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Abstract

In cross-linguistic word learning, learning new knowledge based on existing knowledge is a
common and lifelong process. This study investigated whether inhibitory control would be
conducive to this process. We asked Chinese-English bilinguals to learn new meanings for
familiar English ambiguous words within two consecutive days, manipulating semantic related-
ness and word frequency to create four categories: high-frequency-unrelated, high-frequency-
related, low-frequency-unrelated and low-frequency-related ambiguous words. Participants
completed translation recognition and production tests immediately after learning and again
one week later, with flanker and stop-signal tasks interspersed to measure their interference
inhibition and response inhibition. The results indicated that inhibitory control, particularly
interference inhibition, significantly aided in learning new meanings when direct knowledge
transfer from existing knowledge was unfeasible. This research enhances our comprehension of
individual differences in word learning, offering valuable perspectives for broader theories of
word learning and targeted educational interventions.

Highlights

• Inhibitory control affects learning new based on existing knowledge;
• Inhibitory control aids in learning new meanings in homonyms and polysemous words;
• Strong inhibition leads to early processing challenges but better L2 word learning;
• It helps to understand how individual factors affect bilingual learning.

1. Introduction

Learning new knowledge based on existing knowledge and experience is a universally important
learning process, as numerous studies highlight that existing knowledge can facilitate new
knowledge acquisition (Bein et al., 2019; Witherby & Carpenter, 2022), particularly in language
learning. For instance, adults can learn new words faster by linking them to existing knowledge
(Vitevitch et al., 2014). However, when existing knowledge clashes with new information, it can
impede learning (Brod et al., 2013). In such circumstances, individual   can
be a crucial additional pathway to aid new knowledge learning (Grenell & Carlson, 2021).
Concentrating on this general domain control ability can help devise interventions to bridge
learning gaps, particularly in language learning, between those facing difficulties and normal
learners. Despite its significance, research is lacking in the field of language learning, to confirm
the causal link between inhibitory control and this type of learning, and to understand the
underlying cognitive mechanisms.

In this study, we investigated the impact of inhibitory control on the new knowledge learning
process based on the existing knowledge in second-language (L2) word learning. The reason for
choosing this context was the increasing emphasis on bilingual education and the fundamental
role of word learning in language acquisition. By examining how inhibitory control interacts with
the two word characteristics—   and , our findings can
offer insights to deepen our understanding of cognitive processes underlying this learning,
contributing to formulating a universally applicable theory of word learning and language
learning strategies that engage general cognitive abilities.

1.1. Learning based on existing knowledge in the context of language learning

Hirosh and Degani (2018) posited in their theory that there were two different influences when
people learned a new language based on the existing one: direct and indirect. Direct influences of
existing language knowledge on new language learning emerge when similarities between the two
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languages are great, enabling direct knowledge transfer. In cases
where this direct transfer is absent, indirect influences prompt
learners to draw on existing cognitive or social skills, such as
inhibitory control, to support learning. Hiroshi andDegani empha-
sized that inhibitory control, or the ability to resolve competition,
was crucial for multilingual individuals, enabling them to excel in
learning new languages. The relationship between the characteris-
tics of existing and new languages assisted learners in adjusting
direct and indirect influences, facilitating language learning. This
implies that both linguistic and individual cognitive characteristics
should be considered when studying language acquisition.

Given that bilingualism is currently the primary environment
for upbringing (Serrat et al., 2021), our focus would be on learning
new knowledge based on existing knowledge in L2 acquisition. In
this context, learning new meanings for familiar words (LNM-FW)
is particularly suitable for exploring its relationship with inhibitory
control. Using a single word to denote multiple meanings is com-
mon in natural languages. For example, over 80% of English words
have at least twomeanings (Rodd et al., 2002). Such words are often
termed   (Klepousniotou et al., 2012) and can be
classified as either  or  (Rodd et al., 2002).
Polysemes, likewalk, have relatedmeanings such as “going on foot”
and “strolling.” Homonyms, however, have unrelated meanings
that are etymologically distinct and happen to share the same word
form (Clark & Clark, 1979). For instance, bank can refer to
“riverside” or “financial institution.” In daily life, the learning of
different meanings of ambiguous words typically occurs sequen-
tially. Language learners often update their knowledge by forming
new connections between familiar word forms and new meanings
(Fang & Perfetti, 2019).

The LNM-FWprocess can span learners’ entire lives, pivotal in
building individual lexical knowledge structures (Rodd, 2020).
Essentially, LNM-FW involves integrating new lexical knowledge
into a word’s   built upon existing knowledge
(i.e., familiar word forms and known meanings). Unlike learning
entirely new words, LNM-FW focuses cognitive resources more on
semantic learning, particularly in allowing new meanings to inter-
act with existing ones (Fang & Perfetti, 2019). However, in L2
acquisition, mastering ambiguous words through this process can
be challenging. For example, learning secondary meanings of Eng-
lish ambiguous words can be more difficult than learning primary
ones for native Chinese speakers (Mo & Sun, 2004), and this
difficulty persists even among advanced English learners (Qu &
Zhang, 2005).

1.2. Factors related to direct influence: semantic relatedness
and word frequency

Hirosh and Degani (2018) emphasized that in cross-linguistic
learning contexts, objects of direct influence primarily included
transferable knowledge and representations from early experiences.
Moreover, the essence of L2 ambiguous word learning involves
creating new semantic representations and associating them with
existing word forms (Bracken et al., 2017). Our study therefore
examined factors influencing lexical representations: 1) the related-
ness between meanings of ambiguous words (i.e., semantic related-
ness), which affects the formation of new semantic representations
and 2) word frequency, which relates to the bonds between word
forms and new meanings.

According to Rodd’s Lexical Processing and Acquisition theory
with an ambiguity-focused perspective (Rodd, 2020), word mean-
ings reside within a semantic space as distributed representations

formed by a combination of semantic features. The meanings of
polysemes share semantic features and are thus closely placed in
this space, while those of homonyms are unrelated and positioned
distantly. Links within the space are twofold: frequently co-occur-
ring, neighboring semantic features form positive and facilitating
links, whereas distant, unrelated features exhibit negative and
inhibiting links. Therefore, polysemy learning utilizes positive links
to transfer semantic features, facilitating the formation of new
representations, while homonym learning poses more challenges.

Support for this comes from studies on L2 ambiguous word
learning. Studies by Zhang et al. (2018, 2022) found that Chinese-
English bilinguals learned related new meanings more quickly
compared to unrelated ones. They therefore proposed an
interference-facilitation mechanism: for polysemes, existing mean-
ings facilitate the learning of new meanings and semantic integra-
tion, whereas for homonyms, the learning process is hindered by
existing meanings due to low relatedness that leads to challenges.
However, their studies had two limitations: a) they used a binary
method to classify ambiguous words, despite researchers like
Bracken et al. (2017) recommended considering semantic related-
ness as a continuous variable and b) their materials were less
ecologically valid by pairing new meanings with familiar mono-
semic words or assigning two meanings to English pseudowords to
simulate the LNM-FW process.

Chen and Chen (2022) addressed these issues by asking
Chinese-English bilinguals to learn subdominant meanings for
familiar English words with varying relatedness to known mean-
ings. They employed primed lexical decision tasks and analyzed
N400 and LPC (Late Positive Component) priming effects to gauge
the state of semantic representations of both existing and new
meanings. Their study found that higher semantic relatedness
could enhance the semantic integration of new meanings by facili-
tating the update of existing meaning representation in reconsoli-
dation. In essence, semantic relatedness influences how new
meanings are acquired: polysemes facilitate the effortless transfer
of useful semantic features from related existing meanings to form
new semantic representations, while learners need to rely on dif-
ferent ways for homonyms.

Word frequency also affects ambiguous word representation,
serving as an effective indicator of the solidity of words’ form-
meaning bond (Baayen, 2010; Perfetti & Hart, 2002). Fang et al.
(2017) found that when English native speakers were asked to learn
new meanings of high-frequency and low-frequency words
(unrelated to the existing meanings), existing meanings of higher-
frequency words tended to interfere with the learning process,
leading to greater adjustments in the overall lexical space, but what
was surprising was that this was conducive to the lexicalization of
new meanings.

Previous research has not explored how word frequency affects
polysemous word learning. However, a study on processing sug-
gested that word frequency influenced their lexical representations
(Jager et al., 2016). In their study, native English speakers performed
semantic categorization and lexical decision tasks. Results showed
that high-frequency words were advantageous in more demanding
semantic processing tasks (i.e., semantic categorization tasks), while
low-frequency words were disadvantageous; in less demanding
semantic processing tasks (i.e., lexical decision tasks), this trend
reversed. This indicates high-frequency polysemous words, unlike
low-frequency ones, have more distinct lexical representations,
posing challenges for constructing new form-meaning bonds.

In summary, both semantic relatedness and word frequency
affect the construction of new semantic representations and form-
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meaning bonds in the LNM-FWprocess. Previous studies indicated
that higher semantic relatedness facilitated the direct transfer of
similar semantic features from existing meanings, leading to a
learning advantage, whereas obstacles occurred in acquiring homo-
nyms (Chen & Chen, 2022; Zhang et al., 2018, 2022). Though the
role of word frequency in this area is still underresearched, mono-
lingual studies indicate its significance in lexicalizing newmeanings
(Fang & Perfetti, 2017). And high-frequency words always have
many meanings (Piantadosi et al., 2012), providing more examples
to draw upon and aiding in the construction of new representations
(Storkel et al., 2013). Thus, we presumed that word frequency also
impacted this process in L2 learning. Notably, unlike the impact of
semantic relatedness, the form-meaning bonds in high-frequency
words, which help learn new meanings, can interfere with each
other. All of these hints that learning new meanings requires the
involvement of indirect influence.

1.3. Factors related to indirect influence: inhibitory control

From the above, it is evident that high frequency and low semantic
relatedness cause interference in learning new meanings for
ambiguous words. Thus, drawing on Hirosh and Degani (2018)‘s
theory, we believed that inhibitory control could influence this
learning indirectly.

Inhibitory control, a core component of executive functions,
is the capacity to regulate attention, thoughts, behaviors and
emotions when faced with strong internal biases or external allure-
ments (Diamond, 2013). It consists of two types: 
, which overcomes conflicts arising from unrelated or
incompatible stimuli (Kang et al., 2022), and  ,
which curtails reactive impulses that are inappropriate or no longer
needed (Verbruggen & Logan, 2008).

The study by Lev-Ari and Keysar (2014) found that individuals’
inhibitory skills impacted their perceived similarity ratings (high
ratings mean high similarity) of ambiguous word representations.
Specifically, compared to those with stronger inhibitory skills,
individuals with weaker inhibitory skills gave higher similarity
ratings to homonyms but lower ratings to polysemous words. This
suggests that those with strong inhibitory skills are better at dis-
cerning the connections between polysemous words’meanings and
the distinctions among homonyms’ meanings.

Indeed, Lu et al. (2017) were the first to investigate the influence
of inhibitory control on L2 ambiguous word learning. They created
30 English pseudowords, 15 of which were paired with a Chinese
meaning to form monosemic words and others were paired with
two unrelated Chinese meanings to form homonyms. During the
three-day learning period, Chinese-English bilinguals began learn-
ing the monosemic words and the first meaning of the homonyms
starting from the first day, and the second meaning starting from
the second day. Before learning, inhibitory control was assessed
using a Stroop task. After learning, cross-language semantic
relatedness judgment tasks gauged the word learning effect. They
found that reaction times (RT) for the second meanings were the
longest. Furthermore, inhibitory control significantly predicted
RTs for second meanings—stronger inhibitory control resulted in
shorter RTs. Thus, they argued that the first meaning hindered the
learning of the second meaning. Those with stronger inhibitory
control could effectively curb this interference, thereby construct-
ing the representations of the second meaning.

To conclude, inhibitory control could be a pivotal indirect
influence in LNM-FW for L2 ambiguous words. Yet, previous
studies had their limitations: First, they did not utilize real L2

ambiguous words. The learning materials of the two studies were
either words from a graphic-based artificial language or English
pseudowords. Second, they all used a single task to measure one
type of inhibitory control without examining the different influ-
ences arising from interference inhibition and response inhibition
simultaneously, both of which were proven to affect L2 word
learning in past works (Grant et al., 2015; Kapa & Erikson, 2020).
Finally, their learning time was short, which was completely dif-
ferent from real learning situations. In the study of Lu et al. (2017),
there was only a one-day gap between the learning times of the two
meanings of homonyms, resulting in weak semantic representation
stability and huge conflicts between the two meanings, in which
case inhibitory control may play a greater role. However, in real life,
people are often exposed to the second meaning only after the
representation of the first meaning is highly stable, which may
diminish the role of inhibitory control.

1.4. The present study

The present study explored how inhibitory control influenced new
knowledge learning based on existing knowledge, specifically focus-
ing on the LNM-FW process in L2 ambiguous word learning.
Essential for understanding individual learning differences, our
research can reveal how individuals leverage inhibition control to
learn new knowledge by invoking existing knowledge according to
the learning difficulty. These insights contribute to the develop-
ment of a comprehensive theory of word learning and the design of
effective educational interventions.

We asked Chinese-English bilinguals to learn new meanings for
familiar English words, with these new meanings either related or
unrelated to existing meanings, and words classified as high fre-
quency or low frequency. This resulted in the following categoriza-
tion: high-frequency semantically unrelated words, low-frequency
semantically unrelated words, high-frequency semantically related
words and low-frequency semantically related words. Learning
tasks were conducted over two days, and participants completed
translation recognition and translation production tests on new
meanings immediately after learning and again one week later. We
assessed their interference inhibition and response inhibition using
flanker and stop-signal tasks respectively. Finally, we constructed
linear mixed-effects models to examine the role of inhibitory con-
trol, using performances in ambiguous word tests as the dependent
variables and including scores from inhibitory control tasks as part
of the predictors.

Compared with prior studies, our research offered unique con-
tributions: a)We utilized authentic L2 ambiguouswords as learning
materials, whose meanings were inherent to the words themselves,
ensuring higher ecological validity and broader applicability; b)We
examined the impact of interference inhibition and response inhib-
ition on LNM-FW. Previous studies showed that stronger interfer-
ence inhibition led to better performance in L2 words learning
(Kapa & Colombo, 2014), and response inhibition could positively
predict bilinguals’ new word learning (Warmington et al., 2019).
Thus, it was necessary to use different tasks to differentiate their
impacts; c) We investigated inhibitory control’s role in learning
both homonyms and polysemes, since polysemes account for a
larger portion of ambiguous words (Rodd et al., 2002; Zipf,
1945); d) We assessed how the stability of existing form-meaning
bonds influenced newmeaning acquisition.Word frequency served
as an indicator: high-frequency words exhibited more stable form-
meaning bonds, while low-frequency words showed less stability.
Learning new meanings can alter the established semantic space,
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leading to the creation of new semantic representations and bonds.
This dynamically adjusts the mapping relationship between form
and meaning to a one-to-many structure. Focusing on this indica-
tor helps us better understand the impact of existing knowledge on
new knowledge learning.

This study investigated three critical questions: 1) Does inhibi-
tory control play a role in learning semantically unrelated ambigu-
ous words with varying frequencies? 2) Is it also influential in
learning semantically related ambiguous words with varying fre-
quencies? 3) Which has a more pronounced impact: interference
inhibition or response inhibition?

We hypothesized that inhibitory control would be key to learn-
ing semantically unrelated ambiguous words due to possible inter-
ference among meanings, and that stronger inhibitory control
would facilitate learning, especially for high-frequency words.
However, due to the lack of relevant studies, our expectations for
polysemes were not definitive. One possibility was that inhibitory
control would have little effect on learning polysemes; another was
that learning polysemes might require stronger inhibitory control
to suppress existing meanings and facilitate learning new ones, as
they required greater distinction between meanings. We also
expected interference inhibition to play a more vital role in
LNM-FW, in contrast to response inhibition which is typically
related to curbing habitual physical reactions instead of cognitive
behaviors like word learning.

2. Method

2.1. Participants

Forty-six bilinguals (40 females, average age = 21.7, SD = 1.88) were
recruited from Beijing Normal University. All participants were
native Chinese (L1, native language) speakers. The average age at
which they started learning English (L2) was 7.72 (SD = 1.75), with
an average of 14.66 (SD = 2.75) years spent learning English. They
were all right-handed, with normal or corrected-to-normal vision,
and none had lived abroad for over six months or had systematic-
ally learned other languages. The formal experiment included three
phases: Learning, Immediate Testing and Delayed Testing. Due to
COVID-19, only thirty-nine participants (33 females, average
age = 21.64, SD = 1.97) completed the Delayed Testing on time.
All participants signed a written informed consent before the
experiment and were paid for participation. This study was
approved by the Ethics Committee of Beijing Normal University.

Language history and English proficiency were measured with a
Chinese version of the language history questionnaire (LHQ-3; Li
et al., 2020) and the Oxford Quick Placement Test (OQPT)

(Crosthwaite et al., 2015). The first survey asked participants to
subjectively rate their English listening, speaking, reading and
writing abilities on a 7-point Likert-type scale (1 = very weak;
7 = very strong). The average scores of these abilities were 3.83
(SD = 1.04), 3.41 (SD = 1.22), 4.65 (SD = 1.02) and 3.89 (SD = 1.14),
respectively. The OQPT, capped at 60 points and timed at 30 min-
utes, gauged English proficiency, with higher scores indicating
higher proficiency levels. The mean OQPT score was 40.30
(SD = 5.14,N = 46). According to the above results, all participants’
English proficiency was roughly at the intermediate level.

2.2. Materials

2.2.1. Learning materials
The learning materials were 160 English ambiguous words, each
with two corresponding Chinese translations. These words were
equally divided into four categories based on  and
 : high-frequency semantically related
words, low-frequency semantically related words, high-frequency
semantically unrelated words and low-frequency semantically
unrelated words (see Table 1 for examples and Supplementary
Appendix 1 for the full list).

We collected the LogFreq (Zipf) value from SUBTLEX-UK (van
Heuven et al., 2014) as the word frequency for each word, using
Zipf = 4 as the criterion to distinguish between high-frequency and
low-frequency words. Semantic relatedness was determined by
calculating the average score of relatedness between two Chinese
meanings, as rated on a 7-point Likert-type scale (1 = completely
unrelated, 7 = completely related) by seventeen participants with
backgrounds similar to those in the experiment. Additionally, we
measured 14 other lexical properties. See Supplementary Appen
dix 4 for details.

Additionally, the 160 English words and their Chinesemeanings
were evaluated in three rigorous rounds to meet the LNM-FW
criteria (see Supplementary Appendix 4). Feedback from formal
experiment participants confirmed the materials’ suitability in two
ways: a) Only participants who scored over 85% on the Online
English Word Test, which evaluated knowledge of existing mean-
ings, were eligible for the experiment. Our participants scored an
average of 96% (SD = .03), indicating a strong grasp of the words’
existing meanings before the experiment. b) At the end of the first
day, participants self-reported whether they knew the new mean-
ings beforehand. Those who knew many new meanings were
excluded. All participants reported either no prior knowledge or
familiarity with only a few, affirming thematerials’ appropriateness
for learning.

Table 1. Examples of different types of L2 ambiguous words and their Chinese translations

Group

High frequency Low frequency

Related Unrelated Related Unrelated

English word Weight Plant Wrinkle Appendix

Existing meaning 重量 植物 皱纹 附录

Definition The force of gravity on
an object

An organism with
stem, leaves, and roots in the soil

Skin crease End-of-book informational section

New meaning 砝码 卧底 褶皱 阑尾

Definition Metal piece for specific
weight measurement

An undercover person The raised fold in
fabric or paper

Small tissue pouch on the large intestine
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One-way ANOVA tests showed significant differences in both
word frequencies [F (3,156) = 200.46, p < .001] and semantic
relatedness [F (3,156) = 208.52, p < .001] among the four word
groups. Independent T-tests revealed no significant differences in
word frequency (ps > .08) or semantic relatedness (ps > .45) within
groups sharing the same level of word frequency or semantic
relatedness. This confirmed our effective manipulation of the
two word characteristic variables. Four groups showed significant
differences in word familiarity, the age of acquisition for L2
word (L2AOA), word length, Orthographic Levenshtein Distance
20 (OLD20), number of orthographic neighbors, number of syllables,
frequency of the existing meaning, and familiarity with the existing
meaning (all Fs < 5.39, all ps < .001). To avoid their influences on the
results, these indices were incorporated as covariates in the subse-
quent linear mixed-effects model.

2.2.2. Materials for the translation recognition test
Translation recognition tests were used to assess the learning effects
of new meanings and its stimuli were identical to the learning
materials. To avoid practice effects, we created two test versions—
A and B, each containing 160 words with new meanings: half
corresponding and half false. Specifically, we randomly divided
the 160 words with corresponding new meanings into Groups
A and B, balancing them for   and 
. In versionA, wemismatched each L2word in Group
Bwith the L1 translation of another wordwithin the group, yielding
choices where participants would press “no.” However, Group
A remained unchanged, yielding “yes” choices. Version B adopted
the same method but with the word-meaning pairs from Group
A being mismatched. Each participant completed both versions,

and the two versions were counterbalanced across participants. See
Supplementary Appendix 1 for full materials.

2.3. Procedures

The experiment comprised three phases: Learning, Immediate
Testing and Delayed Testing. The first two phases were on the first
two days, and the last phase was on the ninth day. The tests in the
two testing phases were identical (i.e., tests in the shaded boxes),
aiming to evaluate participants’ performance of memorizing and
retrieving new meanings over short and long periods.

During the Learning Phase, participants learned the new L1
meanings of the 160 L2 ambiguous words three times per day for
two days, followed by a cued-recall test with newmeaning feedback
each day. In the Immediate Testing phase, participants successively
completed a translation production test and a translation recogni-
tion test, both focusing on newmeanings. On the ninth day, a cued-
recall test without feedback preceded the same translation tests.
Throughout the experiment, participants also completed Stop-
signal and Flanker tasks, an intelligence test, a language history
questionnaire, and the OQPT alternately (see Figure 1 for the full
procedure).

2.3.1. Learning phase
Word leaning We used the Anki software (https://apps.ankiweb.
net/) to create 160 bilingual flashcards (see Figure 2a), a common
method for learning L2 words (Elgort & Piasecki, 2014). Each
flashcard, displayed in fullscreen on a computer, included an
English word’s spelling, phonetic symbol, pronunciation video

Figure 1. Experimental procedure.
Note: The dashed oval boxes signify word learning, the solid oval boxes signify lexical tests, and the solid square boxes signify tests related to individual ability. The shaded boxes
signify immediate and delayed tests for learning effects.
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and both its existing and new Chinese meanings, each appearing
only once per learning round.

Participants wore headphones before learning to listen to each
word’s pronunciation audio that was automatically played once
they saw the front of the card. Then, participants clicked the “learn
the new meaning” button to view the back and assessed the
learning difficulty before proceeding (to maintain focus and
reduce fatigue). During the instruction phase, experimenters
highlighted that participants should memorize meanings solely
by observing the screen without using paper or pens. They were
encouraged to learn at their own pace and take breaks when
necessary. A verbal reminder would be given if the learning round
exceeded 15 minutes.

Cued-recall test To directly examine the learning effects of new
meanings and reinforce retention (Kang et al., 2013), wewrote a test
program using E-prime 2.0. It included 160 trials, each beginning
with a 500-ms fixation cross, followed by a 1500-ms display of an
English word. Subsequently, participants had to quickly recall and
type the newmeanings on the following screen after a 200-ms blank
screen. Upon submission, they either viewed the correct answer for
immediate feedback (see Figure 2b) or, an 800-ms blank screen in
the no-feedback version. Due to E-prime’s restrictions with Chin-
ese character input, we recorded only accuracy. Correct answers
must perfectly match the two-character Chinese translations pro-
vided during the Learning Phase; any other inputs were marked
incorrect.

2.3.2. Testing phase
L2-L1 translation recognition testThis test usedE-prime 2.0 to present
English and Chinese words alternately across 170 trials—10 practice
and 160 experimental, and the experimental trials divided into four
blocks evenly with short breaks in between. Each trial started with a
500-ms fixation cross, followed by a 250-msEnglishword and a 2000-
ms Chinese word. Participants rapidly and accurately pressed “F”
(yes) or “J” (no) to indicate if the Chinese word matched the new
meaning of the preceding English word. Button assignments were
counterbalanced among participants. The test maintained a 1:1 ratio
of “yes” to “no” responses. Trials not answered within 2000 ms were
skipped andmarked incorrect. A 500-ms interval separated each trial.
The test lasted approximately ten minutes.

L2-L1 translation production test The program of this test,
written using E-prime 2.0, included seven blocks: the first six each

contained 25 trials and the final block comprised 10 trials. Short
breaks were allowed between blocks. Each trial featured an 800-ms
fixation cross, a 500-ms icon “★” (indicating to answer with new
meanings), a 500-ms English word, and a “?” displayed for 3500ms,
signaling participants to vocalize the new meaning into a micro-
phone. RTs were captured via an SR-Box and answers were
recorded on a tablet computer. The test took about fifteen minutes.

2.3.3. Tests related to individual abilities
Flanker task To evaluate interference inhibition, participants in this
task identified the direction of the central arrow flanked by lines or
arrowsusing the “F” (left) or “J” (right) keys. It consistedof 160 trials:
16 practice and 144 experimental trials which were divided evenly
based on three conditions: congruent (e.g.,!!!!!), neutral
(e.g., � –! – –) and incongruent (e.g.,!! !!). Each trial
began with a 500-ms fixation cross, followed by the stimuli. Follow-
ing participants’ responses or after 1500 ms, a 500-ms interval
preceded the next trial. RTs and accuracy were recorded, with the
Flanker effect calculated from RT differences between congruent
and incongruent trials. The larger the effect, the weaker the inter-
ference inhibition ability.

Stop-signal task To assess response inhibition, we used the
STOP-IT program (https://osf.io/wuhpv/) to perform a standard
stop-signal task (Verbruggen et al., 2013). Trials were split into
no-signal and stop-signal categories at a 3:1 ratio. In no-signal
trials, participants needed to identify the direction of a central white
arrow using the “ ” or “!” buttons. In stop-signal trials, they had
to refrain from pressing any button when a blue arrow appeared.
We utilized R codes from the program to analyze RT and accuracy,
calculating the -   (SSRT)—the span
from the appearance of the stop signal to the point when partici-
pants finished the trial. The higher its value, the weaker the reaction
inhibition ability.

Intelligence test To measure individual intelligence, we used
Raven’s Standard Progressive Matrices (Zhang & Wang, 1986),
which required participants to choose the correct pattern from
six or eight options to complete a matrix of geometric patterns
with amissing bottom-right segment. Given the uniform age cohort
of the participants,   (IQ) was directly
measured by the raw score (Raven_score), which is the total num-
ber of correct responses with a maximum of 60. The Cronbach’s
alpha reliability for this test was .70.

Figure 2. Example of bilingual flashcard (a) and cued-recall test flow chart (b).
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3. Data analysis

Weanalyzed the data using the package lme4 (Bates et al., 2015) and
lmerTest (Kuznetsova et al., 2017) to construct linear mixed-effects
models in R (Version 4.2.1; R Core Team, 2022). Effect sizes
(Cohen’s d) were calculated using the package EMA tools
(Kleiman, 2021). All variables were centralized and then incorpor-
ated into the model as continuous variables.

We optimized the model structure mainly by focusing on the
random slope of random effects, starting from the full model
containing the maximum random effect structure (Barr et al.,
2013)—random intercepts for both participants and items, and
random slopes for word frequency, semantic relatedness, inhibition
control (flanker effect and SSRT) and their interaction. If nonconver-
gence occurred, we employed backward stepping until achieving
model fit. ANOVA tests were used to compare all converging
models, with the best-fitting one selected based on the lowest Akaike
Information Criterion (AIC) value. Results only present estimates
and statistics from the best-fittingmodel (see Supplementary Appen
dix 3). For R codes, see Supplementary Appendix 2.

3.1. Data preprocessing

A researcher coded the translation production test data by listening
to participants recorded verbal answers. The criteria were as fol-
lows: for accuracy, an answer was marked correct only if it precisely
matched the new word meaning; for RT, if the participant used
obvious modal particles (e.g., “ah,” “er,” etc.) or hesitated, the RT of
the word was recorded as 0 ms.

We excluded participants with overall accuracies below 70%,
retaining 46 for the immediate tests and 39 and 38 for the delayed
recognition and production tests, respectively. In subsequent mod-
eling, we only used RTs as the dependent variable. The reasons were
twofold: first, the accuracies of both translation recognition tests
and the immediate translation production test were close to the
ceiling (see Table 2); second, attempts to build a generalized linear
mixed-effects model using delayed translation production test
accuracy as the dependent variable yielded near-unidentifiable
results due to large eigenvalues.

We filtered out erroneous RT data and values beyond
Mean ± 2.5 SD. In translation production tests, RTs under
200 ms or missing were also removed. As a result, 6.90% and
6.73% of data were excluded for immediate and delayed recogni-
tion tests, while 6.35% and 13.34% were excluded for immediate
and delayed production tests (see Table 2 for details). The distri-
bution of RTs, analyzed using package moments (D’Agostino,

1970), showed positive skewness. According to the skewness of
the data, we applied reciprocal transformation (1000/RT) to rec-
ognition test RTs and log transformation (log10) to production
test RTs, respectively.

3.2. Model structure

Before model construction, we performed a co-linearity test on
individual cognitive variables—namely, inference inhibition,
response inhibition and IQ. Pearson correlations (see Table 3),
which revealed no significant correlation among the scores from
flanker task (Flanker_effect), stop-signal task (SSRT) and intelli-
gence test (Raven_score) (all ps > .25), allowing their direct incorp-
oration into the models.

Four linear mixed-effects models were constructed for both
immediate and delayed translation recognition and production
tests, respectively. The core predictors for each model in the fixed
effects part were Word Frequency, Semantic Relatedness (hereafter
referred to as Relatedness), two inhibitory control component
variables (Flanker_effect and SSRT), and their respective interaction
with the first two variables. The covariates contained 8 lexical
factors (see Learning Materials for details) and individual IQ to
exclude their impacts on the fixed effects. To concurrently consider
the variance due to participants and the variance related to items,
random effects included by-participant and by-item intercepts.
Because of our focus on inhibitory control, which was related to
individual differences, we did not include the by-participant slope.
By-item slope was determined by the backward-stepping procedure
described previously.

4. Results

See results of cued-recall test in Supplementary Appendix 4.

4.1. Translation recognition tests

In this test, the dependent variable in all interaction plots was the
inverse of RT (i.e., 1000/RT), showing the opposite trend to the
actual RT.

4.1.1. Immediate testing phase
In this phase, the main effect of relatedness was significant (β = .06,
t = 3.08, p < .01), while that of word frequency was marginally
significant (β=�.06, t=�1.97, p= .05). No other core predictors or
interactions in the fixed effects were significant. The model

Table 2. Mean reaction time (ms) and accuracy (%) (SD) among tests and days for the different words’ groups

Groups

Immediate testing phase (Day 2) Delayed testing phase (Day 9)

Recognition test Production test Recognition test Production test

RT ACC RT ACC RT ACC RT ACC

HR 590 (141) 96 (19) 830 (313) 98 (15) 637 (171) 97 (18) 880 (337) 93 (25)

HU 609 (145) 95 (22) 874 (311) 96 (19) 656 (174) 95 (23) 940 (353) 87 (34)

LR 606 (148) 97 (17) 912 (314) 97 (17) 645 (169) 97 (18) 956 (334) 91 (28)

LU 611 (144) 96 (21) 875 (306) 97 (17) 658 (167) 96 (19) 928 (323) 88 (32)

Overall 604 (145) 96 (20) 873 (312) 97 (17) 649 (170) 96 (20) 925 (338) 90 (30)

Abbreviations: HR = High-frequency and Semantically Related Ambiguous Words; HU = High-frequency and Semantically Unrelated Ambiguous Words; LR = Low-frequency and Semantically
Related Ambiguous Words; LU = Low-frequency and Semantically Unrelated Ambiguous Words.
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coefficients indicated that higher relatedness quickened newmean-
ing recognition, while higher word frequency slowed it down.

4.1.2. Delayed testing phase
The main effects of relatedness (β = .07, t = 3.31, p < .01) and word
frequency (β =�.07, t =�2.36, p < .05) were significant. A notable
interaction emerged between relatedness and Flanker_effect
(β = �.03, t = �2.36, p < .05). No other core predictors or
interactions in the fixed effects were significant. The model coeffi-
cients revealed the same trends as the immediate testing phase.

Using the package interactions (Bauer & Curran, 2005), we
conducted a simple-slope test via the Johnson-Neyman method
for the interaction Relatedness × Flanker_effect. We found a sig-
nificant slope of relatedness on RTs (p < .05) when Flanker_effect
values resided outside the range of [12.99, 229.80]. Compared
with our observed range of [�32.39, 34.41] for participants’
Flanker_effect, a lower Flanker_effect yielded a more significant
slope. Concisely, stronger interference inhibition amplified the RT
differences in recognizing ambiguous words with varying related-
ness levels evidenced by longer RTs for unrelated words than those
for related ones (see Figure 3).

The performance at the extreme ranges of relatedness is shown
in Figure 3. For unrelated words (left end of the plot), stronger
interference inhibition (–1SD) prolonged RTs. However, for related
words (right end of the plot), RTs remained indistinguishable
across different levels of interference inhibition (i.e., both –1SD
and + 1SD lines overlap). This indicated that interference inhibition
mainly affected RTs for unrelated words, showing an interference
inhibitory disadvantage. Specifically, stronger interference inhib-
ition slowed down the recognition of unrelated words without
significantly affecting the recognition speed of related ones.

In summary, our translation recognition test results revealed
that: a) regarding lexical characters, both word frequency and

semantic relatedness impacted postlearning RTs for recognizing
new meanings, with high word frequency slowing down and high
semantic relatedness accelerating recognition. These effects per-
sisted one week after learning completion; b) regarding individual
characteristics, interference inhibition only influenced RTs in the
delayed phase, indicating a disadvantage. Stronger interference
inhibition was associated with longer RTs; and c) regarding the
interactions between the two characteristics, effects were only
observed in the delayed phase, indicating an inhibitory disadvan-
tage related to lower relatedness. Specifically, stronger interference
inhibition prolonged RTs for recognizing new meanings of seman-
tically unrelated ambiguous words.

4.2. Translation production tests

In this test, log-transformed RT with a base of 10 (i.e., log10RT) was
the dependent variable in all interaction plots, showing the con-
sistent trend to actual RT.

4.2.1. Immediate testing phase
In this phase, for main effects, only found that SSRT was significant
(β = �.20, t = �2.80, p < .01), whereas relatedness and word
frequency were not significant (Relatedness: β = �.03, t = �1.11,
p = .27; Word_Frequency: β = .08, t = 1.79, p = .08). No other core
predictors showed significant main effects. According to the coef-
ficient, individuals with stronger response inhibition exhibited
longer RTs for producing new meanings, indicating a response
inhibitory disadvantage. Regarding interactions, a significant three-
way interaction emerged among word frequency, relatedness and
Flanker_effect (β =�.03, t =�3.58, p < .001). No other interactions
were significant.

A simple-slope test on the significant interaction revealed the
following results: for unrelated words (Mean – 1SD), the slope for
word frequency was significant (p < .05) within the range of
[�16.99, 189.04] of Flanker_effect values; for related words
(Mean + 1SD), the significance of its slope occurred outside the
range of [�24.68, 57.00]. Within our observed participants’ Flan-
ker_effect range of [�32.54, 45.07], comparison of these ranges
showed diverging trends for related and unrelated words. Specif-
ically, for homonyms, weaker interference inhibition resulted in
more significant RT differences when producing newmeanings of

Figure 3. Interaction graph of Day 9 translation recognition test: Relatedness × Flanker_effect.

Table 3. Pearson correlations among individual variables

Measures 1 2 3

1 Flanker_effect 1.00

2 SSRT �.03 1.00

3 Raven_score .11 �.17 1.00
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ambiguous words with varying frequencies; for polysemes, stron-
ger interference inhibition resulted in more significant differ-
ences. Given the positive regression coefficient for word
frequency on RT, this difference meant individuals took more
time to produce new meanings for high-frequency words than for
low-frequency words.

A simple-slope graph (see Figure 4a) was plotted using the
package pequod (Mirisola & Seta, 2016). Abbreviations in legends
represent different ambiguous words, e.g., LF_LR for low-
frequency semantically unrelated ambiguous words with both word
frequency and relatedness one standard deviation below the Mean.
Specific illustrations based on words with different semantic
relatedness are as follows.

First, for unrelated words (HF_LR-◼ and LF_LR-●), both low-
and high-frequency ones showed that stronger interference inhib-
ition led to longer RTs. High-frequency words consistently had
longer RTs than low-frequency words, highlighting the necessity to
address interference caused by high-frequency words regardless
of individual interference inhibition levels. The slope for low-
frequency words (LF_LR) was steeper, suggesting a more promin-
ent role of interference inhibition for low-frequency words com-
pared to high-frequency words.

Second, for related words (LF_HR-▴ and HF_HR - +), only
high-frequency ones (HF_HR) showed a production disadvantage
—stronger interference inhibition led to longer RTs. The slope for
low-frequency words (LF_HR) was relatively flat with no discern-
ible difference in RTs among individuals with varying interference
inhibition. Figure 4a depicts specific situations: for those with
strong interference inhibition (on the left of Figure 4a), high-
frequency words resulted in longer RTs than low-frequency
words. Conversely, for those with weak interference inhibition
(on the right of Figure 4a), low-frequency words necessitated
longer RTs than high-frequency words. Combining this with

slope test results, we found that word frequency differences were
not significant among those with weak interference inhibition, as
their Flanker_effect range of [0, 45.07] fell within the insignificant
slope range of [�24.68, 57.00]. In a word, interference inhibition
predominantly affected high-frequency words, manifesting an
inhibitory disadvantage.

Finally, comparing all four types of ambiguous words, we
found the slopes in the graph ranged from steep to flat:
HF_HR > LF_LR > HF_LR > LF_HR. This suggested that the
influence of interference inhibition decreased in the sequence:
high-frequency-related words > low-frequency-unrelated words >
high-frequency-unrelated words > low-frequency-related words.
However, as mentioned earlier, interference inhibition had an
insignificant impact on LF_HR. Therefore, interference inhibition
mainly affected unrelated words and high-frequency related words,
with the most prominent influence on the latter.

4.2.2. Delayed testing phase
Here, both word frequency (β = .10, t = 2.11, p < .05) and SSRT
(β = �.14, t = �2.23, p < .05) exhibited significant main effects,
whereas relatedness did not (β = �.03, t = �1.14, p = .26). Same
model coefficients directions revealed the same trends as the imme-
diate testing phase. No other core predictors yielded significant
main effects. Notably, three significant interactions emerged: a) the
interaction among word frequency, relatedness and Flanker_effect
(β = �.03, t = �2.07, p < .05); b) the interaction between word
frequency and relatedness (β = �.07, t = �2.34, p < .05); c) the
interaction between relatedness and SSRT (β = �.03, t = �2.09,
p < .05).

First, regarding the Word frequency× Relatedness × Flanker_-
effect interaction, the simple-slope test showed that for unrelated
words (Mean – 1SD), the slope of word frequency was significant
within the Flanker_effect range of [�48.55, 57.09]; and for related

Figure 4. Interaction graph of translation production test: Word_Frequency × Relatedness × Flanker_effect.
Note: Graph A displays results from the second-day test, while Graph B shows the ninth-day test outcomes.
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words (Mean + 1SD), significant slope of word frequency emerged
outside the Flanker_effect range of [�28.20, 61.29]. Within our
observed participants’ Flanker_effect range of [�32.81, 34.00],
comparison of these ranges showed the following trends: for
unrelated words, the slope of word frequency was significant
regardless of Flanker_effect values; for related words, a smaller
Flanker_effect led to a more significant slope. In other words,
for homonyms, word frequency consistently influenced RTs,
regardless of interference inhibition levels; for polysemes, stron-
ger interference inhibition resulted in more significant RT dif-
ferences across varying word frequencies. Similarly, due to the
positive regression coefficient for word frequency, the influence
of or the differences in word frequency implied that higher-
frequency words yielded longer RTs compared to lower-
frequency ones.

Compared with RTs in the immediate phase, RTs in this phase
were generally longer (See Figure 4b). Trends for different ambigu-
ous words were similar, with some distinctions. For unrelated
words (HF_LR-◼ and LF_LR-●), interference inhibition effects
on different word frequencies remained consistent, showing similar
steepness in both lines, which was unlike the immediate testing
phase where the slope of low-frequency words was steeper than that
of high-frequency words. Further combined with the simple test
results of the two phases, the effect of word frequency was only seen
in individuals withweak interference inhibition initially, but later in
individuals with varying interference inhibition. In other words, as
individuals produced new meanings for unrelated words with
different frequencies, the role of interference inhibition diminished
over time. For related words (LF_HR-▴ and HF_HR - +) and the
overall steepness of four lines, their trends aligned with the imme-
diate testing phase. Consequently, in the delayed phase, interfer-
ence inhibition also influenced unrelated words and high-
frequency related words, with the most prominent influence on
the latter.

Second, regarding the Word frequency × Relatedness inter-
action, the simple-slope test revealed a significant relatedness
slope (p < .05) when word frequency fell outside the range of
[�3.16, 0.41]. Given the word frequency range of [�2.95, 1.63],
the slope was more significant for higher-frequency words. This
suggested that in high-frequency words (+1SD), unrelated words
resulted in longer RTs (See Figure 5a). In Figure 5a, the trend for
unrelated words (left end of the plot) was that high frequency led to
longer RTs, whereas the trend for related words (right end of the
plot) was the opposite. In short, word frequency and relatedness
influenced RTs through distinct processes.

Third, regarding the Relatedness × SSRT interaction, the simple-
slope test revealed a significant relatedness slope (p < .05) beyond
the SSRT range of [�1055.27, 54.34]. Given the participants’ SSRT
range of [�96.77, 137.20], the relatedness slope was more signifi-
cant in individuals with larger SSRTs. This suggested that weaker
response inhibition (+1SD) was linked to greater RTs disparity
between related and unrelated words (See Figure 5b). In Figure 5b,
RT differences among individuals with varying response inhibition
were larger in related words and relatively smaller in unrelated
words, with differences indicating response inhibitory disadvan-
tages—stronger inhibition led to longer RTs.

In summary, our translation production test results revealed
that: a) regarding lexical characteristics, higher word frequency
resulted in longer RTs. The interaction between word frequency
and relatedness revealed different influence processes; b) regarding
individual characteristics, both inhibitory components exhibited
significant effects, showing a disadvantage, with stronger inhibitory
control leading to longer RTs for producing new meanings; and c)
regarding the interaction between the two characteristics, both
inhibitory components exhibited inhibitory disadvantages in words
with different relatedness, which were more prominent in related
words. Furthermore, interference inhibition only affected high-
frequency semantically related words.

Figure 5. Interaction graph of Day 9 translation production test: Word Frequency × Relatedness (a) and Relatedness × SSRT (b).
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5. Discussion

This study aims to investigate the impact of inhibitory control on
LNM-FW in the context of L2 ambiguous word learning, focusing
on Chinese-English bilinguals. Uniquely, our findings indicated an
inhibitory disadvantage in this learning process, a novel observa-
tion contrasting with prior research (Lev-Ari & Keysar, 2014; Lu
et al., 2017). We will delve into these results in the following.

5.1. Inhibitory control’s effects on learning homonyms of varied
word frequency

For semantically unrelated ambiguous words (i.e., homonyms),
previous studies have mostly emphasized the interference among
meanings (Chen & Chen, 2022; Zhang et al., 2018), which is
especially prominent in high-frequency words (Fang et al., 2017).
Thus, given the effects of low semantic relatedness and high word
frequency, we initially hypothesized a significant role for inhibitory
control in learning these words. Since learners cannot directly
benefit from existing meanings, inhibitory control is needed to
reduce interference, which is essential for establishing and connect-
ing new semantic representations. Studies involving English pseu-
dowords (Lu et al., 2017) support this view, showing that stronger
inhibitory control facilitates second meaning learning. However,
contrary to our expectations and past findings, we observed an
inhibitory disadvantage in both translation recognition and pro-
duction tests.

We believe that this is due to differences in the solidity of the
existing meaning representations between the two learning pro-
cesses. In Lu et al. (2017)’s study, learners encountered two unre-
lated meanings of English pseudowords within three days, with
only a one-day gap between the learning of the first and second
meanings. Although lexical tests showed a significant processing
speed difference for the two meanings, this likely stemmed from
varying learning times rather than representation solidity. In this
scenario, the short learning period for both meanings did not allow
for solid representations, leading to easier interference and com-
petition. Here, inhibitory control influenced the learning of the
second meaning, as it was necessary to overcome competing mean-
ings for successful representation. In our study, participants learned
new meanings based on a good command of existing meanings,
leading to a stark contrast between representations and a low
likelihood of fierce competition, a case particularly evident for
high-frequency words. Under these circumstances, inhibitory con-
trol exerted a disadvantageous effect. We will further discuss the
reasons for this inhibitory disadvantage later.

5.2. Inhibitory control’s effects on learning polysemes of varied
word frequency

For semantically related ambiguous words (i.e., polysemes), we
hypothesized two potential roles of inhibitory control in LNM-
FW: weak or strong. Previous studies (Chen & Chen, 2022; Rodd,
2020) have suggested that bilinguals effectively utilize positive links
in polysemes, directly transferring similar representations from
existing meanings to new ones. This implies that learners may
not heavily rely on inhibitory control as an indirect aid. However,
given that this process inherently involves modifying form-
meaning mappings, learners might need to use inhibitory control
to suppress existing meanings for the smooth establishment of
similar new semantic representations and form-meaning bonds.
Our results suggest that inhibitory control plays a relatively weak

role in learning new meanings for polysemes, as this effect is
primarily observed in high-frequency semantically related words,
rather than uniformly across words of different frequencies, which
is likely due to interference stemming from the greater stability of
their existing form-meaning bonds.

Our results found that the influence of inhibitory control only
emerged in translations production tests, especially for high-
frequency related words, showing a similar disadvantage as
observed in learning homonyms. This influence was not found in
translation recognition tests, likely due to differences in semantic
processing levels between the two tests. They represent two distinct
activation processes of new meanings: - and -
(Kroll et al., 2010), each demanding different levels of semantic
processing. In the mental lexicon, polysemes, due to overlapping
representations, are stored as unified larger entries, while homo-
nyms, with less overlap, are stored as distinct, smaller entries (Jager
et al., 2016). Therefore, regardless of semantic processing levels
required by tasks, specific meanings need to be extracted for
homonyms, while for polysemes, it remains uncertain.

In translation recognition tests that require lower-level semantic
processing, individuals simply activate the generalmeaning entry to
assess whether the target word matches its new meaning.
For example, queen can signify both “a female king” and “the lord
of bees,” with both meanings converging on the broader concept of
“group leader” and stored under the entry queen. Deep semantic
processing may not be necessary for a “yes” response because
recognizing the general concept of “group leader” is sufficient.
For a “no” response, individuals simply exclude any presented
meaning unrelated to “group leader.”Thus, in these tests, activating
any meaning, either existing or new, triggers the broader meaning
entry, thereby fulfilling task requirements. This process does not
involve detailed extraction of new meaning representations, pre-
cluding the assessment of inhibitory control’s influence.

In translation production tests that require higher-level seman-
tic processing, individuals treat polysemes similarly to homonyms,
extracting precise meaning representations to meet task require-
ments. For instance, processing queen involves reaching the deep
concept of “the leader of the bee colony” to extract the specific
meaning of “the lord of bees” instead of “female king.” These tests
demand finer discrimination between new and existing meanings
within the larger entry to determine which representation to extract
precisely, especially in high-frequency words with low overlapping
of representations. In such cases, inhibitory control is needed, as
existing meanings can interfere with new ones. However, this also
displays an inhibitory disadvantage, where stronger inhibitory
control leads to longer RTs. The reasons for this inhibitory disad-
vantage are discussed later.

5.3. Inhibitory disadvantage in tests reflects inhibition
advantage in learning

From the preceding discussion, inhibitory control exhibits an
inhibitory disadvantage in lexical tests for both homonyms and
polysemes, especially in translation production tests. This indicates
that stronger inhibitory control leads to slower recognition or
production of new meanings. However, this disadvantage does not
necessarily imply that those with stronger inhibitory control are less
effective at learning new meanings. The cued-recall test conducted
on Day 2 revealed that participants, regardless of their inhibitory
control level, achieved over 98% accuracy in recalling newmeanings
for different L2 ambiguous words.We propose two possible explan-
ations for this   :
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One explanation is from Rodd (2020)’s perspective of lexical-
semantic space reshaping degree. We assume that inhibitory dis-
advantage arises from diverse reshaping degrees in the lexical-
semantic space among individuals with different levels of inhib-
ition. Specifically, Rodd emphasized that when individuals learn
new meanings, the initial stable state of lexical-semantic space for
quick assessment (McLeod et al., 2000) was broken to integrate new
meanings, forming a new stable state. Therefore, whenever new
meanings are learned, the lexical-semantic space undergoes reshap-
ing, transitioning from an existing stable state to a new one.
Previous studies reveal that individuals with stronger inhibitory
control excel in L2 word learning by efficiently engaging brain
regions associated with inhibitory control like the anterior cingulate
cortex and the right ventrolateral prefrontal cortex, especially in the
early stages of word learning (Rueschemeyer &Gaskell, 2018). They
tend to expedite learning through greater early activation of the
frontal inhibitory network. In contrast, individuals with weaker
inhibitory control prolong this process and rely on the inhibi-
tory control-related brain network to gradually adjust their
vocabulary knowledge in later stages of word learning (Grant
et al., 2015).

Therefore, we speculate that stronger inhibitory control facili-
tates early reshaping of lexical-semantic space in L2 ambiguous
word learning, leading to quicker formation of stable lexical access.
However, complete reshaping in the strong inhibition group can
greatly damage the lexical-semantic space, making it challenging to
extract new meanings quickly due to the unstable state before
reshaping finishes. Therefore, in the early, incomplete stages of
reshaping, stronger inhibitory control may result in a disadvantage
in different lexical tests. The reshaping of our participants was not
complete when they took the immediate and delayed tests because
they had only learned the new meanings six times without any
review or consolidation after each time’s study. Over time, process-
ing speed and accuracy for these new meanings gradually declined,
as seen in the shorter RTs on the second day compared to the ninth
day (see Table 2). Once space reshaping is completed and new
meanings reach a stable state, without deliberate practice, individ-
uals should process these meanings at a relatively consistent speed
and accuracy at any time. Future research aiming to validate this
explanation should consider a longer-term process, focusing on
how different levels of inhibitory control influence learning after
the lexical-semantic space has been fully reshaped.

A similar phenomenon has been observed in research on
  (WM, another component of executive func-
tion). For instance, Tokowicz et al., (2004) found that high working
memory capacity (WMC) individuals with study-abroad experi-
encemademore semantic errors during word translation compared
to their low-capacity counterparts. They suggested that this might
be because the immersive foreign language environment encour-
aged approximate translation, which requires holding multiple
items in memory simultaneously—a task more manageable for
high-capacity individuals. This additional cognitive load may
reduce accuracy, or it may reflect high WMC individuals’ greater
ability to restructure their lexical networks to accommodate fre-
quent L2 use.

Another possible explanation centers on competitive activation.
Maciejewski and Klepousniotou (2020) emphasized that the disad-
vantage in processing ambiguous words arose from semantic acti-
vation competition rather than difficulties in response selection.
This competition becomes apparent when different meanings are
activated to a similar degree. Therefore, the inhibitory disadvantage
could arise from fierce competition between existing and new

meanings in L2 ambiguous word learning for individuals with
strong inhibitory control. Stronger inhibitory control allows for
better indirect influence on new meaning learning, compensating
for the lack of direct transfer. Hence, if the learning of new mean-
ings is effective, it causes a significant activation of both the new and
existing meanings, resulting in competition and requiring more
time for resolution, thus exhibiting the disadvantage effect. In
contrast, people with weaker inhibitory control may not build
new meanings that are strong enough to compete with existing
ones, thus avoiding competition and processing words faster.

Interestingly, Kroll et al. (2002) observed a similar pattern in
high WMC bilinguals, who performed worse on cognate word
translations compared to low WMC individuals, yet better on
noncognate translations. Typically, cognates are processed more
easily, which supports the competitive activation explanation: high
WMC bilinguals can activate multiple meanings simultaneously,
leading to greater competition and slower processing speeds.

Whether viewed from the perspective of restructuring the
lexical-semantic space or competition activation, both explanations
highlight a common phenomenon: learners with stronger inhibi-
tory control face greater learning costs during the early stages of L2
word learning compared to those with weaker inhibitory control.
This aligns with the concept of   proposed
by Bogulski et al. (2019) during the early stage of new language
acquisition for adult bilinguals, where these initial challenges—
increased learning costs caused by induced errors or conceptual
elaboration—ultimately benefit long-term learning and memory
retention.

More importantly, Bogulski et al. (2019) denied the cognitive
control advantage hypothesis, suggesting that superior cognitive
control scores were not necessarily linked to better word learning
outcomes. Instead, they attributed these desirable difficulties to
bilinguals’ enhanced ability to regulate their L1. Our research
extends this idea by showing that inhibitory control might be a
contributing factor to the mechanism behind these desirable diffi-
culties. Taken together with similar findings from WM research
(Kroll et al., 2002; Tokowicz et al., 2004), it suggests that future
research should further explore the link between executive func-
tions and desirable difficulties in language acquisition.

Additionally, we would like to re-emphasize the role of word
frequency. As previously mentioned, word frequency serves as an
effective indicator of a word’s form-meaning bond solidity, which
our findings have confirmed. High-frequency L2 ambiguous words
have more stable existing meanings compared to low-frequency
words,making it harder to adjust the form-meaningmappings both
for homonyms and polysemes. Aswe all know, changing something
already established is always difficult, and the same applies to word
learning.

Although both types of lexical tests in our study involve seman-
tic processing at different levels, evaluating the lexicalization effect
of newmeanings across individuals with varying inhibition remains
challenging. Fang et al. (2017) found that high-frequency words
presented a disadvantage in semantic judgment tasks requiring
extensive semantic processing. However, these words showed an
advantage in lexical decision tasks, which requireminimal semantic
processing. They thus concluded that while high-frequency words
interfered more with new meanings, they also enhanced
co-activation of new and existing meanings, aiding the learning
process. Future research could employ tasks like lexical decision,
which require less semantic processing, to compare overall learning
outcomes of new meanings across varying levels of inhibitory
control.
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5.4. Which one is more important: interference inhibition or
response inhibition?

The previous study emphasized interference inhibition’s crucial
role in L2 ambiguous words learning, but the role of response
inhibition remained unexplored (Lu et al., 2017). Employing
flanker and stop-signal tasks to assess both types of inhibitions in
LNM-FW for L2 ambiguous words, we hypothesized interference
inhibition played a greater role. According to their definitions
(Diamond, 2013), interference inhibition is influenced by the lex-
ical features of ambiguous words, while response inhibition is
linked to prior knowledge (i.e., the control of impulsive behaviors
developed in earlier learning).

Indeed, our findings affirmed this. Our results highlighted the
dominance of interference inhibition across various tests. For
instance, significant interactions between Flanker_effect, and word
frequency and relatedness were observed in both immediate and
delayed phases of the translation production tests. Response inhib-
ition had a lesser yet significant role, such as the two-way inter-
action during the delayed phase of the translation production tests.
Despite this, both types exhibited inhibitory disadvantages: the
disadvantage of interference inhibition related to the state of
lexical-semantic space or the extent of newmeaning learning, while
that of response inhibition was only found in production tests that
involved speaking and mouth muscle movements. Lev-Ari and
Keysar (2014) discovered that individuals with weaker inhibitory
skills struggled to distinguish meanings of polysemes and homo-
nyms, facing challenges in suppressing impulsive reactions of exist-
ing meanings compared to new ones. However, this limitation is
helpful when people initially learning new meanings. Our tests,
which do not require detailed distinctions betweenmeanings, show
that extracting existing meanings can accelerate their response to
tasks. But those with strong response inhibition focus on accurately
extracting new meanings, as they are more adept at detecting
differences in meanings of ambiguous words, which is beneficial
for long-term semantic access. This may explain the response
inhibition disadvantage observed in our research.

Overall, both interference and response inhibition contribute to
the overall dynamic adjustment of the lexical-semantic space in L2
ambiguous word learning, with interference inhibition being more
pronounced. Although both exhibit an inhibitory disadvantage,
this disadvantage aids in learning new meanings. Future research
might benefit from longer-term studies or lexical tests evaluating
the lexicalization of new meanings. Also, considering the design of
our study, which did not involve revisiting new meanings, the
reshaping process might have remained incomplete. Future studies
could investigate if immediate postlearning review expedites this
reshaping. And from a broader perspective, our study reaffirms the
importance of executive function elements in language acquisition
and underscores the importance of considering both learner char-
acteristics and lexical features in language learning research.

6. Conclusion

The present study is the first to comprehensively investigate the role
of inhibitory control in learning new knowledge based on existing
knowledge within the context of L2 ambiguous word learning,
focusing on the process of learning new meanings for familiar
words. We found that inhibitory control could be an effective
supplementary pathway in this learning process. Specifically, in
our study, learning newmeanings for both high-frequency and low-
frequency homonyms necessitated inhibitory control, whereas for

polysemes, only high-frequency words required it. Inhibitory con-
trol plays an important role in learning new meanings of L2
ambiguous words, especially when lexical characteristics like high
frequency or low semantic relatedness hinder direct knowledge
transfer. However, this can initially result in intensified competition
between new and existing meanings or substantial reshaping of the
lexical-semantic space, temporarily creating a disadvantage in lex-
ical access.
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