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Abstract
Despite accumulating evidence, accounts for the efficacy of reading-while-listening
(RWL) in facilitating vocabulary learning are largely unexamined, hindering a thorough
understanding of the reasons underlying the usefulness of such bimodal input. In this
article, we report a close replication of Malone (2018), purposefully manipulating the
participants’ native language background to shed light on whether the auditory compo-
nent in RWL promotes spoken-written form mappings. One hundred and eighty-eight
English learners from Austria, Belgium, Hong Kong, and Beijing read or read and listened
to four stories containing target words for learning. They completed two surprise
vocabulary tests and two assessments of working memory capacity. We only replicated
a correlation between working memory capacity and the form recognition test reported in
the initial study. Thanks to our manipulation, we discovered an important role of L1
background in the effectiveness of RWL for form recognition knowledge. We discuss the
implications for RWL research.

There has been consistent evidence that providing aural support (or reading-while-
listening (RWL)) facilitates vocabulary learning through reading, often compared with
exposure to unimodal input (e.g., reading-only [RO]) (e.g., Brown et al., 2008; Chen,
2021; Malone 2018; Teng, 2016; Vu & Peters, 2022; Webb & Chang, 2015). An
important step researchers should take is to empirically testwhyRWL has such benefits
for vocabulary learning. Through a more nuanced understanding of the observed
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advantages, researchers and teaching professionals can appreciate the strengths and
limitations of this form of input, addressing, for instance, for whom and under what
circumstances RWL is the best option to promote vocabulary learning.

One approach to achieve this is to engage in replication research (McManus, 2022).
We carried out a close replication of Malone (2018), who reported, among other
findings, that L2 learners performed better on a form recognition and a meaning
connection test after only two exposures in the RWL condition than in the RO
condition. By intentionally modifying the first language (L1) background of the
participants in the present study, we tested the role of providing audio in strengthening
the written and spoken form-form connections of the target words to be learned, which
has been argued to be a cause of RWL’s benefits for vocabulary gains (Malone, 2018;
Webb & Chang, 2012).

Literature review
Vocabulary learning through RWL

RWL has generally been shown to be more effective for vocabulary learning, compared
with RO conditions (e.g., Chen, 2021;Malone 2018; Vu& Peters, 2022). This advantage
has been found for single word items (e.g., Chen, 2021; Malone, 2018) as well as
collocations (e.g., Vu&Peters, 2022;Webb&Chang, 2022). Given the benefits of RWL,
researchers have proposed different accounts of why RWL may be advantageous over
RO for vocabulary learning. One explanation is that bimodal input supports text
processing, such as facilitating text segmentation with the help of prosodic information
in the audio. This support, in turn, frees up cognitive resources that can be used to
attend to unfamiliar lexical items (e.g., Teng, 2016; Webb & Chang, 2022). In line with
this account, Brown et al. (2008) reported interview data in which participants
commented that RWL helped with segmenting the text into meaningful chunks
(i.e., parsing), which in turn aided with their guessing of word meanings. If the
assistance of the audio can spare cognitive resources, these can be diverted to other
processing operations conducive to vocabulary learning. Thus, it is reasonable to expect
that learners with a lowerworkingmemory (WM) capacity can benefit a great deal from
RWL because more cognitive resources become available. Indeed, several researchers
have argued for the role of WM in the context of vocabulary learning through RWL
(e.g., Brown et al., 2008; Teng, 2016). Yet, much of the argumentation remains at the
conceptual level, indicating a need to empirically test and lay bare the role of WM in
RWL vocabulary learning (see more discussion subsequently).

In relation to WM capacity, it has also been proposed that RWL encourages deeper
processing due to its higher cognitive demand as a result of processing input frommore
than one modality (Chen, 2021; Malone, 2018). However, this account is difficult to
reconcile with the idea that bimodal input facilitates processing and frees up WM
capacity. It seems plausible that the two accounts hold true in different contexts, e.g.,
depending on learners’ proficiency level or L2 reading skill. For slower readers or lower-
proficiency learners, bimodal processingmight impose a higher cognitive demand than
RO, as these learners might have difficulty adjusting their reading speed to the pace of
the auditory input (e.g., Conklin et al., 2020). Therefore, controlling for proficiency is
important in gaining understanding of the underlying mechanism of RWL.

A third explanation for the benefits of RWL is that it can help connect spoken and
written input. Simultaneously listening to and reading a text might aid in establishing
and strengthening the links between the spoken and written form of a word, leading to
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stronger associative memory links in the growing L2 mental lexicon (e.g., Webb &
Chang, 2012). Indeed, there is some indirect evidence in support of this account. In an
eye-tracking study by Conklin et al. (2020), the authors argued that when learners read
slightly ahead in the RWL condition, this provides “a visual cue of the boundaries of
upcoming auditory words” (p. 271). It is reasonable to expect that easier and more
accurate identification of word boundaries in the speech stream could promote
connections between the spoken and written word forms, and stronger mappings in
the growing L2 mental lexicon. At the same time, solid empirical evidence for this
account is still lacking.

Role of the L1

Even when one can attribute the effects of RWL, at least partly, to themapping of spoken
and written word forms, this benefit may depend on the level of transparent grapheme-
phoneme correspondence in the L1, compared with the L2, including differences in
writing systems (e.g., alphabetic vs. logographic). Earlier studies have related the differ-
ences inL2phonological perception to the differences in learners’L1 grapheme-phoneme
correspondence. For example, learners of English from aGermanic language background
rely more on sublexical information when processing the target language than their
Chinese counterparts, whose L1 has an opaque grapheme-phoneme correspondence
(Ben-Yehudah et al., 2019; Botezatu, 2023; Wang et al., 2003).

As a result, connecting written and spoken word forms during reading could be an
easier task for Germanic language learners of English. In contrast, L1 Chinese speakers
could encounter relatively more difficulties accessing phonological information when
reading in English because they are limited to relyingmore on a whole-word processing
approach. In the context of learning vocabulary through RWL, it could, therefore, be
hypothesized that RWL might be more beneficial for Chinese L1 speakers whose L2
orthographic decoding is more holistic. For these learners, the use of the audio may,
therefore, play a more important role in the establishment of orthographic-
phonological connections. In the case of Germanic language speakers, on the other
hand, audio support could be less crucial because these learners already have access to
phonological information due to their better sublexical processing during reading.
Indeed, a recent study appears to suggest that RWL comprehension does depend on the
learner’s native language background (Koh, 2023). In this light, manipulating learners’
L1 background allows researchers to empirically test the extent to which the benefits of
RWL in vocabulary learning can be attributed to the audio strengthening the connec-
tions between spoken and written word forms. At present, the moderating effect of L1
background on incidental vocabulary learning from RWL has not been investigated,
despite its theoretical implications.

The role of working memory in bimodal processing: Malone (2018)

To date, theoretical accounts of the beneficial effects of RWL have seldom been tested
empirically. An exception is a study byMalone (2018), who investigated the role ofWM
capacity in vocabulary learning through RWL, or aural enhancement, as the author put
it. Eighty learners of English as a second language from multiple L1 backgrounds were
randomly assigned to four treatment groups, reading four stories with either two or four
exposures to the 32 target words in an RO or RWL condition. Additionally, the
participants completed three WM tasks, as well as a cloze test to estimate their general
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English proficiency. After the exposure phase, the participants completed a form-
recognition task and a form-meaning connection test. Generally, the participants per-
formed above chance in both vocabulary measures, indicating that at least some knowl-
edge was gained after exposure to the new vocabulary only twice, regardless of input
condition. In terms of modality, the benefits of RWL were only observed in the two-
exposure groups for form recognition. For the form-meaning measure, on the other
hand, RWL was found to be more beneficial than RO for both exposure groups.
Importantly, the results also confirmed thatWMhad a stronger correlationwith learning
gains in the RWL than the RO condition at the level of form recognition. However, WM
capacity did not correlate with gains at the level of form-meaning mapping.

Motivation for replicating Malone (2018)

Malone’s (2018) study lends itself well to replication due to itsmethodological rigor and
transparency. Timing of the input was controlled so that the RO and RWL groups were
exposed to the text for the same amount of time. This, Malone argued, optimized
conditions for incidental learning in both groups, by limiting the amount of time
learners could process the L2 input. Furthermore, bymatching the exposure time across
conditions, theoretical accounts for the effects of bimodal processing (e.g., facilitated
spoken-to-written form mapping) could be tested while controlling for the effect of
word processing time.

More importantly, in terms of scope, Malone (2018) was the first to investigate the
combined effects of input frequency, modality, and WM capacity on incidental vocab-
ulary learning. By showing that the role ofWMcapacity varied across reading conditions,
Malone’s study was a significant step in empirically testing the claim that audio rendition
can free upWM capacity, allowing for deeper processing and better vocabulary learning.
However, he also conceded that the moderating effects of learners’ L1 background could
not be examineddue to the heterogeneous sample inhis study. As a result, the study could
not test the hypothesis that L1-L2 grapheme-phoneme correspondence might moderate
the effects of RWL and RO, nor address the theoretical position that RWL can serve to
strengthen links between spoken and written L2 word forms.

To continue to refine our understanding of the benefits of RWL, the present study
investigated whether the differences between RO and RWL observed inMalone’s study
are moderated by learners’ L1 background. More specifically, our close replication
examined the extent to which the differences in grapheme-phoneme correspondence
based on different writing system types between the L1 and the L2 affect incidental
learning through RO and RWL, to gain a more nuanced insight into the underlying
mechanisms driving the benefits of RWL in vocabulary acquisition.

The present study
Following Malone (2018), we examined how (i) the audio support (RWL vs. RO),
(ii) the number of exposures (two vs. four times), and (iii) working memory capacity
influence learning of vocabulary under incidental conditions, in addition to our new
variable, (iv) participants’ L1 backgrounds (Chinese vs. Germanic).

The original study asked the following five research questions:

RQ1: Controlling for duration of exposure, to what extent does initial vocabulary
learning (form recognition) occur with minimal exposures (2×) to new words during
incidental vocabulary learning while reading?
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RQ2: Controlling for duration of exposure, to what extent can initial form-meaning
connections be made with only two exposures to target words during incidental
vocabulary learning while reading?

RQ3: Controlling for duration of exposure, are there differential effects of fre-
quency of exposure with four exposures rather than two during incidental vocabulary
learning while reading?

RQ4: Controlling for duration of exposure, to what extent does aural enhancement
facilitate incidental vocabulary from two and four exposures?

RQ5: Towhat extent (if any) does aural enhancement of reading passages influence
effects of WM during incidental vocabulary while reading?

In addition to replicating these RQs, we included a research question about the
moderating L1 background variable:

RQ6: To what extent do L1s of different levels of grapheme-correspondence
influence the effects of frequency, aural enhancement, and WM observed in Malone’s
study?

For RQs 1–5, we hypothesized that our findings would be similar to those obtained
in Malone (2018). Specifically, for form learning, we would find RWL to be more
effective than RO for the two-exposure groups, but not the four-exposure groups. For
form-meaning connections, we expected to also find greater learning gains in the RWL
condition, but without frequency effects. In terms of WM, we hypothesized to find
correlations ofWM scores with learning gains in the RWL condition, but only for form
recognition.

For RQ 6, we developed the following hypotheses: The Chinese learners were
expected to benefit more from the audio support during RWL, for both two and four
exposures on the form-recognition task. We expected the same pattern for meaning
learning. Additionally, we expected that the Chinese learners’ greater benefit fromRWL
would be contingent on their WM capacity, whereas such an interaction might not be
observed in learners with Germanic L1s.

The current study is a close replication of Malone (2018), per the definition of Porte
andMcManus (2019). The variable wemanipulated is the participants’ L1 background,
hence the following differences from the initial study: In Malone (2018), participants
spoke a range of L1s, whereas we only recruited L1 speakers of Chinese (Mandarin and
Cantonese) and of Germanic languages (German and Dutch). Task instructions were
written in both the participants’ L1s and English, instead of English alone, as inMalone
(2018). In addition to the changes related to the manipulated variable, our data
collection was completed online, rather than in person, as in Malone (2018), due to
local coronavirus disease 2019 restrictions at the time of data collection. Because online
data collection did not allow us to address any participants’ questions promptly, we
added more explanations of the experimental tasks in the instructions as well as video
demonstrations of the tasks. For the WMmeasures, we were also not able to access the
Shapebuilder task and the nonword span task used inMalone (2018). Thus, we decided
to exclude the Shapebuilder task and created our own nonword span task based on
Linck et al. (2013), which was what Malone (2018) used. Table 1 summarizes the
changes made in our replication.

Other than the changes mentioned in Table 1, the current study’s materials (i.e., the
reading texts, the PowerPoint slides used to present the texts, and the texts’ audio
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recordings), instruments (i.e., vocabulary posttests and the nonword span task), and
procedures (i.e., task order) were exactly the same as reported in Malone (2018).
Materials, instruments, instructions to participants, and data analysis were preregis-
tered and are available on the OSF website (https://osf.io/vntra/).

Methods
Experimental conditions

Following Malone (2018), the current study had a 2 × 2 between-participants design.
Four experimental conditions were determined based on the provision of audio support
and the number of times target vocabulary items appeared (i.e., RWL with two
exposures, RWL with four exposures, RO with two exposures, and RO with four
exposures). In the RWL conditions, participants read and simultaneously listened to
auditory recordings of the texts. In the RO conditions, participants read the texts
without audio input. In the two-exposure conditions, target words appeared twice. In
the four-exposure conditions, target words appeared four times. The texts were the
same across all conditions.

Participants

A total of 188 L2 learners of English were recruited from four research sites (Beijing,
China: n = 48; Hong Kong, China: n = 46; Belgium: n = 49; and Austria: n = 45).
Multisite recruitment allowed us to include participants representing two different
types of L1s: Chinese (Mandarin and Cantonese) and Germanic languages (German
and Dutch). Thirteen participants were excluded due to technical issues during the
experiment or missing data points (four from the Beijing site, one from the Hong Kong
site, six from the Belgium site, and two from the Austria site). The final sample size for
each site was n= 44 for Beijing, n= 45 forHongKong, n= 43 for Belgium, and n= 43 for
Austria. This sample size of each L1 groupmatched that inMalone (2018), i.e., a total of
around 80 participants.

Table 1. Comparison between the initial and the current replication study.

Malone (2018) Current study

L1 background Miscellaneous Chinese (Mandarin & Cantonese),
Germanic (German & Dutch)

Data collection In person Online
WM measures Operation span No change

Nonword span from Linck et al. (2013) Nonword span created based on
Linck et al. (2013)

Shapebuilder task Excluded
Task instructions Written in participants’ L2 (English) Written in both participants’ L1s and

L2 (English)
With video task demonstration
More elaborate than Malone (2018)

Academic background
(see supplementary
materials on OSF for
more details).

University students in Intensive
English Programs in the US

University students Participants
from the Beijing and Austria sites
were mostly English majors

L2 learning context English as a second language English as a foreign language
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The mean age of the included participants was 19.54 (standard deviation [SD] = 3.10,
range = 15–42), slightly lower than that inMalone (2018) (mean = 23.30, SD = 6.20, range
= 18–50) due to our attempt tomatch proficiency levels. In this regard, themean score for
the cloze test was 25.51, comparable to that in the initial study (2018) (i.e., 24.93).
However, there were some small differences across the data collection sites in terms of
proficiency: Beijing= .54 (SD= .13),HongKong= .46 (SD= .17), Belgium= .49 (SD= .23),
and Austria = .54 (SD = .21). In the main analyses, we added the participants’ cloze test
scores to adjust for any potential effects of proficiency. Similar to Malone (2018), we
randomly assigned the participants on each site to one of the four experimental conditions.

Materials

The materials included 32 target words, four stories, and the audio files of the stories.
Each story contained eight target words. All materials used in the current study were
obtained through either personal communication with the author of the initial study or
the IRIS database (https://www.iris-database.org/). Below is a brief description of the
materials. For more details, see Malone (2018).

The target words were low-frequency, bi-syllabic English words (e.g., ibis). All target
words were concrete nouns and occurred in the object position in a sentence. The target
words appeared either twice or four times, depending on the experimental condition.
None of the target words were essential for answering comprehension questions about
the stories. The target words also did not appear at the beginning or end of the screen
during the task.

The stories into which the target words were embedded were between 694 and
773 words long. Ninety-six percent of the words used in the stories were within the 0 to
4,000 lemma frequency band in theCorpus of Contemporary American English (Davies,
2008). In the RWL conditions, the stories were accompanied by audio recordings. The
audio speed was between 120 and 140 words per minute. As attention checks, eight
comprehension questions were inserted for each story. The comprehension questions
were given at four points in the stories, with two questions at each point. Adding audio
support did not appear to interfere with comprehension, as both RWL and RO groups
performed somewhat similarly on the comprehension questions (RO2 = .89, SD = .08;
RO4 = .88, SD = .08; RWL2 = .85, SD = .09; RWL4 = .82, SD = .09).

The stories were presented in timed PowerPoint slides in which each line of text
would disappear after the audio recording of that line finished playing in the RWL
conditions, or after the same amount of time in the RO conditions. In other words, the
presentation duration of each line was kept constant in all experimental conditions. The
comprehension questions were not timed. The presentation order of the four stories
was randomized.

Instruments
Vocabulary posttests

All participants’ vocabulary gains were assessed with a form-recognition and a form-
meaning connection test, as in Malone (2018). Both tapped into receptive word
knowledge. To create an incidental learning condition, participants were not fore-
warned about the vocabulary posttests. In the form-recognition test, participants
selected, from a randomized list of 64 words (32 target words and 32 distractors), the
ones that they remembered having seen in the stories. In the form-meaning connection
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test, participants chose the semantic category out of three choices for each target word.
Tomimic the paper-and-pencil format of the vocabulary posttests inMalone (2018), all
items in both posttests were presented in one single screen. Figures 1 and 2 present
screenshots of the posttests. In particular, the online version of the form-recognition
test followedMalone (2018) in terms of how the items were ordered and placed. For the
form-meaning connection test, participants in the current study could scroll up and
down to review all the items in the test.

Following the initial study, each correct answer was worth one point. For the form-
recognition test, participants were given one point for correctly identifying each target
word, as well as correctly ignoring a distractor. The internal consistency of the test
scores based onKuder-Richardson Formula 20 was. 84 and. 80 for the form recognition
and the form-meaning connection test, respectively.

Proficiency measure

Both the current study andMalone (2018) used a cloze test developed by Brown (1980)
as a general proficiencymeasure. The cloze test has been used in numerous studies (e.g.,
Nekrasova, 2009; Sasayama, 2016) and has been demonstrated to be a reliable measure
of English proficiency (e.g., Brown & Grüter, 2022). Participants were asked to fill in
50 blanks in a passage. The passage was displayed in a single display (see Figure 3). In
the initial study, Malone adopted what Brown (1980) called the acceptable answer
scoring method (Malone, personal communication, June 24, 2022). We obtained the
list of acceptable answers from Malone, who had received it from Brown. Participants
were given one point if their answer was on the list. Following Malone (2018), minor
spelling errors (e.g., appetite spelled as apetite) were ignored.

Figure 1. Screenshot of the form-recognition posttest for the Beijing site.
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WM measures

Three WM measures were used in Malone (2018): an operation span task, a nonword
span task, and the Shapebuilder task. The operation span task in the current study used
the same materials and procedures as Malone (2018). We were unable to access the
materials used in the nonword span task and in the Shapebuilder task. For the nonword
span task, we recreated the materials following the description by Linck et al. (2013),
from whom Malone (2018) borrowed the task. We decided to leave out the Shape-
builder task because of unresolvable technical issues in transferring the task to Gorilla,
the online data collection platform we used.

In the operation span task, for each trial, participants saw a math equation on the
screen, with an uppercase English letter after the equation. Participants were asked to
read the math equation aloud and decide whether the equation was correct by pressing
one of the two buttons on the screen. After a set of two to five trials, participants were

Figure 2. Screenshot of the form-meaning posttest for the Beijing site.
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prompted to recall the letters they had seen in the set by typing the letters. The scoring
of this task was based on the percentage of correctly recalled letters from each set.

For the nonword span task, we first selected 21 phonologically plausible, mono- or
bi- syllabic nonwords from the English Lexicon Project (Balota et al., 2007). These
21 nonwords were used repeatedly to form 30 lists, with each list containing seven
nonwords. In each trial, participants saw a list of seven nonwords, each nonword
appearing on the screen for two seconds. After each trial, participants saw 14 nonwords,
half of which they had seen before, and half new to them. Participants indicated
whether they had seen the nonword in the trial with a button click.

Procedure
The experiment lasted approximately 2 hours. At the beginning of the experiment,
participants saw a welcome page with general information about the experiment.
Participants then completed five tasks, in the following order: nonword span task,
cloze test, the vocabulary learning task in one of the four conditions, vocabulary
posttests, operation span task, and a survey about the participants’ demographic
information. Data were collected online using Gorilla (https://gorilla.sc/).

Data analysis
Due to space limitations, we do not report all descriptive and inferential statistics,
especially when they were not directly relevant to the research questions, such as
separate analyses for the two L1 groups. However, those statistics can be found at
our OSF page.

Figure 3. Screenshot of the cloze test for the Beijing site.
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We conducted two separate sets of analyses to answer ResearchQuestions 1 through
5. First, we replicated the analytical procedure ofMalone (2018), which consisted of two
steps. First, we tested Malone’s four directional hypotheses regarding how the mean of
each reading and exposure condition would be ordered for the form recognition and
form-meaning connection tests.We followed the framework of informative hypotheses
(Hoijtink, 2011; Hoijtink et al., 2008). This framework takes a confirmatory approach
to hypothesis testing in which researchers (only) test statistical hypotheses formulated
based on substantive and empirical reasonings. The following are the informative
hypotheses tested by Malone:

Form recognition

H1: MRWL4 = MRWL2 = MRO4 = MRO2

H2: MRWL4 > MRWL2 = MRO4 > MRO2

H3: MRWL4 = MRWL2 = MRO4 > MRO2 (supported by Malone)
H4: MRWL4 = MRWL2 > MRO4 > MRO2

Form-meaning connection

H1: MRWL4 = MRWL2 = MRO4 = MRO2

H2: MRWL4 > MRWL2 > MRO4 > MRO2 (supported by Malone)
H3: MRWL4 > MRWL2 = MRO4 > MRO2

H4: MRWL4 = MRWL2 & MRO4 > MRO2

To replicate the analysis, we combined the data from our data collection sites and
derived model-based marginal means by fitting a one-way analysis of covariance
model to participants’ scores from the form recognition (with a scale of 0�64) and
form-meaning connection tests (with a scale of 0�32). The model included group
(RWL4, RWL2, RO4, RO2) as a between-subjects factor and participants’ scores on
the cloze test as a covariate. We also included the interaction of group and the cloze
test scores to avoid assuming the homogeneity of regression slopes. We compared
the four hypotheses based on Bayes factor associated with each hypothesis. In our
context, Bayes factor referred to the relative odds of each hypothesis against the other
hypotheses combined. We also computed the posterior probability of the hypoth-
eses, which encoded the relative likelihood of the given hypothesis against the others.
We used the R package bain (version 0.2.8; Hoijtink et al., 2019) to compute the
Bayes factor. The prior distribution supported by the package follows Jeffreys (1961),
which is considered to be one of the default non-informative (or objective) prior
distributions that work with a wide range of statistical models. We compared our
results with those of Malone (2018) by examining which hypothesis is most sup-
ported by the data.

In the second step for answering Research Question 5, we computed correlation
coefficients to quantify the relationship between participants’ vocabulary learning
scores and WM scores under the four experimental conditions. Following Malone
(2018), we summed scores on the nonword span and the operational span tasks to
create single composite WM scores. We used the function correlationBF in the R
package BayesFactor (version 0.9.12-4.4: Morey & Rouder, 2011) to compute correla-
tions in a Bayesian framework. Specifically, instead of using confidence intervals and
statistical significance, we used 95% credible intervals and the posterior probability of
whether the correlation is larger or smaller than 0 to draw statistical inference. Note that
there were several influential cases in the participants’ WM scores, which could
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spuriously skew the bivariate relationships between the variables of interest (see our
OSF page for illustration). To circumvent this issue, we performed the leave-one-out
cross validation on each correlation coefficient. More specifically, we iteratively fit the
same correlation by removing one participant from the dataset each time and took the
mean of the resulting distribution of correlations as the estimate.We did not preregister
this procedure, but it was a necessary step to validate the results. We took our results as
replicatingMalone (2018) if we observed the same direction and size of the correlations
as those reported in the original study.

For RQ6, we investigated the role of L1 backgrounds by fitting a generalized linear
mixed model (GLMM) to the form recognition and form-meaning connection data.
The dependent variable was participants’ accuracy (0 or 1) on each test item, which was
regressed on the following predictor variables:

accuracy� L1+ Frequency+Condition +WM+Cloze+L1: Freq+L1:Cond+

Freq:Cond+L1:WM+Cond:WM+L1: Freq :Cond+L1 :Cond :WM

• L1: Chinese (0) vs. Germanic (1)
• Frequency: Two (0) vs. four (1) exposures
• Condition: RO (0) vs. RWL (1)
• WM: The composite score of WM (z-score)
• Cloze: The cloze test score (z-score)

Because the dependent variable was on a binary scale, our GLMM was a binomial
model that regressed the probability of correct responses on the predictor variables.
We used the logit-link function to map the probability (0�1) to the logit of proba-
bility (-∞ to +∞) and to model the linear relationship between the dependent and
predictor variables.We let the intercept vary among participants and items. Although
our experimental design afforded random slopes of the frequency and condition
varying among items, we did not incorporate them because it was theoretically
implausible to conceive that the effects of the two variables could vary depending
on the specific test items.

We estimated the model parameters using Bayesian inference. We used the
R-package brms (version 2.18.0; Bürkner, 2017). In Bayesian analysis, prior knowledge
in the form of probability distributions is combined with data to generate the posterior
distribution ofmodel parameters (Gelman et al., 2013; Norouzian et al., 2018).We took
advantage of the statistical results from Malone (2018) to inform our priors (see our
preregistration for exact values of the parameters in the prior distributions). We
estimated the posterior distributions using the Markov chain Monte Carlo (MCMC)
simulation, which consisted of four MCMC chains of 10,000 iterations each, with the
first 2,000 iterations not used as a warmup period. We monitored the value of bR
associated with each parameter to assess whether the MCMC simulation converged on
a stable solution (Gelman & Rubin, 1992). We adopted the mean of the posterior
distribution as the point estimate, and the highest posterior density interval as the
interval estimate of the parameter (i.e. 95% credible intervals). Additionally, we
computed the posterior probability of whether a given parameter value is larger or
smaller than 0.
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Results
Testing informative hypotheses (RQs 1–4)

Figure 1 shows the mean and the 95% confidence interval of the participants’ scores in
each reading and exposure condition. For the form recognition test, the participants in
the RWL groups seemed to perform better with four exposures than with two expo-
sures, but this difference was largely driven by the fact that the RWL2 group scored
noticeably lower than the three other groups. For the form-meaning connection test,
the participants’ performances looked overall similar across all conditions. To confirm
these observations, we plotted Cohen’s d for each group comparison as the standard-
ized estimate of the group differences (Figure 2). All the effect sizes were bound within
the range of ±0.5, which can be considered small in size, according to the benchmarks
suggested by Plonsky and Oswald (2014).

Table 2 summarizes the results of testing the four informative hypotheses on the two
vocabulary tests. The table lists four variables: the Bayes factor of a hypothesis against
the other hypotheses, the posterior probability of the hypothesis, the winning hypoth-
esis in our dataset, and the winning hypothesis in Malone (2018). On par with our
observations (see Figures 1 and 2), we found that H1 (all groups were equal) was most
consistent with our dataset, which indicated that for both vocabulary tests, all exper-
imental groups performed similarly. For the form recognition test, H1 was 5.14 times
more likely than the second hypothesis in rank (H3) (5.14 = .72/.14), and we found a
similar result for the form-meaning connection test: H1 was 6.46 timesmore likely than
H4 (6.46 = .84/.13), which was second in rank. Note that we also tested the uncon-
strained hypothesis (Hu), which did not specify any group differences and hence
encoded any other possibilities not represented by our hypotheses. The fact that it
was associated with the posterior probability of. 01 for both vocabulary tests reinforces
our interpretation that the four experimental groups were more likely to be equal than
being different. Hence, our results are not in accordance with those of Malone (2018),

Figure 1. Descriptive summary of participants’ performance on the vocabulary tests.
Note: The error bars show 95% confidence intervals.
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who found H3 and H2 to be most likely for the form recognition and the form-meaning
connection tests, respectively. Partly, this finding may be due to the fact that we
conflated two different L1 groups (Chinese vs. Germanic L1 speakers), who we
hypothesized would react differently to our experimental manipulations. Our Research
Question 6 addressed this possibility.

Figure 2. Cohen’s d of each group difference.
Note: The error bars show 95% confidence intervals.

Table 2. Results of testing informative hypotheses for the vocabulary tests.

Form recognition Form-meaning connection

BF(H) p(H) Winner Malone BF(H) p(H) Winner Malone

H1 42.41 .72 ✓ 85.25 .84 ✓

H2 5.91 .10 0.12 .00 ✓

H3 8.57 .14 ✓ 1.48 .01
H4 0.96 .01 13.47 .13
Hu .01 .01
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Effects of working memory (RQ5)

Figure 3 shows the correlations between the participants’ scores on the two vocabulary
tests and their composite scores on the WM tests. For the form recognition test, we also
included Malone’s (2018) results (i.e., black squares) as they were reported in the initial
study. Overall, we replicated Malone in that there were positive correlations between the
form recognition scores and WM scores under the RWL condition: r = .30, 95%
credible intervals (CrI) [.05,. 50], Pr(r > 0) = .99 for RWL4, and r = .22, 95% CrI
[�.04,. 46], Pr(r > 0) = .94 for RWL2. The posterior probability of Pr(r > 0) = .99 and
Pr(r > 0) = .94 meant that the correlations were larger than 0 with the probability
of. 99 and. 94. Similarly, we also found a positive correlation under the RO conditionwith
two exposures (RO2), r = .29, 95% CrI [.03,. 50], Pr(r > 0) = .98, although the same
relationship did not hold with four exposures, r = �.16, 95% CrI [�.42,. 12],
Pr(r < 0) = .87. For the form-meaning connection test, there were no notable correlations
(r = �.03, 95% CrI [�.33,. 26], Pr(r < 0) = .59 for RWL4, r = .18, 95% CrI [�.12,. 46],
Pr(r > 0) = .87 for RO4, and r = �.13, 95% CrI [�.35,. 10], Pr(r < 0) = .85) for RO2)
except that we found an unexpected negative correlation under RWL2 (r=�.26, 95%CrI
[�.45, �.03], Pr(r > 0) = .98).

Figure 3. Correlation between the vocabulary tests and working memory scores.
Note: The error bars indicate 95% credible intervals.
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Effects of first language background (RQ6)

We conducted regression analyses of the participants’ scores on the two vocabulary
tests to investigate how the effects of reading conditions (RWL vs. RO), the frequency of
exposure (four vs. two), and WM capacity changed due to the participants’ L1
backgrounds. Table 3 provides the estimate of the model parameters in the binomial
GLMM for the form recognition test. The table has three columns: the point estimate of
the posterior distribution of the model parameters (Estimate), the interval estimate or
95% CrI of the parameters (95% CrI), and the posterior probability of a given effect
being larger or smaller than 0 (Pr[b]), depending on the direction of the point estimate.
Note that the posterior distribution of all model parameters converged to a stationary
distribution, as the value of bR associated with each parameter was within the range of
1.0 ≤ bR ≤ 1.1 (Gelman & Rubin, 1992).

We found particularly compelling effects of the two-way interaction of reading
conditions andWM(b= 0.32, 95%CrI [�0.06, 0.69], Pr(b > 0) = .95) and the three-way
interaction of L1 backgrounds, reading conditions, and WM (b = �0.47, 95% CrI
[�0.95, 0.01], Pr(b < 0) = .97). Although less certain, the main effect of L1 backgrounds
(b = �0.32, 95% CrI [�0.74, 0.11], Pr(b < 0) = .92) and the two-way interaction of L1
backgrounds and frequency (b = 0.41, 95% CrI [�0.19, 1.01], Pr(b < 0) = .90) also
showed a similar effect in size. To interpret the results, we visually summarized in
Figure 4 the model-based marginal mean of each experimental condition (left panel)
and the mean of each reading condition as a function of the participants’ WM scores
(right panel). A close inspection of Figure 4 (right panel) indicates that the three-way
interaction of L1 backgrounds, reading conditions, and WM stemmed from the fact
that the effect of WM was based on the participants being Chinese L1 speakers and
being assigned to the RWL condition. For Chinese L1 participants, the probability of
providing correct responses increased from. 54 [.30,. 77] to. 75 [.66,. 82] and to. 80 [.71,.
87] when their WM scores were at the lowest, at the mean, and at the highest point in

Table 3. Parameter estimates from GLMM for the form recognition test.

Fixed effects

Estimate 95% CrI Pr(b)

Intercept 1.00 0.51, 1.49 ≈ 1.00
L1 �0.32 �0.74, 0.11 .92
Frequency �0.05 �0.42, 0.40 .58
Condition 0.05 �0.41, 0.52 .58
WM �0.06 �0.35, 0.24 .65
Cloze 0.34 0.21, 0.47 ≈ 1.00
L1: Freq 0.41 �0.19, 1.01 .90
L1: Cond 0.08 �0.50, 0.67 .60
Freq: Cond 0.21 �0.40, 0.80 .74
L1: WM 0.15 �0.21, 0.51 .79
Cond: WM 0.32 �0.06, 0.69 .95
L1: Freq: Cond �0.38 �1.21, 0.46 .81
L1: Cond: WM �0.47 �0.95, 0.01 .97

Random effects

SD 95% CrI

Random intercepts: Items 1.53 1.29, 1.84
Random intercepts: Participants 0.74 0.64, 0.84
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our sample. Because the form recognition test contained 64 items, these probabilities
corresponded to answering 34.56 items, 48 items, and 51.2 items correctly. If we
assumed the equal accuracy rate across the target and distractor items (k = 32 for each
category), these probabilities also corresponded to learning the form of 17.28 words,
24 words, and 25.6 words, respectively.

Additionally, one can also interpret the three-way interaction from another per-
spective; that is, the difference between the RO and RWL conditions was contingent on
the participants’ WM capacity. Specifically, Chinese-speaking participants in the RO
condition scored higher than those in the RWL condition if the participants were of
less-than-average WM capacity. This finding suggests that adding audio support may
become detrimental to those learners when they do not have an average WM capacity.
Lastly, inspecting Figure 4 (left panel), the main effect of L1 backgrounds and the two-
way interaction of L1 backgrounds seemed to be driven by the fact that Germanic-
speaking participants scored lower than Chinese-speaking participants, especially
when they received only two exposures to the target words (regardless of reading
conditions).

Table 4 summarizes the estimate of the model parameters in the regression model for
the form-meaning connection test. There were only two notable patterns in the results:
the main effect of reading conditions (b = 0.42, 95% CrI [0.07, 0.77], Pr(b > 0) = .99) and
the two-way interaction of the frequency of exposure and reading conditions (b =�0.50,
95% CrI [�0.95,�0.05], Pr(b < 0) = .98). Unlike the form recognition test, WM did not
seem to predict the participants’ scores on the form-meaning connection test.

Figure 5 shows the marginal means of the participants’ scores on the form-meaning
connection test (left panel) and the conditional means as a function of the participants’
WMscores (right panel). Inspecting Figure 5 (left panel), the two-way interaction of the
frequency of exposure and reading conditions was driven by the fact regardless of L1
backgrounds, the participants in the RWL condition scored higher than those in the RO
condition, but this difference was contingent on the participants receiving only two
exposures. Aggregating over L1 backgrounds and controlling WM scores at the mean,
themodel-based average score of the RWL2 groupwas. 73 [.67,. 78], whereas that of the

Figure 4. Model-based marginal means of the participants’ performance on the form recognition test (left
panel ) and conditional means as a function of working memory scores (right panel ).
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RO2 group was. 67 [.61,. 72]. In effect size, this difference (of the probability of. 06)
corresponded to learning the meaning of 1.92 words.

Discussion
In this study, we investigated the benefits of RWL on vocabulary learning under
incidental conditions by conducting a close replication of Malone (2018). Our research

Table 4. Parameter estimates from GLMM for the form-meaning connection test.

Fixed effects

Estimate 95% CrI Pr(b)

Intercept 0.75 0.39, 1.10 ≈ 1.000
L1 �0.04 �0.51, 0.47 .55
Frequency 0.05 �0.27, 0.37 .62
Condition 0.42 0.07, 0.77 .99
WM 0.08 �0.14, 0.29 .76
Cloze 0.03 �0.06, 0.12 .73
L1: Freq 0.17 �0.29, 0.62 .75
L1: Cond �0.26 �0.71, 0.19 .87
Freq: Cond �0.50 �0.95, �0.05 .98
L1: WM �0.08 �0.34, 0.19 .72
Cond: WM �0.10 �0.38, 0.18 .76
L1: Freq: Cond 0.16 �0.48, 0.79 .69
L1: Cond: WM �0.04 �0.40, 0.32 .57

Random effects

SD 95% CrI

Random intercepts: Items .60 .44,. 80
Random intercepts: Participants .33 .22,. 44

Figure 5. Model-based marginal means of the participants’ performance on the form-meaning connection
test (left panel ) and conditional means as a function of WM scores (right panel ).
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aimed to address two primary objectives. First, we sought to determine the extent to
which our results aligned with the initial study regarding the effects of exposure
frequency, WM, and aural enhancement on incidental vocabulary learning
(addressing RQs 1–5). Second, we aimed to explore the impact of learners’ L1 back-
grounds, particularly in relation to the grapheme-phoneme correspondence, compared
with English (addressing RQ6).

Regarding our first research objective, which aimed to replicate Malone (2018), our
results yielded a mixed answer. We hypothesized that we would observe similar out-
comes to the initial study, where (i) RWL would be more effective than RO in terms of
form recognition after two exposures; (ii) compared with RO, RWL would lead to
greater learning gains in form-meaning connections, regardless of whether participants
had two or four exposures; and (iii) WMwould positively correlate with learning gains
in the RWL condition for the form recognition task.

Contrary to our Hypotheses (1) and (2), we found that participants’ performance
was similar across different reading conditions (RWL vs. RO), regardless of the number
of exposures to the new words (two vs. four exposures) for both form-recognition and
form-meaning connection tasks. Thus, we were unable to replicate Malone’s findings
for these two hypotheses (although see discussion of Hypothesis 3 subsequently).
However, it is noteworthy that our results may have been influenced by the conflation
of two distinct L1 groups (Chinese vs. Germanic L1 learners) in our study. We
hypothesized that these two groups would respond differently to our experimental
conditions, and the differences could have potentially rendered the effects of reading
condition and exposure statistically nonsignificant. In Malone’s initial study, although
the participants represented a random mix of L1 backgrounds, most of their L1s were
Arabic and Chinese, both of which use a writing system distinct from English. It is
possible that the participants in the initial study derived greater benefits from the audio
enhancement compared with the Germanic learners in our study. We will revisit this
point in our discussion of RQ6.

Concerning Hypothesis (3), our results pertaining to the form recognition task
largely replicatedMalone’s findings in three of the four conditions. Specifically, learners
with higher WM capacities demonstrated greater learning gains in both the four-
exposure RWL (RWL4) and two-exposure RWL (RWL2) conditions, whereas no
correlation between WM and learning gains was observed in the four-exposure RO
(RO4) condition. Interestingly, we discovered a positive correlation between WM and
learning gains in the two-exposure RO (RO2) condition, which was not present in the
initial study.

The results that (i) the RWL and RO groups performed similarly and (ii) WM
capacities moderated learning in the RWL condition and the RO condition with two
target word exposures can be interpreted in at least two ways. First, our findings align
with Malone (2018), confirming that RWL places higher demands on learners’ WM
compared with reading alone. This is in line with previous studies on the online
processing of language input. As mentioned earlier, eye-tracking research, such as
Conklin et al. (2020), has provided evidence that when new words are presented in the
context of familiar words (as operationalized in, e.g., Malone’s and the current study),
L2 learners may read ahead of the pace of the audio stimuli. In such cases, L2 learners
may rely more on the visual text rather than the audio input for overall text compre-
hension and for understanding of the target stimuli (Webb & Chang, 2012). Conse-
quently, the additional audio input may act as a potential distraction
(i.e., “interference”; Kane & Engle, 2000, p. 336), especially for learners with lower
WM capacities. On the other hand, learners with higherWM capacities would have the

Multisite close replication of malone (2018) 1431

https://doi.org/10.1017/S0272263124000275 Published online by Cambridge University Press

https://doi.org/10.1017/S0272263124000275


cognitive resources to both avoid the distraction caused by the audio input and
effectively use the auditory information to process the words at a deeper level (Craik
& Lockhart, 1972; Leow, 2015).

Second, the positive correlation between WM and learning gains in the RO2
condition, but not in the RO4 condition, indicates that the learners may have relied
more on their WM during initial exposures. As the frequency of exposure increased,
learners with lower WM capacities may have experienced a reduced cognitive load,
enabling them to process the new words in ways similar to familiar words, thus
diminishing the impact of WM differences (Pellicer-Sánchez, 2016). However, the
disparity between our and Malone’s findings highlights the complexities in the rela-
tionship between cognitive capacities and exposure frequency, which require further
investigation.

Although the RWL4 group in our study performed similarly to that in the initial
study, our participants in the other three conditions performed considerably better
than those in Malone (2018). This could further support the suggestion that even such
minimal input leads to traceable beginnings of vocabulary learning, regardless of
whether such input is multimodal or not. What remains unclear is why the multimodal
input did not lead to more vocabulary gains than the RO condition. There are at least
two possible factors that might have played into this. First, the remote data collection
and lack of experimental control associatedwith this studymight partly explainwhy the
RWL condition did not generate superior vocabulary gains compared with the RO
condition. The nature of the data collection might have meant that participants,
particularly those with faster reading speeds, had time to re-read in the RO conditions,
whereas participants in the RWL conditions, sticking to the audio speed, might have
only had the intended number of exposures (we further discuss learners’ cognitive
strategies during the training phase subsequently). Second, the nature of the educa-
tional background of our samples at the Beijing and Austrian sites, with many
participants being English majors, might have contributed to relatively high scores in
all conditions, although this potential proficiency advantage was not really reflected in
particularly high scores on the proficiency measure.

Our second objective focused on the influence of learners’ L1 backgrounds. We
hypothesized that RWLmight be more beneficial for Chinese L1 speakers, regardless of
the frequency of exposure and task, as the audio support could assist these learners in
their sublexical processing of the newwords, compensating for their reliance on holistic
processing that is common with logographic scripts. Conversely, we anticipated that
the audio support would be less critical for the Germanic speakers, who already possess
phonological information due to their stronger sublexical processing during reading
due to their L1 also using a Latin script. Additionally, we expected a stronger correlation
betweenWMand learning outcomes for the Chinese learners comparedwithGermanic
learners.

Regarding the form recognition task, our finding unveils an interplay of L1, WM, and
reading condition. This finding is significant, as it not only replicates Malone’s findings
regarding the positive correlation betweenWMand aural enhancement but also provides
some initial evidence identifying this correlation specifically within the group of Chinese
learners. Our findings can be interpreted from at least two perspectives.

First, our results support the notion that the impact of WM is more pronounced or
intensified when learners from L1s with an opaque grapheme-phoneme correspon-
dence receive supplementary aural input. Existing research has underscored the
influence of L1 backgrounds on word decoding strategies (e.g., Ben-Yehudah et al.,
2019). Chinese learners, who are accustomed to a logographic writing system, tend to

1432 Yingzhao Chen et al.

https://doi.org/10.1017/S0272263124000275 Published online by Cambridge University Press

https://doi.org/10.1017/S0272263124000275


rely on holistic word processing when decoding L2 English words, even at higher levels
of proficiency (e.g., Botezatu, 2023). For this group of learners, the additional aural
input could have provided useful sublexical information that they may not have
otherwise tapped into. Consequently, their ability to use this information without
being distracted (Kane & Engle, 2000) becomes crucial in determining their learning
gains. On the other hand, because the Germanic L1 learners already may rely more on
sublexical information to process the target language than the Chinese L1 learners, they
are less likely to benefit from the additional aural support, making the impact of WM
differences less evident.

Viewed from another perspective, our results also indicate that the distraction of
additional aural input is only apparent when lowWMcapacities are coupled with an L1
background characterized by holistic word processing. As illustrated in the right panel
of Figure 4, the presence of additional aural input did not result in reduced learning
gains for Germanic learners with low WM capacities. This finding complements and
extends previous studies including Webb and Chang (2012) and Conklin et al. (2020),
which attempted to account for the (dis-)advantages of RWL that are found in the
literature. Future studies might set out to validate and substantiate this interaction.
Further explorations to systematically examine the role of L1 in RWL would also be
worthwhile.

On the form-meaning connection task, an interesting finding that diverges from
Malone’s initial study is a two-way interaction between condition and frequency.
Specifically, participants in the RWL condition outperformed those in the RO condi-
tion, but this difference was significant only when the new words were encountered
twice, with a relatively small average gain of 1.92 more words (at a probability level
of. 06). As the frequency of exposures increased, the advantage of RWLdiminished. The
divergence between our results and Malone’s study can be attributed to at least three
factors: reactions to the audio recording, differences in sampling contexts, and dispar-
ities in cognitive strategies during the training phase.

First, the observed results may be explained by participants’ reaction related to the
audio recording. As noted earlier, the audio input was played at a fixed speed, which
may not havematched the natural reading speed of some participants. Faster readers or
individuals with higher proficiency levels (Conklin et al., 2020) might have read ahead
in the texts due to the slower pace of the recordings. Moreover, for participants with
lower WM capacities, the audio input may have interfered with their ability to process
the target words, resulting in poorer performance (see, e.g., Vu & Peters, 2022,
Experiment 2). It should be noted that while we used the same recordings as Malone
(2018) and recruited participants with similar proficiency levels as those in the initial
study, we did not control for individual reading speed or auditory processing (see, e.g.,
Hui & Godfroid, 2021). This could have contributed to varying levels of reactivity
between our study and the initial one. The need for further validation of the audio speed
or customization of audio recordings based on individual needs is discussed as a
limitation subsequently.

Second, differences in the sampling contexts may also partly explain the disparities
in the results. Malone (2018) collected his data in a more controlled laboratory setting,
whereas the current studywas carried out online. The absence of an experimenter in the
unsupervised online setting in our study may have influenced the participants’ atten-
tion level. Although comprehension tests were incorporated, following the initial study,
to screen out inattentive participants (see Procedure section), it is important to
recognize that paying attention does not imply engagement in identical cognitive
processes.
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Finally, differences in concurrent cognitive strategies during the training phase may
also explain some of the differences in results. There are numerous examples in the SLA
literature of participants using explicit strategies (e.g., Robinson, 1997) and developing
awareness of the target lexical items (e.g., Godfroid & Schmidke, 2013) under incidental
learning conditions. Although the learning conditions were incidental in bothMalone’s
initial study and our experiment, and these incidental conditions may arguably
promote incidental learning processes, they ultimately cannot guarantee or control
what learning processes occur (see, e.g., Isbell & Rogers, 2021).

Limitations and contributions of this replication

Before proceeding further, it is important to acknowledge several limitations of the
current study. First, in our multisite study, we only recruited two specific L1 groups to
investigate the role of L1 backgrounds with either logographic or alphabetic writing
systems. Second, we replicated the initial study’s approach by limiting the number of
exposures in our study to two versus four, whichmay have constrained the conclusions
that can be drawn. Additionally, incorporating longitudinal designs in ecologically
valid settings in future research would provide a better reflection of how incidental
learning naturally occurs and allow for the investigation of additional variables such as
input spacing (Webb, 2020). Finally, to gain further insights into the cognitive pro-
cesses triggered by the instructional conditions, future investigations could incorporate
methods such as eye-tracking during the training phase and collect retrospective data
through verbal reports, validating the instructional interventions.

Our study, nonetheless, makes several contributions to existing research. First, our
study reveals that the impact ofWM capacities is intensified in form recognition, when
participants come from L1 backgrounds characterized by holistic word-processing
strategies. This nuanced finding refines our understanding of aural enhancement by
identifying its benefits specifically within a particular type of L1 group, thereby
shedding new light on the complexities of the effects of simultaneous input modalities
on vocabulary in incidental learning conditions. Pedagogically, this finding suggests
that practitioners should take learners’ L1 backgrounds into account when incorpo-
rating reading while listening into their instruction and provide tailored assistance for
learners with lower WM capacities, such as learners with specific learning difficulties
(Kormos, 2020), if their L1s have a logographic writing system.

The study further illustrates how replication research can be useful in unpacking the
complex nature of the relationship between learners’ cognitive capacities and exposure
frequencies in learning under incidental learning conditions. In particular, multisite
replications, such as this study, may prove beneficial in terms of comparisons of learner
groups and contexts, thus enabling evaluations of the generalizability or context-
dependence of findings. In this study, recruiting English learners in Europe and Asia
made it possible to extend the findings of Malone (2018) by considering the role of
different L1 backgrounds on vocabulary learning under different input conditions, as
well as study the role of WM in a more nuanced way.

Methodological considerations for future research

To our knowledge, all studies examining the effects of RWL on incidental vocabulary
learning have used audio at a fixed speed in their research designs (e.g., Malone, 2018;
Teng, 2016; Vu & Peters, 2022; Webb & Chang, 2022; the current study). Although
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these studies often provide extensive information about the validity and suitability of
the reading texts (e.g., proficiency level, tokens, lexical profile), they offer limited details
regarding the validity of the audio recordings. Typically, the speech rate (words/
minute) is reported, but few studies go beyond this basic information (for an exception,
see Webb & Chang, 2022).

From a theoretical standpoint, such design and reporting practices present potential
issues that could compromise internal validity. If the audio speeds in previous studies
were not optimal for individual participants, the results may not accurately reflect the
benefits of providing bimodal input for incidental vocabulary acquisition. As we have
observed, some participants in our study were negatively affected by the fixed speed of
the audio recordings. This finding aligns with the results reported by Vu and Peters
(2022, Experiment 2), in which some participants also expressed being distracted by the
audio in the RWL condition during retrospective interviews.

Future research investigating RWL might consider a more extensive validation of
the audio used in the RWL condition at the participant level. This might entail the
inclusion of validated audio formats at multiple speeds, where the RWL condition
might be tailored to each respective learner. Synchronized textual enhancement might
be used in conjunctionwith bimodal input to encourage participants to follow the audio
text more closely (Jung & Lee, 2023). Concurrent measures of attention such as eye-
tracking could also be used to track participants’ reading to further validate the RWL
condition, i.e., the synchrony between the participants’ reading and the speed of the
audio recording. Finally, the learner’s silent reading speed could also be investigated as a
moderating variable in that those who read at a similar pace as the audio might benefit
differentially from slower and/or faster readers (see Hui, 2024, for an example of RWL
comprehension).

Conclusion
The current study replicated Malone (2018) and examined how learners’ L1 back-
ground may moderate the effects of RWL compared with RO. We failed to replicate
Malone’s results regarding the comparison of RWL and RO in that our participants in
the RWL andRO groups performed similarly in both vocabulary posttests, regardless of
the number of times they were exposed to the target words. Our results on the effects of
WM aligned with Malone’s: There was a positive correlation between WM and form
recognition for the RWL group. Most importantly, our findings revealed an interaction
among L1 background, WM, and modality for initial form learning: The demand of
WMwas greater for L1Chinese learners in RWL conditions. The findings of the current
study contribute to the important question of for whom bimodal input may be most
beneficial. Based on our findings, researchers may further explore the underlying
cognitive mechanism of vocabulary learning through RWL. Pedagogically, this study
informs how teachers can use bimodal input, such as through reading aloud learning
materials to students, using audiobooks, and text-to-speech functions in e-readers,
based on characteristics of materials and students.
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