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Highlights

The effective elements in multimedia L2 vocabulary learning have herelly
identified.

We conducted both an omnibus meta-analysis and 3 separate metasawilys

within-, cross-, and mixed-domain inputs.
Both immediate tests and delayed tests were used as dependsiesari
Four moderators were considered, but none was statistically sagriifi

Learning was better with mixed-domain inputs, and learning with wignid-cross-

domain inputs did not differ.



Effectiveness of L1 and Picturesin Multimedia Conditions on

L ear ning Second-L anguage Vocabulary: A Meta-analysis

Abstract

Multimedia inputs have been often used in second language (L2) vocabaltaiynde
however, the effective elements in multimedia inputs for L2 vocapldarning have hardly
been established. This study aims to identify the effective eléshemd further clarifies the
meaning of different “domains” in multimedia L2 vocabulary learningh<iering that the
learning target (L2 vocabulary) belongs to the verbal domain, the meanimgits are then
constructed as within-domain (i.e. L1-based), cross-domain @ter@ibased), and mixed-
domain (i.e. L1+picture-based) learning conditions. The present statly fionducted an
omnibus analysis and then three meta-analyses: (a) within-domanss-.domain (20
studies, 51 effect sizes), (b) within-domain vs. mixed-domain (&liest, 55 effect sizes),
and (c) cross-domain vs. mixed-domain (9 studies, 27 effect dizea)total of 2,056
participants. Both immediate and available delayed testswserkas dependent variables.
Four moderators were used to identify potential predictors. Thegasditate that, at the
immediate tests, the mixed-domain condition consistently outperformgttiia-domain
condition ¢ = 0.334,p < 0.001) and cross-domain conditign=0.350,0 = 0.001) in
facilitating L2 vocabulary learning. However, at the delayed tdstsadvantageous effect of
the mixed-domain condition only marginally outperformed the cross-domain conjtr
0.271,p = 0.067). No significant difference was found between the within-doarad cross-
domain conditions in L2 vocabulary learning. No significant moderator wastddtat either
the immediate tests or the delayed tests. These findings higihigghenefit of incorporating

both L1 words and pictures into L2 vocabulary learning.

Keywords: dual coding theory; multimedia; second-language acquisition; vocabulary;

meta-analysis



I ntroduction

Learning a second language (L2) or a foreign language (FL) usuaityyeass of
effortful hard work and yields different levels of proficiencyvéh that vocabulary learning
is typically the first step in L2 learning, a long-standing questiohigfield concerns the

most effective way to learn L2 words.

According to Nation’s (2001) framework, acquiring knowledge of an L2 woad is
multifaceted process encompassing nine aspects related tarfsrieaning, and use. When
starting to learn a new word in a second language, the initiaisstefearn its form (either
spoken or written form) and meaning, which is the foundation for learnéefpiiowing
aspects of an L2 word. In L2 vocabulary learning, learning the fornvemfs is more
challenging than learning their meanings, since there is more overiageining between

two distinct languages than in their shared word forms (Nation, 2001).

Compared with bilingual children, most adults might meet “fossitimafJiang,
2000) during L2 learning, which is a phenomenon where a learner’s L2 staispieg
despite continued exposure and practice. The Revised Hierarchical (RétM) proposed
by Kroll and Stewart (1994) indirectly explained this phenomenon by the assortiyatt the
conceptual link between L2 and concepts is weaker than that betweerd [fi2st language
(i.e., L1), which leads learners to rely too heavily on their L1 boleay and grammar,
causing transfer errors that become ingrained in their L2 sySmenpossible reason leading

to the strong link between L2 and L1 might be the ways of learning L2 vocabula

For most concrete L2 noun words, L2 learners can access traimyge through two
main routes: verbally via L1 translation or non-verbally via imageatriveg L2 words by L1
translation is typically regarded as a convenient learning methodajapéor adults.
Although the meanings of words in two languages may not be identicalpfribstL2 word
meanings can be found in their L1. With a dictionary on hand, L2 learae@ccess the

meaning of a large number of L2 words rapidly.

Visual images, or pictures, are another way to convey meanimgsgéh, 2003) and
are typical means for young children to learn a language. With tied¢og@vent of advanced
technology, there has been a growing research interest in bringing edidtimto education,
as well as in L2 vocabulary learning. According to Maymal Fiorella(2022), “multimedia”

can be defined as the presence of both verbal and pictorial atat&€he verbal materials are



presented in either spoken or written form, while the pictoriaérizds$ are presented in the

form of illustrations, photos, animations, or videos.

The Cognitive Theory of Multimedia Learning proposed by Mayer and Fiorella
(2022) builds upon Dual Coding Theory (Paivio, 1990), suggesting that information can be
encoded via both visual and verbal channels. This simultaneous activatienbaif and
pictorial representations fosters learning, as both types of infomtn serve as cues
during retrieval. Consequently, they advocate for “multimedia lear@s@’ means to

construct mental representations from both words and pictures.

Mixed Findings of Multimedia Inputsin L2 Vocabulary L earning

A large number of empirical studies have been conducted to verigffibacy of
multimedia learning. Evidence supporting the Dual Coding Theory mainly cioomes
research in cognitive learning, which demonstrated that people leaplesotoncepts better
when they are presented with both explanatory text and graphics than wharethe
presented with text alone (Mayer, 2002; Mayer & Moreno, 2003). Howihesfindings
based on the predictions of the Dual Coding Theory in L2 vocabulary leareinatlaer
mixed. Whilst some of the studies found the facilitation effect broalgbut by pictorial
information (e.g., Boddaert et al., 2021; Emirmustglia& Gokmen, 2015; Liu et al., 2021;
Morett, 2019), some studies supported that L1 translation would be ffextve (e.g.,
Comesafia et al., 2012; Lotto & De Groot, 1998), and others failedect day difference
between the two learning methods (e.g., Cakmak & Ercetin, 2018)taldspuse of
concrete L2 words in all cases. For example, Cakmak andE(26ti8) conducted a
between-subject design study with 44 freshmen to learn English as @hd_&udy
compared four gloss input modes: textual-only, pictorial-only, and dual-ch@exieial-
plus-pictorial) gloss as well as a control condition where no glagsesprovided. The
results showed that the modes of gloss input did not affect leapsefsimance on L2
vocabulary recognition or production. Thus, they cast doubt on the hypothesigtbasing

the number of multimedia elements improves L2 vocabulary learning.

To further examine the effect of multimedia input on L2 vocabularyilegy we
distinguish the elements of multimedia input into two different doménuistic (e.g., L1
and L2) and non-linguistic (e.qg., pictures). Based on the combinatioput, domain
conditions can be further classified as within-domain condition lgaxning L2 by L1),

cross-domain condition (i.e., learning L2 by picture) and mixed-domain eamglie.,



learning L2 by L1 + picture). Although numerous studies found that the mixedidom
condition is more effective than the within-domain and cross-domain ansl({e.g.,
Cakmak & Ercetin, 2018; Warren et al., 2018), it is difficulaszertain whether the
facilitation effect is brought about by L1 translation, pictureherdcombination of both.
Therefore, it is worth separately investigating and discussingffiaet induced by L1
translation (i.e., within-domain learning), picture (i.e., crdsmain learning), and L1 +

picture (i.e., mixed-domain learning) in L2 vocabulary learning.

Potential M oderators

Apart from the different domain conditions, some other potential &otayht also
influence the efficacy of learning methods. Our analysis of the iexpetal design of
previous studies found four potential factors that might affeatilegirthe learner, the

learning target, the type of measurement, and the time of measure

First, with respect to the learner, age might play a key malles success of L2
learning methods. For adults whose cognitive system and L1 litetahsysve been well-
constructed, the findings for the efficacy of L1-based and picturelbeseing
methods were inconsistent. Bates and Son (2020) found that the pictedestethod was
more effective whereas Alzahrani and Roberts (2021) found theyeqaedly effective.
Comparably, children cannot always rely on their L1 literal knowledgeraydturn to visual
information as effective meaning input. For example, Boddaert @0#1) compared L1-
based and picture-based learning methods in 3rd-grade children and fouhd thetire-
based L2 vocabulary learning method was more effective than the Ldinasieod.
However, Comesafa et al. (2012) found an advantageous effect of tlaesdd {earning
method in 7th-grade children. The inconsistent findings underscore thaameof
classifying results for children and adults separately to accyedséss the efficacy of L1-
based and picture-based learning methods. Therefore, when we talkhebeffettiveness of
a learning method, it would be worth investigating the potential effacused by the age of

learners.

Second, concerning the learning target, the modality and form of vaoges might
also affect learning performance. For most of the studies,2heritten word was set as the
learning target (e.g., Carpenter & Geller, 2020; Carpenters®)2012; Comesafia et al.,
2009; Kost, 1999; Liu et al., 2021), with most of the remaining studigsrireg participants
to learn both L2 written word and audio (e.g., Alzahrani & Roberts, ZB&&s & Son,



2020; Cakmak & Ergetin, 2018; Comesania et al., 2012; Morett, 2019pWe 6nly one
study that took the L2 audio as the learning target (Boddaert 2021.). However, learning
both the L2 written word and audio could overload learners’ cognitiveyaaiid might lead
to an adverse effect. According to Sweller’s (2005) cognitive loamtyhandividuals’
working memory is severely limited in dealing with novel information, thuednput
presented to learners should be carefully tailored, or it mightdeaelgative effects. Thus,
more information is not necessarily better in L2 vocabulary leariiimg effectiveness of
learning methods should be discussed conditionally, depending on the conteranfibrm,

modality of the target learning language.

Third, the effectiveness of measurement could also influencédfitecyg of learning
methods. Many different tasks have been adopted for assessing leaordrkhowledge,
such as word-meaning matching tasks (e.g., Boddaert et al., 2Q#tiplerchoice questions
tasks (e.g., Liu et al., 2021), judgement tasks (e.g., Carg@éson, 2012), recall tasks
(e.g., Carpenter & Geller, 2020), translation tasks (e.g., M@@19), and so on. Nation
(2001) classified tasks measuring word knowledge into two types: inexéguks and
productive tasks. Receptive tasks require learners to recognieertbet relations between
the target word and the options provided, whereas productive tasks teguiess to
produce word information according to the cue provided, either in spokerittenviorm.
Most of the previous studies adopted either productive (e.g., Bese$82020; Carpenter &
Geller, 2020; Morett, 2019) or receptive tasks (e.g., Boddadrt 2021; Lian et al., 2017;
Liu et al., 2021), and few involved both productive and receptive tasksGalgnak &
Ercetin, 2018; Warren et al., 2018). Clearly, the type of tasktoseeasure L2 vocabulary
knowledge could influence the conclusions we draw. Therefore, we stamddler the type

of task used when evaluating the effectiveness of a learning method.

Last but not least, the timing of testing could also influence oun&wan of the
efficacy of learning methods. Compared to the tests conducted imelgaitter learning,
delayed tests offer a better window to observe the effica@aohihg conditions in the long
term. Immediate tests might reflect short-term memory atidlitearning, but delayed tests
assess how well the information is consolidated and retained indomgatemory. For
example, Comesafia et al. (2012) compared the L1-based learning coediitittve Picture-
based learning condition in facilitating children’s L2 vocabulary learringd,found that
children achieved better performance in the L1-based learning coriditiom one-week-

delayed tests, but the advantageous effect was not found in the irenteslia. Thus, the



timing of delayed testing is another potential moderator that could ma#ueur conclusion.
Different delayed time lengths have been used: one day (e.g., Shen,@@&l@kek (e.g.,
Morett, 2019), two weeks (e.g., Lian et al., 2017), three wgegs Jones, 2004), and four
weeks (e.g., Alzahrani & Roberts, 2021). Studies that conductedyeddbst make it
possible to investigate the long-term effect of learning as aiéunat condition.
Importantly, the use of delayed testing aligns with real-world daiunzd goals, where the
aim is not just for students to learn information temporarily, brgtein and apply it long

after the initial learning period.

Previous M eta-Studies

A few systematic reviews examined the effect of multimedjsaii on L2 vocabulary
learning; however, they did not jointly discuss the effects occasiontt byithin-domain
(i.e., L1-based), the cross-domain (i.e., picture-based), amdixied-domain (i.e., L1 +
picture-based) conditions. For example, Ramezanali et al. (2024¢dvet al. (2016), and
Yun (2011) compared the within-domain and mixed-domain conditions. They fouridehat
mixed-domain condition was more effective than the within-domain condarolo2f
vocabulary learning. However, these studies took the number of input medesir(gle,
dual, or triple) as the variable of interest rather thanygpest of input modes (i.e., textual or
pictorial). Moreover, the visual input in their mixed-domain conditiomgedarom pictures
to video clips. It is thus hard to tell whether the advantageoastefbis brought about by the
picture itself or the combination of L1, picture, video, and auditory sdduang (2012) and
Yanagisawa et al. (2020) compared the effectiveness of withinid@nd cross-domain
conditions. However, due to the limited number of studies (only 8 studiel)ang (2012)
and the imbalanced number of effect sizes per condition in Yanagetakg2020) — 3
effect sizes in the auditory condition, 8 in the pictorial condition,1a®lin the textual
condition — they failed to detect any differences. Thereforejripsrtant to carry out an
updated meta-analysis comparing the effectiveness of the withinktidimacross-domain,

and the mixed-domain conditions in L2 vocabulary learning.

In addition, some important moderators should be taken into considerattoadi\éa
al. (2016) conducted moderator analyses and found that the intensitypodginem and the
L2 proficiency level of learners are potential moderators influertti@dneterogeneity
between effect sizes. Moreover, Ramezanali et al. (2021)deved nearly 11 moderators in

their meta-analysis, such as the quality of the data samglej¢ewrnal or thesis), learners’



characteristics (e.g., L2 proficiency, education), gloss featie.g., the number of glosses,
languages), text features (e.g., narrative, expository) and vocab@asurement formats
(e.g., form recall, form recognition, meaning recall, meaninggmeition). The results
showed that only the educational level of learners and the textdgatfiuenced the
learners’ performance. However, none of the previous meta-asatysntioned above
investigated how learners’ age (i.e., children vs. adults), mpdabde of the L2 (i.e.,
written form, spoken form, or both), type of testing tasks (eegptive vs. productive), and
timing of delayed testing (i.e., one day delayed, one week delayewaeks delayed, three
weeks delayed, and four weeks delayed) influence heterogeneity nbhdefinite
conclusion can be drawn about the effectiveness of within-domais;domsain and mixed-
domain conditions in facilitating L2 vocabulary learning, nor about the rgtetehtial
moderators.

Given the large amount of experimental evidence collected in thievasears, the
theoretical and practical importance of the question of how neatgdd L2 words are
represented and accessed in our minds, and the contradictory conaleaaired by
different researchers in the field, an up-to-date meta-analynthesis implementing a sound
modelling design is required.

The Present Study

This paper evaluates the effectiveness of within-domainl(ilebased), cross-
domain (i.e., picture-based) and mixed-domain (i.e., L1+pictureeha@enditions on L2
vocabulary learning via meta-analysis. We focus on two primary goeds.We test whether
there are any differences across these three domain conditonwihin-, cross-, and
mixed-domain) at both immediate tests and delayed tests. Wbystanning an omnibus
meta-analysis, that is, a meta-analysis including all the @hé&n, we evaluate the
effectiveness of different domain inputs on L2 vocabulary learning by condubtiee meta-
analyses (within-domain vs. cross-domain, within-domain vs. mixed-doarargross-
domain vs. mixed-domain), with either immediate tests or delagexl fEhese analyses will
help us to understand the roles of L1 translation and picture in L2 vocalaaaring better,

for both the short and long term.

Second, we aim to quantify and explain the amount of variability intdratiure. We employ
moderator analysis to investigate the potential sources of withthbetween-study

heterogeneity. This analysis addresses a fundamental poirsticaii accounting for the



degree of true heterogeneity is the only reliable way to make sense of the mixed results
the field has produced so far. Based on the literature reviewibd introduction, we focus
on the following moderators: participants’ age (children vs. aduofisjiality mode of target
L2 words (text vs. audio vs. text + audio), and type of testing tasktive vs. productive).
In the delayed tests, we added the timing of delayed testing (oneldggdies. one week
delayed vs. two weeks delayed vs. three weeks delayed vs. four detaksd) as another
potential moderator. The moderator analysis will help us explaindgeteeity and examine

the true effect induced by domain conditions.
Method

Literature Search

A systematic search was employed to find the relevant studi¢SNPRstatement;
Moher et al., 2009). The following Boolean string was used: (“L2™&d¢ond language”
OR “second-language” OR “foreign language” OR “foreign-language” OR)“AND
(“word learning” OR “vocabulary learning” OR “vocabulary acquisition” @&arning
method*”) AND (“experiment*” OR “participant*” OR “study”) AND“@nnotation*” OR
“picture*” OR “pictorial” OR “image*” OR “photograph*” OR “text” ® “textual” OR
“translation”). We searched through PsycINFO, Web of Scienagus¢and ProQuest to
identify all the potentially relevant studies. We retrieved 1,298rdscand removed 447
duplicates when records were synthesized in Endnote 20. Thus, 852 papdesftvier

further screening.

Inclusion Criteria

The studies were included according to the following six criteria:

1. The study conducted an experiment or quasi-experiment of foreign language
vocabulary learning, containing at least two experimental groups thatt éger by
within-domain condition (i.e., L1-based method), cross-domain conditionpliceure-
based method), or mixed-domain condition (i.e., L1+picture-based meftuoslcriterion
was fundamental to isolate the variable of interest, thtités;omparable impact of L1-

based and picture-based on the performance of second language vocahulizy. lea

2. The participants must learn a foreign language/L2 which is diffén@mttheir L1

(i.e., the dominant schooling language in their country).
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3. At least one vocabulary testing task (either through receptive or pragluc
assessment) was administered after the training. Tests coaltbéen conducted
immediately on the same day as the training or delayed, takinggstacéhe training day.
Self-reported measures and parent/teacher rating questionnaieesxeieided.

4. The study reported new data (i.e., it did not report duplicatetsefsoin previous
studies).

5. The study focused on healthy learners, rather than people diagnosedhagtaap

hearing impairment, or learning disabilities.

6. The study contained appropriate quantitative and statistical dataléoitating

effect sizes and standard errors.

We searched for eligible published and unpublished papers through M&r@022. We

sent emailsr(= 28) to researchers in the field asking for relevant infoonain

experimental details (e.g., age, male rate, number of partisigarocedure, and tasks testing
vocabulary knowledge) and necessary data to calculate the efésct\8le received eleven
positive replies. In total, we found 32 studies conducted from 1992 to 202ftehatl the
inclusion criteria. The entire procedure is described in Figuféd supplemental materials
available online contain the details of all the included studies &sidcd the excluded

studies
(https://ost.io/he6pt/files/osfstorage?view_only=2790863dd84f4d23bal5764b8577cf45).
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Search Features
Searching electronic database (e.g., Web of Science, PsycINFO, Scopus, ProQuest),
Searching through citations of previous meta-analysis;
Sending e-mail requests to authors requesting experimental details and unpublished data;

Records examined 3 Removed duplicates
n=1299 n=447

Supposed criteria for study inclusion:

» Must contain at least two experimental groups from L1-translation, picture-based, or L1-translation+picture
method;
Must learn a foreign language/L2 that is different from their L1 (i.e., the dominant schooling language).
Must include at least one vocabulary testing task: receptive, productive or both;
Must report new data from empirical studies;
Must consist of healthy children or adults;
Must provide sufficient data to calculate effect sizes;

[Included] [ Eligibility ] [ Inclusion ][Literaturesearch]

Screened Abstracts > Abstracts Excluded
(n=852) (n=797)
Full-Text Articles Evaluated for Eligibility Full-Text Articles Evaluated for Eligibility but Excluded
(n=55) > (n=23)
l’ » Not qualified as experimental groups: (n=13)
Studies included for further analysis Not enough informatipn to calculate effect size: (n=6)
(n=32) * Duplicated as PhD Dissertation: (n=1)
* Meta-analysis: (n=3)

Figure 1. Flow diagram of the sear ch strategy

M oderators

We assessed several moderators based on our revibw literature:

1. Age of learners: Quite a few studies did nobrefhe mean age of their participants and
roughly classified them as children and adults.sT e could not take age as a continuous
variable in this study. According to Paulsen e{2011), starting from around 16 years of
age, many adolescents exhibit a level of matunity @ognitive development that aligns more
closely with adults than younger children; this edfiect study outcomes in areas such as risk
preference and cognitive development. Thus, we Wi6ggtars as the cutoff for allocating

participants from the previous studies into chitdl @adult categories.

2. Modality and content of target learning wordsing the content and modality of target L2
words, we classified the learning target into L&,t€2 audio, and Both (L2 text + L2 audio).
However, only one study took L2 audio as a learmamget. Thus, L2 audio was removed

from the moderator analysis, leaving L2 text andhBas the categorical moderators.

3. Types of testing tasks: We classified all theitg tasks into receptive tasks and
productive tasks according to the instructions.cBpally, receptive tasks mainly include
word-meaning matching tasks, multiple-choice questitasks, judgement tasks, and so on.

By contrast, productive tasks refer to recall tasksslation tasks, typing tasks, and so on.
12



4. Timing of delayed tests: We classified the timing of delaysd tato five groups: one day

later, one week later, two weeks later, three weeks ktdrfour weeks later.

Effect Size Calculation

Effect size (ES) reflects the magnitude of the treatmdettefBorenstein, et al.,
2021). The ES (i.eg in the formula below) was calculated based on the mean $¢pend
the standard deviatio®D) of the eligible performance measure reported in the primary
studies that met the inclusion criteria. The ES chosen fontilgsees was Hedgegs that is,
the standardized mean difference corrected for the small-sémpleas shown in the
following formula.

s=a+(1-5)

4N-9

with

d:My—Mz
SDpooted
whereM: andM refer to the mean performances of the two experimental groups; the
groups consist of within-domain (i.e., L1-based L2 word learning), «fosgin (i.e.,
picture-based L2 word learning), and mixed-domain (i.e., L1+picturedbizsevord
learning) learning conditions in the three meta-analy@®soied is the pooled standard

deviations of the two experimental groups, ahid the total sample size.

The sampling error variances were calculated with two forn{Glesmidt & Hunter,
2015, pp. 343-355) depending on the experimental design implemented in the primdiay st
(i.e., between- or within-subject design). If the study followedthin-subject design, the

sampling error variance was calculated by the following formula:

N-1 1 2 N 3 4°
vt = 3=y (13 + 7 7=3) * (125 =)

If the study followed a between-subject design, the sampling eriamnece was

calculated by the following formula:

N-1 4 d? 3 4
VaTy_petween = m * N (14— )= (1 - )

8 4N -9
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Modeing Approach

We classified all 32 studies into three meta-analysis dat&detsa-analysis 1
compared the effectiveness of within-domain and cross-domair_{i-based vs. Picture-
based) learning conditions. Meta-analysis 2 compared the effectivd@nessin-domain and
mixed-domain (i.e., L1-based vs. L1+picture-based) learning conditeta-analysis 3
compared the effectiveness of cross-domain and mixed-domaini@tareFbased vs.

L1+picture-based) learning conditions.

We first ran an omnibus meta-analytic model — that is, a arebsic model
including all the available effect sizes — for all 32 studies @tavanalysis 1 (i.e., L1-based
vs. Picture-based conditions) and Meta-analysis 2 (i.e., L1-baskfl+#sicture-based
conditions). Meta-analysis 3 (i.e., Picture-based vs. L1+pidtased conditions) was not
included because it was entirely composed of a subset of studigdeidiéh the other two
meta-analyses. Then, a moderator analysis was run to test indreghmoderator accounted

for the difference among the three learning conditions.

The omnibus meta-analysis (Borenstein et al., 2021) wasdinsiucted to provide a
general overview of the effect size across all studies ambszpked, Picture-based and
L1+picture-based learning conditions. After that, we conducted theege amalyses
separately to examine and compare the efficacy of the L1-thsegicture-based, and the
L1+picture-based conditions pairwise. Outlier analysis and puldicatas analysis were

also conducted to guarantee the validity of the results.

These analyses were performed for both the immediate- and dedsyedifé¢ct sizes.
The methods of running the omnibus analysis, the three pairwise mbtaeanshe outlier
analysis, the moderator analysis, and the publication bias analysigedly explained in the

following sections.

Analytic Strategy

A systematic analytic strategy was then implemented for eat&-amalysis (both the
omnibus meta-analysis and the three meta-analyses grouped by corlditibihéyvel
random-effect meta-analysis was employed to run the intercept and meta-regression models
(Viechtbauer, 2010). The intercept model was run first to estitha overall effect sizes
(ESs) and the true variances. The effect sizes extract@done study were grouped into the

same cluster. This technique allowed us to estimate both betlester and within-cluster

14



true variance, that is, the amount of variance that was nobdsripling error (i.e.,

heterogeneity).

Outlier Analysis

Sensitivity analyses were run in order to test the robustness refsthies. Cook’s
distance was then calculated for each ES, and those ESs whose distakise was greater
than three times the mean were excluded. The intercept modetmvasvithout these ESs to

test the robustness of the results and reduce spurious heterogeneity.

Moderator Analysis

After removing the outliers, the moderator analysis was runheosrmnibus meta-
analysis, we ran meta-regression analyses with four modeg@tmmdition, Age, Modality
mode of L2 words, and Type of testing task). For the meta-anajys@sed by condition, the
Condition moderator was dropped. Finally, for the meta-analyses viatyedetests, timing

of delayed testing was added as a moderator.

In each set of analyses, all the possible meta-regression mottetae above
moderators were run and the model with the lowest Bayesian Inforr@titerion (BIC)

was selected.

Publication Bias Analysis

Finally, funnel plots and the PET-PEESE method (Stanley, 2017) weieysd to
estimate the effect of publication bias on the results. Funneal gipict the distribution of
the effect sizes as a function of the squared root of their saygstor variance (i.e., their
standard error). If publication bias is present, funnel plots shoulbieghnarked asymmetry
in the distribution of the effect sizes due to the systematic ssgipreof studies with low
precision (i.e., small sample sizes) and effect sizeg ¢tosull. Otherwise, publication bias
is probably absent. Likewise, PET-PEESE consists of two regneasalyses relating effect
sizes and standard errors (PET) and variances (PEESEnhdastieerrors or variances
significantly predict the magnitude of effect sizes (i.e.|der the precision, the bigger the

effect size), then publication bias is probably an issue.

Publication bias analysis was run only on the three meta-analyses gbyuped
condition. The rationale for this choice was that publication bidgsieaisually does not

perform accurately when considerable heterogeneity is présdatt, we expected
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heterogeneity due to the differences in the distribution of thetefizes depending upon the
condition.

The metafor R package (Viechtbauer, 2010) was used to performalyses above.
The R codes and results are available in the online supplemerateyah
(https://osf.io/he6pt/files/osfstorage?view_only=2790863dd84f4d23bal5764b8577cf45).
(Due to space limitations, the description of the meta-andly¢icaniques was necessarily

concise. For further details, see Borenstein et al., 2021).

Results

Descriptive Statistics

For the immediate tests, there were 20 studies (51 effest\with 1,164 participants)
involved in Meta-analysis 1, which compared the L1-based and the pictsee-conditions
in L2 vocabulary learning. In Meta-analysis 2, which compared 1hledsed and the
L1+picture-based conditions in L2 vocabulary learning, there were 21 s{@@ieffect sizes
with 1,498 participants). In Meta-analysis 3, which compared tharBibased and the
L1+picture-based conditions in L2 vocabulary learning, there were 9 st@fieffect sizes

with 606 participants) involved.

However, not all studies included the delayed tests and the tidetayfvaried from
one day later to one week later, two weeks later, three vieteksand one month later. To be
specific, 12 studies (25 effect sizes with 656 participants) cortidetayed tests in Meta-
analysis 1, 17 studies (35 effect sizes with 957 participants) ia-Melysis 2 (we excluded
one effect size as the study did not include an immediatedasdt studies (16 effect sizes

with 490 participants) in Meta-analysis 3.
Immediate-Effect Meta-Analysis
Omnibus Meta-Analysis

The results of the omnibus meta-analysis for the immedidtesiesw that the overall effect
size was significanig(= 0.231,se = 0.057,p < 0.001,m = 32,k = 106). This effect was still
robust after removing the outlierg £ 0.209,se = 0.048,p < 0.001m = 30,k = 98). The

residual heterogeneity after accounting for the outliers and theteéfethe moderators was
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low yet significant jp < .001). Between-study true variance was 0.042 while within-study
true variance was> = 0.000.

All the possible combinations of moderators were evaluated in the atodanalysis.
The best model according to the BIC showed that the only significafitfammewas
Condition. Meta-analysis 2 was significantly associated with higfestesizes I = 0.287,se
=0.067,p < 0.001).

The three Meta-Analyses Grouped by Condition
Consistent with the results of the moderator analysis in the omnigtasamalysis,

the meta-analyses grouped by condition showed different effect sizes.

The results of the three intercept models for the immedist®e $aow that the overall
effect size of Meta-analysis 1 was not significant 0.122,se = 0.085,p = 0.171,m = 20,k
= 51), suggesting no significant differences between the L1-based apittine-based
learning conditions in the immediate tests. A robust overall edfeetwas found in Meta-
analysis 2¢ = 0.343,se = 0.066,p < 0.001,m = 21,k = 55), indicating that the L1+picture-
based condition outperformed the L1-based condition in the immediate_tesity, a
significant overall effect size was found in Meta-analysig 3 0.393,se = 0.093,p = 0.003,
m = 9,k = 27), indicating that the L1+picture-based condition also outpertbtheePicture-

based condition in the immediate tests.

Outlier Analysis

These results were robust to the effect of the outliers. Thalbe#ect size of Meta-
analysis 1 decreased from 0.1282% 0.085m= 20,k = 51) to 0.0729e = 0.055m= 18,k =
47) and was still not significanp & 0.205), suggesting no significant differences between the
L1-based and the Picture-based learning conditions in the immedisteTiee overall effect
size of Meta-analyses B € 0.334,se = 0.066,p < 0.001,m = 20,k = 51) and Meta-analysis
3 (@=0.350,5e = 0.066,p = 0.001m = 8,k = 24) after removing outliers did not change
much compared to the main analysis, indicating that the L1+picture-basdition
outperformed the L1-based condition and the Picture-based condition in tledistertests
(Table 1).
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Tablel

Theresults of thethree intercept models of immediate tests after removing outliers

Model Meta-analysis 1:  Meta-analysis 2: Meta-analysis 3:

L1 vs. Picture L1 vs. L1+Picture Picture vs. L1+Picture

m 18 20 8
k 47 51 24
g 0.072 0.334 0.350
se 0.055 0.066 0.066
t 1.319 5.052 5.268
p 0.205 <0.00T" 0.001"
95% lower -0.043 0.196 0.193
boundCl
95% upper 0.188 0.472 0.507
boundCl
Between—study 0.016 0.058 0.000
true variance
Within-study 0.014 0.000 0.020

true variance

Q.p 0.027 < 0.001" 0.215

Note. m = numbers of studie&;= number of effect sizeg;= overall effect sizese = overall
effect size’s standard errdrs t-value statisticy) = overall effect size’s significanc€j:
confidence intervalQ.p = heterogeneity significancé. : p<.001;": p<.01;": p<.05.

Moderator Analysis

As we found that the test for heterogeneity was significant ftaMnalysis 1 and 2 in
the immediate tests, we further explored the potential modefatdfse two meta-analyses.
The moderator analysis took Conditions, Age, Modality mode of L2 words, ygel oF
testing task into the multivariate meta-analysis model. Howewdy the intercept model was
selected and no other moderators predicted any effect for tHdeteeanalyses. That is, no

moderator exerted any noticeable effect in the immediate tests

Publication Bias Analysis

Finally, all the publication bias analyses estimated a subsbamigl effect of

publication bias. Neither the inspection of the funnel plots nor theFEEESE results
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showed any sign of publication bias. The funnel plots (Figure 2) showagmofs
asymmetry in the distribution of the effect sizes. Consistehttivé funnel plots, neither the
standard errors (PET) nor the sampling error variances (PBESE)significantly related to
the ESs in any of the three meta-analyseg$at 0.212). Thus, we conclude that publication

bias was not a concern in any of the meta-analyses.
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Figure 2. Thefunnel plots of thethree meta-analyses at theimmediate tests.
Delayed-Effect Meta-Analysis
Omnibus Meta-Analysis

The results of the omnibus meta-analysis for the delayed beststsat the overall
effect size was not significarg € 0.164,se = 0.083,p = 0.065m = 19,k = 59). Removing
outliers resulted in a slightly significant effegt£ 0.201,se = 0.082,p = 0.025m = 18,k =
56). The residual heterogeneity was more pronounced than for trediatertest models.
Between-study true variance and within-study true variance sferé®.091 and? = 0.006,

respectively.

All the possible combinations of moderators were evaluated in the atodanalysis.
The best model according to the BIC showed that there were nocagnifiredictors (i.e.,

the intercept model was deemed the best).
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The three Meta-Analyses Grouped by Condition

The results of the three intercept models for the delayedstesisthat the overall
effect size of Meta-analysis 1 was not significant 0.080,se = 0.117,p = 0.510m= 11,k
= 25), suggesting no significant differences between the L1-based arittire-based
learning conditions in the delayed tests. A significant overall efige was found in Meta-
analysis 2¢ = 0.283,se = 0.090,p = 0.007,m = 15,k = 34), indicating that the L1+picture-
based condition outperformed the L1-based condition in the delayed testhg, &gositive
yet non-significant overall effect size was found in Meta-anaB/€js= 0.187,se = 0.133p
=0.210m= 7,k = 16), indicating that the L1+picture-based condition did not outperform the
Picture-based condition in the delayed tests.

Outlier Analysis

These results were a little bit different after removingatndiers. The overall effect
size of Meta-analysis 1 was not significagt=(0.055,se = 0.089,p = 0.558 m= 10,k = 23).
The overall effect size of Meta-analyses 2 was non-signifigent0.187,se = 0.161p =
0.264,m = 15,k = 33). Finally, the overall effect size of Meta-analysapproached
significance ¢ = 0.271,se=0.116,p = 0.067,m = 6,k = 15). Thus, there was no significant
difference between L1+picture-based condition, Picture-based,labdded learning

conditions in the delayed tests (Table 2).
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Table?2

Theresults of thethreeintercept models of delayed tests after removing outliers

Model Meta-analysis 1:  Meta-analysis 2: Meta-analysis 3:

L1 vs. Picture L1 vs. L1+Picture Picture vs. L1+Picture

m 10 15 6
k 23 33 15
g 0.055 0.187 0.271
se 0.089 0.161 0.116
t 0.609 1.164 2.334
p 0.558 0.264 0.067
95% lower -0.148 -0.158 -0.028
boundCl
95% upper 0.257 0.533 0.569
boundCl
Between—study 0.047 0.338 0.048
true variance
Within-study 0.000 0.005 0.000

true variance

Q.p 0.027 < 0.001" 0.149

Note. m = numbers of studie&;= number of effect sizeg;= overall effect sizese = overall
effect size’s standard errdrs t-value statisticy) = overall effect size’s significanc€j:

confidence intervalQ.p = heterogeneity significancé. : p<.001;": p<.01;": p<.05.

Moderator Analysis

As we detected that the test for heterogeneity was signifiecaMdta-analysis 1 and
2 in the delayed tests, we further explored the potential modefatdhgese two meta-
analyses. The moderator analysis selected only one predictor (Ageja-Analysis 2 but it
did not reach significancd € 0.644p = 0.152). No moderator was detected in Meta-
Analysis 1. The results showed that Age might be a potential moderatdiuence the
learning efficacy between L1+picture-based and L1-based learning oosditithe delayed

tests.
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Publication Bias Analysis

Finally, all the publication bias analyses estimated a subdbamigl effect of
publication bias. Just like in the immediate-test models, ndhikenspection of the funnel
plots nor the PET-PEESE results showed any sign of publication biaurirted plots
(Figure 3) showed no apparent asymmetry in the distribution of the sffes. Consistent
with the funnel plots, neither the standard errors (PET) nor thplseay error variances
(PEESE) were significantly related to the ESs in any of tleethreta-analyses (qi$ >
0.162).
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Figure 3. Thefunnd plots of the three meta-analyses at the delayed tests.

Discussion

The present study aimed to investigate the effectiveness of doomalitians on L2
vocabulary learning by conducting meta-analyses of previous studies. Taehegsiened to
identify (a) the most effective semantic input for L2 vocabulargniag from within-domain
(i.e., L1-based), cross-domain (i.e., picture-based), or mdrethain (i.e., L1+picture-based)
learning conditions; as well as (b) the potential moderators tigdt mifluence the
multimedia input of L2 vocabulary learning outcomes. To address theesgarch questions,

this study compared the efficacy of L1 translation, pictures, ancbthbination of L1

22



translation + picture at both immediate tests and delayedAestsnnibus analysis was first
conducted to provide a general overview of the effect size aatagsdies among L1-based,
Picture-based and L1+picture-based learning conditions; then, thteenadyses grouped
by conditions were carried out to specify the differences: (a)mwitbimain vs. cross-domain;
(b) within-domain vs. mixed-domain; and (c) cross-domain vs. mixed-doMaiterator
analyses were also conducted to examine how learners’ age, snouzdiés of target L2
words, types of testing tasks, and timing of delayed testing influbadesterogeneity of the
learning results. The results indicated that, on immediatg thstmixed-domain condition
outperformed both the within-domain and cross-domain conditions in fangita2
vocabulary learning. On the delayed tests, the mixed-domain condition niigrgina
outperformed the cross-domain condition. No moderator effect was foeittién the

immediate tests or the delayed tests.
Mixed-Domain L earning Condition Facilitates L2 Vocabulary L earning

On the immediate test, the findings of meta-analyses 2 and 3 shuatéle mixed-
domain condition outperformed the within-domain and the cross-domain leaomdiji@ns.
On the delayed test, the mixed-domain condition marginally outperfolmeztdss-domain
condition. The results indicate that the L1+picture-based learning imondias more
effective in facilitating L2 vocabulary learning than the L1-basedpéctdre-based learning
conditions, although the effect was less clear with the delayed tes

These findings are consistent with the predictions of the Dual Codirayf{reaivio,
1990) and the Cognitive Theory of Multimedia Learning (Mayer & Fiorll22), which
suggest that learning materials combining both text and imagesadltdebetter
comprehension and retention than materials presented with text lalonis. study, we also
found that the mixed-domain condition (i.e., L1+picture-based) outperfanotezhly the
within-domain condition (i.e., L1-based), but also the cross-domain comdite., picture-
based). As outlined in these theories, information from both verbadietwdial channels
could be processed simultaneously and serve as retrieving cues during agctesting,
thus fostering learning (Paivio & Csapo, 1973). Although the Cognitive Theory of
Multimedia Learning (Mayer, 2022) mainly applies to complex matégigl, learning about
the brake systems), it can also be used for simpler tasks2ikecabulary learning, which
requires less cognitive load. Arguably, the picture-based learning iconaiso met the
requirements of the suggested combination by providing both the picture amorth@.2

words) during the learning phase. However, the provided L2 words areinfmreiation for
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learners, which cannot be processed as meaningful cues at the beginhateafning
phase. Therefore, learners in the picture-based learning conditewedonly one memory
cue, which was less effective than the two memory cues provided Ll #picture-based
learning condition. Similarly, the L1-based learning condition provided only wsmé&am the
verbal memory, which was less effective than the L1+pictureddasening condition in
facilitating L2 vocabulary learning.

An additional explanation for the weaker efficiency of pictures aletigat they can
lead to ambiguity in word naming, or multiple possible interpretatigitkqvitch & Tyrrell,
1995) The objects in the picture can not only refer to nouns but also a&dgeoti even verbs.
For example, a picture of a well-dressed little girl can not t&ad to the word “girl”, but
also “beautiful”, “cute”, or even “standing”. Such ambiguity highlighsv visual images
might trigger different meanings depending on the context and the viewesréphel
processes. This is particularly relevant in areas like vieaahing, where the clarity of
images becomes crucial to avoid misunderstandings or misinterpretdimss L1
translations in the mixed-domain condition would be necessary to clagitpéaning of the
pictures, and to help learners understand the meanings of the_kgetds.

The findings suggest that the most efficient way of learning L2 voaahislay both
L1 translations and pictures, even for the group of adults. We unutkthtst most adults
prefer to learn L2 vocabulary based on L1 translations for the $@kawenience. However,
this method would strengthen the link between L2 words and their L1 trans|avhich is
weak compared with the link between L2 words and concepts (pictuaggsncan help
visualize concepts). Using this weak link might lead to “fosgibré (Jiang, 2000), stopping
learners from reaching high L2 proficiency levels (Kroll & Stewa®94). Thus, we strongly
suggest that learners should build direct links between L2 vocabulary areptyracprocess

that can be facilitate L2 learning for adults by using both L1 traoskaand pictures.
No Difference between Within- and Cross-Domain Conditions

One of the main goals of this study was to detect the effectvefegathin- and
cross-domain conditions in L2 vocabulary learning, which was examineohiyyacing
efficacy between the L1-based and picture-based conditions. Howeyeffdct size in this
meta-analysis was not statistically significant, either innimaediate tests or delayed tests,
indicating that there was no noteworthy difference between the L#-baskpicture-based

conditions in facilitating L2 vocabulary learning.
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A main limitation of this meta-analysis concerns the relatigetall number of
studies found in this field, as only 20 studies examined the effects/ehesthin- and cross-
domain conditions in L2 vocabulary learning. Most of the studies we tadi@t this meta-
analysis took L2 written words as the learning targets, and only one(Bodigaert et al.,
2021) took L2 spoken words as the learning targets. Thus, we preferr@svtoidr
conclusion conservatively and call for future studies to investigagpaRen word learning

to make our understanding more comprehensive.

Moreover, only half of these studies were set to compare [dasgng conditions:
L1-based, picture-based, and L1+picture-based. As most of the dtighikght the
facilitation effect brought by the L1+picture-based condition, the Sudimparing the
difference between the L1-based and the picture-based leaomdiian were too few to
allow any robust conclusion. As reported by Carpenter and Olson (2018¢rkdrelief and
confidence in a learning method could affect their learning outcomesubtetily, the
L1+picture-based condition provides a better learning experienceGakgnak & Ergetin,
2018; Lian, Chen & Li, 2017), and learners’ common sense would also sh@v mor
confidence in this learning condition, particularly for those experimeapting within-
subject design. The actual differences between the L1-based gridttine-based learning
conditions require additional investigations. For example, future stcoligd use
neuroscience techniques to investigate the brain regions and conneciilgtyying the
different learning conditions. Behavioral performance merely refibet outcomes of
learning, while neural evidence offers another perspective forabgehe neural

foundations that underpin this performance.

Moderatorsin Domain L ear ning Conditions

To our disappointment, we did not find any significant moderators in ditfel@main
learning conditions, neither in the immediate tests nor the delastsd $&veral reasons
might account for this result.

First, the age moderator in this study was categorical rdthemumerical. This
decision stemmed from the fact that, in the data we collettest, studies only reported the
age range of their participants, rather than providing detailédtstsi like the specific mean
age and standard deviations. Such data limitations make it ditficuitat age as a
continuous moderator. Thus, we had to roughly divide our participants intaf@tiiland

“Adults” in our meta-analyses. This rough classification might heygped us from
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detecting any reliable moderating effect.

Second, the sample size for the different modality modes of ta2geords was
imbalanced. As noted above, we found only one study (Boddaert et al. (R@P4adopted L2
audio words as the learning target, and this condition was removednotiezator analysis.
Thus, due to limited samples, our conclusions must be prudent concerningdaky mode
of target L2 words.

As for the type of testing tasks, our results showed that parttsidaarning
performance was not influenced by either receptive or productive Askspossible reason
is that productive and receptive tasks are not mutually exclusivetbatinfolve
overlapping cognitive processes, and both require lexical access and nreyenetsentations
of vocabulary. Our findings were similar to Cakmak and Ercetin’s (2018t there was no
significant difference in learners’ performance on L2 vocabulaggrton and production.
Nation and Meara (2013) also argued that learners’ receptive knovdédgeds can aid
productive use, as they both involve recalling word meanings, forms andumeher
potential reason is that the test formats of receptive tasiesivatween studies, which might
have affected our results. Generally, we classified allg$ting tasks into receptive tasks and
productive tasks. However, there were many different test ferfoatesting learners’
receptive word knowledge. For example, in the study of Liu et al. (2041 pictures used in
the testing phase were the same as those in the learning pbasver Boddaert et al.
(2021) used different pictures in the testing phase referring tornelearning objects,
which aimed to test learners’ transformed knowledge. The wariat testing formats of
receptive tasks might have influenced the results of identifyitigdemsk types as a
potential moderator. Future studies in this field could further exphierpotential influence
exerted by test formats.

Lastly, we did not detect any moderator effect from the timirnthetielayed test. An
interesting finding was that the residual heterogeneity of the detagechodel was more
pronounced than the immediate-test model, which might be due to incorissienc
selecting the timings of the delayed tests. Owing to the limitedauof studies examining
the delayed testing effect, the meta-analysis may lack suffipower to detect a statistically

significant moderator effect.
Limitations and Future Studies

Conducting the meta-analyses required coding the research designs amdesxper

paradigms of previous studies. This allowed us to identify severghtioms that provide
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inspiration for future studies in this field.

Firstly, there is a dearth of studies investigating L2 spoken lieaiming as target
learning modality. As noted above, we found only one study that examinedetigvefiess
of domain conditions in L2 spoken form learning (Boddaert et al., 2021)tdtbe lack of
research in this area, we were unable to include the “audieja@a of modality in the
moderator analysis. Comparably, it might be more difficult to inyat L2 spoken form
learning than L2 written form learning, due to the difficulties posettiyniques and
platforms. However, L2 spoken form learning is a crucial parofdcabulary learning that
should not be ignored. Future studies should examine L2 spoken form learning de provi
more comprehensive understanding of multimedia L2 vocabulary learning.

Secondly, the evidence supporting the efficacy of picture-based conditidtis for
vocabulary learning in adults is mixed when compared with the féicilitaffect observed in
children (e.g., Fidler, 2011, Lian, Chen & Li, 2017). As globalizationtinues to progress,
an increasing number of adults seek to learn a second or third langlagaden their
horizons. The potential market for adults’ L2 learning is significadtilts, with higher
cognitive abilities and motivation than children, can assess word mgsamsing both L1
glosses and pictures. Future studies should investigate how adults frenettie two
domains in L2 vocabulary learning, providing more practical implicationsdacation in
adults’ L2 learning.

Thirdly, most of the results obtained in the meta-analyses weed badearners’
retrieval performance, with fewer studies investigating the engqaliocess and how the
domain conditions influence it. Understanding the encoding process is ¢on@aining a
complete picture of L2 vocabulary learning, which may provide valuakghissnto how
different modality inputs affect the acquisition and retention of nesalvalary. By
examining the encoding process of L2 vocabulary learning, researchelerahble to
develop more effective teaching methods that capitalize on the ssafglifferent input
modalities, especially in the context of language education wheseatichresources are
often limited.

Fourthly, the distance between learners’ L1 language and targetdencuald be
further considered. For example, although both Persian and Arabicrie derived from
the Arabic script, Persian belongs to the Indo-Iranian branch drfidleeEuropean language
family, whereas Arabic belongs to the Semitic branch of the-Asiatic language family.
Thus, for English native speakers, learning the sounds of Persypicely less challenging

than learning the Persian script. The more similar the lesirinkrand target languages are,
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the easier the learning process would be. Future studies should caisitleer learners’ L1
and target language come from the same language system in bagh fariths and spoken
forms, which might also influence the evaluation of learning methods.

Last but not least, the current studies which investigated theedieddfiect of a
learning method are still few, which restricted our exploratiorherdelayed effect of
learning methods in this study. Due to this limited number, our findmteidelayed tests
were marginally significant. Most studies only conducted an immeplcsitest after the
learning phase, with no follow-up study to determine if the learneddrd tnowledge had
been consolidated into long-term memory. The ultimate goal of L2 fepisinot to store
information in temporary memory but to store it in long-term memtmngrefore, future
experimental studies that examine the efficacy of a learning mshtoadd include some
delayed posttests, such as one week or one month after the learnmgndtials would help

to understand the effectiveness of domain conditions in the long term.

Conclusion

In this study, we examined the efficacy of within-domain condition (izbased method),
cross-domain condition (i.e., picture-based method), and mixed-donmalition (i.e.,
L1+picture-based method) in multimedia L2 vocabulary learning witetgo both
immediate posttest and delayed posttest. The results significantbporate and extend the
conclusion reached in previous meta-analyses (e.g., Vahedi2§18;,Yun, 2011). First, the
mixed-domain condition (i.e., L1+picture-based learning) outperformedithmsdomain
(i.e., L1-based learning) and the cross-domain (i.e., picturetii@saing) in facilitating L2
vocabulary learning, especially in the immediate tests of L2emrform learning. By
contrast, no difference was found between the L1-based and picturenbetbeds in L2
vocabulary learning. No significant moderator was found in this study, blittitegtions

identified from previous studies should be addressed in future studies.
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