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Abstract: The extent to which lexical mastery consists of interrelated types of lexical
knowledge has been widely discussed. Yet, few studies have explored whether the lexi-
cal dimensions of knowledge and processing are relatively independent or investigated
how these two dimensions contribute to listening and reading among beginner-to-low-
intermediate learners of languages other than English. Acknowledging these gaps, our
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Dudley and Marsden Dimensions of Lexical Mastery and Their Relationships

study examines the extent to which lexical knowledge and processing are relatively
independent and predict listening and reading scores. Two hundred eighteen beginner-
to-low-intermediate adolescent learners of French completed tests yielding measures
of high-frequency lexical knowledge (meaning recognition, form recognition, and form
recall); lexical processing (speed, stability, and automaticity of word recognition); and
listening and reading proficiency. Results suggested lexical knowledge and processing
were relatively independent at this stage of proficiency. Furthermore, lexical knowledge
(but not processing) was found to strongly predict listening and reading scores. These
findings underline the importance of high-frequency vocabulary at these early stages.

Keywords language proficiency; lexical knowledge; listening comprehension; reading
comprehension; lexical processing

Introduction

This study addresses two closely connected agendas. The first investigates
the extent to which lexical knowledge and lexical processing fit within a
componential view of lexical mastery.! Lexical processing has been concep-
tualized as a potential dimension of lexical mastery, together with the size
and depth of lexical knowledge (Godfroid, 2020; Harrington, 2018). However,
most empirical studies (e.g., Harrington, 2018; Pellicer-Sanchez & Schmitt,
2012) investigating the relationship between lexical knowledge and processing
have focused on intermediate and advanced learners, with, to the best of
our knowledge, little attention paid to beginner learners. These issues thus
warrant further investigation, particularly among low-proficiency learners
when lexical representations are being established. The second relates to the
relative and collective contribution of individual types of lexical knowledge
and processing to listening and reading comprehension (In’nami et al., 2022;
Jeon & Yamashita, 2022; S. Zhang & Zhang, 2022).

Henceforth, we refer to lexical knowledge and lexical processing as
“dimensions” of lexical mastery and individual measures as “types” of lexical
knowledge (e.g., form recall) and lexical processing (e.g., mean response
times [RTs]). Conceptualizing lexical knowledge and processing as dimen-
sions highlights that lexical mastery entails not only word knowledge but also
the application of that knowledge during real-time language use (processing).
In contrast, referring to specific types of measures reflects how these dimen-
sions can be operationalized. This distinction in terminology broadly reflects
Godfroid’s (2020) expansion of Nation’s (2013) framework, in which aspects
of lexical knowledge (form, meaning, and use) are operationalized in terms of
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offline and online measures that capture controlled, explicit word knowledge
and automatized, explicit and implicit lexical knowledge, respectively.

The aim of the current study is to explore (a) the extent to which lex-
ical knowledge and processing represent relatively independent constructs
and (b) the extent to which types of these two dimensions predict second
language (L2) proficiency in listening and reading. Two hundred eighteen
beginner-to-low-intermediate English-speaking classroom learners of L2
French completed three vocabulary tasks comprising measures of lexical
knowledge: form recall (English-to-French translation); meaning recognition
(word—definition matching); and form recognition (lexical decision), with
each task containing the same 50 high-frequency words sampled from learn-
ers’ school curriculum. The lexical-decision task also provided two lexical
processing measures (RTs indexing speed of word recognition and coefficients
of variation [CVs] indexing stability and automaticity of word recognition).
The four proficiency measures were the listening and reading components
from one low-stakes (the Diplome d’Ftudes en Langue Frangaise [DELF];
“Diploma in French Language Studies”) proficiency test and one high-stakes
(the General Certificate of Secondary Education [GCSE]) proficiency test.

Background Literature

Lexical Knowledge as a Theoretical Concept

It is generally accepted that lexical knowledge is made up of multiple
components. Nation’s (2013) framework of lexical knowledge identifies 18
components, covering receptive and productive mastery of word form, mean-
ing, and use (see the four leftmost columns of Table S1.1 in Appendix S1 in
the Supporting Information online). This framework has since been extended
by Godfroid (2020) to include a processing dimension, a point we return to
later in the Background Literature. Although Nation’s framework provided
a comprehensive description of word knowledge, it did not aim to specify
whether certain components are acquired before others or the extent to which
they are interrelated (Nation, 2020).

Studies investigating lexical knowledge and interactions of its multiple
components are limited in number. The available studies, however, can be
broadly divided into two sets (Yanagisawa & Webb, 2020). The first set
explores the depth of lexical knowledge and focuses on the quality of mul-
tiple components of lexical knowledge. Gonzélez-Fernandez and Schmitt
(2020), for instance, tested 144 beginner-to-advanced Spanish-speaking
learners’ recognition and recall knowledge of 20 words in English across
four components: the form—meaning link, derivatives, multiple meanings, and
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collocations. Structural equation modelling showed that each component sig-
nificantly contributed to the global construct of lexical knowledge, with factor
loadings exceeding .81, suggesting a unidimensional conceptualization best
characterized L2 lexical knowledge. In a replication of this study, with 314
beginner-to-advanced learners of English from two first language (L1) back-
grounds (Chinese n = 170; Spanish n = 144), Gonzalez-Fernandez (2022)
reported that L2 lexical knowledge served as a unidimensional construct,
regardless of learners’ L1 background.

The second set—the focus of our study—examines the strength of lexical
knowledge and compares different types within a single component (e.g., the
form—meaning link). These types include form recall (e.g., via L1-to-L2 trans-
lation), meaning recall (e.g., via L2-to-L1 translation), form recognition (e.g.,
via yes—no tests), and meaning recognition (e.g., via word—definition match-
ing). Existing research (e.g., Laufer & Goldstein, 2004; Gonzalez-Fernandez
& Schmitt, 2020) suggests that recognition and recall are interrelated and that
L2 learners typically achieve higher scores in recognition than recall measures.
Laufer and Paribakht (1998), for instance, reported that, among 182 L2 learn-
ers of English of different proficiencies, recognition (where responses were
selected from options) and recall (where responses were produced without op-
tions provided) scores were strongly correlated (rho = .72—.89), but recogni-
tion scores always exceeded recall scores, especially with low(er)-frequency
words.

One motivation for further research is the almost exclusive focus on testing
intermediate and advanced learners of L2 English. In a recent meta-analysis
exploring the relationships between lexical knowledge and L2 listening and
reading, S. Zhang and Zhang (2022) reported that more than 80% of the
100+ individual studies examined English as the L2. Testing beginner-to-low-
intermediate learners in languages other than English is especially important
for understanding how words are acquired, stored, and represented in the
mental lexicon in the early stages of L2 development. It has been argued
(see, for example, Bordag et al.’s [2022] ontogenesis model of the L2 lexical
representation) that the encodings of lexical representations are often “fuzzy”
(i.e., inexact or ambiguous) during these early stages. For instance, a L2
learner may recognize a given word form but not know its meaning, or they
may alternate “between two (or more) word forms [...] for a particular mean-
ing” (Bordag, et al., 2022, p. 195). However, given the paucity of research
among beginner-to-low-intermediate learners, especially in low-exposure,
instructed contexts, it is not yet clear the extent to which this fuzziness affects
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the relationships between multiple types of lexical knowledge and, perhaps,
lexical processing, a point we return to later in the Background Literature.

Another variable that can further increase the extent of fuzziness in lexical
representations is the degree of orthographic depth in the target language
(see, for example, Schmalz et al., 2015; Bordag et al., 2022). In orthograph-
ically shallow languages (e.g., Spanish), most phonemes map onto a single
grapheme, and most graphemes map onto a single phoneme, at least within
one variety of the language. Lexical development typically occurs at a much
faster rate in these languages than in orthographically deeper languages
(Carrillo et al., 2013), like French, where a phoneme can map onto multiple
graphemes. However, there is transparency in the other direction in French,
as one grapheme generally maps onto a single phoneme. In English, there
is even greater opaqueness, with multiple graphemes mapping onto multi-
ple phonemes and multiple phonemes mapping onto multiple graphemes.
Although our study does not manipulate orthographic transparency, it does
respond to the need to expand the evidence base regarding lexical knowledge
and processing to include languages with different orthographic depths than
English.

Relationships Between Lexical Knowledge and Proficiency in Listening and
Reading

Recent meta-analyses have generally reported that lexical knowledge
moderately-to-strongly correlates with L2 listening (r = .56, 95% CI [.51, .61],
based on 182 effect sizes from 66 studies; In’nami et al., 2022) and reading
(r = .72, 95% CI [.64, .79], based on 51 effect sizes from 45 studies; Jeon
& Yamashita, 2022). Considerable variation in correlations, however, has been
observed for both reading (between .08 and .95) and listening (between .13
and .85; S. Zhang & Zhang, 2022).

One reason for this variation may be the types of lexical knowledge tested
in the individual studies. S. Zhang and Zhang’s (2022) meta-analysis found
that meaning recall (» = .66, 95% CI [.58, .71], k = 21) correlated the most
strongly with reading comprehension, followed by form recall (» = .55, 95% CI
[.48,.63], k= 66) and meaning recognition (» = .53, 95% CI[.49, .57], k = 14).
Caution, however, must be exercized when interpreting these comparisons,
given the largely overlapping confidence intervals of the three » coefficients.

Although meaning recall typically predicts L2 reading the most strongly,
a different tendency has been reported for listening. S. Zhang and Zhang’s
(2022) meta-analysis found that form recall (» = .63, 95% CI [.53,.72], k= 12)
correlated more strongly with listening than meaning recall (» = .58, 95% CI
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[.54, .62], k = 9) or meaning recognition (» = .50, 95% CI [.41, .58], k = 22).
Again, overlapping confidence intervals between all three types of knowledge
suggest that this order may not be entirely reliable.

Another variable contributing to the variability in correlations between dif-
ferent studies may be the modality of lexical knowledge tested. S. Zhang and
Zhang (2022) reported that the relationship was significantly stronger between
written lexical knowledge and reading (» = .60, 95% CI [.54, .63], k = 72)
than between aural lexical knowledge and reading (» = .49, 95% CI [.46, .54],
k = 37), with only negligibly overlapping CIs. In contrast, no significant
difference between the degree of association was found between aural lexical
knowledge and listening (» = .60, 95% CI [.54, .65], k = 15) and between writ-
ten lexical knowledge and listening (» = .52, 95% CI [.44, .59], k = 30). Sim-
ilarly, there was substantial overlap in the Cls around the correlations between
written lexical knowledge and reading (» = .60, 95% CI [.54, .63], k = 72) and
written lexical knowledge and listening (r = .52, 95% CI [.44, .59], k = 30).

An important question arising from this research is the extent to which the
predictive relationships between lexical knowledge and listening and reading
comprehension vary as a function of proficiency. Given current evidence, such
a question is difficult to answer, as most research has focused on intermediate
and advanced learners. Stanovich (2000) proposed that a reciprocal causal
relation exists between lexical knowledge and reading, such that as lexical
knowledge improves, so does reading proficiency, and, equally, as reading
proficiency improves, so does lexical knowledge. Thus, it may be that, in
the early stages of learning, the relationship between lexical knowledge and
reading (and potentially also listening) proficiency is not as strong as has been
found in research with intermediate and advanced learners.

Taken together, these findings suggest that the relative importance of differ-
ent types of lexical knowledge for language comprehension may depend—to
some extent—on the type of knowledge assessed and the modality in which it
is assessed, though findings are mixed. Further research is therefore needed to
explore the extent to which these findings pertain in languages other than En-
glish and among lower proficiencies, where lexical mastery is emergent, and
some knowledge types may be more robust than others.

Is Lexical Processing a Dimension of Lexical Mastery?

When listening or reading in a L2, learners need to be able to retrieve words
quickly, automatically, and accurately (Just & Carpenter, 1992). Remarkably
little research, however, has investigated the relationship between lexical
knowledge and processing, especially among beginner-to-low-intermediate
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L2 learners. As such, the extent to which lexical processing—as indexed by
the speed, stability, and automaticity of word recognition—relates to lexical
knowledge remains unclear, despite calls in the literature to investigate this
further.

These calls include proposals from Harrington (2018) and Godfroid (2020)
to expand existing multicomponential frameworks of lexical knowledge, such
as Nation’s (2013), to include a processing dimension. For example, Harrington
(2018, p. 67), in his lexical facility proposal, argued that vocabulary size and
processing skill could be complementary and, critically, interrelated indices
of L2 lexical mastery, suggesting that, when these indices are combined (as a
composite measure), they may provide “a more sensitive measure of individual
differences in L2 vocabulary than vocabulary size alone.” Similarly, Godfroid
(2020) added automaticity to Nation’s (2013) framework and, in doing so, also
illustrated how each aspect of lexical knowledge could be measured both of-
fline and online (see the three rightmost columns of Table S1.1 in Appendix
S1 in the Supporting Information online for the expanded framework).

Given our current understanding of how words are stored and represented
in the mental lexicon, the degree of interrelatedness between lexical knowledge
and processing may vary as a function of proficiency. As discussed previously,
the encodings of lexical representations are often inexact or ambiguous during
the early stages of acquisition, and this fuzziness may influence the accuracy
and efficiency of word recognition (Bordag et al., 2022). For instance, Perfetti’s
(2007) lexical quality hypothesis predicts that processing stability—a hallmark
of fluent listening and reading (N. Segalowitz, 2010)—develops as a function
of lexical knowledge. That is, when lexical representations are inexact or
ambiguous, processing stability may not be expected.

Studies investigating these proposals are limited in number (e.g., Harring-
ton, 2018; Hui et al., 2025). In general, the available studies have reported neg-
ative correlations between vocabulary size and mean RT (i.e., knowing more
vocabulary is associated with faster responses) among intermediate and ad-
vanced learners, thus supporting the proposal that vocabulary size and process-
ing skills might be related. However, no correlation between the two measures
was found in another study (Miralpeix & Meara, 2014, as cited by Harrington,
2018) when 145 intermediate and advanced L2 English students were tested
using a separate vocabulary size test and lexical-access task. Harrington (2018,
p. 86) suggested that Miralpeix and Meara’s (2014) lack of correlation was due
to the relative ease of the target words: Learners’ mean RT in their L2 was 815
ms among their learners, only 31 ms slower than their mean RT in their L1.
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However, vocabulary size is only one index of lexical knowledge, with
depth of knowledge being another key aspect. During the early stages of L2
development, an empirical question arises as to whether one can reasonably
expect beginner-to-low-intermediate learners to demonstrate processing sta-
bility when their vocabulary sizes are relatively small, and the depth of word
knowledge extracted from their specific learning context could be variable, po-
tentially depending on the type of measure used (e.g., form or meaning recog-
nition or recall) to assess it. As far as we know, no study has examined this
question to date.

The lack of research is partly due to the use of explicit—declarative mea-
sures over more implicit—procedural measures to test L2 lexical knowledge.
However, Godfroid (2020, p. 449) suggests that explicit—declarative measures
may only represent the “tip of the iceberg.” Lexical-decision (yes—no RT) tasks
are one of several implicit—procedural measures that can provide information
about how quickly, automatically, and accurately learners can access their
knowledge (Godfroid, 2020). In these tasks, participants are presented with
individual words and pseudowords (nonwords) and must press a button to
indicate whether they think the word is real or not. These tasks can thus elicit
both explicit-declarative (e.g., form recognition) and implicit—procedural
(e.g., RT) measures.

Hui et al. (2025) recently highlighted the importance of incorporating RT
measures when assessing lexical knowledge. They investigated the extent to
which response-time tasks (i.e., a yes—no RT task [affording both accuracy and
RT measures] and a masked repetition priming task) tapped into qualitatively
different dimensions of word knowledge to untimed, accuracy-based tasks (i.e.,
untimed meaning-recognition and form-recall tasks) among 145 L2 learners of
English. Confirmatory factor analyses revealed that these measures could be
explained by one or two psychometric dimensions, but that, ultimately, the one-
factor solution, where the aforementioned measures reflected one underlying
construct, was preferred due to its simplicity.

It is important to acknowledge, though, that mean RT is only one indicator
of processing efficiency. From RT data in lexical-decision tasks, a coefficient
of variation (CV; S. J. Segalowitz et al., 1998) can be extracted. The CV is
the ratio between the amount of variation (standard deviation) in RT for each
participant (across items) and the mean RT for each participant (across items).
A smaller coefficient indicates that participants can respond repeatedly at
similar speeds, suggesting they rely (more) on automatic rather than controlled
processing. The CV is typically considered a measure of processing stability.
However, it can also index automaticity. Although, automaticity is generally
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associated with faster processing (e.g., Hulstijn et al., 2009), faster processing
alone does not establish automaticity. Automaticity is more than simply faster
processing; it is evident in “the observable speed, accuracy, and fluidity of skill
execution” (S. J. Segalowitz et al., 1998, p. 53). As such, RT and the CV must
correlate within any given sample of learners for the CV to be interpreted as
an index of automaticity (S. J. Segalowitz et al., 1998).

There are also instances where the CV has been reported to increase
initially in a learner’s developmental trajectory, contrary to expectations that
it would decrease (e.g., Hui, 2020; McManus & Marsden, 2019; Solovyeva &
DeKeyser, 2018). Hui (2020), for instance, investigated the trajectory of CV
(as an index for processing variability) in the early stages of word learning in
both intentional and incidental conditions among 35 native English speakers
learning 16 Swahili-English word pairs. In this study, Hui (2020) found a
roughly inverted U-shaped trajectory in the CV in the intentional condition.
That is, processing variability appeared to increase during the early stages
when declarative and procedural lexical knowledge was being acquired.
However, it was only once the words had been learned (as indicated by the
peak in accuracy) that “processing stability improve[d] and CV start[ed] to
decrease, [...] consistent with automatization” (p. 330).

Despite the aforementioned theorization, few studies have compared the
contributions of speed, stability, and/or automaticity of word recognition
(relative to lexical knowledge, such as recognition and recall) to listening and
reading. One study, by van Gelderen et al. (2004), found that, among 281
13-to-14-year-old Dutch-speaking learners of English, lexical and metacog-
nitive knowledge (b* = .26 and .70, respectively)—but not word recognition
speed, grammar knowledge, and sentence verification—significantly predicted
reading comprehension. It must be noted, though, that individually, these five
variables had moderate-to-strong correlations with reading comprehension:
lexical knowledge (» = .63), grammar knowledge (r = .80), word recognition
(r = —.47), sentence verification (» = —.55), and metacognitive knowl-
edge (r = .87). Furthermore, Alshehri and Zhang (2022) reported that once
working memory was controlled for, lexical knowledge (AR*> = .386)—but
not word recognition speed (AR?> = .005)—significantly increased the vari-
ance explained for L2 reading comprehension among 220 Arabic-speaking
intermediate-to-advanced learners of English in a Saudi university.

In terms of listening comprehension, Andringa et al. (2012) tested 113
adult L2 Dutch speakers. Although linguistic knowledge (i.e., vocabulary
[r = .68], grammatical processing accuracy [r = .77], and segmentation
accuracy [r = .64]) and processing speed (i.e., semantic processing speed [r
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= —.61], grammatical processing speed [r = —.41], segmentation speed [r
= —.36], word monitoring [r = —.40], and self-paced listening [r = —.40])
showed moderate-to-strong correlations with listening, processing speed did
not contribute any unique variance (in addition to linguistic knowledge and
reasoning ability) in the structural equation models.

Larger vocabulary sizes and faster RTs may also be more strongly asso-
ciated with better comprehension when comprehension is relatively robust
in the first place and, in turn, possibly associated with proficiency. For ex-
ample, Hui and Godfroid (2021) tested the role of processing speed and
automaticity in L2 listening among 44 low-intermediate-to-advanced adult
Chinese learners of English. In the mediation (path) analysis, they found that
the total effects of spoken vocabulary size (b* = .58, p < .001) and lexical
processing speed (b* = —.50, p = .001), as indexed by accuracy and RT in an
auditory yes—no test, respectively, were stronger than the direct effects alone
(vocabulary size: b* = .35, p = .07; processing speed: b* = —.39, p = .01),
when a measure of formulation of propositional meaning was specified as the
mediator. These findings thus indicate that the importance of vocabulary size
and lexical processing speed for comprehension may depend on propositional
comprehension.

Saito et al. (2025) have provided evidence that a lexical knowledge mea-
sure incorporating an automatization construct can be a strong predictor of
listening proficiency. They investigated individual differences in listening pro-
ficiency among 126 beginner-to-advanced adult Japanese learners of English
and reported that “phonological vocabulary knowledge” (p. 26) accounted
for 77.60% of the variance in the full regression model (R’ = .507). In
contrast, perceptual, cognitive, and metacognitive variables only explained
0.40% to 21.30%. Of the phonological vocabulary knowledge variables,
automatization—as measured by both accuracy and fluency (CV) scores on a
lexicosemantic judgment task—was the strongest predictor (55.30%), followed
by phonologization (20.80%), and then generalization (1.50%). Importantly, of
the two automatization measures, accuracy contributed 49.90%, but CV—the
measure typically associated with automatization—contributed 5.40%, with
correlational and factor analyses showing that accuracy and CV were relatively
independent.

In sum, given the paucity of studies and mixed findings, further research
is needed to explore (a) the extent to which types of lexical processing relate
to types of lexical knowledge and (b) the relative importance of each type in
predicting listening and reading comprehension.
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Dudley and Marsden Dimensions of Lexical Mastery and Their Relationships

The Current Study

The current study investigated the extent to which lexical knowledge (form
recall, form recognition, and meaning recognition) and processing (speed, sta-
bility, and automaticity of word recognition) relate to each other and, in turn,
predict L2 listening and reading among 218 16-year-old classroom learners of
French in England. It thus addresses two main research questions (RQs):

RQ1. To what extent are lexical knowledge and processing relatively inde-
pendent of each other?

This RQ is motivated as follows: Perfetti’s (2007) lexical quality hypothesis ar-
gues that lexical processing stability and automaticity are by-products of com-
plete lexical representations. Given the lack of research among learners with
relatively small lexicons, it is not yet clear the extent to which lexical represen-
tations must be complete across the mental lexicon for processing stability to
be observed. It may be that lexical knowledge of multiple types (e.g., form re-
call, form recognition, meaning recognition) within a set of relatively familiar
words is a sufficient condition for processing stability and automaticity within
that set of words. As such, one might expect moderate-to-strong relationships
between lexical knowledge and processing measures. Alternatively, there may
be little-to-no relationship between lexical knowledge and processing mea-
sures, due to two opposing forces influencing the lexical processing measures,
that is, the learning of new words, which are initially processed with less sta-
bility (increasing both mean RT and the CV) and the automatization of already
established word representations (decreasing both mean RT and the CV).
Our second RQ is:

RQ2. To what extent do lexical knowledge measures and processing mea-
sures predict listening and reading comprehension?

We anticipated that each type of lexical knowledge would predict listening
and reading, based on previous research (e.g., S. Zhang & Zhang, 2022). How-
ever, we were largely equipoised to the relative order of importance of each
type, given the lack of clear differences (i.e., overlapping confidence intervals)
between each type and our new population of learners. Given the paucity of
available research, we were similarly equipoised to the extent to which process-
ing measures (i.e., the speed, stability, and automaticity of word recognition)
would determine listening and reading.

To avoid fatigue and attrition within and between sessions, we did not test
meaning recall in the main study, even though it is a known predictor of lis-
tening and reading comprehension. Following data collection in 2022, we were
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Dudley and Marsden Dimensions of Lexical Mastery and Their Relationships

able to add a meaning-recall task to the study in 2023. Given that this task was
taken by a subset of participants (n = 87) and tested a subset of the words
(k = 30), the analyses of this dataset (presented in Appendix S10 in the Sup-
porting Information online) are not reported in the main results section and
are mentioned only briefly in the Discussion to highlight their alignment with
previous studies on the topic.

Method

Participants

Participants were 218 beginner-to-low-intermediate’ English-speaking learn-
ers of French from 89 state-funded secondary schools across England, with a
mean of 2.45 learners from each school. Of the 218 participants, 174 identified
as female and 37 as male; seven preferred not to say or to self-describe. On av-
erage, participants reported learning French from 9.68 (95% CI [9.31, 10.06])
years of age.

At the time of testing, participants had recently (within the previous one-
to-six weeks) completed their General Certificates of Secondary Education
(GCSEs; national high-stakes exams taken by 15-to-16-year-olds in England)
after about 400450 hrs of instruction in French. For more information about
the GCSE exams, see Appendix S2 in the Supporting Information online.
Participation was optional, and learners were recruited via their school French
teacher and paid £25 or £35 for their participation in two or three sessions,
respectively. The University of York granted ethics approval.

Critical Words

Fifty words were selected from a bank of high-frequency words (i.e., within the
first 2,000 most frequent words in the French language, according to Lonsdale
& Le Bras, 2009). The overarching principle guiding the selection of critical
words was their presence in the curriculum. In this context, the curriculum was
considered to be the GCSE wordlists published by the leading awarding organ-
isations: AQA (2016) and Pearson Edexcel (2018). Although these wordlists
were not compulsory at the time, they had been frequently used by textbook
writers (e.g., Hawkes & Lillington, 2016) and teachers to guide lesson planning
and exam preparation (see Marsden et al., 2023 for further discussion). These
words, therefore, had the possibility of being familiar—to varying degrees—
among our participants and were thus likely to provide variance in the different
measures of knowledge and processing. Appendix S3 in the Supporting Infor-
mation online includes further information about the critical words.
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Dudley and Marsden Dimensions of Lexical Mastery and Their Relationships

Vocabulary Measures

Participants completed three written vocabulary tasks, yielding three lexical
knowledge measures and two lexical processing measures. The tasks included
measures of (a) form recall, (b) meaning recognition, and (c) lexical decision
(that rendered a form-recognition measure, RTs, and CVs). The first two tasks
were without a time constraint, and the third with (i.e., participants had to
respond to each trial within 3,000 ms).

The same 50 critical words were used in each task to ensure test equiv-
alence between measures. Critical words were randomly mixed with distrac-
tors in the meaning-recognition task and pseudowords in the lexical decision
to reduce practice or priming effects. Only critical words—not distractors or
pseudowords—were included in our analyses.

The form-recall task was completed before the meaning-recognition task
in line with previous research (e.g., Gonzalez-Fernandez, 2022; Gonzalez-
Fernandez & Schmitt, 2020), with the lexical-decision task being administered
at least 24 hr after the first two tasks. The existence of any test effects (e.g.,
from priming) resulting from task order (such as the potential bolstering of
any relationship between lexical knowledge, speed, stability, and automaticity)
is addressed in the Discussion. At the same time, we argue that such effects are
mostly unavoidable when testing different types of knowledge of the same set
of words, and it is an empirical question as to how these effects can, or even
need to, be mitigated.

We acknowledge that the exclusive use of written lexical knowledge mea-
sures is a limitation of our study, given the reduced face validity of using
written measures to predict listening proficiency (McLean et al., 2024). As
such, our battery of measures was arguably not comprehensive. Indeed, it is
likely that aural measures of lexical knowledge could correlate more strongly
with listening proficiency than written measures. For example, S. Zhang and
Zhang’s (2022) meta-analysis reported that aural lexical measures (r = .60,
95% CI [.54, .65], k = 15) had a numerically—though not significantly—
stronger relationship with listening than written lexical measures (» = .52, 95%
CI [.44, .59] k = 30). However, this does not reduce the value of exploring re-
lationships between written measures of lexical knowledge and listening pro-
ficiency. Understanding the relationship between written word knowledge and
listening remains important, particularly in instructed settings. For example,
such findings may inform thinking about the value of phonics (i.e., grapheme—
phoneme correspondence) instruction. Additionally, on a practical level, we
wanted to avoid fatigue and attrition within and between sessions, with a hard-
to-reach population sacrificing vacation time immediately after a series of be-
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healthy, sane
to return, go back
iron

to study

Figure 1 Sample items from the form-recall task.

tween 18 and 30 high-stakes national exams. As Stewart et al. (2021, p. 57)
observed, “it may be possible to identify the best trade-off in terms of practi-
cality and efficacy in situations where researchers wish to measure proficiency
on multiple skills, but only have limited time to test vocabulary knowledge.”

All materials, data, and analyses are available via our Open Science Frame-
work repository (https://osf.io/hmb8y).

Form-Recall Task

This task involved word-level L1-L2 translation and was administered via
Qualtrics. Participants were presented with a randomized list of the English
translations of the 50 target words and asked to translate the words into French
(see Figure 1). Participants were told that they could enter the word with or
without a determiner (“the word for ‘a’ or ‘the’”’) and were asked to include
accents where necessary (an accent bar was provided). For instructions, see
Appendix S4 in the Supporting Information online.

Meaning-Recognition Task

The Context-Aligned Two Thousand Test (CA-TTT), administered via
Qualtrics, is a test of meaning-recognition developed by Dudley et al. (2024),
drawing on Batista and Horst’s (2016) Test de la Taille du Vocabulaire. The
CA-TTT contains 120 target words (including the 50 critical words) and 120
distractors taken from the 2,000 most frequently occurring words in French
(Lonsdale & Le Bras, 2009). English definitions are presented in clusters of
three, and participants must select which of the six French words (random-
ized between definitions and participants) best matches the definitions (see
Figure 2).

Lexical-Decision Task

A lexical-decision task was administered to measure the speed, stability, and
automaticity with which learners could retrieve (likely familiar) words from
the mental lexicon (i.e., the form-recognition aspect of lexical processing).
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1a: - Select option - v - make a selection

1b: v - Select option - | - to succeed
produire
choisir

1c: - to create

réussir
laisser
revenir
sembler

Figure 2 Sample cluster from the Context-Aligned Two Thousand Test.

Alternatives, such as speeded matching and lexicosemantic judgment tasks to
capture meaning recognition, were considered inappropriate as they involve
more than one process (e.g., considering alternative answer options before
responding) and can thus only provide an indirect and coarse measure of
lexical processing (Harrington, 2018; Hui & Jia, 2024).

The lexical decision involved a speeded yes—no vocabulary test adminis-
tered via Gorilla (n.d.). Test items were randomized within participants and
included 60 target (real) words (including the 50 critical items) and 60 pseu-
doword distractors. Following previous research (e.g., Vandenberghe et al.,
2021), pseudowords were created using the target (real) words: The first let-
ter of each target word was replaced (consonants with consonants; vowels with
vowels) while ensuring that the resulting nonword was phonotactically legal.

Participants were presented with one word at a time in the center of the
screen and asked to indicate whether the word was real or fake (left arrow key
for fake; right for real). Participants were instructed to answer as quickly as
possible while also maintaining accuracy. Each word was preceded by a fixa-
tion cross (for 250 ms) with a pause of 100 ms before and after the fixation
cross. The word remained on the screen for up to 3 s. If no key was pressed
during that time, the next word appeared. After reading the instructions, par-
ticipants completed a practice round of four items (two real words and two
pseudowords) before starting the main task.

Measures of Listening and Reading Proficiency

General Certificate of Secondary Education

Independent of our study, participants completed high-stakes national GCSE
exams in French between May and June, just before we started data collection.
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Dudley and Marsden Dimensions of Lexical Mastery and Their Relationships

These exams comprised four skill-specific tests: listening, reading, writing,
and speaking. For each test, students were awarded a level (grade; between
1 and 9). In the August following our study, participants sent photographic
evidence of their GCSE results, including their overall and skill-specific levels,
of which only listening and reading were included in our study.

Dipléme d’Etudes en Langue Frangaise (“Diploma in French Language
Studies”)

To assess comprehension, independent of performance in the high-stakes
tests for which learners had been prepared, we administered the listening
and reading components of the CEFR A2 Junior version of the Diplome
d’Etudes en Langue Frangaise (France Education International, n.d.). In these
measures, participants listened to or read short passages of text and then
answered multiple-choice questions. These measures were selected for two
reasons: (a) they met all 17 of the Association of Language Testers in Europe’s
quality standards of “test construction, administration and logistics, marking
and grading, test analysis, and communication with stakeholders” (ALTE,
2023) and (b) participants were not trained on them. The lack of training
meant that the DELF listening and reading measures were likely to be a more
accurate indication of learners’ true abilities (in contrast to their test-taking
abilities, as might be the case with the GCSE). As such, it was possible
that relationships between listening and reading and lexical knowledge and
processing would be more observable in the DELF than the GCSE data, as the
GCSE data may (also) index general school performance and/or test-taking
abilities.

Procedure

Participation was voluntary, with data collection taking place between June and
August 2022 and between June and August 2023.3 The tests were administered
online as part of a large study investigating language proficiency among French
and Spanish students, involving two 90 min sessions (followed by an optional
90 min session for the larger study). More information about this study can be
found in Dudley and Marsden (2026) and via comlap.york.ac.uk. Participants
completed the first two sessions in their own time, without supervision*, with
the untimed tasks (form recall then meaning recognition) in the first session
and, at least 24 hr later, the timed task (lexical decision) and the DELF listening
and reading comprehension tests in the second session.
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Scoring
Scoring and marking criteria are in Appendix S5 in the Supporting Information
online.

Accuracy Data
Form Recall.  Answers were scored on an integer scale from 0 to 2. Two
points were given to answers matching the target (researcher-envisaged) trans-
lation and to any other correct translations of the English cue (e.g., if the cue
were to live, the answer vivre would receive two points, even though the tar-
get answer was habiter). Misspelt, but correct, translations were scored either
as zero or one, depending on the severity of the misspelling, as determined
by the normalized Levenshtein distance between the target and answer, calcu-
lated using the ratio() function from the python-Levenshtein library (python-
Levenshtein, n.d.). We used a normalized distance of .7 as a threshold, assign-
ing one point to all answers with a score equal to or greater than the threshold
value and zero to those falling below. No points were deducted for omissions
or incorrect use of accents and/or determiners. Incorrect or blank answers were
awarded zero points. Three independent raters scored 93% of the answers.
Interrater agreement was very high (percentage agreement: 91.30%; Fleiss’
Kappa: .894, p < .001; Krippendorff’s alpha: .939). Scores were thus averaged
across the three raters and rounded to the nearest integer. The remaining 7% of
answers were scored by the first author.

Meaning Recognition. Responses were scored as a binary outcome (1 for
selecting the correct definition for the target word; 0 for incorrect selections).

Form Recognition.  The accuracy percentage (i.e., the proportion of cor-
rect responses to valid trials of the 50 critical words; see below) from the lexical
decision was used to measure form recognition. In line with Hui et al. (2025),
we calculated the index of signal detection theory (Ispr; Huibregtse et al.,
2002) to correct for false alarm rates (i.e., the proportion of incorrect “yes”
responses to pseudowords), as it: (a) considers individual patterns in guessing
behavior and (b) has been shown to correlate strongly with existing multiple-
choice vocabulary size tests (Zhang et al., 2020). To calculate the Ispt, we used
the formula reported in Zhang et al. (2020):

4d-H-2¢r-HA+h=-))
40 = —-Gh=HA+h=1)
where 4 is the hit rate, and f'is the false alarm rate.

We acknowledge, however, that there are two formulae in circulation for the
Ispr—the one reported above and the one reported in Huibregtse et al. (2002).
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In light of this, we present alternative analyses, using Huibregtse et al.’s (2002)
formula, in Appendix S11 in the Supporting Information online (for RQ 1
and RQ 2) and Appendix S12 in the Supporting Information online (for the
meaning-recall analyses presented in the Discussion).

Listening and Reading Tests of the Diplome d’Etudes en Langue Frangaise
(“Diploma in French Language Studies”). The answer key provided by the
DELF test developer was used to score the listening and reading tests: One
point was awarded for each correct answer, with a maximum of 25 points per
task. The score for each test was then converted to a percentage.

Response Time and Coefficients of Variation Data.  Only lexical-decision
data for the 50 critical words were cleaned and analyzed, and data from the 10
noncritical words were removed from the dataset prior to cleaning. To clean
the remaining data, we removed RTs (a) from participants with false alarm
rates of > .50; (b) invalid trials—in other words, those faster than 300 ms and
slower than 2,500 ms—in line with Jiang’s (2012) recommendations and Hui
et al.’s (2025) study; (c) for incorrect “no” responses (i.e., “no” responses to
real words); and (d) for the pseudoword distractors. Using the cleaned dataset,
we calculated, for each participant, a mean RT and CV by dividing the standard
deviation (SD) of their RTs by their mean RT (Segalowitz et al., 1998).

Analyses

Descriptive statistics, reliability indices, and Spearman’s correlations were cal-
culated to establish the degree of interrelatedness between each knowledge,
processing, and proficiency measure.

To explore the extent to which our lexical knowledge and processing mea-
sures were relatively independent of each other (RQ 1), we fitted a one-factor
confirmatory factor analysis (CFA) model, using the cfa() function from the
lavaan package (Rosseel, 2023). In this model, measures of lexical knowledge
(form recognition, form recall, and meaning recognition) and processing (mean
RT and CV) loaded onto a single Lexical Mastery factor. Given the nonnormal
distribution of the data (as indicated by Mardia’s multivariate normality test),
we used the robust maximum likelihood estimator to compute the model. In
addition, to account for the nonindependence of mean RT and CV, we allowed
the residual terms of the two processing measures to covary (Brown, 2015).

We did not compare the one-factor model with a two-factor model, due to
the difficulties associated with constructing a two-factor solution—comprising
separate Knowledge and Processing factors—that could be meaningfully com-
pared with a one-factor solution. Specifically, the Processing factor, with only
two indicators (mean RT and CV), would have been identified, provided that no
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residual covariance between the indicators was estimated. However, our model
required a residual covariance between the two processing measures, which in-
troduced an additional parameter. This would have made the processing factor
under-identified, without additional constraints, as there would have been in-
sufficient information in the observed covariance matrix to uniquely estimate
all model parameters. This under-identification would have rendered the pa-
rameter estimates—and any subsequent interpretation—unreliable.

Instead, to address RQ 1, we focused on assessing the fit of the one-factor
solution, by inspecting both (a) the standardized root mean square residual
(SRMR) and the comparative fit index (CFI) as global fit indices given our
small sample size® and (b) factor loadings (i.e., standardized path coefficients)
as local fit indices. Given the flexibility of CFA to accommodate different
model specifications, constraints, and estimation approaches, we invite and
strongly encourage interested readers to conduct secondary analyses of our
openly available dataset.

To investigate the collective and relative contribution of each knowledge
and processing measure to listening and reading (RQ 2), we calculated hierar-
chical (stepwise) regression models. For the (linear) DELF data, we used the
Im() function in the R environment (R Development Core Team, 2014) and for
the (ordinal) GCSE data, polr() from the MASS package (Ripley et al., 2022).

We first entered the overall mean accuracy percentages for the knowledge
measures—form recall, meaning recognition, and form recognition—as pre-
dictors, given the widely observed relationships between lexical knowledge
and listening and reading comprehension (Step 1). We then added mean RT
or CV as a predictor (Step 2). Analyses of variance were conducted to com-
pare the linear (DELF) models and likelihood ratio tests to compare the ordinal
(GCSE) models. All variables were centered and scaled. Significance was eval-
uated at an alpha level of .05.

We chose to analyze the lexical knowledge variables as individual predic-
tors instead of indicators of a factor in a structural equation model. This deci-
sion was based on previous research (S. Zhang & Zhang, 2022) demonstrating
that, although interrelated, lexical knowledge measures may predict compre-
hension differently.

It is common practice in L2 research to use beta coefficients and significant
p-values as indices of predictor importance. Suppression effects, however, of-
ten arise in regression models (Hair et al., 2019), whereby the inclusion of one
variable influences the predictive validity of another variable due to a higher
degree of intercorrelatedness (but, critically, not multicollinearity) between
predictor variables than between predictor variables and the outcome variable
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(Mizumoto, 2023). This suppressor effect can result in a disconnect between
the magnitude of beta coefficients and the magnitude of the corresponding
correlation coefficients.

Given the likelihood that the predictors would be highly intercorrelated and
the impact that this would have on standardized beta coefficients, dominance
analyses were conducted to estimate predictor importance accurately using
the calc.relimp() function from the relaimpo package (Groemping & Matthias,
2021) for the linear models and the domin() function from the domir package
(Luchman, 2022) for the ordinal models. We interpreted nonoverlapping
confidence intervals around relative contributions as evidence of significant
differences in importance between predictors. When confidence intervals
overlapped, we considered the difference nonsignificant only if the confidence
interval for the difference itself included zero (Grémping, 2006).

Results

Descriptive Statistics

Internal consistency reliability was generally good-to-excellent for the three
knowledge measures (Table 1 and Table 2) and the DELF listening and reading
measures (Table 3). Descriptive statistics demonstrate that learners knew, on
average, at least half of the words in each knowledge measure and that mean-
ing recognition was consistently the strongest, followed by form recognition
(once corrected for false alarm rates), and then form recall. Differences in
scores between each pair of measures were significant (i.e., the 95% Cls for
the differences excluded zero). The range in accuracy across the knowledge
measures indicated that our approach to word selection appropriately captured
a range of words that learners knew to varying degrees. Henceforth, only
the adjusted (not raw) form-recognition scores are used, as these accounted
for guessing behaviour. Learners also consistently achieved higher scores in
the reading than the listening tests. This was the case in both the low-stakes
(DELF) and high-stakes (GCSE) tests (Tables 3 and 4, respectively).

Assessing the Construct Validity of the Coefficient of Variation

Before examining relationships between knowledge, processing, and profi-
ciency measures, we ascertained the extent to which CV measured automatic-
ity of word recognition. Spearman’s rho (.365, 95% CI [.244, .475]) indicated
a small (bordering on medium) statistically significant, positive relationship
between mean RT and CV. Thus, we refer to CV as a marker of processing
stability and automaticity, henceforth.
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Dudley and Marsden Dimensions of Lexical Mastery and Their Relationships

Table 4 Descriptive statistics for French General Certificate of Secondary Education
(GCSE) level

Percentage of learners achieving each level

6] 3 4 5 6 7 8 9 Total!

Reading 2.07% 4.15% 4.15% 14.00% 5.18% 7.77% 18.60% 44.00% 193
Listening 2.59% 2.07% 5.70% 17.10% 4.15% 20.70% 19.70% 28.00% 193

1'88.53% (193) of the 218 participants sent an individual skill breakdown of their GCSE
results.

Relationships Between Knowledge and Processing Measures

Spearman’s correlations (Table 5) revealed a high degree of interrelatedness
(r = .60, Plonsky & Oswald, 2014) between the knowledge measures (form
recall, meaning recognition, form recognition), ranging from .697 to .822, but
not so strong to raise concerns about multicollinearity (» > .90; Kline, 2023).
Critically, however, we found little (if any) evidence of a relationship between
the knowledge and processing measures: Where there was a significant corre-
lation, the effect size was very small (rho = —.137, 95% CI [—.265, —.004]).
These initial analyses could provide preliminary evidence to suggest that, at
this early, fragile stage of proficiency, lexical knowledge and processing may be
relatively independent. At the same time, the relatively small correlation may
be indexing two opposing forces: That is, the learning of new words, which
are initially processed with less stability, and the automatization of already es-
tablished word representations, as suggested by an anonymous reviewer. These
two processes may effectively counteract to reduce the likelihood of finding a
clearer association in one direction.

Relationships Between Knowledge, Processing, and Proficiency Measures

All three knowledge measures showed significant moderate-to-strong positive
correlations with listening measures, ranging from .580 to .718, and reading
measures, ranging from .595 to .752 (Table 5). However, there was no signifi-
cant relationship between the processing and listening or reading measures.

Summary

We found a very high degree of interrelatedness both within the knowledge
measures and between the knowledge and proficiency measures, regardless of
the modality of comprehension. In contrast, there was very little (if any) evi-
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Dudley and Marsden Dimensions of Lexical Mastery and Their Relationships

dence of any relationship between the knowledge and processing measures or
between the processing and proficiency measures.

Research Question 1: Dimensionality of Lexical Mastery

To investigate whether lexical knowledge and processing represented a unidi-
mensional lexical mastery construct, we fitted a one-factor CFA model where
the three knowledge measures and the two processing measures loaded onto a
single Lexical Mastery factor. The nonindependence of mean RT and CV was
accounted for by allowing the two processing measures to covary.

The overall fit indices (Table 6) suggested that the one-factor model
demonstrated a good overall fit: SRMR and CFI—our focus here, given the
relatively small sample size (Kenny, 2024)—were both within the acceptable
range (Brown, 2015; Hu & Bentler, 1999).

Although the one-factor model demonstrated an acceptable fit with the
data, it did not achieve convergent validity, as the average variance extracted
(.464) fell below the recommended threshold of .5 (Hair et al., 2019). The reli-
ability of the one-factor model was also questionable. Although the composite
reliability coefficient (.639) was slightly above the acceptable threshold (> .6
according to Hair et al., 2019), Cronbach’s alpha (.534) fell below this thresh-
old.

The standardized factor loadings between the Lexical Mastery factor
and the two processing measures were weak, negative, and nonsignificant,
suggesting further evidence of model misfit (Figure 3). This contrasted with
the factor loadings for the three knowledge measures, which were very high,
positive, and significant (p < .05). The high loadings, ranging between .84
and .92, indicate a lack of discriminant validity between Lexical Mastery and
the three knowledge types and suggest that the knowledge types represented a
single underlying construct.

In sum, although the unidimensional model demonstrated an acceptable
fit with the data, it did not reach convergent validity and was not found to
be particularly reliable either. Furthermore, inspection of standardized factor
loadings suggested that the lexical knowledge and processing measures did not
measure the same construct. Instead, the lexical processing measures may have
elicited a construct relatively independent of lexical knowledge or, at least,
independent of the knowledge measures included in this study. In presenting
these conclusions, we advocate caution, given that our findings are based only
on an interpretation of a one-factor model as opposed to a comparison of a
one-factor model with a two-factor one.
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cv [+—0.98*
0.24*
mean_rt +—0.98*

f_recognition <«—0.15"

m_recognition  [«—0.26

S

f_recall <+—0.30"

Figure 3 Confirmatory factor analysis with standardized factor loadings and error vari-
ances. Statistical significance is marked with an asterisk, with exact p-values and con-
fidence intervals in Table S8.1 of Appendix S8 in the Supporting Information online.
CV = coefficient of variation; mean_rt = mean response time; f recognition = form
recognition; m_recognition = meaning recognition; f_recall = form recall.

Research Question 2: Dimensions of Lexical Mastery as Predictors of
Listening and Reading

Hierarchical regression models were computed to explore the extent to which
types of lexical knowledge and processing contributed to L2 listening and read-
ing, with dominance weights used to ascertain the relative importance of each
predictor. Full model outputs are presented in Appendix S9 in the Supporting
Information online.

No evidence of multicollinearity was found between predictor variables
(variance inflation factor < 5 for each model). However, we applied Box-
Cox transformations to the DELF reading data to meet the normality and ho-
moscedasticity assumptions for the linear models. We also merged Levels 4°
and below into one level in the GCSE listening and reading data to meet the
proportional odds assumption for the ordinal models.

Listening Models

Lexical knowledge as a global construct—combining form recall, mean-
ing recognition, and form recognition—explained 46.00% of the variance in
DELF listening (see Table S9.2 of Appendix S9 in the Supporting Informa-
tion online). Of these three predictors, form recognition (18.86%, 95% CI
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[13.25%, 25.32%]) explained the most variance, followed by meaning recog-
nition (14.93%, 95% CI [11.31%, 19.02%]), and then form recall (12.21%,
95% CI [8.26%, 17.05%]). Differences in the relative importance of these pre-
dictors, however, did not reach significance. Although form recall was not a
significant predictor (like form recognition and meaning recognition were), its
correlation with DELF listening (ko = .580, 95% CI [.483, .663]; see Table 5)
and predictor-specific R? (12.21%, 95% CI [8.26%, 17.05%]) suggested it ex-
plained some variance in DELF listening performance. The inclusion of CV
or mean RT did not significantly increase the variance explained by the model,
CV: F(1, 207) = 0.024, p = .876, RT: F(1, 207) = 0.025, p = .875. For the
full model comparisons, see Table S9.1 of Appendix S9 in the Supporting In-
formation online.

A similar pattern emerged for the GCSE listening data. Lexical knowledge
explained 53.35% of the variance (see Table S9.8 of Appendix S9 in the
Supporting Information online), with form recognition (22.70%) explain-
ing the most, followed by form recall (15.35%) and meaning recognition
(15.30%), even though form recall and form recognition were signifi-
cant predictors in the model and meaning recognition was not. Neither
CV nor mean RT significantly improved model fit, CV: x2(1) = 0.470,
p = 493, RT: x*(1) = 0.486, p = .486. For the full model compar-
isons, see Table S9.1 of Appendix S9 in the Supporting Information
online.

Reading Models

Lexical knowledge explained 54.91% of the variance in DELF reading (see
Table S9.5 in Appendix S9 in the Supporting Information online), slightly
higher than in listening. Reflecting a similar order to listening, form recog-
nition (22.12%, 95% CI [16.47%, 28.26%]) accounted for the most variance,
closely followed by meaning recognition (19.87%, 95% CI [15.61%, 24.54%),
and then form recall (12.92%, 95% CI [8.58%, 18.16%]). Both form recogni-
tion and meaning recognition explained significantly more variance than form
recall.” As with the listening models, the inclusion of CV or RT did not sig-
nificantly improve the model fit, CV: F(1, 211) = 0.562, p = .454, RT: F(l,
211) = 0.170, p = .681. For the full model comparisons, see Table S9.1 of
Appendix S9 in the Supporting Information online.

A similar pattern was found for the GCSE reading (see Table S9.11 of
Appendix S9 in the Supporting Information online), with lexical knowledge
accounting for 56.74% of the variance. Form recognition (24.92%) explained
the most variance, followed by meaning recognition (19.08%), and then form
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recall (12.74%). As with the DELF listening and reading models, form recall
did not reach significance. However, alternative metrics of predictor impor-
tance that are not as sensitive to suppression effects, including Spearman’s
correlations (rho = .595, 95% CI [.495, .679]) and the predictor-specific R’
(12.74%), suggested a high degree of interrelatedness between form recall and
reading comprehension. Again, CV or RT did not improve the model fit, CV:
x2(1)=0.022, p = .882, RT: x%(1) = 0.518, p = .472. For the full model com-
parisons, see Table S9.1 of Appendix S9 in the Supporting Information online.

Summary

Our findings broadly suggest that lexical knowledge—both as a construct
and its types—played a critical role in predicting listening and reading
when assessed via low-stakes (DELF) and high-stakes (GCSE) tests. On
the other hand, processing measures did not explain any unique variance in
comprehension, above and beyond knowledge measures.

Discussion

In this study, we investigated the extent to which types of lexical knowledge
and processing (a) are relatively independent and (b) predict listening and
reading among 218 beginner-to-low-intermediate English-speaking classroom
learners of French. We now discuss key findings and potential implications for
the conceptualization, learning, teaching, and assessment of vocabulary.

Research Question 1: Dimensionality of Lexical Mastery—Lexical
Knowledge and Processing

Our findings aligned with those from previous studies (e.g., Gonzalez-
Fernandez, 2022; Gonzalez-Fernandez & Schmitt, 2020; Laufer & Goldstein,
2004) concerning (a) the high degree of interrelatedness between types of
lexical knowledge and (b) the hierarchy of difficulty between types of form—
meaning knowledge: Meaning recognition was consistently the highest, fol-
lowed by form recognition (once corrected for false alarm rates)®, and then
form recall. These findings pertained with a larger number of items (k = 50)
relative to previous research, increasing the generalizability of the findings.
Additionally, our items were selected to enhance learner relevance: All words
appeared in the lists associated with the national GCSE French curricula, thus
adding to the ecological validity of our findings. Given this tightly controlled
set of items, the observed differences between knowledge types are arguably
particularly striking. Whereas previous studies reported these effects using
fewer items from a broader range of frequencies (e.g., Gonzalez-Fernandez
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& Schmitt, 2020), we observed a similar hierarchy in performance even when
sampling from a restricted frequency band (0-2,000) and only from items with
which we expected most participants to be familiar to some extent.

Critically, form recognition (i.e., lexical-decision accuracy corrected for
false alarms) did not correlate with either mean RT (speed) or CV (stability and
automaticity) for correct trials on the same word recognition task. These find-
ings are noteworthy for two reasons. First, the lexical-decision task—yielding
measures of speed, stability, and automaticity of word recognition—was ad-
ministered approximately 24 hrs after the form-recall and meaning-recognition
tasks. As such, priming effects may have occurred, potentially improving RTs
and/or automaticity and strengthening any possible relationship between lexi-
cal knowledge and processing. Nevertheless, despite the potential for priming,
lexical processing did not appear to correlate with lexical knowledge, at least
among the learners tested in this study.

Second, our findings differ quite substantially from previous studies (e.g.,
Harrington, 2018; Hui et al., 2025) that found a significant relationship
between lexical knowledge and word recognition speed for correct trials.
As such, they do not align with Harrington’s (2018) lexical facility proposal
that knowledge and processing are complementary, interrelated indices of L2
lexical mastery. One potential explanation for these different observations
could be that our test items were too easy, producing a ceiling effect and
thus rendering insufficient variance. The only other study, to the best of our
knowledge and according to Harrington (2018), to not observe a correlation
between knowledge and mean RT was Miralpeix and Meara (2014), who tested
intermediate and advanced L2 English students using a separate vocabulary
size test and lexical-access task. Harrington (2018) suggested that the lack
of correlation observed in Miralpeix and Meara’s (2014) study was due to
the ease of the target words, which also seemed highly automatized in par-
ticipants’ mental lexicons, perhaps leaving no variance for correlations. The
mean RT for their intermediate and advanced L2 learners was 815 ms, only 31
ms slower than their mean RT in their L1. We suspect this reason is unlikely
to explain our findings: We compared the mean RTs for 48 of the 50 words
in our study with the open dataset from the French Lexicon Project (Ferrand
et al., 2010) and found that the mean RTs of our beginner-to-low-intermediate
learners were much slower than those of native speakers (823 ms against 633
ms). Along with the mean 65% form-recognition (adjusted) accuracy rate, this
does not indicate a strong ceiling effect that could have masked a potential
correlation.
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Our findings instead suggest that, at this early stage of language learning,
lexical knowledge and processing could be relatively independent, rather than
interrelated, dimensions of lexical mastery. The lexical facility proposal may
be more applicable at intermediate and advanced stages when representations
of known words are more readily and reliably activated, thus producing sig-
nificant associations between knowledge and speed, stability, and automaticity.
Indeed, evidence in support of the lexical facility proposal comes from in-
termediate and advanced learners (i.e., Harrington, 2018; Pellicer-Sanchez &
Schmitt, 2012). This is perhaps due to the methodological risks of testing be-
ginners, as low accuracy rates can lead to a loss in RT data. However, as in our
study, these risks can be mitigated by selecting words that beginners might be
expected to have at least some knowledge of.

A more accurate explanation for our findings may be Perfetti’s (2007)
lexical quality hypothesis, whereby processing is a by-product of complete
representations (i.e., knowledge). As such, processing could represent a
related dimension of lexical mastery when lexical representations are more
consolidated and reliable than those of our participants. Perhaps our partic-
ipants’ representations of the words were insufficiently established, as few
learners performed at ceiling on the knowledge measures (form recall, form
recognition, and meaning recognition). Moreover, mean RT only weakly cor-
related (.365, 95% CI [.244, .475]) with the CV, in line with Hui and Godfroid
(2021) who reported a correlation coefficient of .36 in their auditory lexical
decision task, potentially suggesting little evidence of automaticity within the
sample of learners tested. In other words, lexical knowledge may not be fully
automatized at this proficiency level, weakening relations between knowledge
and processing measures.

An important, complementary explanation for the lack of relationship
between lexical knowledge and processing among our learners, as suggested
by an anonymous reviewer, might relate to two opposing forces—knowledge
accumulation and automatization—having an apparent neutralizing effect on
CV. This neutralizing effect may also explain why CV predicted very little
variance in listening and reading proficiency scores. To elaborate, our learners
were still at the very early stages of acquisition. Many new words were still
being learned (accumulated), and knowledge of existing words was still being
consolidated (automatized). Indeed, Hulstijn et al. (2009, p. 555) state that
“knowledge accumulation forms part of skill acquisition because, in real L2
learning, exposure to new words goes hand in hand with exposure to words
encountered previously.” Given learners’ low amount of instruction to date,
a higher accuracy score on the form-recognition measure (which provided
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the basis of the CV calculations, given the inclusion of correct trials only)
suggests that a learner may have relatively recently acquired more words in
their lexicons than a learner with a lower accuracy score.

Lexical representations for these relatively recently acquired “additional”
words are likely to have been unstable, causing CV to be higher. Indeed, CV has
been reported to increase initially in a learner’s developmental trajectory, con-
trary to expectations that it would always decrease as learning progressed (e.g.,
Hui, 2020; McManus & Marsden, 2019; Solovyeva & DeKeyser, 2018). At the
same time, learners’ representations of other (perhaps less recently acquired)
words were likely to be comparatively more stable in their lexicons and possi-
bly even automatized, causing CV to be lower for these words. However, any
evidence of automaticity (which would have rendered a lower CV and stronger
correlation between mean RT and CV) may have been masked by knowledge
accumulation having a neutralizing effect on any lower CVs that could have
resulted from automatization and, consequently, could have predicted listening
and reading proficiency scores.

In sum, our findings suggest that, at this early stage of proficiency, lexical
knowledge and processing did not load onto the same construct and behaved
more like relatively independent dimensions of lexical mastery. However,
further research is needed to investigate the extent to which any possible
distinction between lexical knowledge and processing varies as a function of
proficiency and/or perhaps knowledge and processing of individual words,
whereby some words render a strong relation, and others do not.

Research Question 2: Predictive Validity of Lexical Knowledge and
Processing Measures of Lexical Mastery for Listening and Reading
Comprehension
Our second aim was to investigate the extent to which knowledge and process-
ing measures predict L2 listening and reading. A consistent finding that repli-
cated across low-stakes (DELF) and high-stakes (GCSE) proficiency tests was
that knowledge measures, both individually and combined, predicted listen-
ing and reading scores. However, findings for form recall were more nuanced,
which we discuss in more detail below. Our findings thus align generally with
previous studies, including Zhang and Zhang’s (2022) extensive meta-analysis.
These findings also underscore the importance of high-frequency vocab-
ulary. We observed that knowledge—albeit partial in some cases—of a rela-
tively small set of words (k = 50) predicted between 46% and 53% and 55%
and 57% of the variance in listening and reading scores, respectively. Teach-
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ing high-frequency words, at least at these proficiency levels in low-exposure,
instructed contexts, may, therefore, support listening and reading development.

We further found that form recognition explained the most variance in lis-
tening and reading, typically followed by meaning recognition, and then form
recall. However, Cls around the variance in listening and reading explained by
each type generally overlapped, suggesting that differences in the predictive
importance of each type were relatively subtle. As such, we do not draw strong
implications for any potential order of importance for teaching or testing. What
was clear, however, was the usefulness of drawing on multiple metrics to assess
predictor importance, as Mizumoto (2023) recommended. For instance, form
recall was not a significant predictor in three of the four models. Yet, its dom-
inance weights (i.e., predictor-specific R values), albeit small in magnitude
relative to other predictors, and Spearman’s rho often overlapped in Cls with
predictors that did reach significance in the models.

We note that the observed descriptive patterns do not clearly align with
previous research that found (a) for listening, form recall was the strongest
correlate, followed by meaning recall (not tested in our main study for practical
reasons), and then meaning recognition, and (b) for reading, meaning recall
(not tested in our main study) was the strongest correlate, followed by form
recall, and then meaning recognition (S. Zhang & Zhang, 2022).

However, the strong predictive role of meaning recall for both listening
and reading was reported in our substudy (for more details, see Appendix S10
in the Supporting Information online). In this substudy, we tested 87 learners
(from the main study) on their meaning-recall knowledge of 60 high-frequency
words, including 30 of the critical words from the main study. These analyses
revealed that the inclusion of meaning recall resulted in significant increases
in the variance explained in three of the four models: for GCSE listening,
Nagelkerke’s R? increased from 50.36% to 58.32%, x2(1) = 11.819, p < .001;
for DELF reading, R? increased from 54.72% to 60.37%, F(1, 79) = 11.282,
p = .001; and for GCSE reading, Nagelkerke’s R’ increased from 51.67% to
55.58%, x*(1) = 5.620, p = .018.

The importance of meaning recall relative to other types of lexical knowl-
edge for reading comprehension broadly mirrored those reported in previous
studies (S. Zhang & Zhang, 2022). That is, of the four knowledge measures,
meaning recall explained the most variance (19.77%) in DELF reading,
followed by form recognition (17.20%), meaning recognition (13.74%), and
then form recall (9.67%). Similarly, meaning recall and meaning recognition
explained similar amounts of variance (16.69% and 16.42%, respectively) in
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GCSE reading, followed by form recognition (13.98%), and then form recall
(8.50%).

In contrast to previous studies (S. Zhang & Zhang, 2022), where form
recall had the strongest relationship with L2 listening comprehension, form
recognition explained the most variance (18.38%) in DELF listening, fol-
lowed by meaning recognition (14.04%), meaning recall (13.25%), and then
form recall (8.45%). Furthermore, meaning recall explained the most variance
(21.96%) in GCSE listening, followed by form recognition (13.88%), meaning
recognition (12.40%), and then form recall (10.07%).

There are several possible reasons why our observed order of predictive im-
portance (at least, as reported in the main study) did not align with the general
trends meta-analyzed by Zhang and Zhang (2022). First, some of the trends
observed by Zhang and Zhang (2022) were nuanced, with overlapping ClIs
suggesting potential variability between studies. Second, form recall was the
weakest knowledge type among our learners. Previous studies have also found
that form recall tends to elicit the lowest scores (e.g., Gonzalez-Fernandez,
2022; Gonzalez-Fernandez & Schmitt, 2020; Laufer & Goldstein, 2004; Webb,
2005). However, it may be that knowledge (of any type) must exceed a cer-
tain threshold before it is robust enough to play a reliable or strong role in
comprehension. However, this idea is speculative, as little research—to our
knowledge—can inform us about the early stages of language learning when
knowledge is fragile.

Third, the predictive role of each knowledge type may vary as a function of
age and/or proficiency. Zhang and Zhang (2022) reported that lexical knowl-
edge correlated most strongly with reading among university students (» = .61,
95% CI [.54, .67], k = 39), followed by secondary school students (r = .59,
95% CI [.51, .67], k= 20), and then elementary school students (» = .53, 95%
CI [.48, .58], k = 50). Interestingly, a reverse pattern was found for listening,
with lexical knowledge correlating most strongly with performance among el-
ementary school students (» = .60, 95% CI [.43, .62], k = 17), followed by
secondary school students (» = .54, 95% CI [.40, .66], k = 7), and then uni-
versity students (» = .53, 95% CI [.43, .62], k = 22). However, wide, highly
overlapping Cls indicate a range of findings between individual studies and
nuanced differences between education levels (and, by proxy, age). Moreover,
these findings related to overall lexical knowledge rather than individual types.
Further research is therefore needed to ascertain the extent to which distinct
types of lexical knowledge differentially predict listening and reading.

Fourth, unlike previous studies that sampled from a broader range of fre-
quency bands, our critical items were sampled from a bank of high-frequency
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words specific to the participants’ curriculum. It may be that the effect of
lexical knowledge type on comprehension varies as a function of word fre-
quency. For example, recognition of high-frequency words may contribute
more strongly to L2 listening and reading than form recall knowledge of the
same words. As far as we know, however, little research has investigated this
question, and further research is needed.

Regarding the contribution of processing measures, we found no evidence
that speed, stability, and automaticity of word recognition—at least of the
words tested in this study—had a relationship with listening and reading. Our
findings align with several others indicating that speed, stability, and auto-
maticity of word recognition have little—if any—unique contribution to L2
reading (Alshehri & Zhang, 2022; van Gelderen et al., 2004) or listening (An-
dringa et al., 2012), at least relative to lexical knowledge.

One potential explanation could relate to the idea that fluent lexical pro-
cessing can only be achieved once representations are (more) complete and/or
once the (size of the) lexicon has become more complete and/or fully estab-
lished, in line with Perfetti’s (2007) lexical quality hypothesis. That is, lexical
representations must reach a certain threshold (e.g., of reliability, association
strength, or activation levels), and the lexicon must reach a specific size before
automatic recognition can be achieved and thus influence actual listening and
reading comprehension. However, given the paucity of studies investigating
the interconnectedness of lexical knowledge and processing and listening and
reading proficiency among lower proficiency learners of languages other than
English, further research is needed to explore such claims.

Limitations

Our battery of measures was not fully comprehensive. We wanted to avoid
fatigue and attrition within and between sessions, with a hard-to-reach popula-
tion giving up their vacation time immediately after their high-stakes national
exams. Two obvious gaps are that we did not test meaning recall—at least not
in the main study—or aural lexical knowledge and processing. In addition
to our practical constraints, testing all subcomponents in both modalities
on the same set of words would have been methodologically controversial.
If possible, though, it would have provided insight into whether relations
between knowledge, processing, and comprehension vary as a function of the
modality in which they are measured. Furthermore, the role of modality may
depend on (a) phoneme—grapheme correspondence transparency in the L2, (b)
cross-linguistic differences in this regard, and (c) individuals’ knowledge of
phoneme—grapheme correspondences, all of which may influence the extent
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to which lexical knowledge in the written modality can serve comprehension
in the aural modality, and vice versa. We encourage further research to explore
these avenues across different proficiencies and L1-L2 pairings.

An additional limitation is that we used a single, time-sensitive measure
of lexical processing (i.e., a lexical decision) and that this measure only
tapped into form recognition—not meaning recognition. However, we found
(a) no relation between knowledge and processing measures from the same
task (form recognition) and (b) strong correlations between form recognition
and the other two knowledge measures. Therefore, we suspect that, for these
learners, if we had taken processing measures for a different knowledge
type (e.g., meaning recognition), we would have also found no observable
relations between processing and knowledge. Nevertheless, we concur with
others, including Godfroid (2020), that L2 vocabulary studies could usefully
integrate different time-sensitive measures (such as eye-tracking but also
timed matching or semantic judgment tasks), despite the challenges especially
among hard-to-reach populations and for nonlaboratory settings.

Conclusion

This study investigated the extent to which knowledge and processing mea-
sures of lexical mastery (a) are relatively independent and (b) predict (both
individually and combined) L2 listening and reading among 218 beginner-to-
low-intermediate English-speaking classroom learners of French. Our findings
indicated that the three knowledge measures (form recall, meaning recogni-
tion, form recognition) were highly interrelated but relatively independent
from processing measures (speed, stability, and automaticity of word recog-
nition). All three knowledge measures—together and individually—predicted
listening and reading, although findings for form recall were more nuanced. In
contrast, processing measures were not associated with comprehension scores.
We argued that this separate conceptualization of knowledge and processing,
their (lack of) relations with L2 receptive proficiency, and relatively weak
correlations with mean RT and CV are likely to be artifacts of learners’
partial lexical representations and growing lexicons and, thus, provide limited
evidence of automatization of lexical knowledge. We suggested that the
dimensionality of lexical mastery may vary as a function of proficiency, with
lexical mastery becoming more unidimensional—that is, lexical knowledge
and processing potentially relating more closely to each other—as learners
become more proficient. Future research is needed, though, to validate these
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claims with learners from different proficiency levels, L1-L2 combinations,
and processing measures.

Final revised version accepted 8 May 2026
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Notes

1 In this article, we use lexical mastery as an umbrella term—frequently used by
Laufer (2021) and Schmitt (2019)—to refer to mastery of lexical knowledge and
processing.

2 Curcin and Black (2019) estimate that a Level 4 (a pass) or above in GCSE French
is equivalent to Al or A2 on the Common European Framework of Reference for
Languages’ 6-point scale.

3 Analyses presented in Appendix S6 in the Supporting Information online show that
year of data collection had no effect on performance.

4 Measures were put in place to discourage participants from cheating. These
measures included disabling any copy and paste functions, forcing web browsers
into full screen mode, and a warning at the beginning of each task that if
participants consulted external sources, they would not receive the voucher for
participation.

5 These global indices have been shown to be less sensitive to sample size than the
root mean square error of approximation (RMSEA; Kenny, 2024).

6 Level 4 or above is considered a pass at GCSE.

7 Note that form recall did not reach statistical significance, whereas form
recognition and meaning recognition did, see Table S9.5 of Appendix S9 in the
Supporting Information online.

8 Although raw form-recognition accuracy was high (M = 89.86%, 95% CI [88.64%,
91.08%]), this was most likely due to positively skewed guessing, driven by the
orthographic overlap with real words. Once corrected for false alarms, accuracy
significantly decreased (M = 64.97%, 95% CI [62.38%, 67.56%]).
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