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ABSTRACT

Background. Bilingual subtitles can facilitate incidental vocabulary learning by providing
simultaneous access to L2 forms and L1 meanings, but they also increase split-attention
demands in multimodal processing. In such contexts, textual enhancement may either support
noticing by increasing the perceptual salience of target words or add to cognitive load. Although
previous research has examined bilingual subtitles, textual enhancement, and individual
differences, these factors have rarely been investigated together within a single design. As a
result, it remains unclear how textual enhancement operates in bilingual subtitle environments
and to what extent its effects depend on learners’ working memory, language proficiency, and
vocabulary size.

Purpose. Given the lack of integrated evidence on how textual enhancement and individual
differences jointly operate in bilingual subtitle contexts, this study aimed to clarify whether
textual enhancement facilitates incidental vocabulary learning, and how this depends on
learners’ working memory, language proficiency, and vocabulary size.

Method. Forty-two Chinese English majors watched a seven-minute documentary clip with
bilingual subtitles in a within-subject, item-level design, in which half of the target words
were visually enhanced, and half were not. Vocabulary gains were assessed through pre- and
immediate post-tests measuring form recognition, meaning recall, and meaning recognition.
The data were analysed using generalized linear mixed models with participants and items as
random effects.

Results. Textual enhancement significantly increased the likelihood of correct responses in form
recognition (B8 = 1.608, p < 0.001, OR = 5.00) and meaning recall (8 = 2.637, p = 0.004, OR = 13.98),
but notin meaning recognition (8 =1.074, p=0.161). Language proficiency significantly predicted
form recognition (8 = 0.506, p = 0.044), meaning recall (3 = 0.818, p = 0.014), and meaning
recognition (B = 0.646, p = 0.017). Working memory predicted form recognition (3 = 0.486, p =
0.037) and meaning recognition (8 = 0.622, p = 0.009), whereas vocabulary size predicted only
meaning recognition (B8 = 0.529, p = 0.030).

Conclusion. The findings suggest that, in bilingual subtitle contexts, textual enhancement
primarily supports form-level learning rather than deeper semantic integration. Language
proficiency emerged as the most consistent predictor of incidental vocabulary gains, while
working memory and vocabulary size showed more selective effects depending on the type
of vocabulary knowledge assessed. These results shed light on the boundary conditions under
which visual enhancement is effective in cognitively demanding multimodal input.
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guage (L2) research because explicit

INTRODUCTION
instruction alone is unlikely to provide

Incidental vocabulary learning has be- learners with the lexical coverage re-
come a central concern in second lan- quired for successful language use

146

JLE | Vol.12 | No.1 | 2026


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0002-9195-4143
https://orcid.org/0009-0000-6812-637X
https://orcid.org/0009-0004-5554-0634

Vocabulary Learning via Bilingualism

| Research Paper

(Hulstijn, 2003; Nation, 2001; Schmitt, 2008; Webb, 2019).
Although the concept was originally developed in research
on children’s first language (L1) learning (Nagy et al., 1985),
it has increasingly been applied to L2 contexts, particularly
those involving audiovisual input and subtitled viewing (Pe-
ters & Webb, 2018; Montero Perez et al., 2018; Teng, 2025a).
Within this line of inquiry, bilingual subtitles have attract-
ed growing attention because they provide simultaneous
access to L2 forms and L1 meanings, thereby creating fa-
vourable conditions for noticing and initial form-meaning
mapping (Wang & Pellicer-Sanchez, 2022). At the same time,
this dual-language support may also increase the process-
ing demands of multimodal input, making it necessary to
examine under what conditions bilingual subtitles facilitate
rather than complicate vocabulary learning.

Despite growing evidence supporting the efficacy of bilin-
gual subtitles (Puimege et al., 2023; Pannatier & Bétrancourt,
2024), this dual-language input also significantly intensifies
the split-attention effect (Kalyuga et al., 1999), requiring
learners to navigate three concurrent information streams:
audio, L1 text, and L2 text. Within this dense multimodal en-
vironment, Textual Enhancement (TE), the use of visual cues
like colour coding to direct attention to target forms (Smith,
1993), presents both a solution and a challenge. According
to the Noticing Hypothesis (Schmidt, 1990), TE should the-
oretically promote acquisition by increasing the perceptu-
al salience of target items. Yet, in a bilingual context, it re-
mains unclear whether TE acts as a necessary “perceptual
scaffold” that helps learners filter relevant information, or
as an additional source of extraneous cognitive load that
overwhelms the learner’s limited attentional resources. This
tension between perceptual support and cognitive overload
lies at the heart of the present investigation.

The effectiveness of these design features is further mod-
erated by learners’ individual differences. Processing bilin-
gual subtitles requires the simultaneous maintenance and
manipulation of multimodal input, a process that likely de-
pends on working memory (WM) (Montero Perez, 2020). At
the same time, language proficiency and vocabulary size
may function as essential linguistic foundations, determin-
ing how efficiently learners integrate new information into
existing semantic networks. Despite the clear interplay be-
tween pedagogical design and learners’ characteristics, em-
pirical research that systematically models these three vari-
ables (WM, proficiency, and vocabulary size) within a single
bilingual subtitle framework remains scarce.

Addressing this gap, this study aimed to clarify whether TE
facilitates incidental vocabulary learning in bilingual subtitle
environments, and how this depends on learners’ WM, lan-
guage proficiency, and vocabulary size:

RQ1: How does TE affect L2 incidental vocabulary learning
from bilingual subtitles?

RQ2: How do individual differences (WM, language profi-
ciency, and vocabulary size) affect L2 incidental vo-

cabulary learning from bilingual subtitles?

LITERATURE REVIEW

Incidental Vocabulary Learning via
Multimodal Input

Incidental vocabulary learning occurs as a by-product of en-
gaging in a meaning-focused task (Chen & Truscott, 2010),
fostering vocabulary growth and enabling learners to un-
derstand word usage in context (Webb et al., 2023). Early re-
search focused on monomodal input, such as reading (Cho
& Krashen, 1994) or listening (Vidal, 2011), and demonstrat-
ed that learners can acquire new words incidentally through
meaningful exposure in a single modality.

Building on this, more recent studies have explored mul-
timodal input, combining visual and auditory channels in
formats such as reading-while-listening or captioned vide-
os (e.g., Peters & Webb, 2018; Rodgers & Webb, 2020; Teng,
2025a). Comparing reading, listening, reading while listen-
ing, and viewing captioned videos, Teng (2025a) reported
that captioned videos led to the largest vocabulary gains,
likely because they simultaneously engage learners through
text, audio, and visuals. Other studies have similarly shown
that captioned videos support both form recognition and
meaning recall (Peters & Webb, 2018; Rodgers & Webb,
2020).

Within the research on captioned videos, another line of
inquiry has investigated how the language of subtitles,
whether L1, L2, or bilingual, influences learning outcomes.
While monolingual subtitles have been shown to aid learn-
ing, they do not fully address whether bilingual subtitles
provide additional benefits. Li (2016) compared L1, L2, and
bilingual subtitles and found that bilingual subtitles signif-
icantly enhanced immediate and delayed vocabulary recall
compared to either monolingual option. Similarly, Wang
and Pellicer-Sanchez (2022) reported that bilingual subtitles
were more effective in supporting both form recognition
and meaning recall. Presenting learners with both the L2
form and its L1 meaning may help them notice and retain
new vocabulary by providing immediate access to both com-
ponents.

These findings suggest that multimodal input, particularly
through captioned videos, benefits incidental vocabulary
learning and that bilingual subtitles can be especially ef-
fective. However, the advantage of bilingual subtitles may
depend on learners’ language proficiency and the learning
outcomes measured. Bilingual subtitles seem particular-
ly helpful for form recognition and meaning recall among
learners who benefit from simultaneous access to meaning
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and form. Research has yet to fully explore how to optimise
bilingual subtitles, and TE has emerged as a promising tech-
nique for this purpose.

Textual Enhancement and Incidental
Vocabulary Learning

Textual enhancement, first proposed by Smith (1981), pro-
vides written text with visual modifications for the pur-
pose of making target items stand out more prominently.
Enhancement techniques commonly include bold text and
underlines alongside italics or colour and size transforma-
tions. According to the Noticing Hypothesis (Schmidt, 1990),
learners can acquire information only after noticing specific
input in their learning materials. TE is designed to increase
perceptual salience and support this noticing process. The
levels of processing theory (Craik & Lockhart, 1972) further
suggest that deeper semantic processing yields stronger
memory traces than superficial processing. Numerous stud-
ies have confirmed that TE benefits learners by improving
their acquisition of target forms in written and captioned
input (e.g., Meguro, 2019; Lee & Jung, 2024). However, the
extent to which these benefits carry over to more cognitive-
ly demanding multimodal environments remains less clear.

Although TE in multimodal input is an emerging area of
research, most studies have focused on monolingual cap-
tions (Cintrén-Valentin & Garcia-Amaya, 2021; Puimége et
al., 2023). This is an important starting point, but findings
from monolingual captioning cannot be assumed to apply
directly to bilingual subtitle conditions, where learners must
coordinate attention across multiple concurrent sources of
information. For instance, Puimeége et al. (2023) found that
enhanced L2 subtitles attracted more visual attention and
improved recall, suggesting that TE increases the salience
of target vocabulary and supports learning. What remains
unclear, however, is whether these attentional benefits ex-
tend to bilingual subtitle conditions, where TE is embedded
in a denser multilingual input configuration. While Wu and
Yang (2022) examined the effects of bilingual subtitles with
enhanced target words, their approach involved presenting
L2 subtitles accompanied by separate L1 glosses of the tar-
get words, rather than enhancing the perceptual salience
of target words directly by changing their colour within
the bilingual subtitles. They found that presenting L2 sub-
titles with separate L1 glosses for enhanced target words
improved meaning recall and benefited higher-proficiency
learners. Their study contributed to understanding TE in bi-
lingual contexts but did not examine the effects of working
memory or vocabulary size, which are likely to influence how
learners process enhanced multimodal input.

Individual Differences

In SLA, individual differences refer to a broad range of learn-
ers’ characteristics that account for variations in language
learning outcomes. Dornyei (2005) proposed a framework

that categorises these differences into personality, ability,
motivation, learning styles, strategies, and other factors.
Within this framework, working memory, language profi-
ciency, and vocabulary size are all situated within the do-
main of learner ability, encompassing core cognitive capaci-
ties and measurable linguistic performance. These variables
have been shown to influence L2 vocabulary learning (Pu
et al., 2024; Teng, 2024), but they have not been examined
together in a single study involving both bilingual subtitles
and TE.

Working memory, defined as a limited system for temporar-
ily storing and processing information (Huang et al., 2022),
is critical for learning under cognitively demanding condi-
tions (Juffs & Harrington, 2011). According to the multicom-
ponent model proposed by Baddeley and Hitch (1974) and
refined by Baddeley (2000), WM consists of the central ex-
ecutive (responsible for attentional control and task switch-
ing), the visual-spatial sketchpad (which handles visual and
spatial information), the phonological loop (for storing and
rehearsing verbal material), and the episodic buffer (a tem-
porary storage system that links information across do-
mains and to long-term memory). In multimedia learning
environments, WM is vital for integrating audio, visuals, and
text (Pattemore & Mufioz, 2020). The split-attention effect
(Kalyuga et al., 1999) also suggests that dividing attention
across modalities can overwhelm WM and hinder learn-
ing. Research has established a link between WM capacity
and incidental vocabulary learning, both from textual input
(Martin & Ellis, 2012) and in multimedia environments with
captions (Teng, 2025b). The extent to which this relationship
holds within the specific context of bilingual subtitles, and
particularly when they are modified by TE, has yet to be in-
vestigated.

Language proficiency, the degree to which a learner can use
a language effectively across contexts (Bachman, 1990), is
another important predictor of incidental learning. Learners
with higher proficiency tend to process linguistic input more
efficiently, make better use of contextual cues, and infer
word meanings more accurately during incidental vocabu-
lary learning (Laufer, 1997). Language proficiency advan-
tage is equally critical in multimedia learning environments.
Research indicates that learners with higher proficiency are
better equipped to manage and integrate the concurrent
streams of information from audio, visuals, and on-screen
text, allowing them to derive greater learning benefits from
L1 captioned or L2 subtitled video (Lwo & Lin, 2012; Teng,
2024; Wu & Yang, 2022). Despite this well-documented role
of language proficiency in both general and multimedia-as-
sisted incidental learning, its specific function within the
context of bilingual subtitles remains underexplored.

Vocabulary size, defined as the total number of words a
learner knows, is also a crucial predictor of L2 learning out-
comes. A larger vocabulary size has been associated with
better performance in listening, speaking, reading, and
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writing (Laufer & Nation, 1995; Enayat & Derakhshan, 2021;
Zhang & Zhang, 2022) and greater capacity to learn new
words incidentally (Henriksen et al., 2004). Vocabulary size,
in relation to the lexical demands of the input, has also been
identified as an important factor in multimodal learning en-
vironments, where it has been shown to be the strongest
predictor of vocabulary learning from audiovisual input, ex-
erting a greater influence than other cognitive factors such
as WM (Suarez et al., 2021). While the overarching impor-
tance of vocabulary size in multimodal learning is clear, its
specific function within the novel configuration of bilingual
subtitles that incorporate TE requires investigation.

Synthesis and Research Gap

Previous research shows that bilingual subtitles can support
incidental vocabulary learning by providing simultaneous
access to L2 forms and L1 meanings, and that textual en-
hancement may further support this process by directing
attention to target words. However, two limitations emerge
from this body of research.

First, most studies have examined TE and individual differ-
ences in isolation, leaving it unclear how these factors jointly
influence learning outcomes in bilingual subtitle contexts.
Second, the cognitive and linguistic mechanisms underlying
such learning remain underspecified. On one hand, Dual
Coding Theory (Paivio, 1990) suggests that bilingual subti-
tles combined with TE could strengthen verbal and visual
associations. On the other hand, Cognitive Load Theory
(Sweller, 2011) cautions that the simultaneous presentation
of L1 and L2 text may intensify split-attention demands, po-
tentially offsetting the benefits of enhancement. Without
systematically modelling TE and individual differences to-
gether, it is difficult to determine whether TE acts as a per-
ceptual scaffold or as an additional source of cognitive load,
and how this trade-off depends on learners’ cognitive and
linguistic capacities.

Addressing these gaps requires an integrated approach that
accounts for both pedagogical design features, specifically
TE, and individual differences, including WM, language pro-
ficiency, and vocabulary size, within a single bilingual subti-
tle framework. Such an approach allows for a more precise
assessment of how design features and learner capacities
jointly influence vocabulary outcomes, moving beyond the
isolated variable analyses that have characterized prior re-
search.

METHOD

Participants

A total of 42 (37 females, 5 males; M., = 20, SD,,, = 1.47)
Chinese students majoring in English from a university in
southwest China participated in this study voluntarily. After

viewing the video, participants were asked whether they
had previously seen the documentary used in the experi-
ment, and all confirmed that they had not. This sample size
aligns with a similar experimental study in the field (Teng,
2024) and is sufficient to support the estimation of prespec-
ified main effects within a within-subject item-level GLMM
design, which was the primary analytical goal of the present
study. Before the experiment, all participants took a test of
WM, a vocabulary size test, and a language proficiency test
(details reported in the section on Results). A within-subjects
design was adopted to maximise statistical power and in-
crease the efficiency of data collection. In this design, the
experimental conditions were implemented at the target
word level within the same input, meaning all participants
viewed the identical video stimulus with bilingual subtitles.
By exposing each learner to both textually enhanced and
unenhanced target words, the design effectively used each
participant as their own control, thereby allowing for a ro-
bust assessment of the TE effect with the given sample size.
All participants signed a consent form and received 60 Chi-
nese Yuan as compensation.

Materials

Measurements of Participants’ Working Memory, Language
Proficiency, and Vocabulary Size

The Reading Span Task (RST; Daneman & Carpenter, 1980)
was employed to measure participants’ WM. The task in-
volved 70 unrelated English sentences (11-13 words each),
ending with a different word. Half of the sentences were
grammatical, half ungrammatical. Participants were re-
quired to judge each sentence’s grammaticality while recall-
ing its final word. This dual requirement ensures the task
captures both syntactic processing and storage functions.
The test was presented using E-prime 3.0 and lasted 15-20
minutes, with a maximum score of 140. The RST has been
extensively adopted in L2 research as a reliable instrument
for assessing WM, particularly in relation to language pro-
cessing (Juffs & Harrington, 2011). In the current sample,
the RST yielded a Cronbach’s alpha of .81, indicating good
internal consistency.

Language proficiency was assessed using the Oxford Place-
ment Test (OPT; University of Cambridge Local Examinations
Syndicate, 2001). This 60-item test evaluates grammar, vo-
cabulary, and integrated skills via multiple-choice and cloze
tasks. Its balanced design and manageable length made it
particularly suitable for this study. Additionally, the OPT has
been aligned with the Common European Framework of
Reference for Languages (CEFR), enabling a reliable classifi-
cation of test-takers' language proficiency levels (Pujadas &
Mufioz, 2024). In the current study, the OPT demonstrated
good reliability (Cronbach’s alpha = .83).
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Vocabulary size was estimated through the Vocabulary Size
Test (VST; Nation, 2007). The test includes 140 items (10
items per level), covering the 1,000 to 14,000 family levels,
and the maximum score is 14,000 points. Each item presents
an English sentence containing a target word in boldface,
and participants are asked to select from four options (a-d)
the word closest in meaning to the target. If participants did
not know the meaning of the word, they were instructed to
select “e. I don't know.” In the current study, internal relia-
bility was reported to be .78 (Cronbach’s alpha value).

Experiment Materials

The Video Clip. An authentic video excerpt from the docu-
mentary Animal Odd Couples' (856 words in total) was ex-
tracted for this study using Clipchamp editing software (v
7.5.0). The clip describes the friendship between a bear, a
tiger and a lion, chosen for its engaging content and lan-
guage complexity appropriate to participants’ vocabulary
levels. Post-viewing interviews with another seven learners
of similar characteristics to the participants, conducted as a
pilot test of the watching material, indicated that 1.0x was
too fast for comprehension and vocabulary learning. To
optimise the cognitive processing of the video content and
language, the playback speed was adjusted to 0.8x. The to-
tal length of the video was 6 minutes and 55 seconds. The
lexical frequency profile of the scripts was analysed by using
Python (v. 3.9.6), with the Corpus of Contemporary Ameri-

Table 1
Overview of Target Words and Distractors

can English? as the reference corpus. Results showed that
the first 3,000 most frequent words covered 97% of the ma-
terial. The original English video script was retrieved online
and translated into Chinese. The translated script was com-
pared with an amateur translation® and reviewed by three
native Chinese speakers fluent in English for accuracy. The
complete bilingual scripts are provided in the supplementa-
ry materials. The L2 subtitles (English) and L1 subtitles (Chi-
nese) were edited with CapCut (v. 7.5.0) to ensure proper
synchronisation with sound and images, with Chinese subti-
tles on the first line and English on the second line.

Target Words for Incidental Learning. To assess participants’
incidental vocabulary learning under natural conditions, all
target words were selected from the original English subti-
tles of the video instead of using pseudowords. The selec-
tion of target words involved multiple steps to ensure ap-
propriate word difficulty and frequency of occurrence. First,
a Python program identified words not among the most fre-
quent 3,000 words in the COCA, resulting in 23 potential tar-
get words. As word occurrence frequency can affect vocabu-
lary learning outcomes (Teng, 2025a), only words appearing
once in the video script were retained (list reduced to 21).
Lastly, 11 Chinese EFL learners with a similar language back-
ground to the participants assessed their familiarity with the
21 words. Only words that were unknown to them were se-
lected as target words, resulting in a final list of six. Among
them, three words and their Chinese translations were tex-

Items Part of speech Chinese translation Length of words
cub n. NI 3
confiscated V. iard 11
busted V. i 411 6
sedated V. A3 S R ) 7
barneys n. Fub 7
rivalry n. RHEAN 7
refuge n. Tt e e 6
pets n. FEH) 4
sanctuary n. RYIX 9
amazed a. A N 1) 6
pecking n. AR 7
wonderfully adv. AT b 1

Note.

Among the six target words, three enhanced words are presented in red font, while the three non-enhanced words are in black. The six

distractors are italicised for distinction. All words are presented in the order of appearance in the video clip.

' British Broadcasting Corporation. (2013). Animal odd couples. BBC. Retrieved from https://www.bbc.co.uk/programmes/b03jp46s
2 Davies, M. (2008). The Corpus of Contemporary American English (COCA). Brigham Young University. Retrieved from https://www.eng-

lish-corpora.org/coca/

3 Bilibili. (n.d.). Animal odd couples [Chinese subtitled version]. Retrieved from https://www.bilibili.com/video/av21620515/
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tually enhanced through changing the font colour to red,
while the remaining three remained unmodified. Screen-
shots illustrating the subtitle formatting and enhancement
are provided in Appendix A for reference. To reduce the po-
tential test effects and make the target words less salient,
six distractors were included in the pretest and post-test.
The distractors included two lower-frequency words (above
the 5,000-word-level) and four higher-frequency words
(within the first 3,000-word-level) from the same clip. The
inclusion of distractors aimed to reduce guessing and the
test’s challenge level, while their comparable length main-
tained similar difficulty. Table 1 provides an overview of the
target words and distractors used in the study.

All participants viewed the same version of the video, with
identical subtitle timing and formatting, individually on the
same model of monitor (EIZO FlexScan EV2451). TE was ma-
nipulated as a within-subjects variable, exposing each par-
ticipant to both enhanced and non-enhanced target words.

Measurements of Experiment Outcomes

Comprehension Test. To ensure that the participants focused
on the video, a comprehension test was designed to evalu-
ate their understanding. It consisted of five multiple-choice
questions (2 points per item, 10 total). For each question,
participants were required to choose the best answer from
four options, or select “I don’t know” if uncertain. To mini-
mise potential interference, no target words were included
in the questions or options. All participants had achieved a
score over 8 (M =9.78, SD =0.63), which descriptively indicat-
ed their understanding. Consequently, no participants were
excluded.

Incidental Vocabulary Learning Tests. In line with a previ-
ous study tapping into different aspects of word knowledge
(Peters & Webb, 2018), incidental vocabulary learning out-
comes were measured by form recognition, meaning recall,
and meaning recognition tests in pretests and immediate
post-tests. Each test comprised 12 vocabulary items, includ-
ing the six target words and six distractors. In each test, the
six items containing distractors were not included in the fi-
nal score. Therefore, the maximum score for each test was
6 points.

To reduce word exposure frequency and minimise test effect
(Teng, 2025a), the form recognition and meaning recall tests
were combined. To ensure accurate recognition and reduce
the potential impact of single-modality processing, each
word was presented both auditorily and visually, with the
audio recording played twice, following procedures adopt-
ed in a previous study (Wang & Pellicer-Sanchez, 2022). The
meaning recognition test was a written multiple-choice test,
presenting each item with four Chinese options (the key,
three distractor options) plus an “I don’t know” option to
avoid guessing. Identical items were used in pretest and
post-test to assess target words learning, with the order

varied to reduce potential recall bias. To enhance transpar-
ency and replicability, form recognition, meaning recall, and
meaning recognition tests are provided in Appendix B.

Procedures

The study was conducted in two sessions separated by a
three-week interval. The complete experimental procedure
and time allocation are illustrated in Figure 1.

Session 1 (approximately 95-100 minutes) consisted of four
tasks. Participants first completed a vocabulary pretest (10
minutes), followed by a language proficiency test (30 min-
utes) and a vocabulary size test (40 minutes), all adminis-
tered online via the SoJump platform. These tests were
completed individually at participants’ convenience within
a designated one-week window. Participants were instruct-
ed not to consult dictionaries or reference materials during
testing. The SoJump platform monitored test-taking behav-
iour, and no irregularities were detected. All 42 participants
completed these tests without incident. The WM test was
administered as the final task of Session 1 in a laboratory
setting under researcher supervision, as it required special-
ised software. This task took approximately 15-20 minutes.

Session 2 (approximately 25-30 minutes) took place three
weeks later. Upon arrival, participants first signed an in-
formed consent form (3 minutes). They then watched a
seven-minute documentary video containing textually
enhanced target words, with instructions to focus on un-
derstanding the story and the relationships between the
animals. Participants were not informed that vocabulary
learning was part of the study, nor were they given any
explanation regarding the purpose of the colour coding
in the subtitles. This was done to operationalize incidental
learning conditions in terms of task orientation, following
Hulstijn (2003), whereby learners’ primary goal was mean-
ing-focused comprehension rather than deliberate vocab-
ulary study. Immediately after viewing, participants com-
pleted a reading comprehension test (5 minutes), followed
by unexpected vocabulary post-tests (10-15 minutes). The
post-tests were administered in the following order: form
recognition, meaning recall, and meaning recognition. The
entire experiment lasted approximately two hours across
both sessions.

Scoring and Analysis

The six target words in form recognition, meaning recall,
and meaning recognition tests were scored dichotomously
with 0 for an incorrect response and 1 for a correct response.
For meaning recall, 1 point was given for the answers with
exact meanings or close synonyms. Two independent raters
evaluated the responses, demonstrating high inter-rater re-
liability (Cohen’s k = 0.86).
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Figure 1
The Procedures of the Experiment

4{ Step 1: Pretest of target words (10 min) ]

|

»|  Step 2: Language proficiency test (30 min) ]

Session 1

!

(95 — 100 min)
I

4’[ Step 3: Vocabulary size test (40 min) ]

:

Step 4: Working memory test (15 — 20 min) ]

3 weeks later

4’[ Step 5: Sign consent form (3 min) ]

I

Session 2

Step 6: Watch the video (7 min)

| —

(25 — 30 min)

!

Step 7: Comprehension test (5 min) ]

a. Form recognition ]

4,[
4,[
L

l b. Meaning recall
Step 8: Post-tests (10— 15 min) +

To examine the effects of TE and individual differences (WM,
language proficiency, vocabulary size) on incidental vocab-
ulary learning outcomes (form recognition, meaning re-
call, and meaning recognition), separate generalised linear
mixed models (GLMMs) were conducted for each outcome
variable. In these models, TE (enhanced vs. unenhanced
target words) was treated as a within-subjects, word-level
predictor, while individual differences were treated as be-
tween-subjects, participant-level predictors, as these varia-
bles varied across participants but remained constant within
each participant. Each model included TE and all individual
difference variables as fixed effects. Continuous predictors
were z-standardised prior to model fitting. GLMMs were
chosen for their flexibility in handling binary outcome vari-
ables and accounting for random effects. All models includ-
ed random intercepts for participants and target words to
capture individual and item-level variability. Model fit was
evaluated using AIC and BIC values, and the final models
showed satisfactory fit.

Before analysis, 15 of the 252 item-level observations (6%)
in which a participant showed prior knowledge of a target
word (pretest = 1) were excluded, involving nine partici-
pants. These participants still contributed valid data for oth-
er words, and the exclusion did not substantially affect the
within-subject balance between enhanced and unenhanced
conditions. Missing data were handled via listwise deletion.
The GLMMs were implemented using the glmer function
from the Ime4 package in R (v. 1.1.35.3) (Bates et al., 2015) in
R statistical software (v. 4.2.3).

[ ¢. Meaning recognition

RESULTS

The results are reported in relation to the two research ques-
tions, focusing on overall patterns across the three outcome
measures (form recognition, meaning recall, and meaning
recognition). Descriptive statistics are first presented to
provide an overview of performance, followed by inferential
analyses using GLMMs.

Effects of Textual Enhancement

Table 2 presents the group-level mean total scores (with
standard deviations) for the post-tests, comparing textual-
ly enhanced and unenhanced words. Scores were summed
across the three target words in each condition, with a max-
imum score of 3. Overall, total scores for form recognition
were higher than those for meaning recall, while meaning
recognition scores tended to fall between the two. Moreo-
ver, enhanced words consistently yielded higher total scores
than unenhanced words across all three outcomes.

The inferential analysis conducted via GLMMs (see Table
3) confirmed that TE was a significant predictor for two of
the three outcomes. Specifically, TE significantly increased
the likelihood of correct responses for form recognition (B8
=1.608, p < 0.001, OR = 5.00) and meaning recall (3= 2.637, p
= 0.004, OR = 13.98). However, the effect of TE on meaning
recognition did not reach statistical significance (B = 1.074,
p=0.161).
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Table 2

Descriptive Statistics for Post-test Scores of Incidental Vocabulary Learning by the Textual Enhancement Condition

Outcome measures

Enhanced words (Mean + SD)

Unenhanced words (Mean # SD)

Form recognition 2.289+£0.742 1.505 + 0.853
Meaning recall 1.228 £+ 0.843 0.326 £ 0.514
Meaning recognition 1.982 + 0.820 1.480 + 0.807
Table 3
Effects of Textual Enhancement on Incidental Vocabulary Learning
Outcome measures B SE z p OR 95% CI
Form recognition 1.608 0.416 3.862 <0.001*** 5.00 [2.23,11.23]
Meaning recall 2.637 0.925 2.850 0.004** 13.98 [2.09, 93.55]
Meaning recognition 1.074 0.766 1.402 0.161 2.93 [0.66, 12.94]
Note. * p < 0.05, ** p <0.01, *** p < 0.001.
Effects of Individual Differences DISCUSSION

Descriptive statistics for individual factors (WM, language pro-
ficiency, and vocabulary size) are presented in Table 4. For WM,
the minimum score was 50, the maximum score was 115, with
a mean of 90.02 (SD = 15.21). Participants’ language proficiency
scores ranged from 21 to 50 (M = 34.83, SD = 7.14), which plac-
es the average participant at approximately the B1 level, with
individual scores spanning from A2 to B2 on the CEFR scale (Pu-
jadas & Murioz, 2024). For vocabulary size, scores ranged from
1,400 to 9,600, with a mean of 4985.71 (SD = 1824.17).

The GLMM results for individual differences (see Table 5) re-
vealed distinct patterns of influence across the three learning
outcomes. Language proficiency was the only variable that con-
sistently and significantly predicted all measures: form recogni-
tion (B8 = 0.506, p = 0.044), meaning recall (8 = 0.818, p = 0.014),
and meaning recognition (8 = 0.646, p = 0.017). In contrast, the
effects of WM and vocabulary size were more selective. WM
significantly predicted success in recognition-based tasks, in-
cluding both form recognition (B = 0.486, p = 0.037) and mean-
ing recognition (B = 0.622, p = 0.009), but was not a significant
predictor for meaning recall. Vocabulary size showed the most
restricted influence, predicting only meaning recognition (8 =
0.529, p = 0.030).

Summary of Effects across Predictors

To facilitate a direct comparison of predictor strength across
outcomes and to visually highlight which predictors showed
consistent versus selective effects, Figure 2 visualizes the stand-
ardized beta coefficients (B8) from the GLMMs. As illustrated in
Figure 2, TE showed the largest effect sizes, particularly for form
recognition and meaning recall. Language proficiency was the
only predictor with significant effects across all three outcomes.
WM was significant for both recognition tasks, whereas vocab-
ulary size was significant only for meaning recognition.

This study revealed a differentiated pattern of effects across
vocabulary learning outcomes, rather than a uniform ben-
efit of TE or individual difference variables. Specifically, TE
facilitated form recognition and meaning recall but did not
significantly affect meaning recognition, while language
proficiency emerged as the only predictor consistently as-
sociated with all three outcomes. In contrast, WM and vo-
cabulary size showed more selective effects. This pattern
suggests that incidental vocabulary learning from bilingual
subtitles is not governed by a single mechanism, but by the
interaction between perceptual salience, cognitive process-
ing constraints, and learners’ existing linguistic resources.
Importantly, the divergence across outcomes highlights
that different aspects of vocabulary knowledge (form rec-
ognition, meaning recall, and meaning recognition) rely
on partially distinct processing routes within a multimodal
learning environment.

The selective effect of TE can be interpreted in relation to the
attentional and processing demands imposed by bilingual
subtitles. Consistent with the Noticing Hypothesis (Schmidt,
1990), visually enhanced target words likely increased per-
ceptual salience, thereby facilitating initial orthographic
encoding and supporting form recognition. The positive
effect on meaning recall further suggests that enhanced
items received sufficient attention to establish basic form-
meaning links. However, the absence of a significant effect
on meaning recognition indicates that such perceptual sup-
port may not extend to deeper semantic integration. In the
present design, learners were required to process L2 audio,
L2 subtitles, and L1 translations simultaneously, which likely
intensified split attention and increased cognitive load. Un-
der these conditions, attentional resources may have been
primarily allocated to noticing and initial encoding rather
than to elaborative semantic processing. This interpretation
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Table 4

Descriptive Statistics for WM, Language proficiency, and Vocabulary size (n = 42)

Predictor Min. Max. Mean SD
WM 50 115 90.02 15.21
Language proficiency 21 34.83 7.14
Vocabulary size 1400 9600 4985.71 1824.17
Table 5
Effects of Individual Differences on Incidental Vocabulary Learning Outcomes
Predictors Outcome measures B SE z p OR 95% CI
WM Form recognition 0.486 0.233 2.085 0.037* 1.63 [1.03, 2.58]
Meaning recall 0.341 0.275 1.241 0.215 1.41 [0.81,2.47]
Meaning recognition 0.622 0.238 2.618 0.009** 1.86 [1.17, 2.96]
Language Form recognition 0.506 0.251 2.018 0.044* 1.66 [1.01,2.74]
proficiency Meaning recall 0.818 0.331 2.470 0.014* 2.27 [1.17, 4.43]
Meaning recognition 0.646 0.256 2.523 0.017* 1.91 [1.12,3.28]
\(ocabulary Form recognition 0.249 0.241 1.032 0.302 1.28 [0.79, 2.07]
stee Meaning recall -0.108 0.301 -0.358 0.721 0.90 [0.50, 1.61]
Meaning recognition 0.529 0.243 2.172 0.030* 1.70 [1.05, 2.75]

Note. * p <0.05, ** p < 0.01, *** p < 0.001.

Figure 2
Effect Sizes () of Predictors on Vocabulary Learning Outcomes
3
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is consistent with Cognitive Load Theory (Sweller, 2011) and
suggests that, in bilingual subtitle environments, TE may
function primarily as a perceptual scaffold rather than a
mechanism for deeper lexical consolidation. These findings
align with Cintrén-Valentin and Garcia-Amaya (2021), who
also observed that visually salient forms in captions effec-
tively attract attention and facilitate noticing. However, the
current results contrast with those of Wu and Yang (2022),
who reported significant TE effects on meaning recognition.
This divergence may stem from the differing presentation
formats; unlike the separate L1 glosses used by Wu and

N Textual enhancement
® Working memory
® Language proficiency

Vocabulary size

Mea 111112 recogn ition

Yang, the simultaneous bilingual subtitles in the present
study may have increased extraneous cognitive load to a
level that neutralized the benefits of enhancement for deep-
er semantic processing. Consequently, while TE remains
a valuable tool within the incidental learning framework,
where message comprehension remains the primary goal
(Hulstijn, 2003), its effectiveness for deeper lexical acquisi-
tion appears to be constrained by the attentional demands
of the multimodal environment.
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The role of WM further reflects the task-dependent nature
of vocabulary processing in multimodal input. WM signifi-
cantly predicted performance in recognition-based tasks
(form recognition and meaning recognition), but not in
meaning recall. This pattern suggests that WM is particu-
larly important for tasks that require the temporary main-
tenance and comparison of multiple input streams, such
as aligning auditory input with written forms and selecting
appropriate meanings from given options. These processes
place demands on both the phonological loop and the visu-
ospatial sketchpad, as described in Baddeley’s (2000) mod-
el. In contrast, meaning recall requires the retrieval of lexical
information without external support, which may depend
less on online processing capacity and more on the strength
of long-term representations. The absence of a WM effect
in recall, therefore, may indicate a functional distinction
between immediate recognition processes and productive
retrieval, highlighting that different components of vocabu-
lary knowledge draw on different cognitive resources. These
findings are also consistent with the work of Martin and El-
lis (2012) as well as Teng (2025b), who observed that WM
capacity is instrumental in maintaining complex multimodal
representations during second language acquisition. While
recognition tasks rely heavily on the executive control and
maintenance functions of WM, meaning recall may depend
more extensively on the robustness of long-term memory
consolidation and prior linguistic knowledge. Consequently,
the impact of WM appears to be task-dependent, providing
essential support for the initial processing and identification
of words while contributing less to the productive retrieval
of semantic information. This distinction highlights the ne-
cessity of considering how different cognitive resources are
recruited across varying levels of vocabulary knowledge.

Language proficiency consistently predicted all outcomes.
Higher-proficiency learners likely process L1 subtitles more
automatically, freeing attentional resources to encode L2
forms and integrate meaning across modalities. In the con-
text of bilingual subtitles, this automaticity may reduce the
split-attention effect (Kalyuga et al., 1999), allowing learn-
ers to allocate more capacity to semantic processing. From
the perspective of Dual Coding Theory (Paivio, 1990), this
more efficient integration of verbal and visual information
may support stronger encoding, consistent with accounts
emphasizing the role of multimodal processing in memory
consolidation. The consistent effect of language proficiency
mirrors Teng's (2024) findings that higher-proficiency learn-
ers benefit more from captioned input. In contrast, Lwo and
Lin (2012) found that low-proficiency learners benefited
more. The documentary materials used in the present study,
being more linguistically complex and less visually support-
ive than the animated films used by Lwo and Lin, likely im-
posed greater demands on comprehension, favouring high-
er-proficiency learners. Animated films often feature slower
speech, simpler language, and more redundant visual cues,
which may better support lower-proficiency learners.

Vocabulary size showed the most restricted influence, pre-
dicting only meaning recognition. This selective effect can
be interpreted in light of the distinction between receptive
and productive vocabulary knowledge. A larger pre-existing
lexicon may provide a more elaborate semantic network,
enabling learners to anchor unfamiliar words more effi-
ciently, a process that directly supports the recognition of
word meanings. However, this semantic network alone does
not guarantee the strong form-meaning associations re-
quired for meaning recall, which demands a higher thresh-
old of lexical mastery (Peters & Webb, 2018). Interestingly,
vocabulary size did not predict form recognition, suggesting
that orthographic encoding in multimodal input may be less
dependent on existing vocabulary knowledge and more in-
fluenced by perceptual salience (e.g., TE) and general pro-
ficiency. This pattern contrasts with the broader effects of
language proficiency, which consistently predicted all out-
comes, indicating that while vocabulary size aids receptive
semantic integration, general proficiency may be more crit-
ical for supporting diverse learning processes across form
and meaning.

A particularly important finding is the contrast between the
broad effect of language proficiency and the more selec-
tive roles of WM and vocabulary size. Language proficiency
was the only predictor associated with all three outcomes,
suggesting that it provides a general processing advantage
across both form- and meaning-related tasks. One possible
explanation is that higher-proficiency learners can process
L1 subtitles more automatically, thereby reducing the at-
tentional cost of bilingual input and freeing cognitive re-
sources for encoding and integration. In contrast, WM and
vocabulary size appear to support more specific aspects
of processing. WM facilitates the management of concur-
rent multimodal information, which is particularly relevant
for recognition tasks, whereas vocabulary size contributes
primarily to semantic integration, as reflected in its ef-
fect on meaning recognition. This differentiation indicates
that, while general language proficiency enhances overall
processing efficiency, more specific cognitive and lexical
resources are recruited selectively depending on task de-
mands and the type of vocabulary knowledge involved.

Ultimately, the results suggest that TE functions primarily
as a perceptual scaffold for form-level processing, whereas
the ability to navigate the attentional demands of bilingual
subtitling is fundamentally moderated by learners’ individ-
ual differences.

Theoretical and Pedagogical Implications

The findings of this study carry both theoretical and ped-
agogical significance for optimising incidental vocabulary
learning through bilingual subtitles. From a theoretical per-
spective, the results are consistent with accounts empha-
sizing multimodal integration, particularly in showing that
TE enhances the salience of target words within a bilingual
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subtitle environment in which verbal and visual information
are simultaneously present. This interpretation is consist-
ent with Teng (2023), who argued that bimodal input from
captioned videos does not overwhelm learners but instead
facilitates the processing of embedded information. TE's
positive effects on form recognition and meaning recall in-
dicate that enhanced orthographic encoding and focused
attention contribute to stronger memory traces. However,
the lack of effect on meaning recognition highlights the lim-
its of perceptual enhancement under high cognitive load
and split attention, underscoring the challenge of achieving
deep semantic integration under the high attentional load
imposed by simultaneous multimodal input.

The findings also have tentative pedagogical implications for
the use of bilingual subtitles in language learning contexts.
Rather than supporting uniform instructional practices, the
results suggest the potential value of considering learner
variability when designing subtitle-based learning materi-
als. In particular, the differential effects of TE across learning
outcomes indicate that visual enhancement may be more
effective for supporting form-level processing than deeper
semantic learning. At the same time, the consistent role of
language proficiency highlights the importance of learners’
ability to manage multimodal input. This suggests that the
effectiveness of subtitle-based learning may depend not
only on input design but also on the extent to which learners
can process and integrate multiple sources of information.
Accordingly, pedagogical approaches that take into account
both input characteristics and learner capacities may be
more effective than one-size-fits-all solutions. In dense bilin-
gual subtitle conditions, where the simultaneous presenta-
tion of L1 text, L2 text, enhanced target forms, and audio
creates a high real-time processing load, practitioners may
tentatively consider a small number of evidence-informed
adjustments: moderating the density of TE within any giv-
en viewing segment so that attentional resources are not
dispersed across too many enhanced items at once; incor-
porating brief pauses between segments to allow consolida-
tion before exposure continues, a strategy consistent with
evidence that segmented or repeated exposure to video in-
put supports incidental vocabulary retention (Teng, 2019);
or providing lexical pre-exposure to target items before
viewing so that initial form-recognition costs are reduced
during the viewing itself. These measures are likely to be
particularly relevant for learners with lower WM, for whom
the cumulative load of multimodal bilingual input may ex-
ceed available processing resources and limit the depth of
encoding that TE would otherwise support, a pattern cor-
roborated by Teng (2023), who found that phonological WM
independently predicted incidental vocabulary learning out-
comes from captioned video input.

These implications are offered here as tentative pedagogical
inferences grounded in the present findings rather than as

direct instructional prescriptions, and their effectiveness re-
mains to be evaluated in future research.

Limitations and Recommendations

This study presents several limitations that should inform fu-
ture research. First, the reliance on immediate post-test per-
formance without a delayed measure leaves the long-term
retention of incidental vocabulary gains unclear. Second,
the sample of Chinese English majors from a single institu-
tional context restricts the generalisability of the findings to
other learner populations and educational settings. Third,
the study relied on only six target words, which substantial-
ly constrains item-level generalisability. Although the target
words were selected through a multi-step procedure to en-
sure appropriate difficulty and unfamiliarity, the small item
set does not permit systematic control of word-level prop-
erties that may independently influence learning outcomes,
including semantic concreteness, lexical transparency, and
imageability. With so few items, it cannot be ruled out that
the observed effects were partly shaped by characteristics
specific to these particular words rather than reflecting a
more general pattern. Fourth, the constraints on both par-
ticipant and item samples limited the statistical power avail-
able for more complex modelling. Consequently, the analy-
sis focused exclusively on main effects, and the inclusion of
interaction terms between TE and individual differences was
not pursued, as this would likely have compromised statis-
tical power and model stability. Fifth, the present study did
not assess participants’ interest in the documentary topic.
Topic interest has been shown to influence attentional al-
location and depth of processing during incidental vocab-
ulary learning (Cancino, 2023), and variation in learner en-
gagement with the content may therefore have contributed
to individual differences in learning outcomes beyond the
variables examined. Finally, the absence of eye-tracking or
other behavioural measures prevents direct verification of
whether noticing occurred. In light of these limitations, sev-
eral directions for future research are recommended.

Future studies should incorporate delayed post-tests to
examine whether the observed vocabulary gains persist
over time. Replication with larger and more diverse learner
samples would enhance the generalisability of the findings.
Expanding the number and diversity of target words would
allow for tighter control of lexical variables and more robust
item-level generalisation. With sufficient sample sizes and
item coverage, future research should also explore interac-
tion effects between TE and individual differences, as well
as examine adaptive subtitle interfaces that personalise
enhancement based on learners’ cognitive profiles. Incor-
porating measures of topic interest would help disentangle
its potential influence from those of TE and individual differ-
ences. Finally, the inclusion of eye-tracking or other behav-
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ioural measures would allow for more direct examination of
attentional allocation during bilingual subtitle viewing.

CONCLUSION

The findings indicate that TE significantly facilitates form
recognition and meaning recall, although its impact on
meaning recognition is less pronounced. Among the individ-
ual difference variables, language proficiency predicted all
three outcomes, whereas WM and vocabulary size showed
selective effects. These results clarify the boundary condi-
tions of visual salience in bilingual subtitle contexts, where
TE primarily supports form-level processing and deeper se-
mantic learning depends on learners’ existing linguistic re-
sources. Given the immediate post-test design and the spe-
cific documentary genre used in this study, these findings
are most applicable to short-term vocabulary acquisition
among intermediate to advanced learners in instructional
settings.
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