 12) or advanced English
speakers (TOEFL score ≥ 95, max = 119, n = 62) based on their self-reported
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TOEFL total scores. Based on 5-point scales, L2 speakers’ mean self-reported
English use outside the classroom was 3.4 (SD = 0.8), and their mean ratings
of English proficiency were 3.3 (SD = 0.8) for reading, 3.2 (SD = 0.8) for
listening, 2.9 (SD = 0.8) for speaking, and 2.9 (SD = 0.8) for writing (see
Appendix S3 in the Supporting Information online for more information about
the L2 participants’ characteristics).

Stimuli
We borrowed 180 English adjective–noun collocations from those used in Yi’s
(2018) study that we retrieved from Phrases in English (Fletcher, 2011), an on-
line database. Phrases in English was derived from the second edition of the
BNC, which is a balanced corpus consisting of 100 million words of modern
British English that are widely present in the written and spoken domains. Fol-
lowing Wolter and Gyllstad (2013), we defined collocations as multiword se-
quences consisting of words that co-occur more frequently than chance would
predict given the frequency of the constituent words. Yi (2018) specifically de-
fined adjective–noun combinations as collocations if (a) they occurred at least
once per million words in the BNC and if (b) the statistical association between
an adjective and a noun measured by MI was higher than 3.0.

We sampled the collocations from the BNC, via Phrases in English, such
that they represented the whole range of frequency and association strength
(i.e., MI) of adjective–noun combinations that met the above-mentioned crite-
ria. On the basis of frequencies retrieved from the BNC, we computed MI and
log Dice values for each collocation.2 To ensure that the target collocations
were familiar to our L2 participants, we asked five intermediate-to-advanced
L2 speakers of English who did not participate in this study to rate their famil-
iarity with the collocations on a scale of 1 (totally unknown) to 5 (extremely
familiar). The mean familiarity rating was 4.5 (SD = 0.4) for our target col-
locations. To address the linguistic influences responsible for language users’
intuitive judgments of phrasal frequency and association strength, we retrieved
lexical properties of the constituent words (i.e., variables word1 and word2), in-
cluding word length, orthographic neighborhood size, and phonological neigh-
borhood size, from the CLEARPOND database (Marian et al., 2012), which
provides an interface for obtaining phonological and orthographic neighbor-
hood sizes across languages. Furthermore, we borrowed concreteness ratings
of the nouns within each collocation from Brysbaert et al.’s (2014) study.

Language usage can differ between British and American English. To eval-
uate differences in usage, we looked up phrasal frequency and association
strength of collocations, as well as frequencies of the constituent words, in
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the Corpus of Contemporary American English (Davies, 2008), which is a
balanced, large-scale corpus consisting of around one billion words. Overall,
corpus data obtained from the BNC and the Corpus of Contemporary Ameri-
can English were highly correlated (.73 for phrasal frequency, .78 for MI, .68
for log Dice, .90 for the frequency of the adjectives, and .87 for the frequency
of the nouns). We transformed frequencies to occurrences per million words
before transforming the result to their natural logarithm. Based on the BNC
data, we then ranked the collocations from the lowest to the highest phrasal
frequency and grouped them into three separate lists of high, medium, or low
phrasal frequency collocations; each list contained 60 items. We adopted the
same procedure for association strength. This resulted in three bands of collo-
cations categorized into high, medium, or low association strength. For group-
ing collocations for phrasal frequency and association strength, no borderline
items existed (for a full list of the collocations, see Yi et al., 2022c, and Ap-
pendix S2 in the Supporting Information online). The mean phrasal frequen-
cies of collocations were 0.331 (SD = 0.173, range = 0.077–0.663) in the low
band, 1.284 (SD = 0.159, range = 1.072–1.896) in the medium band, and 2.426
(SD = 0.420, range = 1.984–3.780) in the high band. On average, the asso-
ciation strengths of collocations, measured by MI, were 5.108 (SD = 0.834,
range = 3.366–6.157) in the low band, 7.201 (SD = 0.601, range = 6.179–
8.101) in the medium band, and 9.511 (SD = 1.199, range = 8.180–12.713)
in the high band. The mean association strengths of collocations, measured
by log Dice, were 6.855 (SD = 0.711, range = 4.763–7.761) in the low band,
8.362 (SD = 0.316, range = 7.803–9.009) in the medium band, and 9.815
(SD = 0.648, range = 9.010–11.495) in the high band. Appendix S4 in the
Supporting Information online provides characteristics of the selected collo-
cations, and Appendix S5 shows the correlations among characteristics of the
collocations.

Instrument and Task
We incorporated the collocations into a questionnaire with three sections. In
the first section, the participants answered several questions about their de-
mographic information. In the second section, the participants judged how fre-
quently a collocation is used in English based on a 3-point scale (low frequency,
medium frequency, and high frequency). In the final section, the participants
estimated how strongly two words are associated within a collocation. The
strength of association was explained to the participants to be how likely the
constituent words can predict the appearance of one word given the other word,
regardless of the direction of prediction. The participants responded based on
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a 3-point scale: loose association (i.e., one word can hardly predict the other),
medium association (i.e., one word can predict the other to some degree), and
strong association (one word can strongly predict the other). Previous studies
have mostly used a multiple rank-order task or the magnitude estimation task,
yet it would have been rather unnatural to require the participants to either rank
order the collocations or assign numbers to them based on their self-evaluation
of phrasal frequency and association strength. Instead, following the advice of
Alderson (2007) and the practice of Siyanova-Chanturia and Spina (2015), the
participants received two forced-choice tasks in which they had to judge the
target collocations as one of the following: high phrasal frequency, medium
phrasal frequency, or low phrasal frequency for the frequency judgment task
and high association strength, medium association strength, or low association
strength for the association strength judgment task. For the judgment of phrasal
frequency and association strength, we randomly grouped the collocations into
nine blocks, each containing 20 collocations. We randomized the order of pre-
sentation of the blocks of target items to the participants as well as the order
of items within each block. To help the participants understand the tasks, we
provided them with examples (for the complete questionnaire, see Yi et al.,
2022b, and Appendix S6 in the Supporting Information online).

Procedure
We administered the questionnaire online through Qualtrics and Amazon Me-
chanical Turk. We used Qualtrics to deliver the questionnaire to international
Chinese students studying at the undergraduate level in the United States.
Amazon Mechanical Turk was a better method for reaching L1 speakers of En-
glish considering the large potential pools of respondents. Moreover, Amazon
Mechanical Turk allowed us to restrict the participants to L1 English speak-
ers living in the United States and holding a bachelor’s degree. We created
two versions of the questionnaire to counterbalance the order of the judgment
of phrasal frequency and association strength of collocations, and we admin-
istered each version of the questionnaire to one half of the participants. The
participants were informed that there was no time pressure; they were to make
judgments relying on their own intuition, and there was no right or wrong an-
swer. The questionnaire took about 25 minutes for the participants to complete.

Data Analysis

In this study, we followed the suggestion of Alderson (2007) and computed
judgment accuracies of phrasal frequency and association strength for L1 and
L2 speakers, calculated as the proportion of participants whose intuitive ratings
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matched the corpus-based groupings (low, medium, or high phrasal frequency,
or low, medium, or high association strength). To reveal how the participants
came to their subjective estimations, we ran Bayesian mixed-effects multino-
mial models separately for phrasal frequency and for association strength mea-
sured by MI and log Dice. We deemed Bayesian mixed-effects multinomial
analysis to be an optimal approach because (a) it does not assume that all pa-
rameters are normally distributed, (b) it can handle small sample sizes, and
(c) it allows users to model outcome variables consisting of three categories.
We excluded from data analyses the seven L2 participants who did not report
their TOEFL iBT scores. For both sets of statistical models, we included the
following predictors: proficiency (L1 speakers, advanced L2 speakers, inter-
mediate L2 speakers), phrasal frequency band (low, medium, high), MI band
(low, medium, high), log Dice band (low, medium, high), word1 frequency,
word2 frequency, word1 length, word2 length, word1 orthographic neighbor-
hood size, word2 orthographic neighborhood size, word1 phonological neigh-
borhood size, word2 phonological neighborhood size, and word2 concreteness.

To examine whether the influences of phrasal and lexical characteristics
on language users’ intuitive judgments of phrasal frequency and association
strength differ among the three groups of speakers, we added interactions of
proficiency with the other variables. We dummy-coded proficiency to compare
the intermediate and the advanced L2 speakers to the L1 speakers. Similarly,
we dummy-coded phrasal frequency, that is, MI band and log Dice band, using
the high band as the reference level. Our incorporation of MI band and log Dice
band as predictors when we modeled the participants’ subjective judgments of
phrasal frequency enabled us to explore whether the participants made use of
statistical association information when they judged the phrasal frequency of
collocations. We applied the same rationale to the inclusion of phrasal fre-
quency band when we modeled the participants’ subjective judgments of as-
sociation strength. Given that we had already included orthographic, semantic,
and phonological variables specific to each item for statistical analyses, we
considered only random intercepts of participants for both sets of models.

We used Bayesian estimation for modeling parameter estimation via the
MCMCglmm package (Hadfield, 2010) in the R software (R Core Team, 2021).
We assessed convergence via potential scale reduction parameters3 (Gelman
et al., 2013) with the coda package (Plummer et al., 2005) for R. We performed
two chains using 13,800 iterations with thinning of 4 to reduce autocorrelation
among samplers. We summarized model parameter estimates, standard devia-
tions, and their 95% credible intervals based on the posterior densities using
the final 10,300 iterations after burn-in 3,500 (Gelman et al., 2013). For our
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study, we used a potential scale reduction factor of 1.2 or less for each model
parameter as the cut-off indicating convergence (Gelman et al., 2013). We used
default noninformative priors offered by the MCMCglmm package (Hadfield,
2010). Specifically, for the fixed effects, we specified flat normal priors with
means of zeros and large variances of 108. In addition, we used diffuse pri-
ors for estimating random effects by specifying two scalar parameters of the
inverse Wishart prior as V = 1, and nu = 0.002, following the practice of
Hadfield (2010). We summarized the Bayesian model results by reporting the
posterior expected values (means of posterior distributions) and 95% credible
intervals of the parameters. For each parameter, if its 95% credible interval in-
cluded zero, then it was reasonable to infer that the parameter (variable) very
likely could take a value near zero, indicating that it did not explain much vari-
ation in the dependent variables (i.e., L1 and L2 speaker intuitions of phrasal
frequency and association strength). We considered the effect of an indepen-
dent variable to be reliable only when its credible interval did not contain zero.
Full model results as well as trace plots for model parameters are available via
Open Science Framework at https://osf.io/r9avk (see also Yi et al., 2022a, for
the datasets used in this study).

Results

Accuracy of L1 and L2 Speakers’ Statistical Intuitions
Overall, the results suggested that, for both the L1 and the L2 speakers of En-
glish, their subjective intuitions of phrasal frequency and association strength
were not accurate. As Figure 1 shows, the participants’ judgment accuracy for
corpus-based phrasal frequency or for association strength followed an increas-
ing pattern whether measured by MI or log Dice, except for the intermediate
L2 speakers’ judgment of association strength for medium and high MI band
collocations or medium and high log Dice band collocations. The L1 speakers’
intuition of phrasal frequency was more accurate than that of L2 speakers, but
only for low- and medium-band collocations. However, for intuitions of asso-
ciation strength, the L1 speakers did not have such an advantage over the L2
speakers. Interestingly, the advanced L2 speakers exhibited more accurate intu-
itions of high-frequency or high-association-strength collocations than did the
intermediate L2 speakers, yet such a pattern was reversed for low-association-
strength collocations (for accuracies across the bands, see Appendix S7 in the
Supporting Information online).

For each of the 180 collocations, we also calculated the proportion of the
participants whose ratings of phrasal frequency and of association strength
matched the groupings of the corpus-based bands (see Appendices S8, S9,
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Figure 1 Percent accuracy of L1 and L2 speakers’ intuitions of phrasal frequency and
association strength measured by mutual information (MI) and log Dice.

and S10 in the Supporting Information online for full data). Table 1 is a sum-
mary of these results. For both phrasal frequency and association strength,
only a small proportion of collocations received accurate subjective ratings
from the L1 and the L2 speakers. Moreover, for both phrasal frequency and
association strength, we found considerable variation across the target collo-
cations and between the L1 and the L2 speakers. For instance, most of the
L1 (77.9%) and the L2 speakers (74.2% and 66.7% for the advanced and the
intermediate L2 speakers, respectively) perceived the high-frequency collo-
cation nuclear weapons as being frequently used in English, whereas only
21.2% of the L1 speakers, 14.5% of the advanced L2 speakers, and 16.7%
of the intermediate L2 speakers put the high-frequency collocation hard work
into the high-frequency band. Similarly, the L1 (66.4%) and the L2 speak-
ers (72.6% and 58.3% for the advanced and the intermediate L2 speakers, re-
spectively) consistently rated the high-association-band collocation civil war,
measured either by MI or log Dice, as a strongly associated word sequence,
yet 25.7% of the L1 speakers, 24.2% of the advanced L2 speakers and 8.3%
of the intermediate L2 speakers labeled the high-association-band colloca-
tion varying degrees as a strongly associated word sequence. Such varia-
tions indicated that some extraneous variables other than phrasal frequency
and association strength could have influenced the participants’ subjective
ratings.
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Table 1 Summary of L1 and L2 speakers’ intuitions of phrasal frequency and associa-
tion strength for individual collocations (k = 180)

Proportion of matched responses for individual
collocations

Statistical intuition [0%, 40%)a [40%, 60%)a [60%, 100%]a

Phrasal frequency
L1 speakers 113 50 17
L2 speakers (advanced) 117 28 35
L2 speakers (intermediate) 101 60 19

Association strength (MI)
L1 speakers 101 69 10
L2 speakers (advanced) 91 77 12
L2 speakers (intermediate) 83 91 6

Association strength (log Dice)
L1 speakers 104 67 9
L2 speakers (advanced) 74 99 7
L2 speakers (intermediate) 105 65 10

Note.
a
A parenthesis indicates that the point or value was not included in the interval;

a bracket indicates that the value was included in the interval. The values refer to the
total number of collocations for which the proportion of participants’ responses that
matched the corpus-based groupings (i.e., low, medium, high) fell into each category.
MI = mutual information.

Bayesian Model Results for the Judgment of Phrasal Frequency
With MI as the measure of association strength, Bayesian mixed-effects multi-
nomial modeling revealed that the model for the judgment of phrasal fre-
quency included reliable effects of phrasal frequency band, MI band, inter-
actions of proficiency and MI band, word1 frequency, word1 length, word1
orthographic neighborhood size, word2 frequency, word2 orthographic neigh-
borhood size, word2 phonological neighborhood size, word2 concreteness, as
well as interactions of proficiency and the following variables: word1 length,
word1 phonological neighborhood size, word2 orthographic neighborhood
size, and word2 concreteness. As summarized in Table 2, the effect of phrasal
frequency band indicated that both the L1 and the L2 speakers were sen-
sitive to corpus-retrieved phrasal frequencies when judging the phrasal fre-
quency of collocations, with collocations in the low phrasal frequency band
receiving lower ratings of phrasal frequency than word sequences in the high
phrasal frequency band. The effect of MI band, along with the interactions of
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Table 2 Bayesian mixed-effects multinomial modeling results for judgment of phrasal
frequency using mutual information (MI) as the measure of association strength

Estimate M SD 95% CrI

Frequency band-low −0.139 0.066 [−0.267, −0.008]
MI band-low −0.479 0.092 [−0.676, −0.311]
Proficiency (L2-Intermediate) ×

MI Band-Low
0.733 0.328 [0.111, 1.402]

Proficiency (L2-Intermediate) ×
MI Band-Medium

0.614 0.251 [0.177, 1.140]

Word1 frequency 0.159 0.025 [0.111, 0.210]
Word1 length −0.130 0.014 [−0.157, −0.103]
Word1 orthography 0.017 0.005 [0.009, 0.026]
Word2 frequency 0.108 0.033 [0.041, 0.174]
Word2 orthography −0.032 0.006 [−0.043, −0.021]
Word2 phonology 0.015 0.003 [0.010, 0.021]
Word2 concreteness −0.115 0.022 [−0.155, −0.069]
Proficiency (L2-Advanced) ×

Word1 Length
0.062 0.028 [0.005, 0.114]

Proficiency (L2-Advanced) ×
Word1 phonology

0.007 0.004 [0.000, 0.016]

Proficiency (L2-Intermediate) ×
Word2 orthography

0.049 0.023 [0.005, 0.094]

Proficiency (L2-Intermediate) ×
Word2 Concreteness

0.285 0.086 [0.117, 0.446]

Note. Frequency band and MI band were dummy-coded, using the high band as the ref-
erence level. Proficiency was dummy-coded, with advanced and intermediate L2 speak-
ers being compared against L1 speakers. CrI = credible interval; frequency band =
band of phrasal frequency; orthography = orthographic neighborhood size; phonology
= phonological neighborhood size.

proficiency and MI bands, showed that the L1 and the L2 speakers made use
of MI band information when they judged the phrasal frequency of colloca-
tions. Both the L1 and the advanced L2 speakers assigned lower ratings of
phrasal frequency to low-MI-band collocations than to collocations labeled as
high-MI-band sequences. However, for the intermediate L2 speakers, we found
reversed patterns—compared with high-MI-band word sequences, collocations
in the low and medium MI bands received higher ratings of phrasal frequency.

The effects of the word1 and the word2 variables suggested that ortho-
graphic, phonological, and semantic properties of words that constituted the
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collocations affected both the L1 and the L2 speakers’ subjective estimations
of phrasal frequency. Specifically, Table 2 shows that the participants rated
target collocations containing higher frequency adjectives (word1 frequency)
and nouns (word2 frequency) as being more frequently used than target col-
locations with lower frequency constituent words. The effect of word1 length,
along with the interaction of word1 length and proficiency, indicated that the
L1 and the L2 speakers tended to rate collocations containing longer adjec-
tives as being less frequently used than those consisting of shorter adjectives,
even though such an effect among the advanced L2 speakers was significantly
weaker than that among the L1 and the intermediate L2 speakers.

For orthographic and phonological influences, we found complex patterns.
Table 2 shows that the L1 and the L2 speakers judged target collocations as
more frequent if they contained adjectives with more orthographic neighbors
(word1 orthographic neighborhood size) or if they contained nouns with more
phonological neighbors (word2 phonological neighborhood size). However, for
word sequences consisting of nouns with more orthographic neighbors, the L1
and the advanced L2 speakers tended to judge these sequences as being used
less frequently (word2 orthographic neighborhood size), whereas the interme-
diate L2 speakers judged them as being used more frequently. Additionally,
the advanced L2 speakers also tended to rate target collocations containing ad-
jectives with more phonological neighbors as more frequent (L2-Advanced ×
Word1 Phonological Neighborhood Size). For the role of semantic characteris-
tics, the effect of word2 concreteness, along with the interaction of proficiency
and word2 concreteness, suggested that the L1 and the advanced L2 speakers
perceived target collocations consisting of more concrete nouns as being less
frequent, yet this pattern was reversed for the intermediate L2 speakers.

We fit a separate Bayesian mixed-effects model for the judgment of phrasal
frequency, using log Dice as the measure of association strength of colloca-
tions. Overall, results of this model (see Table 3) replicated the patterns that
we reported when we used MI to measure association strength. The model
included reliable effects of association strength (log Dice band-low), word1
frequency, word1 length, word1 orthographic neighborhood size, word2 fre-
quency, word2 orthographic neighborhood size, word2 phonological neighbor-
hood size, word2 concreteness, as well as interactions of proficiency and word1
length, word2 orthographic neighborhood size, and word2 concreteness. Nev-
ertheless, some effects reported in the MI model (see Table 2) did not appear
in this model; similarly, this model also revealed some effects that did not ap-
pear in the MI model. Such inconsistent patterns may have resulted from the
fact that MI and log Dice capture different aspects of association strength (as

Language Learning 0:0, xxxx 2022, pp. 1–35 18



Yi, Man and Maie Intuitions of Frequency and Association Strength

Table 3 Bayesian mixed-effects multinomial modeling results for judgment of phrasal
frequency using log Dice as the measure of association strength

Estimate M SD 95% CrI

Proficiency (L2-advanced) −1.220 0.552 [−2.307, −0.099]
Frequency band-medium 0.154 0.077 [0.002, 0.314]
log Dice band-low −0.522 0.080 [−0.696, −0.386]
Word1 frequency 0.163 0.025 [0.112, 0.209]
Word1 length −0.135 0.015 [−0.164, −0.106]
Word1 orthography 0.011 0.005 [0.001, 0.020]
Word2 frequency 0.091 0.031 [0.032, 0.153]
Word2 orthography −0.030 0.005 [−0.039, −0.019]
Word2 phonology 0.016 0.003 [0.010, 0.020]
Word2 concreteness −0.119 0.021 [−0.158, −0.077]
Proficiency (L2-Advanced) ×

Word1 Frequency
0.097 0.045 [0.010, 0.189]

Proficiency (L2-Advanced) ×
Word1 Length

0.058 0.026 [0.005, 0.105]

Proficiency (L2-Intermediate) ×
Word2 orthography

0.049 0.023 [0.005, 0.010]

Proficiency (L2-Intermediate) ×
Word2 Concreteness

0.243 0.086 [0.079, 0.402]

Proficiency (L2-Advanced) ×
Word2 Concreteness

0.083 0.040 [0.004, 0.164]

Note. Frequency band and log Dice band were dummy-coded, using the high band as
the reference level. Proficiency was dummy-coded, with advanced and intermediate
L2 speakers being compared against L1 speakers. CrI = credible interval; frequency
band = band of phrasal frequency; orthography = orthographic neighborhood size;
phonology = phonological neighborhood size.

we mentioned previously) and suggested that the choice of association mea-
sures did have an impact on the results. Thus, from the effects of phrasal fre-
quency bands in the MI model (i.e., phrasal frequency band-low) and in the log
Dice model (i.e., phrasal frequency band-medium), we could not conclude that
the L1 and the L2 speakers were sensitive to corpus-based phrasal frequen-
cies when intuitively judging the phrasal frequency of collocations. Similarly,
Table 3 shows that we could not confidently conclude that the advanced L2
speakers rated phrasal frequency lower than did the L1 speakers given that
we found the effect of speaker only in the log Dice model. Last, the incon-
sistencies regarding the interactions of proficiency (L2-advanced) and word1
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Table 4 Bayesian mixed-effects multinomial modeling results for judgment of associ-
ation strength measured by mutual information (MI)

Estimate M SD 95% CrI

MI band-low −0.638 0.102 [−0.842, −0.437]
Frequency band-low −0.449 0.081 [−0.609, −0.288]
Frequency band-medium −0.200 0.064 [−0.321, −0.076]
Proficiency (L2-Intermediate) ×

Frequency Band-Medium
−0.394 0.196 [−0.789, −0.021]

Word1 frequency −0.266 0.027 [−0.322, −0.216]
Word1 length −0.042 0.016 [−0.073, −0.012]
Word1 orthography −0.014 0.005 [−0.024, −0.004]
Word2 length 0.040 0.014 [0.014, 0.067]
Proficiency (L2-Advanced) ×

Word2 Concreteness
−0.089 0.042 [−0.177, −0.008]

Note. Frequency band and MI band were dummy-coded, using the high band as the ref-
erence level. Proficiency was dummy-coded, with advanced and intermediate L2 speak-
ers being compared against L1 speakers. CrI = credible interval; frequency band =
band of phrasal frequency; orthography = orthographic neighborhood size.

phonological neighborhood size, word1 frequency, and word2 concreteness
suggested that (a) advanced L2 speakers might not necessarily be sensitive to
the phonological neighborhood information of the adjectives that constituted
the target collocations, (b) the advanced L2 speakers might not differ from the
L1 speakers and the intermediate L2 speakers for the degree of sensitivity to
the frequency of the adjectives that constituted the target collocations, and (c)
the advanced L2 speakers might not differ from the L1 speakers for the de-
gree of sensitivity to the concreteness of the nouns that constituted the target
collocations.

Bayesian Model Results for the Judgment of Association Strength
With MI as the measure of association strength, Bayesian mixed-effects mod-
eling revealed that the model for the judgment of association strength included
reliable effects of MI band, phrasal frequency band, the interaction of pro-
ficiency and phrasal frequency band, word1 frequency, word1 length, word1
orthographic neighborhood size, word2 length, and the interaction of profi-
ciency and word2 concreteness. As summarized in Table 4, the effect of MI
band indicated that the L1 speakers and the L2 speakers (advanced or inter-
mediate) were all sensitive to corpus-based association strength information
when judging the degree of association of target collocations. The effects of
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phrasal frequency bands (low and medium), along with the interaction of pro-
ficiency (L2-intermediate) and phrasal frequency band (medium), suggested
that the L1 and the L2 speakers also made use of corpus-based phrasal fre-
quencies when judging the association strength of word combinations, with
the intermediate L2 speakers being more sensitive to such statistical informa-
tion than the L1 and the advanced L2 speakers. Specifically, collocations in the
low and medium phrasal frequency bands received lower ratings of association
strength than did those in the high phrasal frequency band. For the influences
of lexical characteristics of constituent words, as shown in Table 4, the effect
of word1 frequency, of word1 length, and of word1 orthographic neighborhood
size suggested that the participants tended to perceive the words of target col-
locations containing adjectives that were more frequent, longer, and with more
orthographic neighbors as being associated less strongly. In addition, the effect
of word2 length indicated that the participants rated the words of target col-
locations containing longer nouns as being associated more strongly than the
words of target collocations with shorter nouns. Last, the interaction of pro-
ficiency (L2-advanced) and word2 concreteness showed that the advanced L2
speakers also made use of semantic properties of the nouns that constituted the
collocations, with word sequences containing more concrete nouns receiving
lower ratings of association strength.

We fit a separate Bayesian mixed-effects model for the judgment of associ-
ation strength, using log Dice as the association measure for the target colloca-
tions. Overall, the results (see Table 5) replicated the patterns reported when we
used MI to measure association strength that included reliable effects of asso-
ciation strength (log Dice band-low), phrasal frequency band (low), word1 fre-
quency, word1 length, word1 orthographic neighborhood size, word2 length, as
well as the interaction of proficiency (L2-advanced) and word2 concreteness.
However, given that the effects of medium phrasal frequency band (i.e., L2-
Intermediate × Phrasal Frequency Band-Medium) reported in the MI model
were not replicated in the log Dice model, we concluded that the L1 and the
L2 speakers’ ratings of association strength did not differ between medium
and high phrasal frequency collocations. Both the MI model and the log Dice
model indicated a reliable interaction of proficiency (L2-advanced) and word2
concreteness, indicating that the advanced L2 speakers were sensitive to the
concreteness of the nouns when judging the association strength of the target
collocations. Nevertheless, as shown in Table 5, we found the effect of word2
concreteness only in the log Dice model. Therefore, the concreteness of the
nouns in the collocations might not have impacted the L1 and the intermediate
L2 speakers’ judgment of association strength.
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Table 5 Bayesian mixed-effects multinomial modeling results for judgment of associ-
ation strength (measured by log Dice)

Estimate M SD 95% CrI

log Dice band-medium −0.169 0.059 [−0.291, −0.054]
log Dice band-low −0.584 0.086 [−0.756, −0.420]
Frequency band-low −0.235 0.093 [−0.410, −0.042]
Word1 frequency −0.279 0.025 [−0.329, −0.230]
Word1 length −0.040 0.015 [−0.070, −0.013]
Word1 orthography −0.022 0.004 [−0.030, −0.013]
Word2 frequency −0.118 0.028 [−0.171, −0.062]
Word2 length 0.040 0.015 [0.013, 0.069]
Word2 concreteness 0.047 0.023 [0.000, 0.091]
Proficiency (L2-Advanced) ×

Word2 Concreteness
−0.088 0.041 [−0.170, −0.006]

Note. Frequency band and log Dice band were dummy-coded, using the high band as
the reference level. Proficiency was dummy-coded, with advanced and intermediate L2
speakers being compared against L1 speakers. CrI = credible interval; frequency band
= band of phrasal frequency; orthography = orthographic neighborhood size.

Discussion

Accuracy of Language Users’ Intuitions of Phrasal Frequency and
Association Strength
For the accuracy of language users’ statistical intuition of collocations, we
found that neither the L1 nor the L2 speakers of English showed accurate in-
tuitions of phrasal frequency and association strength across bands. The in-
accuracy of the L1 and the L2 speakers’ intuition of phrasal frequency was
consistent with earlier findings. Most previous studies have reported weak or
moderate correlations between the subjective judgment of phrasal frequency
and objective, corpus-based frequencies of multiword sequences, for both L1
(.56 in Backman, 1978; .58 in Siyanova & Schmitt, 2008) and L2 speakers
(.44 in Siyanova & Schmitt, 2008). Splitting phrasal frequency into multi-
ple bands, Siyanova and Schmitt (2008) found that L1 speakers’ intuition of
phrasal frequency correlated moderately with corpus frequency for medium-
frequency (.74) and high-frequency (.71) collocations. Siyanova-Chanturia and
Spina (2015) did not find accurate intuitions of phrasal frequency for medium-
frequency and low-frequency collocations among L1 and L2 speakers, yet they
concluded that both groups of participants’ intuitions of high-frequency collo-
cations correlated strongly with corpus frequency. We did not find such pat-
terns; even for high-frequency collocations, our participants’ intuitions were
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still far from accurate (49.9%, 63.3%, and 56.2% for the L1 speakers, the
advanced L2 speakers, and the intermediate L2 speakers, respectively). Unlike
what we did in our study, Siyanova and colleagues (Siyanova & Schmitt, 2008;
Siyanova-Chanturia & Spina, 2015) used nonexistent collocations as low-
frequency materials created either by L2 learners or researchers. Therefore, it is
unclear whether the incorporation of such stimuli might have altered their par-
ticipants’ judgment behavior and accuracy. Furthermore, Siyanova-Chanturia
and Spina (2015) calculated Cohen’s kappa for each collocation as a measure
of agreement between corpus-based frequency and subjective frequency esti-
mation by comparing L1 or L2 speakers’ ratings of phrasal frequency against
the collocation frequency band. Given that there was no variability in corpus-
based frequency band assignments for any given collocation (e.g., next year
was labeled as high-frequency collocation based on corpus data), we believe
Cohen’s kappa may not have been an ideal choice for their purpose.

The inaccuracy of language users’ intuition of phrasal frequency appears
to contradict the findings regarding their intuition of word frequency. As we re-
viewed previously, most studies on word frequency intuition (Backman, 1976;
Balota et al., 2001; Carroll, 1971; Ringeling, 1984; Shapiro, 1969; Tryk, 1968)
have indicated that language users—especially L1 speakers—demonstrate ac-
curate intuition of frequency of single words. However, the robustness of lan-
guage users’ intuition of word frequency has also been questioned in recent
years (Alderson, 2007; Schmitt & Dunham, 1999), with evidence showing that
intuitively estimating how often a word is used in the society is a daunting task
even for professional linguists (Alderson, 2007). Such a discrepancy largely re-
sults from inconsistencies in methodological choices, as current studies in the
literature vary vastly in their choices of stimuli (e.g., the range of frequency
and lexical characteristics), corpora, and tasks (e.g., the magnitude estimation
task, the multiple rank order task, or simply classifying words or phrases into
frequency bands). Furthermore, evidence for or against the robustness of lan-
guage users’ intuition of word frequency has been exclusively built upon cor-
relation coefficients. The choice of correlation coefficients as a measure of
agreement or accuracy is problematic given that (a) cutoff points for labeling
correlation coefficients as weak, moderate, or strong relationship are often ar-
bitrary and inconsistent and (b) correlation coefficients describe the strength
and direction of an association between variables, but they do not necessar-
ily reflect the strength of agreement or the degree of accuracy (Schober et al.,
2018). Consequently, a strong correlation can still be obtained even when par-
ticipants’ intuitive ratings of phrasal frequency and association strength con-
sistently deviate from corpus-based data.
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This same issue with correlations arises for studies focusing on language
users’ intuition of phrasal frequency of multiword sequences. Therefore, to de-
termine whether reliable intuition of word or phrasal frequency can be found,
researchers should conduct more studies in which they adopt measurements
of accuracy that circumvent the shortcomings of correlation coefficients. In-
consistencies regarding the accuracy of statistical intuitions also echo a long-
lasting debate over whether humans can accurately estimate the statistical in-
formation underlying natural events and language use. According to Zacks and
Hasher (2002), people automatically track and encode frequencies and proba-
bilities, and their estimations of frequency and of probability are accurate, re-
gardless of age, practice, and task manipulations. On the other hand, scholars—
especially those in the field of decision making (Tversky, 1974)—hold that
judgments of frequency and of probability are unavoidably error prone because
they involve not only the retrieval of statistical representations but also task-
irrelevant variables such as the use of strategies (judgmental heuristics). From
this point of view, our finding of the inaccuracy of our L1 and L2 speakers’
intuition of phrasal frequency and reports against the robustness of language
users’ intuition of word frequency are not surprising. Despite no previous re-
searchers having examined language users’ intuition of association strength
of multiword sequences, given that L1 and L2 speakers are attuned to both
types of statistical information during language use, it is reasonable to assume
that results for subjective judgment of association strength should be similar to
those for the estimation of phrasal frequency.

Our study also revealed that the accuracy of our L1 and L2 speakers’
intuition of frequency and of association strength followed similar increasing
patterns as corpus-based phrasal frequency and association strength increased
(except for our intermediate L2 speakers’ judgment of association strength
for medium- and high-band collocations). Such results partially replicated the
findings of Siyanova-Chanturia and Spina (2015) that L1 and L2 speakers show
more accurate intuitions of frequency for highly frequent collocations than for
medium- and low-frequency word combinations. Our results add to the litera-
ture in that such an increasing pattern may also apply to the whole continuum
of both phrasal frequency and association strength. This finding appears to be
in line with usage-based accounts and the statistical learning theory (e.g., Gries
& Ellis, 2015; Siegelman, 2020) that have claimed that linguistic knowledge—
including statistical intuitions—is acquired from experience. In the case of
collocations, more frequent or more associated multiword sequences are
accompanied with stronger statistical representations. Last, differences in
the accuracy of statistical intuitions between L1 and L2 speakers are worth
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mentioning. Siyanova-Chanturia and colleagues (Siyanova & Schmitt, 2008;
Siyanova-Chanturia & Spina, 2015) found that L1 speakers demonstrated
more accurate intuitions of phrasal frequency than did L2 speakers. Moreover,
more experienced (advanced) L2 speakers have an advantage compared to less
experienced (intermediate) L2 speakers in their judgments of very infrequent
word sequences. Our findings are much more complicated than these. For
intuitions of phrasal frequency, our L1 speakers had an advantage over our
L2 speakers, but only for low-frequency and medium-frequency collocations.
Similarly, our advanced L2 speakers’ intuitions of phrasal frequency were
more accurate than those of our intermediate L2 speakers, but only for high-
frequency collocations. For intuitions of association strength, interestingly, our
L1 speakers did not have any advantage over our L2 speakers, although we did
find that our advanced L2 speakers showed more accurate intuitions than did
our intermediate L2 speakers for high-association-strength collocations. Taken
together, our results suggest that the development of L1 and L2 speakers’
statistical intuitions of multiword sequences might differ and might not strictly
follow the pattern reported by Siyanova-Chanturia and colleagues. Needless
to say, further studies will be needed to explore this issue.

Linguistic Influences Underlying Intuitions of Phrasal Frequency and
Association Strength
Using Bayesian mixed-effects multinomial modeling, we found in this study
that, when judging the phrasal frequency and association strength of English
adjective–noun collocations, the L1 and the L2 speakers not only used statis-
tical regularities at the phrasal level but also used orthographic, phonological,
and semantic characteristics of the words that constituted the word combina-
tions. Interestingly, combining evidence from separate models using MI and
log Dice as the measure of association strength, we concluded that the L1 and
the L2 speakers’ intuitive judgments of phrasal frequency were not affected by
the corpus-based frequency bands of the collocations. Instead, we found that
the L1 and the L2 speakers evaluated the degree of association between the
constituent words when judging the phrasal frequency of collocations, with
collocations in the high association strength band rated as being used more
frequently in English than those in the low association strength band. By con-
trast, when judging the association strength of collocations, the L1 and the L2
speakers’ subjective estimations were affected not only by corpus-based asso-
ciation strength band but also by corpus-based frequency band of the colloca-
tions. More specifically, the participants perceived the words of collocations in
the low-association-strength band as being associated less strongly than were
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those in the high-association-strength band; similarly, low-frequency-band col-
locations were also rated as being associated less strongly than those in the
high-frequency band.

Siyanova-Chanturia and Spina (2015) reported that both L1 and L2 speak-
ers were sensitive to corpus frequency of noun–adjective Italian collocations
across bands when instructed to judge how often each word combination
was used. Siyanova-Chanturia and Spina (2015), however, did not consider
association strength as an additional source of information that could impact
language users’ intuitive judgment of phrasal frequency. Although more
studies will be needed to validate our findings, we interpret such results
as evidence indicating that intuitive judgments of phrasal frequency and
association strength of multiword sequences might reflect distinct cognitive
processes. For adjective–noun collocations, L1 and L2 speakers’ intuition of
phrasal frequency is driven by their knowledge of the degree of association
strength and lexical characteristics of the constituent words (which will be
discussed in the following paragraph), whereas L1 and L2 speakers’ intuitive
judgments of association strength are based on their knowledge of the degree
of association strength and phrasal frequency as well as lexical characteristics
of the constituent words. Substantial psycholinguistic evidence (e.g., Arnon &
Snider, 2010; Wolter & Gyllstad, 2013; Yi, 2018; Yi et al., 2017) has shown
that L1 and L2 speakers are sensitive to frequencies of multiword sequences
during online tasks, processing more frequent word combinations significantly
faster than less frequent ones. Consequently, the absence of effects of corpus-
based collocation frequency on L1 and L2 speakers’ intuitions of phrasal
frequency as we have reported here might relate to the explicit nature of the
forced-choice judgment tasks used in our study.

We also found that lexical characteristics of words that constitute collo-
cations contribute to L1 and L2 speakers’ statistical intuitions. For the es-
timation of phrasal frequency, we found that both L1 and L2 speakers (ad-
vanced and intermediate) make use of the orthographic (i.e., word1 length,
word1/word2 orthographic neighborhood size), the phonological (i.e., word2
phonological neighborhood size), and the semantic (i.e., word2 concreteness)
information of the constituent words in addition to their frequencies (i.e.,
word1 frequency, word2 frequency). Siyanova-Chanturia and Spina (2015) in-
corporated word1 frequency and word2 frequency into their analysis, yet nei-
ther effect was significant. In our study, the L1 and the L2 speakers rated target
collocations as being used more frequently if they contained higher frequency
constituent words. The reliable yet negative effect of word1 length replicated
the findings of Siyanova-Chanturia and Spina’s (2015) study. Nevertheless,
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Siyanova-Chanturia and Spina used noun–adjective Italian collocations instead
of adjective–noun English collocations as we used in our study. Taken together,
such results suggest that it might be the length of the first constituent word—
regardless of its part of speech—that impacts language users’ estimation of the
collocation of which that word is a member. Specifically, adjective–noun or
noun–adjective collocations containing longer first constituent words tend to
be perceived as being of lower frequency.

Balota et al. (2001) did not find any effect of orthographic neighborhood
size for L1 speakers’ subjective estimation of word frequency. However, in
our study, adjective–noun collocations consisting of adjectives with more or-
thographic neighbors and nouns with more phonological neighbors received
higher ratings of phrasal frequency. Whether the choice of the measure of as-
sociation strength was MI or log Dice, our L1 and our advanced L2 speakers
perceived collocations that contained nouns with more orthographic neighbors
and nouns that were more concrete as being used less frequently. Interestingly,
such a pattern was reversed for our intermediate L2 speakers. Orthographic
and phonological neighborhood size have been found to facilitate visual word
recognition (Andrews, 1997; Yates et al., 2004). However, it is not clear how
these variables impact language users’ intuition of statistical regularities. Com-
pared with the intuition of phrasal frequency, our L1 and our L2 speakers’
judgments of association strength were less influenced by the lexical char-
acteristics of the constituent words. The effects of word1 frequency, word1
length, and word1 orthographic neighborhood size indicated that both our L1
and our L2 speakers (advanced and intermediate) tended to rate target collo-
cations containing adjectives that were less frequent, shorter, and with fewer
orthographic neighbors as having stronger word associations. By contrast, the
effect of word2 length suggested that the participants perceived target colloca-
tions with shorter nouns as words that are associated less strongly.

Combining the evidence from the two models using MI and log Dice as the
measure of association strength, we conclude that semantic concreteness also
impacted the advanced L2 speakers’ intuition of association strength, with tar-
get collocations consisting of more concrete nouns receiving lower ratings of
association strength. Needless to say, given the exploratory nature of our study,
the intriguing patterns regarding the impact of lexical characteristics on lan-
guage users’ statistical intuitions will need to be validated by future research.
Last but not least, the contribution of linguistic characteristics of collocations
and their constituent words as we have reported here also echoes the debate on
the holistic versus analytic processing of multiword sequences (for a review,
see Siyanova-Chanturia, 2015). Specifically, the contributions of linguistic
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characteristics at the single-word and phrase levels to L1 and L2 speakers’
intuitive judgment of phrasal frequency and association strength seem to
support the analytic processing of constituent words in addition to the holistic
processing of word sequences, as some reaction-time studies have revealed.

The Relationship Between Intuitions of Phrasal Frequency and
Association Strength
Our study is the first that simultaneously examined language users’ intuitions
of phrasal frequency and association strength of multiword sequences. As
we reported previously, the L1 and the L2 speakers of our study made use
of association strength when we asked them to judge collocation frequency,
and they employed both phrasal frequency and association strength when
judging the association strength of collocations. Such results indicate that
language users’ intuitions of phrasal frequency and association strength may
not be separable, thus echoing previous work on the processing of multiword
sequences. For instance, Yi and colleagues (Yi, 2018; Yi et al., 2017) found
that both phrasal frequency and association strength contribute to L1 and
L2 speakers’ online processing of multiword sequences. Moreover, given
that our L1 and our L2 speakers also accessed the co-occurrence probability
(i.e., association strength) of collocations when judging phrasal frequency,
we suggest that future studies on statistical intuitions consider association
strength as an important, nonnegligible variable. Although phrasal frequency
and association strength of multiword sequences seem closely related, our
study indicates that intuitive estimation of phrasal frequency and association
strength might not follow the same cognitive processes. Intuitive judgment of
collocation frequency relies on access to knowledge of association strength
as well as orthographic, phonological, and semantic characteristics of both
constituent words. By contrast, when intuitively estimating the association
strength of adjective–noun collocations, L1 and L2 speakers retrieve both
phrasal frequency and association strength information, with less reliance on
the linguistic properties of the constituent words.

Limitations and Future Directions

This study was not without limitations. As an anonymous reviewer pointed out,
almost all the target collocations were combinations of nouns with qualifier ad-
jectives (e.g., good, hot, young) with exceptions of a few indefinite adjectives
(i.e., other, certain). Such nonhomogeneity might have altered the speakers’
intuitions because qualifying adjectives and indefinite adjectives differ in the
way that they describe nouns. Additionally, given that we did not consider indi-
vidual learner differences other than language proficiency in our study, future
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research could be conducted to explore how individual learner differences im-
pact language users’ statistical intuitions. It is also worth noting that the choice
of corpora could impact the results of research on statistical intuitions at the
single word and multiword level. Corpora consist of extensive collections of
samples of word usage and are believed to be a good representation of language
users’ linguistic experience (Balota et al., 2001). Nevertheless, the degree of
representativeness may vary enormously depending on the size and design of
corpora. Brysbaert and New (2009) concluded that a corpus of 1–3 million
words suffices for reliable estimates for high-frequency words (frequency > 20
per million). For low-frequency words (frequency < 10 per million), a corpus
of at least 16 million words is needed to allow researchers to get reliable fre-
quency norms. Gablasova et al. (2017) explored the impact of genres (i.e., aca-
demic writing, news, fiction), registers (i.e., formal vs. informal), and modality
(i.e., written vs. spoken) on the association strength of collocations, using sub-
corpora of the BNC. They found that collocational strength varied considerably
across linguistic settings. Furthermore, they suggested that extra attention
should be paid when researchers investigate the link between L2 speakers’ lin-
guistic experience and their collocational knowledge, given that their exposure
to L2 is likely to be limited and imbalanced across different domains. To ad-
vance this field of study, future researchers should critically evaluate the extent
to which corpora represent the input that L1 and L2 speakers receive based on
the above-mentioned dimensions. Last, given that studies on intuitions of sta-
tistical regularities—especially association strength—of multiword sequences
are still scarce, more studies will be needed to validate our research findings.

Conclusion

In conclusion, this study extended previous work in the literature by inves-
tigating L1 and L2 speakers’ intuitions of phrasal frequency and association
strength of multiword sequences. Our results showed that our L1 and our L2
speakers’ statistical intuitions of collocations were not accurate. Furthermore,
their intuitive knowledge of phrasal frequency and of association strength
seemed related, despite following different cognitive processes. For the lin-
guistic influences underlying language users’ statistical intuitions, we found
that knowledge of both multiword sequences and their constituent words was
accessed, with orthographic, phonological, and semantic properties of the con-
stituent words playing important roles, especially for the judgment of phrasal
frequency. From a practical point of view, our results do not support the
practice of using intuitive estimations as surrogates for corpus-based statis-
tics when researchers select multiword sequences for teaching and research
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purposes. From a theoretical perspective, our finding of the inaccuracy of
L1 and L2 speakers’ statistical intuitions of collocations does not go against
the well-established effects of statistical regularities during the online pro-
cessing of multiword sequences. Instead, we take such a discrepancy as evi-
dence supporting the existence of two distinct types of statistical knowledge of
larger-than-word units: Statistical intuitions captured by metalinguistic judg-
ment tasks are explicit and error prone, whereas statistical representations ac-
tivated during online processing tasks might be implicit and highly automatic.
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Notes

1 We referred to information provided by Educational Testing Services for
interpreting scores from each section in TOEFL iBT on an overall proficiency scale
of “below low-intermediate” to “advanced.” To qualify for high-intermediate, L2
learners must attain at least a total score of 72 (18 for reading, 17 for reading, 20 for
speaking, and 17 for writing); similarly, L2 learners are considered to belong to
advanced if they attain at least a total score of 95 (24 for reading, 22 for listening,
25 for speaking, and 24 for writing). We retrived the information from
https://www.ets.org/toefl/test-takers/ibt/scores/understanding

2 We computed MI (Yi et al., 2017) and log Dice (Öksüz et al., 2021) scores using the
following mathematical formulas:

MI = log2
f (xy) × N

f (x) × f (y)
(1)

log Dice = 14+ 2 × f (xy)

f (x) + f (y)
(2)

N is the size of the corpus, and f(xy), f(x), and f(y) refer to the frequency of the
collocation/the node (i.e., the adjectives)/the collocate (i.e., the nouns) in the whole
corpus, respectively.

3 Potential scale reduction factor, or R-hat, is a statistical index used to diagnose
convergence of chains using the Markov chain Monte Carlo method. If the potential
scale reduction factor is close to 1, one can conclude that chains found using the

Language Learning 0:0, xxxx 2022, pp. 1–35 30

https://osf.io/r9avk/
http://www.iris-database.org
https://www.ets.org/toefl/test-takers/ibt/scores/understanding


Yi, Man and Maie Intuitions of Frequency and Association Strength

Markov chain Monte Carlo method are well converged, and the parameter estimates
are valid based on the converged chains (Gelman et al., 2013).
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