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Word frequency is a critical factor in language processing and memory in a variety of dimensions, as demonstrated by extensive
research in psycholinguistics. However, recent studies have indicated that contextual diversity, which counts the number of
materials in which a word appears, can be a more reliable predictor of language processing than word frequency. The objective
of this study was to examine whether the effect of contextual diversity and word frequency varies across language registers in
the process of Korean visual word recognition. We calculated word frequency and contextual diversity measures from the written
and spoken corpus of the National Institute of Korean Language and analyzed the lexical decision time data in the Korean
Lexicon Project (KLP) using hierarchical regression. The results from both corpora commonly elicited a significant facilitatory
effect of contextual diversity when word frequency was controlled with other lexical variables. The results of the analysis showed
that contextual diversity has a facilitative effect on Korean word recognition when controlling word frequency and other lexical
variables in both corpora. However, the effect of word frequency was not observed in the written corpus when contextual
diversity was under control. On the other hand, in the spoken corpus, the effect of word frequency was significant, although it
was less pronounced compared to the effect of contextual diversity. These findings suggest that contextual diversity may play a

significant role in facilitating visual word recognition in Korean, in terms of both written and spoken language.
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A large body of research in psycholinguistics has focused
on investigating lexical variables that enhance language
processing and memory. Among these variables, word
frequency has been considered the strongest factor that
facilitates lexical processing and memory. Studies over the

past few decades have demonstrated the word frequency
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(hereafter WF) effect, indicating that more frequently
occurring words are processed more efficiently than less
frequently occurring ones (Howes & Solomon, 1951;
Balota & Chumbley, 1984; Jescheniak & Levelt, 1994;
Monsell et al., 1989). This facilitative effect of WF has

been demonstrated in word-based tasks such as lexical
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decision (Balota & Chumbley, 1984; Grainger, 1990),
naming (McRae et al., 1990; Schilling et al., 1998), and
word recall (Balota & Neely, 1980; Yonelinas, 2002), as
well as in eye—tracking tasks using sentences (Plummer et
al., 2014). Word recognition studies in Korean have also
reported the WF effect (Koh et al., 2008; Kwon & Lee,
2014).
of WF is rooted in the principle of repetition (Monsell,

Previous studies suggest that the facilitative effect

2012), which posits that words encountered frequently
become more strongly represented in our memory due to
repeated processing. This strengthens the associated neural
pathways, facilitating subsequent word recognition and
learning. Based on the principle of repetition, WF serves as
a basic element in major models of visual word
recognition. For instance, the interactive activation model
(hereafter TA; McClelland & Rumelhart, 1981) postulates
that WF is a crucial factor in determining the activation
level of word nodes within the network. In the TA model,
each word is represented by a collection of nodes, with
each node representing a certain letter in a word. These
nodes are connected in a hierarchical network, with
activation propagating through the network based on the
input and the connections between nodes. The model
assumes that nodes representing high—frequency words
have a higher resting level of activation compared to those
words.  This

high—frequency words to reach the threshold with less

representing  low—frequency allows
input, resulting in more efficient recognition of frequently
occurring words, Researchers have proposed a variety of
explanations for the basis of the word frequency effect.
Guttentag and Carroll (1994) suggested that the WF effect
is based on recollection—based processes rather than
familiarity. On the other hand, studies suggest that the WF
effect is confounded with a range of other lexical
variables, such as word length and age of acquisition
(Brysbaert et al., 2016). To sum up, the effect of WF has
largely been interpreted as a learning effect (Brysbaert et
al., 2018), but despite being widely recognized as a key
lexical variable, there is still no established consensus on
its basis.

However, studies over the last decade have demonstrated

that contextual diversity is a better predictor of language

processing than WEF. Contextual diversity refers to the
number of linguistic contexts in which a word appears. It
is distinct from WF in that it does not consider the
recurrent use of words in a particular linguistic context,
which is typically defined as a text or a film within a
corpus. Adelman et al. (2006) found that contextual
diversity had a significant facilitative effect, even when WF
was under control. Conversely, the effect of WF was
absent when contextual diversity was controlled for in
English

phenomenon  is

different lexical decision
databases. This

contextual diversity (hereafter CD) effect, where words

three and naming

referred to as the

that appear in a wide range of linguistic contexts are
processed more efficiently than words that appear in
relatively few contexts.

The fundamental basis of the CD effect has been the
subject of much debate. Plummer et al. (2014) proposed
that the root of the CD effect could essentially be
analogous to the WF effect. This is due to the high
correlation between WF and CD, as the frequency of a
word increases as it is used more commonly in various
contexts. If this is the case, lexical access models could
WE  with CD  without
implications. On the other hand, Adelman et al. (2006)

replace significant  theoretical
postulated that the CD effect is based on semantic
variables, independent from the effect of WE. Since words
with high CD appear across a variety of documents, they
could have diverse semantic characteristics. To explore the
factors underlying the CD effect further, Vergara—Martinez
et al. (2017) observed differences in N400 ERP waveforms
according to the level of CD (high vs. low) of words
during the lexical decision task. The investigation primarily
focused on the N400 waveform, as previous studies have
observed that lexical and semantic factors have a
contrasting effect on the amplitude of the N400. At the
lexical level, high—frequency words elicit a reduced N400
amplitude compared to low—frequency words. However, on
the semantic level, words with high semantic richness elicit
an increased N400 amplitude compared to words with low
semantic richness, which refers to the variability of
semantic information associated with a word’s meaning

(Kounios et al., 2009). According to Vergara—Martinez et
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al. (2017), N400 amplitudes were notably greater in high
CD words than in low CD words. Moreover, the study
revealed an anterior scalp distribution for the CD effect,
while the effect of WF was displayed in the central region
of the scalp. This indicates that the CD effect is linked
with a distinct neural substrate, which is in line with
previously reported N400 effects associated with words
that have more semantically rich characteristics. For these
reasons, the study concluded that the CD effect is not
simply a secondary outcome of the WF effect but rather a
distinct ~ phenomenon.  Another explanation for the
independent effect of CD can be made with the notion of
need probability proposed by Anderson and Milson (1989).
They emphasized a rational model of memory, which
supposes that human memory is optimized to access
information based on how likely it is to be needed in the
future context. They claimed that this concept of need
probability significantly influences word retrieval because
words experienced across various contexts can have a
diverse range of retrieval cues. Thus, the CD effect may
be interpreted as indicative of a variety of contexts in
which a word is required rather than a mere count of
overall occurrence, providing an independent foundation
for the CD effect beyond WF.

Studies have demonstrated that CD predicts several
domains of linguistic information processing and memory
more significantly than WF. These domains encompass
word learning (Hills et al., 2010; Johns et al., 2016;
Pagin & Nation, 2019; Rosa et al., 2017), reading in
children (Perea et al, 2013; Hsiao & Nation, 2018;
Joseph & Nation, 2018), and adults (Plummer et al.,
2014). The facilitative effect of CD is commonly observed
in numerous studies conducted in various languages,
including English (Adelman et al., 2006; Brysbaert &
New, 2009; Johns, 2021), Spanish (Perea et al., 2013;
Vergara—Martinez et al., 2017), Portuguese (Soares et al.,
2015), and Chinese (Chen et al, 2017; Huang et al,
2021; Mu, 2024). However, the presence of the CD effect
on lexical processing in Korean has not yet been
investigated. The unique writing system in Korean, Hangul,
makes it vital to confirm the effect of CD in Korean.

Unlike other writing systems with alphabetic orthography,

Hangul is characterized by the arrangement of letters in
syllable blocks (Pae et al., 2019). Since many words in
Korean are based on Chinese characters, orthographic
syllables in Korean are more than a mere phonological
unit; they can also serve as morphemes with their own
meaning (Kwon & Nam, 2011). In fact, the orthographic
syllable frequency measures in Korean significantly interact
with WF (Kim et al., 2023). Moreover, unlike ideographic
Chinese characters, where the letters themselves indicate
meaning, Hangul is a phonographic writing system, which
makes the meaning of a word more ambiguous than
Chinese. For instance, the word ‘%%’ in Korean can refer
to both the color green and a brief writing that includes
the necessary parts of an article: an abstract. If the
ambiguity of the word meaning is high, the linguistic
context in which the word is used is likely to play a
more significant role in resolving the ambiguity. In other
words, it is essential to study the effect of CD in Korean
because these distinctive features underlying the Korean
writing system may have a significant impact on the
effects of WF and CD, unlike in other languages.

The aim of this study is to investigate whether the CD
effect appears distinct from the word frequency effect in
Korean visual word recognition while accounting for other
lexical variables. We sought to examine the effect of WF
and CD on Korean visual word recognition as a function
of language register. Language register is “a variety of
language, corresponding to a variety of situations’
(Halliday, 1989). It indicates that when people write or
speak, they employ various linguistic forms or styles for
the same content, depending on the audience, social
situation, and purpose. For instance, people’s choice of
words may differ based on whether they are engaging
in written or spoken communication and the particular
context in which they find themselves. Previous studies on
visual word recognition have primarily employed corpora
based on written language, such as books and newspapers,
which frequently serve as sources of visual input. For
instance, the Brown corpus (Kutera & Francis, 1967)
and CELEX (Baayen et al., 1996) have been widely used
in conventional word recognition studies in English.

Nevertheless, written language may not accurately reflect
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our everyday language use because it is basically modified
before being read and uses diverse words to circumvent
redundancy of expressions. Brysbaert and New (2009)
pointed out these limitations and constructed a corpus
based on film subtitles, They examined the extent to
which WF and CD derived from the subtitle corpus
effectively predicted lexical decision times when compared
to those from written language corpora widely used at the
time. They found out that WF and CD measures from the
subtitle corpus, which consists of subtitles from films, were
significantly more effective in predicting lexical decision
data than those obtained from a written language—based
corpus. This led to the construction of subtitle databases,
known as the SUBTLEX movement (Soares et al., 2015),
to represent the use of spoken language in various
languages. This body of research included British English
(SUBTLEX-UK: Van Heuven et al., 2014), Spanish
(SUBTLEX-ESP; 2011), Chinese
(SUBTLEX-CH; Cai & Brysbaert, 2010), and Dutch
(SUBTLEX-NL; Keuleers et al., 2010). Hence, the present
study aimed to investigate the extent to which WF and

Cuetos et al,

CD measures computed from two corpora based on
written and spoken language predict Korean lexical
decision data.

We established two hypotheses in accordance with the
findings of prior research. First, we hypothesized that WF
and CD measures obtained from the spoken language
corpus will more accurately predict lexical decision time
than those acquired from the written language corpus. The
second hypothesis posits that the effect of CD will be
more significant in predicting lexical decision times when
comparing the effects of WF and CD in both corpora. We
utilized a lexical decision database from the previous
mega—study to examine the extent to which the four
measures—written WF and CD, spoken WF and CD—
predict lexical processing while controlling for other lexical
variables such as first syllable token frequency. As in prior
research (Adelman et al., 2006; Johns et al., 2016; Senaldi
et al., 2022), we performed hierarchical regression analysis
to ascertain the extent to which WF and CD from the
two corpora predict existing lexical decision data after

accounting for the effects of control variables. We entered

lexical variables, which have been reported to significantly
affect visual word recognition in previous studies, as
covariates in the analysis. The number of syllables was
included to control the effect of word length, which is
regarded as a significant variable in Korean visual word
recognition research (Kim & Nam, 2018; Kim et al,
2020). The number of meanings was incorporated to
account for the potential influence of semantic factors, as
CD s linked with
(Adelman et al., 2006; Vergara—Martinez et al., 2017;
Kim & Nam, 2018). Orthographic first syllable token

frequency measure was controlled because it is known to

known to be semantic richness

exert a significant impact on Korean visual word
recognition throughout a range of prior studies (Kwon,
2012; Lee & Nam, 2020; Kwon et al, 2023; Lee et al,

2023; Kim et al., 2023; Lee et al., 2023).

Methods

Outcome Variable

We used the mean response times (RTs) from the Korean
Lexicon Project (hereafter KLP) database as the outcome
variable. The KLP database is a large—scale lexical decision
dataset obtained from 52 participants (23 males and 29
females) across four universities in Korea (Yi et al., 2017).
Individuals with a mean age of 21.9 years and an age
range of 18-25 years participated in the study. Out of
the total of 30,930 words in the KLP data, we analyzed
the RTs of 20,604 words that were present in both
written and spoken corpora. All words were nouns with

one to five syllables.

Predictor Variables

We used WF and CD computed from two corpora as
predictor variables. In line with previous research, we
calculated WF as a total sum of occurrences within each
corpus and calculated CD as the number of documents
where a word appeared within each corpus (Adelman et
al., 2006; Brysbaert & New, 2009). To compute CD, we
preprocessed the raw corpora by dividing them into
number  of

documents and then counted only the

documents in which each word appeared, disregarding the
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number of co-occurrences of a word within a single
document. The written corpus and spoken corpus
produced by the National Institute of Korean Language
(hereafter NIKL) were utilized to compute the WF and
CD measures. The NIKL Written Corpus (version 1.2,
2020; hereafter written corpus) consists of 10,045 raw text
materials from books or magazines. It comprises 13.87%
of the book—imagination genre, including novels and
children's books; 86.12% of the book-information genre,
encompassing ten types of subgenres, such as philosophy,
religion, art, history, social sciences, natural sciences,
and technical sciences; and 0.01% of magazines. Each
document in the written corpus corresponded to an
individual book or magazine, and the total number of
words in the corpus was 267,147, excluding stop words
based on Kil (2018) and Lu & Jin (2022)’s list of Korean
stop words. The NIKL Spoken Corpus (version 1.2, 2021;
hereafter spoken corpus) comprises 25,696 transcribed raw
public spoken materials, including broadcasts, lectures, and
scripts from television show episodes. The spoken corpus
primarily consists of 9.69% public monologues, 74.35%
public discussions, and 16% of television show screenplays.
Each document in the spoken corpus represented a single
transcription of public monologues from broadcasts and
lectures or a script of an individual television show
episode. The overall count of words in the corpus was
141,818, omitting stop words with the same criteria as the
written corpus. Both corpora can be downloaded by
registering and requesting on the NIKL's Modu Corpus (=
Aol mFO| BEA]) website. Our analyses included a
total of 20,604 words with one to five syllables present in
both corpora and the KLP database.

Covariates
We included the count of meanings and syllables and
orthographic first syllable token frequency as covariates in
the analyses. The number of meanings of each word was
obtained from the KLP database. The orthographic first
syllable token frequency measure came from Lee & Nam
(2020), which was calculated across all parts of speech
(POS) using the Sejong corpus (Kang & Kim, 2009).

We applied a logarithmic transformation to the WF,

CD, and orthographic first syllable token frequency
measure for normalization, with the aim of mitigating the
bias of the data. Morpheme analysis of the corpora was
conducted using the Mecab-Ko package in Python
(Version 3.8.10; Van Rossum & Drake, 1995). The R
software was utilized for preprocessing the corpora,
computing WF and CD measures, and performing
statistical analyses (Version 4.1.2; R Core Team, 2021).
The corpora were preprocessed and computed using the
tidyverse package in R (Wickham & Wickham, 2017).
Regression models were built with the /m function, and
the statistical values of the models were computed with

the anova function in the car package (Fox et al., 2012).

Results

In the present study, we aimed to investigate the effects of
WF and CD on Korean visual word recognition and
whether these effects vary by language register. First, we
hypothesized that WF and CD from the spoken corpus
will better predict lexical decision times than those from
the written corpus. Second, we predicted that CD will
have a more substantial effect in predicting lexical decision
times than WF in both corpora.

Consistent with previous research on CD, we conducted
hierarchical regression analyses to test these two hypotheses
and utilized the R-squared change statistic to interpret the
results (Adelman et al., 2006; Johns et al., 2016; Senaldi
et al,, 2022). The R-squared change statistic indicates that
the explained variance increases as new variables are
added to the model. This enables the evaluation of the
distinctive contribution of each block of variables. We
performed hierarchical regression analyses for each of the
WEF and CD variables to determine which variable more
effectively predicts the RT data. Each regression analysis
was composed of three levels, and a total of four
regression analyses were conducted for each predictor
variable, which were WF and CD computed from the
written and spoken corpus. The first model incorporated
the following control variables: the number of syllables,
the number of meanings, and the orthographic first

syllable token frequency. The second model introduced a
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(either WF or CD) in

addition to the control variables in the previous model.

secondary predictor variable

The secondary predictor variable depended on the primary
predictor variable being examined in each analysis. For
instance, we placed WF in the second model when we
examined the effect of CD in the third model and vice
versa. This enabled the assessment of each predictor’s
unique effect while controlling for the influence of other
factors. In the third model, the primary predictor variable
of interest, either WF or CD, was entered along with the
control variables and the secondary predictor. Considering
the effects of the secondary predictor and control
variables, this third model allowed for the examination of
the direct effects of each predictor variable, To ensure the

robustness of the results, we repeated this procedure for

both  WF and CD computed from each corpus,
interchanging their roles as secondary and primary
predictors in different models. This approach was

implemented to ensure that the observed effects are not
solely driven by the order in which predictors were
entered into the model. In the final model, we included an
interaction term between WF and CD to test if their
effects depend on the level of the other. To differentiate
the unique and interaction effects of each variable,
the target variables and interaction terms were not
incorporated concurrently in the same model; instead, they
were introduced sequentially into the hierarchical regression
model in consecutive stages. Table 1 presents the formulas
for the hierarchical regression models of each predictor

variable,

Table 1. Formulas for the hierarchical regression models of each predictor variable

Model Predictor variable Formula
WR_WF
WR_CD
1 RTs ~ Meanings + Syllables + Token
SP_WF
SP_CD
WR_WF RTs ~ Meanings + Syllables + Token + WR_CD
WR_CD RTs ~ Meanings + Syllables + Token + WR_WF
2
SP_WF RTs ~ Meanings + Syllables + Token + SP_CD
SP_CD RTs ~ Meanings + Syllables + Token + SP_WF
WR_WF RTs ~ Meanings + Syllables + Token + WR_CD + WR_WF
WR_CD RTs ~ Meanings + Syllables + Token + WR_CD + WR_CD
3
SP_WF RTs ~ Meanings + Syllables + Token + SP_CD + SP_WF
SP_CD RTs ~ Meanings + Syllables + Token + SP_WF + SP_CD
RTs ~ Meanings + Syllables + Token + WR_CD + WR_WF
WR_WEF
+ WR_CD * WR_WF
RTs ~ Meanings + Syllables + Token + WR_CD + WR_CD
WR_CD
A + WR_WF * WR_CD
RTs ~ Meanings + Syllables + Token + SP_CD + SP_WF
SP_WF
+ SP_CD * SP_WF
RTs ~ Meanings + Syllables + Token + SP_WF + SP_CD
SP_CD

+ SP_WF * SP_CD

Note. RTs = Mean response times from the KLP database; WR_WF = Word frequency from the written corpus;

WR_CD = Contextual diversity from the written corpus; SP_WF = Word frequency from the spoken corpus;

SP_CD = Contextual diversity from the spoken corpus; Meanings = Number of meanings;

Syllables = Number of syllables; Token = Token frequency of the first syllable.
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Q\g (’0 Q§§< Q.S;o ) \’O\Q,"J &
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Figure 1. Correlation matrix among variables considered for hierarchical regression analysis

Note. SP_WF = Word frequency from the spoken corpus;

SP_CD = Contextual diversity from the spoken corpus;

WR_WEF = Word frequency from the written corpus;

WR_CD = Contextual diversity from the written corpus;

RTs = Mean response times from the KLP database;

Meanings = Number of meanings; Syllables

Number of syllables;

Token = Token frequency of the first syllable.

Correlation Analysis

First, we examined the correlation coefficients (Pearson’s r)
between the following variables: RTs, WF, and CD from
the written corpus; WF and CD from the spoken corpus;
number of meanings; number of syllables; and token
frequency of the first syllable. As illustrated in Figure 1,
there was a substantial correlation among the predictor

variables, with particularly strong positive correlations

between WF and CD in both the spoken corpus (r =
984, p < .001) and the written corpus (r = 953, p <
.001). These results are consistent with previous studies
regarding the effects of WF and CD, as high correlations
of 0.7-0.9 or more between word frequency and
contextual diversity have been reported in previous studies
in other languages as well (Steyvers & Malmberg, 2003;
Adelman et al., 2006).

Table 2. The results of the multicollinearity analysis of variables in the hierarchical regression on both corpora before and after

residualizing word frequency

Written Spoken
Variable
Before residualization After residualization Before residualization After residualization

Meanings 1.17 1.17 1.17 1.17
Syllables 1.28 1.28 1.27 1.27
Token 1.07 1.07 1.07 1.07
WF 11.35 1.01 33.16 1.00
CD 11.23 1.19 33.39 1.19

Note. Meanings = Number of meanings; Syllables = Number of syllables;

Token = Token frequency of the first syllable; WF = Word frequency; CD = Contextual diversity.

ok ko

T p <05 p oL T p ool
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Multicollinearity Analysis
An analysis of multicollinearity was performed due to the
strong correlation among the predictor variables to assess
whether the correlation of each variable was significant
enough to skew the results of the regression analyses. The
assessment of collinearity involves the use of the variance
inflation factor (VIF), which serves as a measure to
determine the presence of a linear relationship between
variables. A VIF value exceeding 10 denotes a significantly
high level of collinearity (O’Brien, 2007). The results
revealed a significantly high VIF above 10 between WF
and CD in both corpora. To address this multicollinearity
issue, WF was residualized and incorporated into the
The

multicollinearity analysis indicated that all variables

hierarchical ~ regression  model. subsequent
included in the model exhibited low VIF values of
approximately 1. Consequently, all ensuing hierarchical
regressions employed the residualized WFs rather than
the original WFs. Table 2 presents the results of the
multicollinearity analysis of the variables included in the
hierarchical regression, both before and after residualizing

WE.

Hierarchical Regression Analysis

Table 3 presents the results of the hierarchical regression
analysis for WF and CD from the written and spoken
corpus, and Table 4 presents the unique effects of each
predictor variable. In the written corpus, residual WF did
not significantly predict the RTs when accounting for the
effect of CD and the control variables [AR in %= 0.00,

p =
even after controlling for residual WE [AR’ in %= 26.64,
p < .001]. This indicates that the CD plays a key role in

691]. In contrast, CD was a significant predictor

predicting the RTs, while residual WF had a negligible
effect. There was a significant interaction between residual
WEF and CD in the written corpus, meaning that the effect
of WF or CD on RTs depends on the level of either CD
WF.  To the

additionally conducted simple slopes analysis, which is

or residual interpret interaction, we
used to demystify how the relationship between one
predictor (e.g., residual WF) and RTs changes depending
on the value of the other predictor (e.g., CD) in three
different levels: one standard deviation (hereafter SD)
below and above the mean and at the mean level (Bauer
& Curran, 2005). The results of the simple slopes analysis
on the written corpus indicated that CD had a strong

negative effect on RTs when residual WF was low (one

Table 3. Percentages of variance explained by residualized word frequency and contextual diversity from the written and spoken

corpus
Model 1 Model 2 Model 3 Model 4
Corpus R WF CD
Covariates R_WF CD - R WF * CD
(after CD) (after R_WF)
Written o0 1.94" 26.64 26.64 26.64 2677
Spoken ' 1.92" 308" 30.81° 30817 309"

Note. R_ZWF = Residualized word frequency; CD = Contextual diversity.

T p .05 T p o1, T p <001

Table 4. Unique percentages of variance explained by residualized word frequency and contextual diversity from the written and

spoken corpus

Corpus R_WF CD R WF * CD
Written 0.00 2470 013"
Spoken 0.01° 2889 0.09""

Note. R_WF = Residualized word frequency; CD = Contextual diversity.

T p 05 T p oL T p <001
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SD below the mean; & = -71.33, p < .001), when
residual WF was at its mean level (4 = -76.26, p <
.001), and when residual WF was high (one SD above the
mean; & = -81.19, p < .001). This means that RTs
decreased with increasing CD, regardless of the level of
WE. On the other hand, residual WF had a strong
positive effect on RTs (4 = 14.31, p < .001) when CD
was low (one SD below the mean). Conversely, when CD
was high (one SD above the mean), residual WEF exhibited
a negative effect on the RTs (4 = -11.10, p < .001).
Residual WF had no significant effect on the RTs when
CD was at its mean level (4 = 1.60, p = .480).

In contrast, in the spoken corpus, residual WF had a
significant effect in predicting the RTs when controlling
for CD and covariates [AR’ in %= 0.01, p = .041]. As in
the written corpus, CD also significantly predicted the RTs
when WF was controlled [AR’ in %= 28.89, p < .001].
These results demonstrate that while CD remains a strong
predictor of RTs in both corpora, the predictive effect of
WF may vary depending on the language register of the
corpus, with WF playing a more significant role in the
spoken corpus than in the written corpus. The interaction
between WF and CD was significant in the spoken corpus,
indicating that the effect of WF or CD on RTs was
influenced by the level of the other predictor variable. The
revealed that CD
significant negative effect on RTs when residual WF was
low (one SD below the mean; & = -56.78, p < .001),
when residual WF was at its mean level (4 = -59.43, p
¢ .001), and when residual WF was high (one SD above
-62.09, p < .001). On the contrary,
residual WF was positively associated with RTs (4 =
8.64, p = .044) when CD was low (one SD below the

simple slopes analysis exerted a

the mean; 4 =

mean). When CD was high (one SD above the mean),
residual WF showed a negative effect on RTs (4 =
-19.13, p < .001), indicating that RTs decreased with
increasing WF under high CD conditions. At the mean
level of CD, residual WF did not have a significant effect
on RTs (4 = =525, p =.091).

Semi—partial Correlation Analysis

As a supplementary analysis, we additionally conducted a
semi—partial correlation analysis between WEF, CD, and
RTs to ascertain each variable’s pure contribution to the
RTs when the effect of a highly correlated variable is
(2006).  This

compensates for collinearity issues in the regression analysis

partialed out, as in Adelman et al
and clarifies how much each variable, CD and WF,
independently contributes to the RTs (Cohen et al., 2003).
In the semi—partial correlation analysis, we employed the
original WF values instead of residualized WF, as the
method inherently controls for the influence of other
factors, making the use of residual WEF, which has already
been adjusted for the effect of CD, redundant. Table 5
displays the results of the semi—partial correlation analysis.
Regarding the measures from the written corpus, there was
a significant negative correlation between CD and RTs
when eliminating the effect of WF, which means that RTs
for high-CD words are significantly shorter than those for
words with low CD. On the other hand, no such
correlation was observed between WF and RTs after
partialing CD out. In the spoken corpus, there was no
and RTs
controlling for WEF, nor between WF and RTs when

significant ~ correlation between CD when
controlling the effect of CD. Nonetheless, the correlation

between CD and RTs was marginally significant when the

Table 5. Semi—partial correlation between the predictor variables and response times

) o WR_WF WR_CD SP_WF SP_CD
Correlation coefficient . . . )
(controlling for WR_CD) (controlling for WR_WF)  (controlling for SP_CD)  (controlling for SP_WF)
RTs 0.009 -0.0517" -0.003 -0.013

Note. RTs = Mean response times from the KLP database; WR_WF = Word frequency from the written corpus;

WR_CD = Contextual diversity from the written corpus; SP_WF = Word frequency from the spoken corpus;

SP_CD = Contextual diversity from the spoken corpus.
Tp 05T p oL T pClool
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effect of WF was controlled (p = .063).

Discussion

This study used hierarchical regression to evaluate the
predictive effects of WF and CD on large—scale lexical
decision data, aiming to investigate if their effects vary
across language registers (written and spoken), which
reflect the actual use of the language. To separate the
unique effects of WF and CD, lexical variables such as the
number of syllables were controlled.

We hypothesized that WF and CD measures obtained
from the spoken language corpus will better predict lexical
decision times than those obtained from the written
language corpus. Another hypothesis was that when
comparing the effects of WF and CD in both corpora, CD
will more significantly predict lexical decision times than
WEF. The results from the written corpus showed that even
after controlling for WEF, the effect of CD remained
significant. This finding is consistent with prior research
that utilized corpora composed of text materials in English
(Adelman et al., 2006) and Spanish (Perea et al., 2013).
The results from the spoken corpus have demonstrated
that the effect of WF remained when taking CD into
consideration as well, although the effect of CD was more
prominent than the effect of WEF. In addition, CD
computed from the spoken corpus predicted lexical
decision times more effectively than CD calculated from
the written corpus. This confirms the results of previous
research that demonstrated spoken language—based WF and
CD measures to be a more reliable predictor of lexical
processing than measures derived from written materials
(Brysbaert & New, 2009; Keuleers et al., 2010; Soares et
al,, 2015). The overall results indicate that CD predicts
lexical decision times more precisely than WF, regardless
of the language register. These results are in line with
previous studies, which demonstrated that CD outperforms
WEF in predicting a range of behavioral data, including
lexical decision in adults (Adelman et al., 2006; Brysbaert
& New, 2009; Keuleers et al., 2010; Vergara—Martinez et
al., 2017) and children (Perea et al., 2013; Huang et al.,

2021), naming (Adelman et al., 2006; Brysbaert & New,

2009; Johns, 2021), word learning in children (Hills et al.,
2010), and eye—tracking data using sentences (Plummer et
al., 2014; Chen et al., 2017; Mu, 2024). Studies have also
reported that WF exerts little or no effect when the effect
of CD is under control, whereas the effect of CD remains
substantial even when WF is controlled (Adelman et al.,
2006; Perea et al., 2013; Chen et al., 2017; Hamrick &
PandZa, 2020; Huang et al., 2021). We also found a
significant interaction between WF and CD in both the
written and spoken corpora. While CD constantly had a
facilitative effect on RTs under all conditions of WF, the
effect of WF was insignificant when CD was at the mean
level in both corpora. Additionally, WF had a facilitative
effect on the RTs when CD was high, whereas the WF
had a negative effect on RTs under low CD conditions.
This pattern of interaction between WF and CD aligns
with prior evidence from eye—tracking
(Plummer et al., 2014; Chen et al., 2016) and word

recognition studies (Perea et al., 2013). Our result suggests

experiments

that repeated exposure to a word in limited contexts may

hinder its processing, despite increased frequency. A

explanation is that words encountered in
(low CD) may establish

semantic representations but can hinder word recognition

potential

redundant  contexts robust
speed and accuracy compared to words learned in varied
contexts (Jones et al., 2012; Huang et al., 2017).

The semi—partial correlation analysis elicited a significant
negative correlation between written CD and the RTs,
meaning that RTs decreased with increasing CD in the
written corpus. However, WF and CD in the spoken
which  exhibited

hierarchical regression, did not demonstrate a significant

corpus, significant ~ effects in the
correlation with RTs. There are two possible explanations
for these results that are challenging to comprehend. First,
it could be because of the difference in the analytical
conditions. In the semi—partial correlation analysis, only
the effects between the predictor variables (WF, CD) were
controlled for, whereas in the hierarchical regression, the
unique effects of each predictor were assessed within a
model that incorporated control variables, including the

number of syllables, meanings of words, and the token

frequency of first syllables. Due to these differences, it is
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possible that the hierarchical regression may more
accurately represent the actual processing of words. The
second explanation is the issue of shared variance due to
the high correlation between WF and CD. In semi—partial
correlation analysis, the variance shared by the two
predictors may have exerted a suppression effect, leading
to an underestimation of the correlation between each
predictor variable and the RTs, resulting in a minor or
statistically insignificant correlation (Maassen & Bakker,
2001; Cohen et al., 2003). Conversely, in the hierarchical
regression analysis with residual WF, the common variance
between WF and CD was removed, thereby potentially
elucidating the unique effect of each predictor variable.

The question arises as to why CD exhibits a more
pronounced facilitative effect in comparison to WF. This
might seem unexpected, given that the effect of WF has
been widely recognized for decades, even being designated
as one of the benchmark effects of working memory
(Oberauer et al., 2018). The theoretical foundation of CD
is closely linked with likely need, which is a concept that
was initially introduced in research on memory (Anderson
& Milson, 1989; Anderson & Schooler, 1991). Anderson
and Milson (1989) coined the term ‘need probability,
which refers to the retrieval probability of an item. They
investigated the factors that influence need probability,
including the quantity of distinct contexts in which an
item is presented. Since retrieving irrelevant memory
consumes time and effort, they postulated that it is logical
to retrieve items based on their probability of need in
each circumstance (Westbury, 2021). Adelman et al. (2006)
extended this notion of need probability to the domain of
lexical processing, proposing that the facilitative effect
associated with WF might more reasonably be attributed
to need probability, which serves as the basis of CD. In
other words, WF might be one of the indicators of need
probability but may not provide the most comprehensive
explanation; CD may more accurately reflect the concept
of need probability, which led to the absence of the WF
effect while controlling for CD.

Yet it should be noted that CD cannot simply substitute
for the WF measures since WF and CD may potentially

represent distinct neural processes. Vergara—Martinez et al.

(2017) observed distinct ERP effects for both WF and CD
in terms of their amplitude and spatial distribution. The
results showed the opposite direction of N400 amplitudes
for WF and CD: CD elicited larger negativity in N400,
whereas the effect of WF showed less negative amplitude
in the same time window. In addition, while the WF effect
was displayed on the central region, the effect of CD was
observed in the anterior part of the scalp, which is
primarily associated with semantic richness effects (Amsel,
2011). These results imply that WF and CD may stem
from a distinct neural mechanism. However, although the
ERP results revealed a clear distinction, their behavioral
data only showed a significant effect of CD. Thus, while
behavioral data can offer valuable insights into the explicit
effect of WF and CD on lexical processing, further
research employing neuroimaging techniques may be
necessary to delve deeper into the origin of these effects.
While the results of the present study mainly align with
previous studies, there is a difference in the results of the
spoken corpus analysis: the effect of spoken WF was
significant in the hierarchical regression model, albeit less
pronounced than that of CD. It is possible that this
discrepancy may be due to a combination of the
characteristics of spoken language and the nature of
Korean language wuse. As mentioned earlier, written
language uses a range of words to refer to the same
concept to avoid using the same expression repeatedly and
basically undergoes multiple revisions before being read.

exhibit

redundant expressions, as it cannot be modified after

Consequently, spoken language may more
production. This may result in an increase in WF and
lower CD compared to written language. Another potential
explanation is the way of communicating in Korean.
According to Hall (1976), Korea is classified as a country
with a high—context culture, in which a large portion of
meanings and intentions in communication are conveyed
implicitly through nonverbal cues rather than in an explicit
way. This style of communication may have made the CD
effect relatively small in the Korean spoken corpus, making
the results of the analyses different from other languages.
However, given that the spoken corpus used in this study

consisted of semi—spoken, script—based materials such as
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television screenplays, which may not entirely represent
authentic spontaneous conversational contexts in Korean, it
is necessary to confirm this possibility with a more natural
spoken language corpus containing daily conversation data.
For instance, features such as context—dependent expressions,
omissions, and overlapping utterances are prevalent in
everyday conversations, but the spoken corpus used in this
study may only partially reflect these characteristics.
Therefore, to precisely evaluate the influence of the high
context—dependent nature of Korean on CD effects, it is
necessary to conduct further research utilizing a more
natural spoken language corpus, encompassing data from
everyday conversations.

The significance of the current study lies in the fact that
it investigated the effect of CD on visual word recognition
in Korean, which was previously unexplored. In addition,
this study made sure that the results regarding the effect
of CD were not limited to languages with comparable
structures. Although other languages have confirmed the
effects of CD, it was imperative to corroborate them in
Korean due to its distinctive characteristics. Syllable blocks
comprise letters in Hangul (Taylor, 1980; Nam, 2018) and
can function as both phonological units and morphemes.
Moreover, Korean words have a high level of ambiguity
because many Korean words are derived from Chinese
characters, but the Korean writing system is phonographic,
unlike Chinese characters that directly convey meanings.
These characteristics of Hangul could affect visual word
recognition processes differently than in languages with
alphabetical ~systems, like English, or non-alphabetic
systems, such as Chinese. Therefore, by including Korean
in this body of research, the present study could ensure
that the findings about the effect of CD are not biased
toward languages with similar structures, enhancing the
generalizability of the effect.

Nevertheless, the study is subject to several limitations
that call for additional research to be conducted. First,
although we managed to reduce high collinearity between
WEF and CD by using residualization, some caution in
interpretation is still necessary. Although the original
correlation between WEF and CD was substantial, we

addressed the multicollinearity issue by residualizing WF,

thereby substantially reducing collinearity in the regression
model (VIF < 1.3). This analytic adjustment allowed us to
examine the unique effect of WF after accounting for the
shared variance with CD. However, residualization changes
the scale and interpretation of predictors, and the presence
of strong shared variance between predictors indicates that
some theoretically remain

important ~ variance  may

entangled or suppressed. While our residual-based
regression model showed significant effects, future studies
might further explore this issue by incorporating dimension
reduction techniques (e.g., principal component analysis,
factor analysis) or the use of alternative variables to
mitigate multicollinearity issues.

Furthermore, the relationship between WF and CD
might vary depending on the linguistic category in which
the word is included. For instance, it may vary depending
on whether the context of use is specialized or
commonplace. Words that are frequently employed in
everyday life are likely to be employed in a broader range
of contexts than words that are specialized in specific
professions or academic fields. As a result, it is anticipated
that the CD of jargons will be lower than that of words
that are commonly used (Willoughby, Johnson, & Sterman,
2020). Thus, the correlation between WF and CD is
anticipated to be lower, while the correlation between WF
and CD is anticipated to be higher for words used in
everyday life. Therefore, future research should also
explore whether the relationship between WF and CD
varies across different categories of linguistic contexts.
Moreover, while the study controlled for the number of
meanings of words, it could not account for additional
semantic variables such as imageability, concreteness, and
subjective familiarity. It is necessary to take these variables
into consideration when examining the effects of CD and
WEF on visual word recognition because previous research
has demonstrated that they have a significant impact on
lexical processing (Soares et al., 2017; Kim et al., 2020).
In addition, it is critical to confirm the effect of CD on
processing Korean words within a sentence or a
paragraph. The current study exclusively utilized isolated
words and a lexical decision task to examine the effect of

CD on visual word recognition in Korean. Experimental
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studies in visual word recognition commonly employ this
paradigm to explore the process of lexical access. While
isolated word recognition tasks clearly examine the effects
of word characteristics, studies using stimuli at the level of
sentences or larger units are more suitable for exploring
how these effects manifest themselves in natural reading
situations (Dirix et al., 2019). Hence, it is vital to
undertake further research that employs a variety of tasks
and stimuli to confirm the effect of CD in Korean.
Furthermore, although this study indicated a facilitative
effect of CD on Korean visual word recognition based on
existing lexical ~decision data, additional research is
required to generalize these findings utilizing a factorial
design experiment or linear mixed—effect models. Given
that consistent effects have been observed in English across
multiple ~ behavioral — databases, further analyses or
experiments are needed to ascertain whether analogous

results hold true in Korean.

Supplementary Materials
The dataset of WF and CD measures utilized

current study is shared as an attached file. The released

in the

data (CDdata.csv) comprises part—of-speech information,
the number of syllables, and four metrics we computed
(log—transformed WF and CD from the written corpus
and spoken corpus) for the 20,604 words used in this
study. We did not include measures derived from other
studies, including the first syllable token frequency
measure, number of meanings, and response times. Further

inquiries can be addressed to the corresponding authors.
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