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Abstract

Validated yes/no vocabulary tests that measure bilinguals’ language proficiency based on
vocabulary knowledge have been widely used in psycholinguistic research. However, it is unclear
what aspects of test takers’ vocabulary knowledge are employed in these tests, which makes the
interpretation of their scores problematic. The present study investigated the contribution of
bilinguals’ form-meaning knowledge to their item accuracy on a Malay yes/no vocabulary test.
Word knowledge of Malay first- (N = 80) and second-language (N = 80) speakers were assessed
using yes/no, meaning recognition, form recognition, meaning recall and form recall tests. The
findings revealed that 59% of the variance in the yes/no vocabulary test score was explained by
the accuracy of the meaning recognition, form recognition and meaning recall tests. Import-
antly, the item analysis indicated that yes/no vocabulary tests assess primarily knowledge of form
recognition, supporting its use as a lexical proficiency measure to estimate bilinguals’ receptive
language proficiency.

Highlights

The core findings of the paper revealed that:

• Yes/no vocabulary tests measure form-meaning knowledge.
• Yes/no vocabulary tests are likely to require form recognition knowledge.
• Yes/no vocabulary tests are less likely to require meaning/form recall knowledge.

1. Introduction

Language proficiency plays an important role in our understanding of bilingual language
processing (e.g., Fromont et al., 2020; Sarrett et al., 2022; Singh et al., 2022; Tosun & Filipović,
2022). Despite often being construed as a moderating variable in bilingual research, there is great
variability in how language proficiency is operationalized and measured (Park et al., 2022; Puig-
Mayenco et al., 2023; Surrain & Luk, 2019; Treffers-Daller, 2019; Tremblay, 2011). For instance,
language proficiency measured by objective measures can be operationalized based on different
language constructs, such as vocabulary knowledge or morphosyntactic knowledge (Treffers-
Daller, 2019). In thesemeasures, test takers’ language proficiency is often expressed as a score on a
scale (e.g., in percentage) and is interpreted based on the construct that the test purports to
measure (Hulstijn, 2012). For example, a test taker who receives a higher score in a vocabulary-
based language proficiency test is assumed to have a higher level of language proficiency than a
test taker who receives a lower score. Interpreting language proficiencymeasures depends on how
language proficiency is conceptualized in the tests, including the purpose of the test, target
learners, context of testing and the aspects and levels of language constructs in consideration
(Schmitt et al., 2019). These specifications regarding a test should be established before and
during test development and validation, and researchers should select the language proficiency
measure that matches the experimental context so that test scores meaningfully inform the
language ability that the experiment aims to investigate. As a result, accurately conceptualized
tests could improve the conclusions made about the relationship between language ability and
language processing (Mainz et al., 2017).

Among all types of language tests, vocabulary tests have been widely used as an objective
estimate of language proficiency in research, because vocabulary knowledge is one of the
fundamental constructs that underlie language proficiency (Brysbaert et al., 2017; Nation &
Beglar, 2007; Qian & Lin, 2020; Schmitt et al., 2015). Moreover, the ability to recognize word
forms and access their meanings in the mental lexicon is crucial for reading comprehen-
sion (Harrington, 2018). As the initial stage of reading, word recognition (i.e., access to form
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and meaning knowledge) is a strong predictor of L1 (e.g., Holmes,
2009) and L2 reading comprehension (e.g., Jeon & Yamashita,
2014). Therefore, in the field of psycholinguistics, yes/no vocabu-
lary tests such as the Lexical Test for Advanced Learners of English
(LexTALE, Lemhöfer & Broersma, 2012) and its extensions in
French (LexTALE-FR: Brysbaert, 2013), Spanish (Lextale-Esp:
Izura et al., 2014), Chinese (LEXTALE_CH: Chan & Chang,
2018; LexCHI: Wen et al., 2023), Italian (LexITA: Amenta et al.,
2021), Portuguese (LextPT: Zhou & Li, 2022), Finnish (Lexize:
Salmela et al., 2021) andMalay (the Lexical Test forMalay Speakers,
LexMAL, Lee et al., 2023) have been used to estimate bilinguals’
language proficiency. These tests are freely available and are time-
efficient, allowing a relatively large number of words to be tested
in 5 min. Positive correlations were found between yes/no vocabu-
lary test scores and other language proficiency measures such as
Quick Placement Test (Lemhöfer & Broersma, 2012; Masrai, 2022)
and translation tasks (Lee et al., 2023; Lemhöfer & Broersma, 2012;
Wen et al., 2023), demonstrating the validity of the tests as meas-
ures of language proficiency. Furthermore, yes/no vocabulary test
scores have been shown to predict language performance in other
language tasks such as lexical decision and visual word recognition
(e.g., Diependaele et al., 2013; Lemhöfer & Broersma, 2012; Wen &
van Heuven, 2017). In addition, these tests can be used to discrim-
inate L1 and L2 speakers by grouping test takers into higher and
lower proficiency groups based on their scores (e.g., Brysbaert,
2013; Izura et al., 2014; Lee et al., 2023; Wen et al., 2023). This is
useful for research studying language proficiency effects (e.g., com-
paring performance of L1 and L2 speakers) or language processing
across speaker groups of the same language.

Although the validity of yes/no vocabulary tests has been con-
sistently demonstrated in past studies (e.g., Lee et al., 2023; Lem-
höfer & Broersma, 2012; Masrai, 2022; Wen et al., 2023; Zhang
et al., 2020), it is unclear precisely which aspects of test takers’
vocabulary knowledge are assessed in these tests, making meaning-
ful score interpretation problematic. Furthermore, different test
instructions were used by different yes/no vocabulary tests, which
makes test score interpretation even more difficult. For instance,
some yes/no vocabulary tests instruct test takers to indicate “yes”
when they “know” the meaning of the target words (e.g., V_YesNo:
Meara & Miralpeix, 2016), whereas other yes/no vocabulary tests
employ an unspeeded lexical decision format, in which test takers
are required to decide whether the letter strings presented are real
words (e.g., LexTALE: Lemhöfer &Broersma, 2012). The common-
ality these tests share is the lack of direct demonstration of word
knowledge during performance. Therefore, a “yes” response in the
tests may reflect word knowledge that ranges from being able to
recognize the meaning and/or word form to being able to produce
it. As knowing a word involves knowledge of different word aspects
that can be known to different levels of strength (Nation, 2020; Qian
& Lin, 2020), it is unclear to what extent participants could recog-
nize and produce the word forms or meanings when they correctly
indicate a “yes” response in the yes/no vocabulary test. To this end,
the present study aimed to investigate the role of vocabulary
knowledge in bilinguals’ performance in a yes/no vocabulary test.

Vocabulary knowledge is a multifaceted unidimensional con-
struct that contains several interrelated but distinct aspects of word
knowledge (González-Fernández, 2022; González-Fernández &
Schmitt, 2020; Schmitt, 2010). According to Nation (2013, 2020,
2022), mastery of nine aspects of word knowledge is required to
achieve lexical proficiency and each can be divided into receptive
and productive knowledge (see Table 1). The receptive/productive
conceptualization entails how various word knowledge aspects are

used for communicative purposes in real life. Receptive knowledge
refers to the skills needed to recognize and understand a lexical item
well enough to extract communicative meaning from speech or
writing, whereas productive knowledge involves the skills of recall-
ing and producing a lexical item to encode communicative content
in speech or writing (González-Fernández & Schmitt, 2020; Nation,
2020; Schmitt, 2010). The different aspects of word knowledge
(receptive and productive) have different difficulty levels and can
be mastered to various degrees at different stages of word acquisi-
tion (González-Fernández & Schmitt, 2020; Nation, 2020). For
instance, the knowledge of form-meaning connections (e.g., recog-
nizing “table” as a word form for the furniture with a flat top and
one or more legs) is one of the fundamental aspects in initial
vocabulary learning, whereas other aspects of word knowledge
(e.g., a constraint on the use of word forms) slowly build up as
proficiency develops. Therefore, examining the interrelations
between these word knowledge aspects may help to understand
their unique contribution to overall lexical proficiency.

It is, however, difficult to trulymeasure distinct word knowledge
aspects in isolation based on the skill-based receptive/productive
definitions (Schmitt, 2010). Alternatively, prior studies tapped into
receptive/productive word knowledge by adopting standard recog-
nition and recall test formats. Recognition and recall of word
knowledge are commonly assessed in vocabulary tests to gain
insights into the strength of receptive and productive vocabulary
knowledge (e.g., González-Fernández & Schmitt, 2020; Laufer &

Table 1. Nation’s (2013) framework of the components involved in knowing a
word

Form Spoken R What does the word sound like?
P How is the word pronounced?

Written R What does the word look like?
P How is the word written and

spelt?
Word parts R What parts are recognizable in

this word?
P What word parts are needed to

express the meaning?

Meaning Form and meaning R What meaning does this word
form signal?

P What word form can be used to
express this meaning?

Concept and
referents

R What is included in the concept?
P What items can the concept refer

to?
Associations R What other words does this

make us think of?
P What other words could we use

instead of this one?

Use Grammatical
functions

R In what patterns does the word
occur?

P In what patterns must we use
this word?

Collocations R What words or types of words
occur with this one?

P What words or types of words
must we use with this one?

Constraints on use
(register,
frequency, …)

R Where, when, and how often
would we expect to meet this
word?

P Where, when, and how often can
we use this word?

Note. R = receptive knowledge; P = productive knowledge. Adapted from Nation (2013).
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Goldstein, 2004). A word recognition task examines the knowledge
needed to recognize and select a target from an array of choices,
whereas a word recall task assesses knowledge needed for target
retrieval after certain cues such as a picture or the wordmeaning are
presented. Overall, word recognition has been shown to precede the
acquisition of word recall (González-Fernández & Schmitt, 2020).
Using recognition and recall tasks to assess form-meaning know-
ledge (see Supplementary Table S1), previous studies (Aviad-
Levitzky et al., 2019; Laufer & Aviad-Levitzky, 2017; Laufer &
Goldstein, 2004; Schmitt, 2010) revealed that mastery levels of
form-meaning knowledge are implicationally scaled, whereby
meaning recognition is usually acquired before form recognition,
followed bymeaning recall and form recall (González-Fernández &
Schmitt, 2020; Laufer & Goldstein, 2004). Therefore, later-acquired
form-meaning knowledge, such as recalling the meaning of a word,
depends on form-meaning knowledge acquired earlier, such as the
knowledge of form and meaning recognition of the same word.
Nevertheless, strong correlations were found across these aspects of
word knowledge (González-Fernández, 2022). A personwho scores
high in one aspect of word knowledge could be expected to score
high in another aspect.

Following Laufer and Goldstein’s (2004) framework (see
Supplementary Table S1), most vocabulary tests to date (e.g.,
LexTALE: Lemhofer & Broersma, 2012; Vocabulary Size Test:
Nation & Beglar, 2007; Updated Vocabulary Levels Test: Webb
et al., 2017) assess vocabulary knowledge by measuring the number
of words a test taker knows (vocabulary size) at specific mastery
levels of form-meaning knowledge. Interpretation of these vocabu-
lary test scores depends on the test format and the aspect of form-
meaning knowledge being tested. For instance, the Updated
Vocabulary Levels Test (Webb et al., 2017; see Nation, 1983 and
Schmitt et al., 2001 for the earlier versions) was developed to assess
test takers’ meaning recognition at the first five 1,000-word fre-
quency levels from the British National Corpus/Corpus of Con-
temporary American English (Nation, 2012). The test uses a
meaning recognition matching format, in which three word mean-
ings and six word forms (three targets and three foils) are presented
together. Test takers are tasked to select the word form thatmatches
with each of the meanings provided. The test score (matching
accuracy out of 30 items) for each frequency level serves as a
measure of the mastery of L2 vocabulary knowledge at specific
frequency levels. Therefore, the test has been used to advise lan-
guage teachers on the most appropriate word frequency level to
maximize test takers’ vocabulary learning. In contrast, the Vocabu-
lary Size Test (Nation & Beglar, 2007) was designed to provide an
estimate of English L1 and L2 speakers’ overall receptive vocabulary
size. Themeaning recognition task contains 140 items that examine
knowledge of English words from a wide word frequency range
(1,000–14,000 frequency levels, 10 items at each 1,000 frequency
level). Target words are presented in a single non-defining context
one at a time, together with four meaning choices. Test takers are
required to identify the meaning that matches the target word
presented. Taken together, despite being designed to measure
vocabulary size, the scores from different vocabulary tests can be
used and interpreted differently, depending on the aspects of form-
meaning knowledge and levels of language constructs (e.g., word
frequency) being tested.

The Updated Vocabulary Levels Test (Webb et al., 2017) and
Vocabulary Size Test (Nation & Beglar, 2007) are widely used in
language classrooms because they were found to reliably predict
reading ability (e.g., Laufer & Aviad-Levitzky, 2017). However,
some drawbacks limit the tests’ utility in a research setting. The

tests take a long time to administer because test items are presented
with choices in non-defining sentence context (e.g., 40 min for the
Vocabulary Size Test, Nation & Beglar, 2007). Furthermore, these
tests require test takers to read and understand the choices
(meanings) written in sentences and match them with knowledge
of the target word. As a result, the language processes involved
become much more complicated and ambiguous, raising the ques-
tion as to whether other language abilities (e.g., sentence compre-
hension or grammatical knowledge) also contribute to or affect the
test scores (Meara & Miralpeix, 2016).

The quick yes/no vocabulary tests that employ an unspeeded
lexical decision format (e.g., LexTALE: Lemhofer & Broersma,
2012) or a lexical judgment format (e.g., V_YesNo: Meara &
Miralpeix, 2016) serve as a better alternative to assess vocabulary
knowledge as a distinct construct, separated from other compo-
nents of language ability. The yes/no test format was originally used
as a measure of L1 vocabulary size (e.g., Anderson & Freebody,
1983) and later adopted by Meara and Jones (1988) to measure L2
vocabulary size. The Meara and Jones’ original test presents words
and nonwords one at a time, and test takers are required to respond
“yes” or “no,” to indicate whether they know the meaning of the
target words. The inclusion of nonwords ensures that every test
item is checked against the lexical entries in the mental lexicon,
thereby requiring test takers to deploy their lexical knowledge when
performing the test (Harrington, 2018). This format allows for
many word items to be tested in a short amount of time and it is
easy to construct and administer (Meara & Miralpeix, 2016). Fur-
thermore, the target words are tested in a de-contextualized man-
ner, which provides a more direct testing of the test takers’ word
knowledge while limiting the involvement of other language abil-
ities (Read, 2000).

The yes/no vocabulary test format, however, despite its simpli-
city, is not without flaws. Yes/no vocabulary tests have been advo-
cated as a practical measure of vocabulary knowledge becausemany
words can be tested in a short period of time (Meara & Miralpeix,
2016). Recent studies, however, have raised some concerns about
the utility of the test format. Specifically, McLean et al. (2020) have
shown that a larger number of words tested in the yes/no vocabu-
lary test format might not necessarily increase its correlation with
reading proficiency when compared to other form-meaning
vocabulary test formats. In their study, yes/no vocabulary test items
were presented in non-defining sentences, revealing the parts of
speech of the items, and no correction formula was applied to adjust
the scores for guessing. Hence, it remains unclear if the findings can
be generalized to the commonly used yes/no vocabulary tests, given
that yes/no vocabulary tests correlated well with reading compre-
hension when test stimuli were presented in isolation and a cor-
rection formula was used (Siegelman et al., 2024). Therefore,
further research is required to shed light on the efficacy of yes/no
vocabulary tests in estimating bilinguals’ lexical proficiency.

Moreover, unlike meaning recognition tests that assess know-
ledge of recognizing word meanings from word forms (e.g.,
Vocabulary Size Test: Nation & Beglar, 2007), the extent of form-
meaning knowledge needed to perform in the yes/no vocabulary
tests remains unclear. It is difficult to infer test takers’ form-
meaning vocabulary knowledge from their yes/no vocabulary test
scores because there is no direct demonstration of form-meaning
knowledge in the tests. Furthermore, because of the variations in
test instructions across yes/no vocabulary tests (e.g., V_YesNo:
Meara & Miralpeix, 2016; LexTALE: Lemhöfer & Broersma,
2012), different interpretations of the scores have been proposed.
Schmitt (2010) and Zhang et al. (2020), for example, proposed that
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correct responses in yes/no vocabulary tests require meaning recall
knowledge before the identity of the letter strings can be verified.
McLean et al. (2020) and Elgort (2013), on the other hand, classified
the test as a form recognition test, in which test takers are required
to merely identify the target word forms. Overall, despite the wide
utility of the yes/no vocabulary tests, additional validation of such
test format is needed to better understand the relationship between
yes/no vocabulary test scores and form-meaning knowledge to
justify its interpretation.

1.1. The present study

This study examined the role of form-meaning vocabulary know-
ledge in performing a yes/no vocabulary test by investigating the
relationship between form-meaning vocabulary knowledge and
yes/no vocabulary test scores and the extent to which yes/no
vocabulary test scores can be predicted by different form-meaning
test scores. For this purpose, the Lexical Test for Malay Speakers
(LexMAL, Lee et al., 2023), a Malay yes/no vocabulary test, was
presented to Malay L1 and L2 speakers. As the first freely available
vocabulary test in Malay, LexMAL has been shown to provide a
reliable estimate for the language proficiency of Malay L1 and L2
speakers and has high sensitivity in discriminating L1 and L2
speakers (see Lee et al., 2023, for test development and validation).

1.2. The Malay language

Being a language from the Austronesian language family, Malay is
the official language of four Southeast Asian countries in the Malay
Archipelago (i.e., Malaysia, Singapore, Brunei and Indonesia;
Nomoto et al., 2018). It is commonly studied for cross-linguistic
comparisons with English (Mazlan et al., 2024; Mohamed & Jared,
2024). AlthoughMalay and English share the same 26 letters,Malay
has a shallower orthography depth, simpler syllable structures and
more transparent affixation compared to English (Yap et al., 2010).
The higher vowel letter-to-phoneme ratio (see Yap et al., 2010, for a
review) inMalaymakes it a suitable candidate for comparisons with
languages from the Romance (e.g., Spanish) and Germanic (e.g.,
English) families. Furthermore, Malay has a more complex mor-
phological system than English because distinct words can be
formed via rule-based affixation (Mohamed et al., 2023; Yap
et al., 2010). For instance, a noun (e.g., “peninggalan” meaning
relic) can be formed by adding a noun circumfix “peN-…-an” to a
verb “tinggal” meaning “stay.” In a similar way, a new verb (e.g.,
“meninggalkan” meaning leave) can be formed by adding a verb
circumfix “meN-…-an” to the word “tinggal.” Because of these
morphological differences, Malay words can have more syllables
and a wider range in word length than English words (Lee et al.,
2007).

1.3. The newly developed form-meaning vocabulary tests

Four vocabulary tests were developed to assess form-meaning
knowledge of LexMAL’s lexical items at various levels. These tests
were specifically constructed for the purposes of this study fol-
lowing the item-writing protocols from previous studies (e.g.,
González-Fernández & Schmitt, 2020; Laufer & Aviad-Levitzky,
2017;McLean et al., 2020; Nation, 2012), to ensure their validity in
assessing lexical proficiency. To understand the impact of indi-
vidual word knowledge on bilinguals’ performance in the yes/no
vocabulary tests, the same set of words used in LexMALwas tested
across the four form-meaning vocabulary tests (following

González-Fernández, 2022; González-Fernández & Schmitt,
2020; McLean et al., 2020). At the test level, Malay L1 and L2
speakers’ scores from the four form-meaning vocabulary tests
were used as predictors for a Malay yes/no vocabulary test – the
Lexical Test for Malay Speakers (LexMAL, Lee et al., 2023) – to
investigate the extent to which form-meaning knowledge at each
mastery level can explain their performance in the yes/no vocabu-
lary test. At the item level, the item accuracy of each target word
was compared across the vocabulary tests to evaluate the contri-
bution of form-meaning knowledge to LexMAL accuracy. Across
the vocabulary tests, we expected Malay L1 speakers to score
higher than the L2 speakers (Lee et al., 2023; Rahman et al.,
2018). In addition, because the yes/no vocabulary test employs a
recognition task (McLean et al., 2020), we expected bilinguals’
meaning and form recognition knowledge to be better predictors
than meaning recall and form recall knowledge of participants’
yes/no vocabulary test scores.

2. Method

2.1. Participants

One hundred and sixty bi-/multilingualMalay speakers (80Malay
L1 speakers, 70 females; 80 Malay L2 speakers, 65 females) par-
ticipated in the study. All participants were students or graduates
of tertiary education and had a minimum “Pass (C)” qualification
for the Bahasa Melayu (Malay) subject in the Malaysian national
high school examination (commonly known as the Sijil Pelajaran
Malaysia). The Malay L1 speakers self-reported Malay as their L1
and dominant language, whereas all Malay L2 speakers self-
reported to have acquired their L1 (Mandarin) before Malay
and use Mandarin as their dominant language. Importantly, the
average self-rated Malay language proficiency among the Malay
L1 speakers was higher than the L2 speakers, t(156.6) = 12.00,
p < .001 (see Table 2 for the summary of participants’ language
background). They received monetary compensation for their
participation.

2.2. Instrument

The present study comprised five vocabulary tests assessing different
aspects of form-meaning knowledge. The same 60 words from Lex-
MAL were tested across these vocabulary tests. Details of each
vocabulary test are described in the following subsections. A language
background questionnaire adapted from the Language History

Table 2. Summary of participants’ language background

Malay L1 Malay L2

Variable Mean SD Mean SD

Age (years) 23.21 2.74 25.30 4.93

Age of acquisition (years)
Malay 0.46 1.32 4.83 1.41
English 4.63 2.15 3.64 2.13
Mandarin 0.40 1.15

Self-rated proficiency
Malay 6.18 0.76 4.67 0.83
English 5.03 0.64 4.94 0.84
Mandarin 6.14 0.86

Note. Self-rated proficiency was measured on a 7-point scale (1 = very poor, 7 = native-like).
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Questionnaire 3 (Li et al., 2019) was also presented, to obtain infor-
mation about participants’ language background and experience.

2.2.1. Target words
The 60 Malay words from LexMAL (Lee et al., 2023) consisted of
31 nouns (22 root words, nine words with “pe-…-an” circumfix),
17 verbs (seven root words and 10 words with “me-…-kan” cir-
cumfix) and 12 adjectives. These words were selected based on their
distinct difficulty levels and discrimination power as evaluated by
item response theory analysis (see Lee et al., 2023 for LexMAL item
assessment and selection). As the test was designed to assess highly
proficient and moderately proficient Malay speakers, these words
were a combination of high-frequency words that were most likely
to be known by most speakers, as well as low-frequency words that
were likely to be known only by highly proficient Malay speakers.
The distribution of word stimuli across five frequency bands in Zipf
values1 (van Heuven et al., 2014) is summarized in Supplementary
Table S2.

To reduce potential learning effects from repeated exposure,
only half of the 60 target words from LexMAL were presented for
each of the subsequent vocabulary tests. This method presented the
target words only twice across all form-meaning vocabulary tests,
lowering the chances of participants answering based on their
memory of test items or cues from previous presentations. Two
wordlists (A and B) with matched word frequency and length
(ts ≤ 0.50, ps ≥ .62) were created from the 60 target words (see
Supplementary Table S3 for lexical information of each wordlist).
The presentation of wordlists was counterbalanced among the
participants. They saw the same wordlist (either wordlist A or B)
for the Form Recall and Form Recognition tests, and the other
wordlist for the Meaning Recall and Meaning Recognition tests.2

Thus, participants (n = 40 from each language group) who took the
Form Recall and Form Recognition tests with wordlist A took the
Meaning Recall and Meaning Recognition tests with wordlist B. In
addition, another 40 Malay words that spread across the frequency
bands were also selected from Yap et al. (2010) as filler items. The
filler items served as distractors to further minimize testing effects
from preceding tests that might arise from participants focusing
solely on the target words. Each vocabulary test (except LexMAL)
presented 10 novel filler items in addition to the target words from
wordlist A or B. Each filler item was presented only once through-
out the study. The target words and filler items were matched in
terms of word frequency (Zipf value) and word length, ts ≤ 0.01,
ps ≥ .93.

2.2.2. Vocabulary test 1: LexMAL
LexMAL (Lee et al., 2023) is an unspeeded yes/no vocabulary test
designed to estimate theMalay proficiency of L1 and L2 speakers. It
contains a total of 90 items (60 words and 30 nonwords). The
nonwords were generated by randomly substituting one letter of
Malay real words usingMalay bigrams and trigrams extracted from

a large Malay word list (see Lee et al., 2023, for a detailed descrip-
tion). Participants were required to indicate if letter strings are
existing Malay words by responding “yes” or “no.”

Scoring. LexMAL score (normalized Ghent score, see (1); Wen
et al., 2023) was computed by summing up the number of correctly
identified word stimuli and penalizes the score based on guessing by
the participant (“yes” responses for nonword stimuli, i.e., false
alarms). Normalized Ghent score ranges from �100% to 100%,
with a negative score indicating a higher false-alarm rate than
correct word identification.

Normalized Ghent score = ðNyes to word stimuli � 2Nyes to nonword stimuliÞ× 100
60

(1)

2.2.3. Vocabulary test 2: Form Recall
A Form Recall test was developed to assess the ability to recall the
target word form from its definition. The definitions were adapted
from the dominant meaning of target words provided in the Malay
dictionary – Kamus Dwibahasa (Dewan Bahasa dan Pustaka; Ibra-
him, 2002). As the test focuses on vocabulary knowledge, the
definitions were rewritten in much easier language than the ones
provided by the dictionary tominimize the demands on vocabulary
knowledge beyond the target word (Nation, 2012). For this pur-
pose, words from the same frequency band,3 if not higher than the
target words, were used asmuch as possible.When lower-frequency
word types were required to describe a concept, we sought for more
commonly known words (judged by word family) as far as possible.
For example, the lower frequency word “dimasak/cooked” (Zipf
value = 2.18) was used to rewrite the meaning of “mentah/raw”
(Zipf value = 2.71), as in “belum dimasak penuh/uncooked,”
because its root word “masak/cook” (Zipf value = 3.91) is a com-
monly used Malay word and has a higher word frequency than
“mentah.” TwoMalay L1 speakers with a background in linguistics
were recruited to proofread the definitions to ensure their accuracy
and that the words used in the definitions were not more difficult
than the target words.

The definitions were presented one at a time and participants
were required to type the target word form that corresponded to the
definition provided. To avoid correct responses that were not the
target words, the number of letters and the third letter of the root
words were specified for each trial item. This approach was similar
to González-Fernández and Schmitt (2020), Laufer and Goldstein
(2004) and McLean et al. (2020). An example of the Form Recall
item is given below.

bahagian badan di sebalik dada (8 huruf)/(body part behind the
chest (eight letters)) _ _ l _ _ _ _ _/(back)

A pilot study was conducted to assess if the presentation of
cues (number of letters and third letter of root word) would lead
to ceiling performance with L1 speakers. The pilot involved
eight Malay L1 speakers. Overall, participants performed sig-
nificantly better when they were presented with two cues, that is,
with the number of letters and the third letter shown,
M = 27.92%, SD = 30.91%, than when they were presented with
only one cue, that is, a number of letters only, M = 15.42%,
SD = 25.25%, t(113.48) = 2.43, p = 0.02. As the mean accuracy for
the two-cues group was still far lower than a ceiling performance,
both cues were presented together with the definitions in the

1In the present study, we report and run analyses of word frequency in Zipf
values because the Zipf scale offers a more transparent and intuitive interpret-
ation of word frequency (Brysbaert et al., 2018; van Heuven et al., 2014). Zipf
values vary between 1 (0.01 frequency per million) and 7 (10,000 frequency per
million). Low-frequency word have Zipf values of 3 or lower and high-frequency
words have Zipf values of 4 or higher (see van Heuven et al., 2014).

2To distinguish between the form-meaning tests devised for this study and
the form-meaning knowledge assessed as a latent construct, the form-meaning
tests are capitalized whenever we refer to the tests.

3Due to the limited number of words covered in Yap et al. (2010), we also
referred to the DBP Corpus Database (Rusli et al., 2006) for word frequency
information for some uncovered words during this screening procedure.
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Form Recall test, to ensure that the test is not too difficult for the
L2 speakers.

Scoring. The responses were scored dichotomously and only
answers that matched the target words and were spelt correctly
were marked as correct. The percentage of correct responses was
used to compute the Form Recall score.

2.2.4. Vocabulary test 3: Meaning Recall
TheMeaning Recall test is an open-ended written test, in which the
ability to recall the meaning of the target word based on its word
form was assessed. The target word forms were presented one at a
time (e.g., “canggih” meaning sophisticated) and participants were
required to type the meaning of the target word in any language
they know (i.e., Malay, English orMandarin), either in the form of a
translation, a synonym, a description, a definition or a sentence, as
long as the specific meaning tested was clearly demonstrated
(following González-Fernández & Schmitt, 2020; Laufer & Aviad-
Levitzky, 2017; McLean et al., 2020).

Scoring. The responses were scored dichotomously. Responses
were scored as correct if participants provided a correct synonym,
translation or description of that meaning. For example, if a
participant supplied “paragraf” as a synonym to “perenggan,”
“paragraph” as a translation, or described “perenggan/paragraph”
as “bahagian penulisan yang mengandungi beberapa baris ayat/a
piece of writing with several sentences” in any of the three lan-
guages, the response was scored as correct. Conversely, transla-
tions or descriptions that were too general or did not reflect the
meaning of the target word were considered incorrect (e.g., pro-
viding “passage” or “berkaitan dengan karangan/related to essay”
for the target word “perenggan/paragraph”). To ensure scoring
reliability, a proficient Malay L1 (LexMAL score = 90.0%) and a
Mandarin L1 speaker who also speaks Malay as L2 (LexMAL
score = 50.0%)4 with a linguistics background were trained and
scored responses from a random 20% of speakers selected from
each respective language group (n = 16 each). All responses from
the selected participants were scored (n = 40 each) and only the
responses accepted by both the scorer and corresponding author
were considered correct. Overall, the L1 responses were scored
with 97.2% agreement and a Cohen’s kappa of 0.94, whereas L2
responses were scored with 91.2% agreement and a Cohen’s kappa
of 0.81.

2.2.5. Vocabulary test 4: Form Recognition
The Form Recognition test assesses the ability to recognize a
Malay word form given its meaning in Malay. This test adopted
a multiple-choice format, where participants were presented with
the same definitions they saw in the Form Recall test (except for
filler items) and were asked to choose the target word form that
matched each definition. The target words were presented with
three foils. In accordance with Nation (2012) and McLean et al.
(2020), the foils presented were of the same frequency band and
word class as the target word. Words that shared core elements of
meaning with the target word were avoided to account for partial
knowledge by avoiding confusion caused by words with related
meaning (Nation, 2012). For example, the item testing “gerbang/
archway” did not include foils that require participants to

distinguish between various types of doors or gates. The two
Malay L1 speakers who reviewed the Form Recall test also
reviewed the foils, to ensure that there was no other possible
answer among the foils other than the target word form. An
example of a Form Recognition item is presented below.

gambaran tentang masa depan yang terbayang dalam fikiran /(an image
of the future that appears in the mind)

A. leret/(swipe)
B. nyawa/(life)
C. angan/(wish)
D. tongkah/(stick)

Scoring. The responses were scored dichotomously and the per-
centage of correct responses was used to compute the Form Rec-
ognition score.

2.2.6. Vocabulary test 5: Meaning Recognition
The Meaning Recognition test assesses the ability to identify the
meaning of a target word form from a list of four choices. The
same foils selected for the Form Recognition test were used in
this test and their meanings were presented as the other three
possible answers for each target word form. Meanings of the
target words and foils were written using the same criteria as
described for the Form Recall test. In accordance with Nation
(2012), non-meaning clues such as the length of the choice and
general versus specific choices were avoided when writing the
definitions. This was later confirmed by the two Malay L1
speakers who reviewed the definitions. An example of Meaning
Recognition is given below.

bahang/(heat)

A. rasa panas dari benda hangat/(hot sensation from warm
objects)

B. benda-benda yang dibuang/(discarded objects)
C. bayaran perjalanan/(travel fees)
D. harapan supaya sesuatu menjadi/(hope that something will

happen)

Scoring. The responses were scored dichotomously, and the per-
centage of correct responses was used to compute the Meaning
Recognition score.

2.2.7. Language background questionnaire
We selected themost relevant questions from the LanguageHistory
Questionnaire 3 (Li et al., 2019), which focused on information
about participants’ multilingual language history and experience,
such as participants’ age of acquisition, education history, and years
and context of learning experience for all their known languages.
The questionnaire also asked for self-rated reading, writing, listen-
ing and speaking proficiency in Malay, English and Mandarin
(Mandarin L1 participants only), using a scale of 1 (very poor) to
7 (native-like).

2.3. General procedure

The present study was administered fully online using Qualtrics
(https://www.qualtrics.com). Participants were instructed to
complete all tasks without external aids (e.g., dictionary) and
they were given as much time as needed to complete the study.
The study was approved by the Ethics Committee in the School
of Psychology at the University of Nottingham Malaysia
(Application Identification Number: LST220222). Written

4TheMalay L2 scorer also usedMandarin as L1. LexMAL score of 50% is well
above the mean score of the L2 speakers in the present study (see Table 3). This
scorer was tasked to score the Mandarin/Malay/English responses collected
from the Malay L2 speakers.
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consent was acquired from participants before data collection
started.

The presentation order of the vocabulary tests was based on
the difficulty hierarchy of form-meaning knowledge, progressing
from the most difficult to the easiest (González-Fernández &
Schmitt, 2020; Laufer & Goldstein, 2004; McLean et al., 2020).
This approach ensured that word exposure in the earlier vocabu-
lary tests did not affect participants’ responses in the later tests
(González-Fernández & Schmitt, 2020; Laufer &Goldstein, 2004;
McLean et al., 2020; Nation, 2013; Nation & Webb, 2011;
Schmitt, 2010). The study started with LexMAL, in which the
participants were required to make yes/no decisions to every
stimulus presented to them, one at a time. The words and non-
words were presented to all participants in the same randomized
order. Participants were required to indicate “yes” if they thought
the letter string presented on the screen was an existing Malay
word. They were told to respond “yes” to the stimulus even if they
did not know the exact meaning of the letter string but were
certain that it was an existing Malay word. In cases where they
thought the letter string was not a Malay word, or they were in
doubt, they were instructed to respond “no.” They were also
reminded that errors were penalized to control for response bias.
At this point of testing, information about form-meaning links
was not revealed to the participants. No feedback was provided to
the participants so that the unknown words remained unknown
to them.

After LexMAL, a non-language filler task with 10 items
adapted from Raven’s progressive matrices task (Raven, 2000)
was presented. This task presented shapes in a 3 × 3 matrix with a
blank on the lower right field, in which participants are required
to deduct the rules of the matrix and select the shape that best fits
the blank from an array of choices. Following the filler task, the
other four vocabulary tests were presented according to the
hierarchy of difficulty of form-meaning knowledge (González-
Fernández & Schmitt, 2020; Laufer & Goldstein, 2004; McLean
et al., 2020). The testing started with the Form Recall test,
followed by the Meaning Recall test, Form Recognition test
and Meaning Recognition test. By moving down the theoretical
hierarchy of difficulty, it was unlikely for a previous test to
inform the subsequent test. Participants were presented with
stimuli from different wordlists across vocabulary tests (e.g.,
participants who saw the definitions from wordlist A in the form
recall test were tested on the production of meaning of target
words from wordlist B) and the stimuli presentation order was
randomized.

Each vocabulary test started with specific instructions on how to
complete it and examples illustrating how to respond to the items.
Instructions were presented in Malay for all the vocabulary tests.
Participants were unable to go back to a previous item once they
submitted an answer to avoid cross-contamination of responses
between vocabulary tests and items within a test. After the vocabu-
lary tests, participants completed the language background ques-
tionnaire as the last part of the study.

3. Results

Themean total duration5 for the participants to complete LexMAL,
Form Recall, Meaning Recall, Form Recognition and Meaning

Recognition tests were 5.31 (SD = 3.00), 36.17 (SD = 17.28), 14.92
(SD = 10.18), 5.26 (SD = 2.39) and 6.05 (SD = 2.72) min, respect-
ively. Participants’ mean test scores are summarized in Table 3.
Before applying the correction formula, both Malay L1 and L2
speakers obtained relatively high raw scores (hit rate or the per-
centage of correctly identified LexMALword items). However, false
alarm rates were also high for both groups, reflecting a considerable
amount of guessing. Consequently, relying on uncorrected raw
scores could overestimate participants’ vocabulary knowledge, as
raw scores might simply be elevated by a tendency to respond “yes”
frequently, as evidenced by the high number of “yes” responses to
nonwords. To address this, the normalized Ghent score was com-
puted by adjusting raw scores by accounting for the false alarm rates
or response bias (tendency to respond “yes” to test items). Steiger’s
(1980) z-tests for dependent correlations, conducted using the cocor
R package (Diedenhofen & Musch, 2015), confirmed that the
normalized Ghent score had a significantly stronger correlation
with both form and meaning recognition test scores compared to
the raw score correlations with these tests, zs ≥ 2.90, ps ≤ .004.
Therefore, the normalized Ghent score was used for the subsequent
analyses.

Overall, L1 speakers appeared to score higher than L2 speakers
across all vocabulary tests and the test scores for LexMAL,Meaning
Recognition and Form Recognition appeared higher than Meaning
Recall and FormRecall (see Figure 1 for the boxplot). A fixed-effects
hierarchical regression analysis was conducted to examine if the
four vocabulary test scores predict LexMAL accuracy. Subse-
quently, a generalized mixed-effects model was conducted to assess
if form-meaning knowledge demonstrated in each vocabulary test
could predict LexMAL item accuracy and at the same time inves-
tigate language dominance effect across the vocabulary tests. Lastly,
the receiver operating characteristic (ROC) curve analyses (Lalkhen
&McCluskey, 2008; Read et al., 2015) were conducted to examine if
the vocabulary tests were able to discriminate between the vocabu-
lary knowledge ofMalay L1 and L2 speakers. The internal reliability
for all tests was computed using Cronbach’s alpha. All vocabulary
tests had Cronbach’s alpha >.80, indicating good internal reliability
(see Supplementary Table S6).

3.1. Predictive power of vocabulary knowledge on LexMAL

Correlation analysis conducted using R (version 4.1.1; R Core
Team, 2021) revealed that the scores of form-meaning vocabulary
tests and LexMAL were positively correlated. All the correlations
were significant (in all cases p < .001; see Figure 2 for the
correlation matrix). To compare the strength of correlations
between LexMAL scores and each form-meaning vocabulary test,
Steiger’s (1980) z-tests for dependent correlations were conducted
using the cocor R package (Diedenhofen & Musch, 2015). These
findings suggest that LexMAL scores are more strongly correlated
with recognition knowledge than with recall knowledge. There
was no significant difference in the correlation strengths between
LexMAL scores and the two form and meaning recognition test
scores, nor did the correlation strengths differ between LexMAL
scores and the two form and meaning recall test scores, zs ≤ 0.03,
ps ≥ .97.

Linear regression analyses were conducted to examine how
well LexMAL scores can predict Meaning Recognition, Form

5The response time data were collected in an online study. Participants were
given as much time as they needed to answer the vocabulary tests, which could

result in less reliable response time. Therefore, caution should be taken when
interpreting them as direct indicators of time needed to test a specific amount of
word items.
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Recognition, Meaning Recall and Form Recall scores. The findings
revealed that LexMAL scores significantly predicted the scores of
Meaning Recognition (R2 = .53, F(1, 158) = 174.70, p < .001;
adjusted R2 = .52), Form Recognition (R2 = .53,
F(1, 158) = 175.73, p < .001; adjusted R2 = .52), Meaning Recall
(R2 = .34, F(1, 158) = 79.88, p < .001; adjusted R2 = .33) and Form

Recall (R2 = .34, F(1, 158) = 80.37, p < .001; adjusted R2 = .33). Of all
the models, the Form Recognition model had the lowest Akaike
Information Criterion and Bayesian Information Criterion values,
indicating it is the best-fitting model. This suggests that LexMAL
scores are particularly effective at predicting Form Recognition
performance.

Figure 1. Vocabulary test scores of the two language groups. Note: Green represents the L1 speakers and red represents the L2 speakers. Black dots denote the group means, with
SEs denoted by the whiskers.

Table 3. Means and SDs (in percentage) of accuracy for each vocabulary test

Malay L1 (N = 80) Malay L2 (N = 80)

Vocabulary test M SD Range M SD Range

LexMAL 74.12 19.45 11.67–100.00 34.15 21.78 0.00–96.67

Hit rate 88.83 7.61 66.67–100.00 68.69 16.38 33.33–100.00

False alarm rate 14.71 18.66 0.00–76.67 34.54 20.67 0.00–86.67

Form Recall 38.22 13.87 0.00–70.00 23.19 15.59 0.00–72.50

Meaning Recall 47.53 14.19 10.00–85.00 33.22 17.56 7.50–85.00

Form Recognition 92.69 5.29 72.50–100.00 74.44 14.14 32.50–100.00

Meaning Recognition 88.34 7.58 47.50–100.00 62.53 17.25 20.00–100.00

Note. Hit rate is the percentage of correctly identified word items in LexMAL. False alarm rate is the percentage of incorrectly identified nonword items in LexMAL.
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However, it is important to note that form-meaning knowledge
is highly correlated (rs ≥ .56; see Figure 2). This correlation suggests
that the explanatory power observed in the separate regression
models is likely to be affected by the vocabulary knowledge aspects
shared across the form-meaning vocabulary tests. To assess if
different aspects of form-meaning knowledge can account for a
significant proportion of the variance in LexMAL score, fixed-
effects hierarchical regression analysis was conducted with Lex-
MAL score as the dependent variable and test scores from different
aspects of form-meaning knowledge as fixed effects. The aspects of
form-meaning knowledge were entered one by one into the model
according to the acquisition order (Aviad-Levitzky et al., 2019;
Laufer & Aviad-Levitzky, 2017; Laufer & Goldstein, 2004; Schmitt,
2010). Meaning Recognition score was entered in the first step to
predict the LexMAL score, followed by FormRecognition,Meaning
Recall and Form Recall scores in the second, third and fourth steps,
respectively.

The first three regression models, at each step, explained sig-
nificantly more variance than its preceding model(s), Fs ≥ 11.89,
ps < .001. The Form Recall score added to the final step did not
account for additional variance in the LexMAL score, F = 0.11,
p = .74 (see Supplementary Table S4 for the model statistics). The
thirdmodel was the best-fitmodel explaining 59%of the variance in
LexMAL score, F(3, 156) = 75.96, p < .001, Cohen’s f2 = 1.44. The
semi-partial correlation squared for Meaning Recognition, Form
Recognition and Meaning Recall scores were 27.94%, 39.68%, and
32.38% respectively.

3.2. Predictive power of language dominance and vocabulary
knowledge on item accuracy

To investigate if language dominance (L1 or L2) and form-meaning
knowledge of the target words at various knowledge aspects

(measured by form-meaning vocabulary tests) predict item accur-
acy, generalized mixed-effects modeling was conducted using the
lme4 R package (Bates et al., 2015). The fixed effects in the model
were the language dominance group (deviation coding of 0.5 for L1
speakers and�0.5 for L2 speakers) and vocabulary tests (deviation
coding of 0.8 for the target vocabulary test and �0.2 for the non-
target vocabulary tests) as well as the interaction between these
predictors. LexMAL was set as the baseline of comparison for the
vocabulary tests. Themodel was fitted with participants and stimuli
as random effects. As the scores from different vocabulary tests
were highly correlated (the highest correlation was between Mean-
ing Recognition and Form Recognition, r = .86; see Figure 2) and
could induce collinearity issue, random intercepts and slopes were
fitted with no correlation6 (zero-correlation parameter for random
effects). Within-subject predictors (i.e., the vocabulary tests) were
included as by-subject random slopes, and language dominance
group, vocabulary tests, as well as their interaction were included as
by-item random slopes.

The generalized mixed-effects model revealed that language
dominance affected vocabulary test accuracy (β = 1.70, SE = 0.18,
z = 9.69, p < .001). For the same test items that were correctly
identified in LexMAL, L1 speakers had a higher tendency than L2
speakers to correctly answer these items in the form-meaning
vocabulary tests.

The main effects of vocabulary tests were also indicated.
When test items were correctly identified in LexMAL, their log
odds of being correctly answered in other vocabulary tests were
higher in the Form Recognition test (β = .66, SE = 0.18, z = 3.58,

Figure 2. Correlation of scores between LexMAL and form-meaning vocabulary tests. Note: Green points represent the L1 speakers and red points represent the L2 speakers.

6This random-effect structure helps to answer our research question if each of
the vocabulary tests could predict item accuracy in LexMAL, instead of its
unique contribution to predict LexMAL accuracy while taking other vocabulary
tests into consideration.
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p < .001) but lower in the Meaning Recall (β = �2.88, SE = 0.17,
z =�17.40, p < .001) and Form Recall tests (β =�3.69, SE = 0.22,
z =�16.47, p < .001). The log odds forMeaning Recognition were
not significant (β =�.20, SE = 0.14, z =�1.43, p = .15), suggesting
that there was no clear indication that correct identifications of
real words in LexMAL would predict their meaning being rec-
ognized in the Meaning Recognition test. Furthermore, signifi-
cant interaction effects between the language group and target
test were found (see Figure 3) in the Meaning Recall (β = �.99,
SE = 0.23, z = �4.37, p < .001) and Form Recall tests (β = �.63,
SE = 0.21, z =�2.96, p = .003). The target test factor compares the
odds ratio of the target and non-target vocabulary tests. Import-
antly, independent of the interactions, vocabulary items cor-
rectly identified in LexMAL were likely to be correctly
answered in the Form Recognition test regardless of the language
group. Table 4 provides an overview of the estimates of fixed
effects and the interactions.

Using emmeans R package (Lenth, 2023), post-hoc pairwise
comparisons were conducted to examine how language groups
interacted with the target tests (i.e., Meaning Recall and Form
Recall; see Table 5 for test statistics). In summary, the L2 speakers
were less likely than the L1 speakers to score the correctly
identified LexMAL items in both levels (target and non-target
vocabulary tests) of Meaning Recall and Form Recall tests,

ps < .01, corrected with Tukey adjustment. Within each language
group, participants were more likely to score in the non-target
vocabulary tests in comparison to the Meaning Recall and Form
Recall tests, ps < .001, indicating their poorer performance with
the Meaning Recall and Form Recall tests. Specifically, the like-
lihood of scoring in the non-target tests was at least 29.35 times
higher than in the target tests for the L1 speakers, indicating that
the effects of target tests were stronger for L1 speakers than for L2
speakers (whose target and non-target tests’ odds ratio was
29.18 at highest; see odds ratio in Table 5). The estimated
marginal means and SEs for each pairwise combination are
summarized in Supplementary Table S5.

3.3. Discriminant ability and reliability of vocabulary tests

To examine if the vocabulary tests can distinguish between L1 and
L2 speakers’ vocabulary knowledge, ROC curve analyses were
conducted using the pROC R package (Robin et al., 2011). ROC
curve analysis is commonly used in clinical testing to assess the
accuracy of a diagnostic test in diagnosing clinical disorders
(Lalkhen & McCluskey, 2008; Read et al., 2015). The ability of a
test to discriminate between people with and without a disorder, or
the discrimination power, is calculated using the area under the
curve (AUC). The ROC curve plots the true positive rate or test’s

Figure 3.Marginal effects of two-way interaction between language group and odds ratio of item accuracy. Note: Language group and vocabulary test were contrast coded; 0.5 for
L1 speakers and�0.5 for L2 speakers; 0.8 for the target vocabulary test and�0.2 for the non-target vocabulary tests. For example, in the bottom-left plot, Form Recall is the target
vocabulary test, whereas Meaning Recognition, Form Recognition and Meaning Recall are the non-target vocabulary tests. The odds of correctly scoring the vocabulary items
correctly identified in LexMALwas lower in FormRecall to the average odds ratio of the non-target vocabulary tests across language groups. Particularly, the difference in odds ratio
was greater in L1 than L2 group.
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sensitivity (e.g., the accuracy of a test in identifying people with a
disorder) on the y-axis and the false positive rate (1 – specificity,
with specificity referring to the accuracy of a test in identifying
people without a disorder) on the x-axis.

ROC curve analyses for the vocabulary tests (see Figure 4)
revealed that LexMAL and Meaning Recognition tests had a very
good ability to discriminate vocabulary knowledge of Malay L1 and
L2 speakers, as indicated by its AUCs > 0.90. The Recognition test’s
discriminant ability was good with an AUC of 0.89. Meaning Recall

and Form Recall tests, on the other hand, had fair discriminant
ability with AUCs > 0.75. The ROC curve analyses identify the
optimal cutoff score for each vocabulary test that yields the highest
test sensitivity (the test’s ability to correctly identify L1 speakers)
and specificity (the test’s ability to correctly identify L2 speakers)
(see Figure 4, right panel). Of all the vocabulary tests, the sensitivity
and specificity of LexMAL, Meaning Recognition and Form Rec-
ognition were higher than 80%, with the cutoff scores being set at
64.17%, 81.25%, and 88.75%, respectively. This finding suggests
that LexMAL and the recognition tests were able to identify L1 and
L2 speakers at least 80% correctly using the cutoff scores. Import-
antly, the sensitivity of the recall tests was lower than 70%, indi-
cating that the tests were less accurate in identifying L1 speakers
compared to the LexMAL and recognition tests.

4. Discussion

The present study used four vocabulary tests to examine the con-
tribution of bilinguals’ form-meaning knowledge to their accuracy
in a yes/no vocabulary test. In addition to significant correlations
between the vocabulary test scores, our findings revealed that all
form-meaning vocabulary test scores (except Form Recall) pre-
dicted yes/no vocabulary test scores. All the vocabulary tests were
shown to have good discriminant ability between L1 and L2
speakers, AUCs > 0.75. Importantly, bilinguals’ form-meaning
knowledge, specifically form recognition, meaning recall, and form
recall, were shown to predict bilinguals’ item accuracy across the
vocabulary tests.

At the test level, the best-fit fixed-effects hierarchical regression
model showed that test scores from Meaning Recognition, Form
Recognition andMeaning Recall accounted for 59% of the variance
in LexMAL scores. In addition, the semi-partial correlation squared
revealed Form Recognition accuracy as the strongest unique pre-
dictor, followed by Meaning Recognition and Meaning Recall
accuracy. This corroborates with existing literature that both form
and meaning knowledge has a unique contribution to lexical pro-
ficiency (e.g., González-Fernández, 2022; González-Fernández &
Schmitt, 2020; Laufer & Goldstein, 2004; Nation, 2013, 2020).
Meaning Recognition and Form Recognition tests, despite having
a high correlation between the test scores, measure distinct aspects
of vocabulary knowledge (González-Fernández & Schmitt, 2020).
Furthermore, meaning recall but not form recall explained a

Table 4. Summary of the generalized mixed-effects model

Item accuracy

Predictors
Odds
ratio CI p

(Intercept) 2.62 1.88–3.66 <.001

Language group 5.47 3.88–7.71 <.001

Meaning Recognition versus LexMAL 0.82 0.62–1.08 .153

Form Recognition versus LexMAL 1.94 1.35–2.78 <.001

Meaning Recall versus LexMAL 0.06 0.04–0.08 <.001

Form Recall versus LexMAL 0.03 0.02–0.04 <.001

Language group × Meaning Recognition 1.50 0.97–2.31 .066

Language group × Form Recognition 1.47 0.91–2.36 .114

Language group × Meaning Recall 0.37 0.24–0.58 <.001

Language group × Form Recall 0.53 0.35–0.81 .003

Random effects

σ2 3.29

τ00 participant 0.67

τ00 stimuli 1.45

τ11 participant.meaningrecognition 0.66

τ11 participant.formrecognition 0.63

τ11 participant.meaningrecall 0.63

τ11 participant.formrecall 0.56

τ11 stimuli.languagegroup 0.70

τ11 stimuli.meaningrecognition 0.64

τ11 stimuli.formrecognition 1.38

τ11 stimuli.meaningrecall 1.20

τ11 stimuli.formrecall 2.49

τ11 stimuli.languagegroup:meaningrecognition 0.84

τ11 stimuli.languagegroup:formrecognition 1.10

τ11 stimuli.languagegroup:meaningrecall 1.40

τ11 stimuli.languagegroup:formrecall 0.86

ICC 0.39

Nparticipant 160

Nstimuli 60

Observations 28800

Marginal R2/Conditional R2 0.393/0.631

Note. σ2 = residual error, τ00 = variance of random intercepts, τ11 = variance of random slopes.
LexMAL was the baseline for vocabulary test comparison.
The bold values indicate statistical significance, i.e., p <.05.

Table 5. Summary of test statistics for pairwise comparisons between language
group, Meaning Recall and Form Recall

Comparison group Odds ratio SE z

Meaning Recall
L2-T/L1-T 0.39 0.12 �3.15**
L2-NT/L1-NT 0.14 0.03 �8.72***
L1-NT/L1-T 29.35 5.99 16.55***
L2-NT/L2-T 10.86 2.15 12.06***

Form Recall
L2-T/L1-T 0.32 0.10 �3.83***
L2-NT/L1-NT 0.17 0.04 �7.91***
L1-NT/L1-T 54.57 13.61 16.04***
L2-NT/L2-T 29.18 7.17 13.72***

Note. T = target vocabulary test; NT = non-target vocabulary tests. Non-target vocabulary tests
include all form-meaning vocabulary tests except the target vocabulary test.
**p < .01.
***p < .001.
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Figure 4. ROC curve for the vocabulary tests. Note: The left panel shows the ROC curve for the LexMAL vocabulary test, plotting sensitivity (true positive rate) against 1 – specificity
(false positive rate). AUC represents the discriminatory power of tests. For example, the LexMAL test has an AUC of 0.9031, indicating that LexMAL scores correctly discriminate
between Malay L1 and L2 speakers 90.31% of the time. The right panel presents the distribution of test scores for each vocabulary test. The dashed horizontal line represents the
optimal cutoff score for distinguishing between Malay L1 and L2 speakers. Sensitivity represents the accuracy of the test in identifying L1 speakers, while specificity indicates the
accuracy of the test in identifying L2 speakers. For instance, for LexMAL, a cutoff score of 64.17% can correctly identify L1 speakers 88.75% of the time and L2 speakers 81.25% of the
time. AUC = area under the curve; ROC = receiver operating characteristic.
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significant proportion of variance in the yes/no vocabulary test
scores. As recall of word meanings is required for many receptive
tasks such as listening and reading (Nation, 2020; Schmitt, 2010), it
is not surprising to observe unique predictions from Meaning
Recall test scores given that yes/no lexical decision task is funda-
mentally a receptive task. On the other hand, Form Recall test
scores did not explain additional unique variance in LexMAL scores
because recall of word forms is usually required only for productive
tasks such as speaking and writing (Nation, 2020; Schmitt, 2010).
Taken together, these findings suggest that yes/no vocabulary test
scores could be a reliable indicator of bilinguals’ receptive lexical
proficiency (in line withMochida &Harrington, 2006) because test
takers’ performance in the test corresponded well with their know-
ledge ofmeaning recognition, form recognition andmeaning recall.

At the item level, the generalized mixed-effects model revealed
that different aspects of form-meaning knowledge were found to
influence item accuracy in the vocabulary tests. Items that were
correctly identified in LexMAL were more likely to be answered
correctly in the Form Recognition test (as indicated by positive log
odds), but less likely to be answered correctly in theMeaning Recall
and Form Recall tests (as indicated by negative log odds; see
Figure 3). The higher tendency for participants to recognize the
word forms in the Form Recognition test following their correct

identification in LexMAL suggests that form recognition know-
ledge supported their ability to identify them as real words in the
yes/no vocabulary test. However, for these LexMAL items that were
identified as real words, participants may not be able to recall their
meanings or the word forms when their meanings were provided.
Furthermore, correct identification of words in LexMAL does not
indicate that test takers would be able to recognize their meanings
given the word forms. Therefore, researchers who use yes/no
vocabulary tests should be made aware of this limitation of the
vocabulary knowledge measured and be cautious not to overclaim
participants’ mastery of the vocabulary items. Nevertheless, our
findings still support the use of yes/no vocabulary tests as a lexical
proficiency test because its item accuracy corresponds well with
participants’ form recognition knowledge (Elgort, 2013; McLean
et al., 2020).

The generalized mixed-effects model also revealed a significant
difference in form-meaning knowledge between the two language
groups becauseMalay L1 speakers outperformed L2 speakers across
all vocabulary tests. This is consistent with previous studies that
reported L1 speakers to have larger vocabulary sizes than L2
speakers (Rahman et al., 2018). The L1–L2 speaker difference has
also been consistently demonstrated in previous yes/no vocabulary
test validation studies (Amenta et al., 2020; Brysbaert, 2013; Izura

Figure 4. Continued.
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et al., 2014; Lee et al., 2023; Salmela et al., 2021; Wen et al., 2023),
providing support for the validity of yes/no vocabulary tests as a
lexical proficiency measure that can discriminate between L1 and
L2 speakers.

It may seem surprising that even the highly proficient L1
speakers obtained low scores in Meaning Recall and Form Recall
tests (see Table 3). This is however in-line with the findings of our
pilot study. The reason for the low scores is two-fold. As observed
also in previous studies, recall tasks are more difficult than recog-
nition tasks and bilinguals usually score lower in the former because
recall tasks do not provide choices, and most importantly, they do
not account for partial knowledge (González-Fernández & Schmitt,
2020; Laufer & Aviad-Levitzky, 2017; Laufer & Goldstein, 2004;
McLean et al., 2020; Stewart et al., 2023). Furthermore, the LexMAL
target words were carefully selected to be difficult enough even for
the L1 speakers to capture the variation in vocabulary knowledge of
highly proficient L1 speakers (MZipf = 3.56, SDZipf = 0.54; see Lee
et al., 2023). In addition to having a good blend of lexical decision
difficulty (Maccuracy = 48.41%, SDaccuracy = 26.30%; taken from
Yap et al., 2010), 50 out of the 60 target words (83.33%) have
<50% translation accuracy by L1 speakers (Maccuracy = 24.44%,
SDaccuracy = 21.95%; taken from Lee et al., 2022).

As the same target words from LexMAL were tested across the
four form-meaning levels, the low accuracy in the Form Recall and
Meaning Recall tests of the L1 speakers can be attributed to the
difficulty level of the tasks. Recognizing the form and/ormeaning of
these words was easier for the L1 speakers when they were
prompted by cues (e.g., recognizing the answer among foils), sug-
gesting that they know these vocabulary items to some extent
(i.e., partial knowledge; Laufer & Aviad-Levitzky, 2017). In con-
trast, recalling the form and/or meaning of the vocabulary items
was more difficult when they appeared in isolation or a clueless
context, even for the highly proficient L1 speakers. This finding
suggests that mastery of recognition knowledge precedes that of
recall (González-Fernández & Schmitt, 2020; Laufer & Goldstein,
2004) and individual differences in these distinct aspects of form-
meaning knowledge can still be heterogenous among the highly
proficient L1 speakers (see Figure 4), further indicating the import-
ance of measuring L1 lexical proficiency in research (Brysbaert
et al., 2016; Hulstijn, 2015; Lee et al., 2022). Vocabulary tests like
LexMAL (Lee et al., 2023), for example, could serve as a good tool
for language research to measure the lexical proficiency of L1 and
L2 speakers of the target language on the same scale.

In terms of test discrimination ability, the ROC curve analyses
revealed that LexMAL and the recognition tests had the highest
discriminant ability (i.e., sensitivity and specificity of at least 80%)
in identifying L1 and L2 speakers. This could be because LexMAL
and the recognition tests were easier for L1 speakers than L2
speakers; therefore, the L1 speakers consistently scored higher than
the cutoff scores compared to L2 speakers. TheMeaning Recall and
FormRecall tests, on the other hand, showedweaker discrimination
between L1 and L2 speakers (AUC < 0.80) and identification of L1
speakers based on vocabulary knowledge (sensitivity < 70%). In
addition to the considerably higher difficulty of the recall tests than
recognition tests (González-Fernández & Schmitt, 2020; Laufer &
Goldstein, 2004), the difficulty level of the vocabulary items
(as indicated by Lee et al., 2022; see discussion above) even for
the L1 speakers also contributes to the great variation of perform-
ance among the L1 speakers and a good number of L1 speakers
scoring below the optimal cutoff scores. Taken together, our find-
ings suggest that yes/no vocabulary and recognition tests are better
options than recall tests when the purpose is to distinguish the

form-meaning vocabulary knowledge of L1 and L2 speakers or to
identify speakers from a specific speaker group.

Whereas all vocabulary tests in the present study displayed high
reliability and good discrimination ability, the suitability of the
research tests depends on the purpose of the testing. For instance,
if the purpose is to measure lexical proficiency, using one of these
vocabulary tests might be sufficient because their scores were highly
correlated. Given their robust correlation, form-meaning recogni-
tion tests (Meaning Recognition or Form Recognition tests) could
be a better option than yes/no vocabulary tests when a direct
demonstration of vocabulary knowledge is required (e.g., to dem-
onstrate word knowledge at a specific level) while accounting for
partial knowledge (Laufer & Aviad-Levitzky, 2017). It is note-
worthy, however, that the L1 speakers might demonstrate ceiling
performance in the form-meaning recognition tests compared to
the yes/no vocabulary tests. This could potentially be due to the cues
presented in the test stimuli. In cases where direct demonstration of
vocabulary knowledge is needed without accounting for partial
knowledge, the form-meaning recall tests (Meaning Recall or Form
Recall tests) can be useful (McLean et al., 2020).

If the language testing purpose is to distinguish between L1 and
L2 speakers, and at the same time capture a good variation in both
groups of speakers, recognition tests appeared to be a better option
than recall tests. Recognition tests are easier than recall tests and
therefore require less task demands on participants. Specifically, the
yes/no vocabulary test offers a quick and valid measure of lexical
proficiency. In contrast to the form-meaning recognition tests, the
yes/no vocabulary tests are easier to construct and more items can
be tested within a short period of time. As test scores from the
yes/no vocabulary test were positively predicted by form recogni-
tion but not meaning recognition knowledge, the test scores from
the yes/no vocabulary test to some extent capture test takers’ ability
to recognize some real word forms, even though they may not
recognize the word meanings.

The present study provides evidence that the yes/no vocabulary
test is effective in distinguishing L1 and L2 speakers, and captures
form recognition knowledge to some extent, which is useful for test
score interpretation in research that seeks a quick proficiency test.
Our findings, however, do not suggest that it is superior to other
form-meaning vocabulary tests, nor do they imply that it could
serve as a replacement for these tests. For detailed assessments and
research that seeks measurements at specific form-meaning know-
ledge levels, form-meaning vocabulary tests are useful if these tests
are available in the target language. Future research could use factor
analyses to explore the structure underlying yes/no vocabulary tests
and form-meaning vocabulary tests to gain an understanding of the
constructs measured by different vocabulary tests.

The predictive ability of yes/no and other form-meaning
vocabulary tests for reading comprehension was not assessed
in the present study. Therefore, our findings are unable to
provide information about the best vocabulary test to predict
reading performance (see Laufer & Aviad-Levitzky, 2017 and
McLean et al., 2020, for this line of investigation). Future
research is needed to investigate how different vocabulary tests
could predict different linguistic tasks, such as word recognition
and reading comprehension. As far as we are aware, there is no
standardized reading comprehension test available for Malay;
therefore, future research could consider creating or adapting a
reading comprehension test from existing literature (e.g., Siegel-
man et al., 2022) to further explore the relationship between
various vocabulary tests and reading comprehension perform-
ance in the Malay language.
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5. Conclusions

The present study used four form-meaning vocabulary tests to
evaluate the contribution of bilinguals’ form-meaning knowledge
to their language proficiency as measured by a yes/no vocabulary
test. Bilinguals’ form-meaning knowledge explained a significant
proportion of the variance in their yes/no vocabulary test scores,
with knowledge of form recognition being the best predictor,
followed bymeaning recognition andmeaning recall. Furthermore,
our results suggest that yes/no vocabulary tests primarily assess
recognition knowledge, and those who correctly identify the test
items are also more likely to recognize the word forms given their
meanings. However, participants may not be able to recall these test
items’meanings or word forms given their meanings. Importantly,
LexMAL and recognition tests were found to bemore effective than
recall tests in distinguishing between L1 and L2 speakers’ form-
meaning vocabulary knowledge. With meaning recognition, form
recognition and meaning recall serving as predictors of LexMAL
scores, and form recognition being the positive predictor of item
accuracy in LexMAL, our study provides evidence to support the
use of yes/no vocabulary tests as quick and reliable lexical profi-
ciency measures to estimate bilinguals’ receptive language profi-
ciency.
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