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Abstract: This meta-analysis reviewed the literature on the efficacy of game-based learning in English as a second language
vocabulary acquisition. A systematic search of the literature produced 19 studies that met inclusion criteria. Using Bayesian
methods and 20 standardized-mean-dif#rence effct sizes we assessed 1) overall mean e f#cts and between-studies variability, 2)
subgroup analyses (grade level, sex, hardware, game type, intervention length, Foreign Services Institute level, allocation, and
publication type), and 3) risk of publication bias. The overall e ffect was moderately large, indicating favorability to the video-
game based learning groups. We found evidence of e ffect-size heterogeneity with a large between-studies standard deviation,
along with large Q and I? values. Subgroup analyses produced mixed results when partially explaining effect-size variability.
Furthermore, all publication bias tests indicated a low risk of publication bias. We found that video-game based learning can
make a significant dif#rence in promoting English vocabulary acquisition and that integrating entertainment video games into
educational contexts can result in substantial student learning gains.
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1. DIGITAL GAMES IN EDUCATION.

Clarket al. (2016) conducted a meta-analysis examining the efficacy of digital games in K-16 educational contexts. They com-
pared digital game vs. non-game treatments and found that digital game treatments outperformed non-game treatments (g = 0.33,
95% confidence interval [0.19, 0.48], K = 57). Additionally, Clark and colleagues found that select moderator variables (e.g.,
number of game sessions, scaffolding, and camera view) impacted learning outcomes while others did not (e.g., story depth,
variety of game actions, and whether the game includes additional non-game instruction). Overall, Clark et al. (2016)
demonstrated the efficacy of digital game instruction compared to non-game instruction.

Wouters et al. (2013) conducted a meta-analysis on the efficacy of serious games in comparison to conventional instructional
approaches. A serious game is a game that is designed for purposes other than pure entertainment (Michael & Chen, 2005); for
example, the existence of a goal, such as education or training, that is an underlying purpose of the game. Wouters et al. (2013)
found that while serious games led to greater learning outcomes (d = 0.29, p < .01, K = 77), such games were not significantly
more motivating than conventional instruction (d = 0.26, p > .05, K = 31). The lack of enhanced motivation is a curious finding,
given that enhanced motivation and engagement are often cited as two primary reasons for the efficacy of digital games in learning
environments (Garris et al., 2002; Prensky, 2003; Sung & Hwang, 2013).

Clark et al. (2016) commented on this phenomenon, stating that their own meta-analysis found enhanced intrapersonal learning
outcomes, which “not only included motivation but also included intellectual openness, work ethic and conscientiousness, and
positive core self-evaluation” (p. 108). Thus, while Clark et al. (2016) did not examine motivation specifically, as was the case
with Wouters et al. (2013), they did find enhanced intrapersonal learning outcomes more broadly. These findings may be affected
by the fact that Wouters et al. (2013) focused on serious games while Clark et al. (2016) included digital games in general,
combing both serious games and commercial-off-the-shelf (COTS) games, which are games designed primarily for entertainment
purposes, though they can still present “intellectual challenges and content” (Charsky & Mims, 2008, p. 38). Thus, comparing
outcomes between serious and non-serious games may illuminate similarities and differences between these two game types,
something the present meta-analysis examines.

As the above meta-analyses illustrate, digital games can lead to positive learning outcomes in various contexts. While meta-
analyses on digital games in education are important contributions to the research literature, examining specific fields and content
brings its own benefits by creating a tailored focus on the efficacy of digital games in a particular area of study. One context that
deserves further examination, and which a meta-analytic review would be a valuable addition to the literature, is the use digital
games for teaching English to speakers of other languages (TESOL).

1.1.DIGITAL LEARNING IN SECOND LANGUAGE ACQUISITION.
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While research reviews of video games in language learning are limited (Peterson, 2010), more attention has been given to the
use of digital technologies in language teaching and learning. Thus, examining this body of research provides background context
to the use of digital games in language teaching and learning. Zhao, (2003) conducted one of the first meta-analyses that compared
the effectiveness of digital technologies to more traditional analog instruction. Zhao's study (d = 0.81, 95% confidence interval
[0.55, 1.07], K = 29) found that language learning outcomes were higher in technology-supported instruction than instruction
without technology for studies conducted with college students and adult learners across a variety of language skills, includ ing
reading, writing, speaking, listening, grammar, and vocabulary.

Grgurovic, Chapelle, and Shelley (2013) examined the effectiveness of computer assisted language learning and compared
groups who received instruction with digital technologies to groups who received non-digital instruction. Their overall mean e ffect
size comparing groups with digital instruction and groups without digital instruction was significantly different from zero (d =
0.235, 95% confidence interval = [0.144, 0.327], K=49), in favor of the students who received digital instruction.

1.2.DIGITAL GAMES IN SECOND LANGUAGE ACQUISITION.

Peterson (2010) examined the research literature and identified two prominent perspectives on second language acquisition that
are also relevant to learning through digital gameplay: psycholinguistic research and sociocultural research. Psycholinguistic
research recognizes that people learn languages from being exposed to a language and recognizing patterns of language use (Ellis,
Simpson-Vlach, & Maynard, 2008). For example, through language exposure, people begin to notice patterns of how various parts
of speech (e.g., nouns, verbs, adjectives, adverbs, prepositions, etc.) are assembled in sentences, and then language learners can
begin to use their knowledge of those patterns as they interpret the sentences of others and construct sentences of their own. Given
the importance of pattern recognition in psycholinguistic approaches, encouraging students to high frequency and levels of
exposure can aid learning (Ellis, 2002).

A sociocultural perspective recognizes, as the name suggests, social and cultural environments and processes as key skills in
language learning (Lantolf, 2000). Grounded in the work of Wygotsky (1978), this perspective posits that language learning, like
all learning, is mediated by human culture, activities, and artifacts (Lantolf & Thorne, 2007). Thus, it is important for language
educators to foster opportunities for language learners to engage in social interactions to help them develop their language skills.
Such social interactions and cultural experiences can also facilitate student learning in the zone of proximal development, which is
“the distance between the actual developmental level as determined by independent problem solving and the level of potential
development as determined through problem solving under adult guidance or in collaboration with more capable peers.”
(Wgotsky, 1978, p. 86)

While the foci of these two perspectives differs substantially, both perspectives recognize the value of providing meaningful
feedback, engaging students in authentic learning experiences, and encouraging collaborative and cooperative activities for
students. Furthermore, while some studies utilize one perspective more than the other, many studies cannot be clearly categorized
as utilizing one perspective or the other, as studies often have elements of both. Forexample, a study could include plenty of social
interaction amongst participants and include instruction on linguistic patterns as well. Given how it can be difficult to categorize
between these perspectives and both offer valuable insights into second language acquisition, this present study does not utilize
one perspective or the other. Rather, it seeks to situate the use of digital games in second language vocabulary acquisition in the
context of these prominent perspectives.

Peterson (2010) conducted a qualitative review of the literature and found that games supported second language acquisition in
a variety of settings for a variety of language skills (e.g., speaking, listening, reading, writing, and vocabulary). Peterson also high-
lighted a variety of reasons why digital games can support second language acquisition. Among the reasons highlighted were
substantial exposure to comprehensible input in the target language (Krashen, 1985), enhanced student motivation (Svensson,
2003), opportunities for authentic interaction in the target language with peers (Bryant, 2006; Peterson, 2006), lowering affective
barriers that can negatively impact students’willingness to interact with their peers (Freiermuth, 2002).

The English language is taught to students around the world to help provide them access to international academic, social, and
economic opportunities (Crystal, 2003). As is the case with all languages, different skills need to be learned to communicate in a
given language including speaking, listening, reading, writing, grammar, and vocabulary. Researchers in computer assisted
language learning and TESOL have investigated the use of digital games to help students learn these language skills.

Researchers have found that digital games can provide engaging environments for social interaction in the target language
(Peterson, 2010; Reinders, 2012; Reinders & Wattana, 2015). In terms of listening skills, Suh, Kim, and Kim (2010) found that
Korean English as a foreign language (EFL) elementary students who engaged with massive multiplayer online roleplaying games
(MMORPGs), along with supplementary materials and activities, improved their listening skills more than the control group who
received face-to-face instruction in a pretest-posttest comparison. As for reading and writing in the target language, scholars have
also illustrated the potential of MMORPGs, particularly using chat text between players who communicate for a variety of
purposes (e.g., friendly banter and strategic planning) while playing online (Peterson, 2012). Vocabulary development is one
component of language development that has received more scholarly attention than others, but such research has not yet been
studied systematically.
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1.3.DIGITAL GAMES AND VOCABULARY LEARNING IN TESOL.

One area of using digital games in TESOL that has received significant attention is vocabulary development (Neville, Shelton,
& Mclinnis, 2009; Smith, Li, Drobisz, Park, & Kim, 2013; Wu & Huang, 2017). This may be because it is easier to utilize and
measure dig ital game-based approaches to vocabulary than other language skills, such as speaking, reading, or grammar. Given the
robust literature base in vocabulary acquisition using digital games in TESOL, we examine this literature and demonstrate the
benefit of conducting a meta-analytic review of the literature.

A variety of studies have investigated how digital games can facilitate second language (L2) vocabulary learning (Johnson &
Valente, 2009; Ranalli, 2008; Turgut & Irgin, 2009). However, not all digital games (and corresponding educational practices)
promote learning in the same way. Peterson (2012) found that playing an entertainment-focused MMORPG in conjunction with in-
game chat features, participants were exposed to “vocabulary not normally encountered in regular language classes,” and
participants learned new vocabulary during gameplay (p. 361). Similarly, Turgut and Irgin (2009) found that youth often are
exposed to and learn new contextualized vocabulary simply through playing entertainment-focused games in English. These games
stand in contrast to the work of other scholars who have examined serious games. For example, Wu and Huang (2017) examined
how a mobile vocabulary-focused game can enhance learning for Mandarin Chinese speakers, while Johnson and Valente (2009)
illustrate how the Tactical Language and Culture Training System, a serious game primarily used to help U.S. military personnel
learn about various languages and cultures around the world, supports vocabulary acquisition.

2. METHODS.
2.1. RESEARCH QUESTIONS.

Overall, there is a wide variety of research examining how games may support English vocabulary development for speakers of
other languages. A promising feature of using digital games for vocabulary development is that various researchers have
established that vocabulary exposure, use, and acquisition are possible in several contexts through a variety of games. However, a
systematic study that investigates the overall efficacy of using digital games to promote vocabulary acquisition for English
language learners, as well as determining how digital game features and population characteristics affect vocabulary acquisition, is
a necessary addition to the evolving literature. To fulfill this purpose, we answer the following research questions:

1. What are overall quantitative characteristics of video-game based instruction studies?

a. Whatis the overall effect of video-game based instruction on EFL vocabulary acquisition compared to non-video game-based

instruction?

b. How heterogeneous are effects from studies on the effectiveness of video-game instruction of EFL vocabulary acquisition?

2. Do select study characteristics (grade level, sex, hardware, game type, intervention length, Foreign Services Institute (FSI)
level, allocation, and publication type) moderate the EFL vocabulary acquisition effect?
3. What s the risk of publication bias within the collection of video-game based instruction studies?

2.2. SEARCH PROCESS.

Digital searches used ERIC, PsycINFO, ProQuest, and Web of Science databases to collect relevant studies. Search keywords
included all 15 combinations of game terms (digital games, video games, and game-based learning) and language acquisition terms
(English language learners, English as a second language, English as a foreign language, computer assisted langu age learning, and
second language acquisition). The initial search located 1126 studies.

As anext step,bothauthors screened all 1126 studies using four criteria:

1. English was used as a target language

2. Included vocabulary as an outcome (target or secondary)
3. Used digital video games

4. Document was written or available in English

This screening step resulted in 473 studies for further investigation. After deleting 399 duplicate studies (i.e., overlap from
different search keyword combinations and databases) there were 74 studies that underwent thorough assessment against inclusion
criteria, and then if applicable, full coding.

2.3.INCLUSION CRITERIA.
These following inclusion criteria were used in full study coding:

1. Provided isolation of vocabulary effect: Regardless of study design, other outcomes, and statisticalanalyses, we were able to
extract a treatment effect specific to a vocabulary outcome.
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2. Provided isolation of video-game treatment: Within a study design there was at least one comparison of a group that specifically
received a video-game treatment and another group thatdid notreceive the video-game treatment.

3. Used intervention-based study design: Studies were experimental or quasi-experimental and not other research designs (e.g.,
correlational, qualitative).

4. Used unique data set (i.e., notduplicated elsewhere in data set): Data from a study were not duplicated from any otherstudy

(e.g., dissertation and related peer-reviewed paper of same or very similar data).

5. Provided sufficient quantitative information to compute effect sizes: Enough quantitative information was provided to compute

a standardized-mean-difference effect size (more on this below).

Upon review of the 74 studies, 21 studies satisfied all inclusion criteria to be used in the meta-analysis. From these 21 studies
we initially extracted 22 effect sizes — two effects came from one study where one group was used for two comparisons, and thus
contributed two effect sizes. However, after further inspection of the 22 effect sizes, one effect size appeared far too large (i.e.,
standardized mean difference above five), reaching a point of questioning its plausibility. Another study had a discrepancy in terms
of reported quantities being standard errors or standard deviations. Upon exclusion, our final data set consisted of 20 effect sizes
from 19 individual studies. Fig. 1 provides a flowchart of specific study-levelinclusion and exclusion decisions.

2.4.CODED MODERATORS.

To address our second research question, we coded eight study characteristics (or moderators). In the statistical modeling part
of the meta-analysis we assessed each moderator separately to determine if any true effect-size variability could be systematically
explained. Because all eight moderators were categorical, moderator analyses were equivalent to subgroup analyses. In instances
where moderator information was not provided in a study, authors of those studies were contacted and asked to provide
information for moderator analyses. While some authors responded with relevant information, others did not, which is why some
entries in Table 1 are designated as “unspecified”. Below are descriptions of the moderator operationalizations. All moderator
information for individual studies are provided in Table 1.

24.1. GRADE LEVEL.

The grade-level variable partitioned studies with samples of students to Kindergarten — 4th grade (3 studies), 5th — 12th (5
studies), and College (11 studies). We divided the grade levels into these groups to align with common divisions in schooling (i.e.,
primary-, secondary-, and college-level educational levels). In studies where the age range of a sample was provided in place of
grade levels, we converted said range to the appropriate grade level for use in subgroup analyses.
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Initially Identified Studies
(K=1126)

R

Initially Exported Studies From Pre-Screening
(K=473)
* English as target language
* Included vocabulary outcome
* Used digital video games
* Article written in English

Deleted Duplicate Studies
(K =399)

Potential Studies
(K=74)

Excluded Studies without Quantitative Data/Results
\ (K=33)

Excluded Studies for Select Reasons
(K=22)
* Did not isolate vocabulary effect
* Did not isolate video-game treatment
* No intervention was used
* Duplicate data from related study
* Does not provide adequate information for
effect-size computation

Included Studies
(K= 19)

Fig. 1. Flowchart of study inclusion and exclusion decisions. The result is 19 unique studies which produced 20 e ffect sizes.

2.4.2. HARDWARE.

This variable indicates if game(s) used in a study were played on a computer, video game console (e.g., Playstation or Xbox),
mobile device, or if the platform for gaming was unspecified. Hardware was utilized as a moderator because different types of
hardware have different affordances and constraints, which may impact how people learn through games on these hardware types.
Of the 19 studies, 14 used computers, 2 used a video-game console, and 3 used a mobile device.

2.4.3. GAME TYPE

The game-type variable indicates if the game(s) used in a study were commercial-off-the-shelf games (i.e., games designed
Table 1
Study characteristics of included primary studies.
Grade Hardw Game Intervention FSI Allocat Publicati
Study N Level Sex are Type Length Level ion on Type
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studies,
4 were commercial-off-the-shelf games, 14 were serious games, and 1 was not specified.

Related to game type, though not assessed as a moderator because of the excessive heterogeneity and lack of reporting, we did
examine the assessment type during experiments. Roughly three-fourths of studies either used researcher-made exams or were un-
specified with ample detail. Also, roughly one-fourth of studies used established instruments, such as the Nation and Beglar (2007)
Vocabulary Size Test, Ed-Wonderland, or Laufer and Nation (1999) Productive Vocabulary Levels Test.
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2.4.5. INTERVENTION LENGTH.

Across studies we found a variety of intervention lengths and intervention length metrics (e.g., days, weeks, number of
sessions). As a proxy for intervention length we partitioned studies into two groups: one session or multiple sessions, the same
categorization utilized by Clark et al. (2016) in their meta-analysis. There were 15 studies which had more than a single session,
typically spanning several weeks with two or more sessions in a given week. The other four studies only used a single intervention
session.

2.4.6. LANGUAGE BACKGROUND (FSI LEVEL).

Participants from the studies had a diverse background of primary languages (see data below). Most participants were from
Asia (e.g., Taiwan, Hong Kong, Japan, and Malaysia). Six studies included participants from the Middle East (Iran and Saudi
Arabia) and Central Europe (Turkey). Three studies included students who primarily spoke Romance languages (e.g., French and
Spanish). One study was conducted in the United States and described the participants as hailing from a variety of language
backgrounds.

Thus, students in the included studies were from diverse cultural and linguistic backgrounds. Some of the participant's primary
languages were more closely related to English (e.g., Spanish and French) and thus easier to learn between the languages than
other languages that linguistically have less in common with English (e.g., Japanese and Mandarin). This relates to the concept of
linguistic distance (Jackson & Kaplan, 2001), which describes how the more commonalities there are between a person's primary
language and a target language, “whether due to a genetic relationship or otherwise” the easier it is for speakers to learn a target
language (p. 77). Conversely, the less two languages have in common the more difficult it is to learn a target language.

Cysouw (2013) investigated this phenomenon as relates to various languages in comparison to English using data from the FSI
based in the U.S. Department of State, which measured the difficulty of learning between English and other languages. Cysouw
assigns languages difficulty values using two levels of analysis: a broad level with three groups (I, II, and Il1, with | being the
easiest and Il being the most difficult) and more fine-grained levels that ranges from 1 (easiest) to 7 (most difficult). Using
Cysouw's scoring system, we demonstrate the FSI levels for participant's primary languages as related to English in Table 2.

As a related note, while the language programs in the studies varied considerably, they generally aim to help students develop
vocabulary knowledge that enables them to understand the meaning of vocabulary words and how vocabulary words can be used
in general communication, which includes both receptive and productive use.

2.4.7. ALLOCATION.

All studies included in this meta-analysis utilized treatment-control research designs. Across the 19 studies we saw variability
among research designs, notably in the method of treatment-control group allocation. This categorical variable considers the
treatment allocation as random allocation (8 studies), non-randomallocation (9 studies), or unspecified (2 studies).

2.4.8. PUBLICATION TYPE

This is binary variable which indicates whether an included study is from a peer-reviewed journal or another outlet. Of the 19
included studies, 15 were journal articles, 3 were theses or dissertations, and 1 was a conference proceeding. Some may consider
this a form of publication bias assessment. As discussed below, we also included other checks for potential publication bias. Last,
all coded data (with moderators) are provided in Table 1.

Table 2
Primary languages from included studies.

Fine-Grained FSI
Language Number of Studies Broad FSI Level Level

French
Spanish
Malay
Persian
Turkish
Arabic
Mandarin
Japanese
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Note: FSI = Foreign Services Institute; The study that was conducted in the United States with students from a variety of
language backgrounds is not included in this table as it was not possible to calculate FSI levels for a group of participants from
various primary language backgrounds.

25.EFFECT SIZE AND VARIANCE COMPUTATIONS.

As the goal of this meta-analysis was to analyze the treatment effect of video-game instruction on non-video game instruction,
the effect size metric for this meta-analysis was the standardized mean difference. While some variation existed between how
studies measured vocabulary knowledge, generally speaking, multiple -choice items were the preferred method for assessment.
Given this approach, students needed conceptual knowledge in terms of vocabulary meaning and use in context to answer
mu ltip le-choice items correctly. Because some studies had relatively small sample sizes (e.g., treatment and control group sample
sizes of seven students each), we used a statistically unbiased version of the standardized mean difference proposed by Hedges
(1981). The unbiased sample standardized mean difference for the kth of K = 20 effect sizes was computed as where Y and Y5
are respective mean vocabulary acquisition outcomes for the video-game instruction (treatment) and non-video game instruction
(control) groups, S¢ is the pooled standard deviation of the two groups, and n' and n,* are respective video-game instruction and
non-video game instruction within-study sample sizes. A positive effect-size estimate (dx > 0) is interpreted as a mean difference
favoring the video-game instruction group and a negative effect size favoring the non-video game instruction group. Most of the
studies did not provide a highly-detailed list of non-video game instructional activities, but rather provided a brief overview of
activities that were facilitated in various combinations. The non-video game instructional activities varied from study to study, but
many referred to “traditional methods” of vocabulary instruction, which included booklets, worksheets, and listening to instructors
and audio clips to expose studemfsn'to English language vocabulary. Students also read passages in English and engaged in
discussions around target English vocabulary.

In 3 of 19 studies all requisite information to compute a standardized mean difference using (1) was not provided. However,
using alternative formulas from, among other sources, Borenstein (2009), we were able to compute di using t and F statistics from
relevant hypothesis tests. In two cases (Alshammari, 2013; Jasso, 2012) we used the t-statistic from an independent groups test:
where t is the t-statistic testing the null hypothesis of no group mean difference. In one case (Franciosi, 2017) we used the F -
statistic from a one-way analysis of variance, where Fy is the F-statistic from a one-way analysis of variance. After calculating
either (1), (2), or (3), we computed the sample effect-size variances as where all terms have been previously defined.

2.6. EFFECT-SIZE HOMOGENEITY.

When describing our collection of effect sizes, we were interested in the homogeneity of the effects — what is the agreement (or
disagreement) of the effectiveness of video-game instruction compared to non-video game instruction on EFL vocabulary
acquisition. To do so, we assessed two measures of effect-size homogeneity.

First was the commonly reported Q statistic (e.g., Hedges, 1982),

K=Y v (de—dw) k=1
where d7y is the inverse-variance weighted effect-size mean. Under the null hypothesis of effect-size homogeneity, Q follows an
asymptotic chi-square distribution with K — 1 degrees of freedom. Larger Q values correspond to more disagreement (i.e., hetero-
geneity) among effect sizes. We also used the 1? index (Higgins & Thompson, 2002; Higgins, Thompson, Deeks, & Altman, 2003)
to assesséhg eercentage of effect-size variation that remains after accounting for sampling error,
2=
Q

When interpreting I2, roughly 0%, 25%, 50%, and 75% imply no variation, low variation, moderate variation, and high variation,
respectively.

2.7.BAYESIAN META-ANALYSIS.

Frequentist (i.e., non-Bayesian) meta-analysis methods aim to quantitatively synthesize a collection of studies on the same topic
or that address the same or similar research questions. In a Bayesian framework the same overarching goal applies. The main
difference between the two approaches is the explicit inclusion of prior beliefs or findings when creating models and drawing
statistical inferences. As an example, suppose we have a collection of sample effect sizes, T (e.g., standardized mean differences,
log-odds ratio, correlations), and their respective sample variances, V. We are then interested in estimating at least two parameters:
the overall mean parameter (i.e., “what is the average effect size?”), «, and the between-studies standard deviation parameter (i.e.,
“how variable are the effects?”), z. Instead of drawing inferences purely on the likelihood of the data, we use a proportional
statistical model which combines likelihood information, p (Tl , z, 8 , V) (where 0 is the vector of true effect sizes), and prior
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information, p (« , 7, 0), to compute a posterior distribution, p (« , z, ® T, V). This gives a probability distribution, called the
posterior distribution, which permits inferences about our parameters.

Several advantages of Bayesian meta-analysis (BMA) have been presented elsewhere (e.g., Lewis & Nair, 2015; Sutton &
Abrams, 2001). All sources of variability are more easily modelled, and in a transparent fashion. Furthermore, as is the case with
our set of studies, BMA can be more appropriate when working with a small number of studies than its non-Bayesian counterpart.
Last, and what might be one of the most attractive features, because results are described in terms of posteriordistributions, we
have the capability to make direct statements of probability.

The mechanics of Bayesian estimation are outside the scope of this work. Su ffice it to say, all models were conducted in R (R
Core Team, 2018) using methods and a DIRECT algorithm described in Rover (2017a). For overall analyses and subgroup
analyses (de-scribed below) we assessed qualities of marginal posterior distributions. In all cases we plot the marginal posterior
densities (for both the overall effect sizes and between-studies standard deviation) and provide the median, mean, and standard
deviation. We also report the 95% Highest Posterior Density Intervals (HPDIs) in all cases. These intervals can be interpreted as
the smallest possible credible interval which covers 95% of the marginal posterior distribution. Though similar to the non-
Bayesian, often reported confidence interval, HPDIs can make direct probability statements. Last, in all cases we provide Bayes
Factor results. These are numerical tests which compare a null model to some other (i.e., non-null) model. In our work, null
models are defined as no overall effect (i.e., x = 0) and no between-studies variability (i.e., z = 0). From the composition of our
Bayes Factors, smaller results provide more evidence against the null model.

2.71. OVERALL MODEL.

A main interest of our study was to assess an overall representation of effect sizes. That is, we wanted to assess the overall
effectiveness of video-game instruction on vocabulary acquisition for EFL learners. This part of the meta-analysis included
looking at an overall weighted mean vocabulary acquisition across studies, as well as an assessment of variability across studies.

For the overall analysis part of our meta-analysis we chose to adopt a random-effects model for several reasons. First, as will be
discussed below, results from homogeneity tests indicated likely effect-size discrepancies. The random-effects model allows for a
non-zero effect-size variability term, thus allowing us to model effect-size heterogeneity across studies. Second, we aim to
generalize our results and inferences outside the set of the 19 collected studies (20 effect sizes) in this meta-analysis, a feature
possible with a random-effects model. Third, when estimating overall model quantities, we aim to be more conservative than
liberal in terms of estimation. For example, for error in estimation of between-studies variability, we would rather overestimate
variability rather than underestimate variability. Fourth, the common formulation of a univariate hierarchical BMA model is
inherently a random-effects model.

The random-effects model used in this meta-analysis in hierarchical distributional form is

dk ~N (Jk , Vi)

S ~N (u, 1)

1~N (0, 100%)

7~DM (S o),
where Jy represents the true value of the kth effect size, 4 population parameter of the overall mean of effects, 7 is the between-
studies standard deviation parameter, N (v,*) is a Normal distribution with mean and variance parameters, and DM (Sp) is a
DuMouchel prior distribution (DuMouchel, 1994). The DuMouchel prior distribution is a log-logistic function of within-study var-
iances (via a harmonic mean of vy values, or sp). Several different prior distributions (uniform, square root, Jeffreys) were
compared for r to address sensitivity. Because no major differences were observed, we chose to present results using the
DuMouchel prior distribution for z. Also, because the DuMouchel is considered a proper prior distribution (i.e., mathematical
integration of density equals one) we can compute Bayes Factors, providing us with additional parameter information.

Our interest is in both the mean effect sizes (x) and between-studies standard deviation (7). We assess the parameter estimates
separately via their respective marginal posterior distributions. This is done both graphically (density estimate) and quantitatively
using several indices: median, mean, standard deviation, HPDI, and Bayes Factor.

2.7.2. SUBGROUP ANALYSES.

Each of the eight moderators (grade level, sex, hardware, game type, intervention length, FSI, level allocation, and publication
type) were categorical variables. As such, we analyzed each moderator separately as individual subgroup analyses. This is to say,
for
Table 3
Descriptive statistics of marginal posterior distributions: Effect-size mean.

Bayes
Model K Median Mean SD HPDI: LB HPDI: UB Factor
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Overall 20 0.697 0.699 0.111 0.480 0.921 0.004
Grade Level

Kindergarten — 4th 3 0.569 0.570 0.444 —0.252 1.395 47511

5th — 12th 5 0.520 0.512 0.201 0.101 0.899 22.132

College 12 0.827 0.831 0.159 0.520 1.152 0.093

Male 2 1.285 1.301 0.614 0.508 2.190 3.529

Female 2 0.887 0.883 0.617 0.053 1.693 11.469

Mixed 13 0.622 0.626 0.138 0.357 1.904 0.349

Unspecified 3 0.443 0.440 0.300 -0.113 0.980 52.035
Hardware

PC 14 0.689 0.701 0.131 0.444 0.963 0.071

Console 2 0.926 0.936 1.604 -1.407 3.306 37.668

Mobile 4 0.561 0.563 0.236 0.112 1.018 17.160
Game Type

Commercial/Off-the-

Shelf 4 1.370 1.379 0.238 0.936 1.853 0.332

Serious 15 0.544 0.545 0.101 0.345 0.747 0.089

Unspecified 1 - - — — — -
Intervention Length

One Session 4 0.452 0.466 0.229 0.049 0.932 24.811

Multiple Sessions 16 0.743 0.744 0.129 0.489 1.002 0.026
FSI Level

Low 4 0.511 0.516 0.198 0.141 0.893 11.920

Medium 5 1.069 1.077 0.310 0.467 1.710 3.043

High 10 0.586 0.588 0.147 0.296 0.885 1.720

Unspecified 1 - - - - - -
Allocation

Random 8 0.705 0.702 0.162 0.372 1.021 1.524

Non-Random 10 0.601 0.608 0.161 0.297 0.939 1.734

Unspecified 2 1.186 1.199 1.289 —0.593 3.043 15.663
Publication Type

Journal Article 16 0.725 0.726 0.133 0.464 0.992 0.048

Other 4 0.512 0.522 0.219 0.112 0.952 14.411

Note: HPDI = Highest Posterior Density Interval; LB = Lower Bound; UB = Upper Bound.

each category within a moderator we modelled individual BMAs. As an example, for the publication type moderator there were
two subgroups: journal article or other. For this moderator two BMAS were conducted, one only including the set of studies that
were from journals and another only using all other studies. As with the overall model we looked at the mean e ffect sizes and
between-studies standard deviation marginal densities separately.

2.8. PUBLICATION BIAS.

The last set of analyses was completed using non-Bayesian estimation. We performed four checks of publication bias: visual
inspection of funnel plot, Trim-and-Fill test (Duval & Tweedie, 2000), Egger’s regression test (Egger, Smith, Schneider, & Minder,
1997), and Vevea and Hedges weighted function (Vevea & Hedges, 1995). For evidence against the presence of publication bias
we looked for the following for each assessment: Symmetry of effects in a funnel plot, zero or a small number of imputed e ffect
sizes using the Trim-and-Fill method, statistically non-significant slope using Egger's regression test, and a statistically non-
significant likelihood ratio test using the Vevea and Hedges method.

Last, Bayesian meta-analysis portions used the bayesmeta package (Rdver, 2017b), forest plot and funnel plot were created
using the metaphor package (Viechtbauer, 2010), and the Vevea and Hedges weight function used the weightr package (Coburn &
Vevea, 2017).

3. RESULTS
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3.1. OVERALL ANALYSES.

Quantitative results for overall analyses can be found in Table 3 (mean effect size) and Table 4 (between-studies standard
deviation). We also provide a forest plot in Fig. 2. In the forest plot we see that all but one effect-size point estimate (Young &
Wang, 2014) are positive, though only 12 of 20 were statistically different from zero. In terms of effect-size estimate precision
(indicated in Fig. 2 by either a smaller horizontal line or large black square for higher precision) are similar across studies.

Marginal posterior densities for both parameters (mean effect size and between-studies standard deviation) are shown in Fig. 3.
Combining all 20 effect sizes we found that, in terms of the marginal posterior distribution, the mean effect of video-game based
Table 4
Descriptive statistics of marginal posterior distributions: Between-studies standard deviation.

Bayes

Model K Median Mean SD HPDI: LB HPDI: UB Factor
Overall 20 0.383 0.393 0.103 0.202 0.600 <.001
Grade Level

Kindergarten — 4th 3 0.378 0.496 0.543 0.000 1314 0.421

5th — 12th 5 0.268 0.304 0.216 0.000 0.686 0.350

College 12 0.413 0.432 0.145 0.176 0.726 0.002
Sex

Male 2 0.189 0.378 0.998 0.000 1.235 1.062

Female 2 0.171 0.357 0.981 0.000 1.184 1.359

Mixed 13 0.356 0.367 0.140 0.115 0.654 0.026

Unspecified 3 0.194 0.289 0.374 0.000 0.861 1.023
Hardware

PC 14 0.369 0.383 0.122 0.164 0.632 0.002

Console 2 0.811 1.263 2.356 0.000 3.480 0.064

Mobile 4 0.171 0.242 0.262 0.000 0.705 1.308
Game Type

Commercial/Off-the-

Shelf 4 0.174 0.241 0.255 0.000 0.689 1.224

Serious 15 0.256 0.262 0.108 0.123 0.478 0.123

Unspecified 1 - - - - - -
Intervention Length

One Session 4 0.172 0.242 0.261 0.000 0.702 1.065

Multiple Sessions 16 0.402 0.414 0.121 0.195 0.659 0.001
FSI Level

Low 4 0.107 0.167 0.200 0.000 0.520 1.899

Medium 5 0.479 0.537 0.330 0.000 1.117 0.106

High 10 0.340 0.357 0.144 0.100 0.656 0.029

Unspecified 1 - - - - - -
Allocation

Random 8 0.315 0.336 0.164 0.000 0.628 0.628

Non-Random 10 0.356 0.372 0.170 0.028 0.699 0.095

Unspecified 2 0.539 0.899 1.938 0.000 2.699 0.231
Publication Type

Journal Article 16 0.424 0.437 0.122 0.218 0.683 <.001

Other 4 0.127 0.192 0.222 0.000 0.585 1.679

Note: HPDI = Highest Posterior Density Interval; LB = Lower Bound; UB = Upper Bound.

This standardized mean difference can be interpreted as large, with the true value of the parameter likely differing from zero. This
is supported by the HPDI = [0.480, 0.921], indicating the true standardized mean difference between video-game based instruction
and non-video game-based group on vocabulary acquisition lies somewhere between 0.480 and 0.921 with 95% probability, as
well as a low Bayes Factor of 0.004.

Paired with our large result is evidence of effect-size heterogeneity. Our two non-Bayesian assessment of heterogeneity, Q
(19) =60.61, p <.001 and I> = 69.27%, indicate that there is likely variability among effect sizes. Modeling the between-studies
standard deviation (z) in a Bayesian framework gavea marginal posterior distribution mean of " gyeran =0.393 (HPDI = [0.202,
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0.600]). Provided the HPDI and a Bayes Factor < 0.001 (see Fig. 3 for marginal posterior density) we further believe that all effect
sizes are notall in agreement. Why is this case? Is some of this variability systematic and explainable? These two questions are the
preface for our next set of results: Use select study characteristics to assess subgroup differences in attempt to explain why we
have effect-size variability.

3.2. SUBGROUP ANALYSES.

Below we examine each of the eight moderators (grade level, sex, hardware, game type, intervention length, FSI level,
allocation, and publication type). In each case, effect sizes were grouped by levels (two, three, or four) of a moderator. The same
analyses and quantities that were described above in the methods section and reported in the overall results section were used here.
All quantitative results for the mean effect size and between-studies standard deviation (both now presented within groups) can be
foundin Tables 3 and 4, respectively. Figs. 4-11 showindividual marginal posterior densities for specific moderators.

3.2.1. GRADE LEVEL.
For the grade level moderator we partitioned effects from studies which utilized samples of students that were in Kindergarten —

4th grade (Kkin —am = 3), 5th — 12th grade (Ksi —12n = 5), or College (Kcoligge = 12). The mean effects of the marginal posterior
distributions for Kindergarten — 4th grade and 5th — 12th grade were similar, with respectively.

Study d 95% Cl
Young and Wang (2014) s -0.01[-0.54, 053]
Hung et al (2015) » - i 0.16 [-0.54, 0.85]
Cobb and Horst (2011) o { 0.251-0.30, 0.80)
Franciosi et al (2016) - 0.25[-0.06, 0.56]
Hung (2011) —— 032006, 070
Wu and Huang (2017) 1l (S 4 033[-016,081)
Salehi (2017) e 0.34-0.17, 0.84)
Letchumanan et al (2015) —a— 0501002 097)
Alshamman (2013) —— 052[027,131)
Calo-Ferrer (2017) it - { 0571006, 109
Aghara and Tamjid (2011) — 0.65(0.03, 1.28]
Francios: (2017) e 078[029,127)
Wu and Huang (2017)1 P —a—y 0.89[0.37, 1.40]
Yen et al (2016) ' | 0991010, 1.88]
AlShaijl (2015) ——y 1071054, 161)
Ebrahimzadeh (2017) —— 1.10[0.72, 1.48)
Jasso (2012) I { 116(010,222)
Yip and Kwan (2006) [ 1.26[083, 168)]
Urun et al (2017) ) - { 165[103 227
Vahdat and Behbahani (2013) _— 1.81[1.09,253]
I ] I T I
-1 0 1 2 3
Standardized Mean Difference

Fig. 2. Forest plot of all included effect sizes. Cl = Confidence Interval.
that for the 5th — 12th grade level group. These two differences may be attributable to the low sample size of Kk -4, = 3. For the
College level group, (HPDI =[0.520, 1.152]), indicating a large effect. It is worth noting that only the College group
dcollege =0.831
had a relatively low Bayes Factor (aligning with its HPDI).

Turning to between-studies variability (Table 4), all three grade-level groups displayed signs of within-group variability. Inter-
estingly, the Kindergarten — 4th grade group and the College group were most similar with 7"k, 4u = 0.496 (HPDI = [0.000,
1.314]) and 7" coliege = 0.432 (HPDI = [0.176, 0.726]). However, both the Kindergarten — 4th grade and 5th — 12th grade groups had
HPDIs bounded at zero. This is also clearly visible from their marginal posterior densities in Fig. 4, which are clearly non-normal.
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3.2.2. HARDWARE.

The hardware moderator partitioned effects from studies which, for the implementation of the video game, used PC (Kpc = 14),
console (Kconsole =2), and mobile (Kwonite =4). Across all three groups we saw a variety of posterior mean effects (Table 3 has full
also includes zero and has the largest Bayes Factor). The PC and mobile groups had similar e ect-size estimates of dpc= 0.701 and
(a difference of only 0.138) with somewhat overlapping HPDIs. dyopije =0.563

|
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Fig. 3. Overall mean and between-studies standard deviation marginal posterior distributions. The top graphic is the marginal
posterior distribution for the overall mean and the bottomgraphic is the marginal posterior for the between-studies standard
deviation.

Between-studies variability results (Table 4) for the console and mobile groups (i.e., the two smallest sub-groups) were skewed,
as shown in Fig. 6. The only 7" estimate which appeared to be larger than zero was "pc = 0.383 (HPDI = [0.164, 0.632]). It is
possible that with additional data on the console and mobile groups, we would see different results. For now, the console and
mobile groups show large and small degrees of variability, respectively.

3.2.4. GAME TYPE

As is common distinction in the educational video-gaming literature, we partitioned the game -type moderator by studies which
utilized commercial/off-the-shelf games (Kcots = 4), serious games (Kserious = 15), or unspecified (Kgame Type-tnspedsiad = 1). The
posterior mean effect (see Table 3) of the commercial/off-the-shelf group was over twice as large as those for serious games:

Again focusing on the commercial/off-the-shelf and serious games, within-group between-studies variability (Table 4) was fairly
similar for both game types, with °cots= 0.241 (HPDI =[0.000, 0.689]) and z"serious =0.262 (HPDI = [0.123, 0.478]). The shape
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of the marginal posterior density (Fig. 7) was very skewed for the commercial/off-the-shelf group compared to that for serious
games, possibly an artifact of the small within-group sample size.

(a) (b)

~—

(c)
Fig. 4. Mean and between-studies standard deviation marginal posterior distributions for Grade Level moderator. In each cell (a, b,
c) the top graphic is the marginal posterior distribution for the mean and the bottom graphic is the marginal posterior for the
between-studies standard deviation. Categories for results are (a) Kindergarten — 4th, (b) 5th — 12th, and (c) College.

3.25. INTERVENTION LENGTH.

All studies were partitioned into two groups depending on the length of the intervention: one session (Kone sesion = 4) or multiple
sessions (Kmutiple sssions = 16). Referring to Table 3 for mean effect-size results and Table 4 for between-studies standard deviation
results, we see a somewhat large difference of effects depending on the length of intervention. Namely, for those effects from
studies
which used interventions of only one session, - SHPDI =[0.049, 0.932]), and for effects from studies which used two

0ne Session = °4¢®
to believe thata longer intervention length tends to provide a strongereffect, or higher EFL vocabulary acquisition.

As expected, variability of effects in the multiple sessions group, " muitipie sessions = 0.414 (HPDI = [0.195, 0.659]), was larger
than that for the one session group, t"one session = 0.242 (HPDI = [0.000, 0.702]). With the multiple sessions group there was
naturally a larger range of intervention length scenarios (e.g., days, weeks, multiple sessions within a week). With such a variety
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(both in scenarios and study reporting) this is a more challenging form of variability to capture. The shape of the marginal
posterior densities (Fig. 8) show stark differences in shape, with that for the one session group very right skewed.

(a) (b)

(c) (d)
Fig. 5. Mean and between-studies standard deviation marginal posterior distributions for Sex moderator. In each cell (a, b, c, d) the

top graphic is the marginal posterior distribution for the mean and the bottom graphic is the marginal posterior for the between-
studies standard deviation. Categories for results are (a) Male, (b) Female, (c) Mixed, and (d) Unspecified.

3.2.6. FSI LEVEL.

For the FSI Level moderator, studies were partitioned into four groups: Low FSI (Kone session = 4), Medium FSI (Kgsi ~Medium =
5), High FSI (Kgsi - High = 10), or Mixed FSI (Kgsi —unspeciid = 1). FOr the mixed FSI level group, it was designated as “mixed”
because this study had students froma variety of primary language backgrounds, and thus, there was not a corresponding FSI level
that could be assigned to the group. Given that there was only one study that had students from a variety of primary language
backgrounds, this study was not included in the FSI moderator analyses. Across the three groups (low, medium, and high FSI
level), estimated posterior (HPDI = [0.000, 0.520]), t"rsi -medium = 0.537 (HPDI =[0.000, 1.117]), and 7"s; ign = 0.357 (HPDI =
[0.100, 0.656]). As such, there is not an immediately visible trend of between-studies variability increasing or decreasing as a
function of FSI level. Last, as shown in Fig. 9, the marginal posterior densities were dissimilar across groups, ranging from highly
skewed, moderately skewed, and bell-shaped for low FSI, medium FSI, and high FSI groups, respectively.C.G. Thompson and S.
von Gillern Educational Research Review 30 (2020) 100332
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(a) (b)

(c)
Fig. 6. Mean and between-studies standard deviation marginal posterior distributions for Hardware moderator. In each cell (a, b, ¢)
the top graphic is the marginal posterior distribution for the mean and the bottom graphic is the marginal posterior for the between-
studies standard deviation. Categories for results are (a) PC, (b) Console, and (c) Mobile.

3.2.7. ALLOCATION.

Because all included studies in this meta-analysis were experiments that included at least one video-gaming group and one non-
video gaming group, we partitioned the allocation moderator by studies which utilized random allo cation (Krangom = 8), non-
random allocation (Knon —Rrandom = 10), or unspecified (Kaiocaion -Unspediied = 2)- The posterior mean effect (Table 3) for the random
allocation
group was only a small degree larger than that for the non-randomallocation group, - (HPDI = [0.297, 0.939]) and

dRandom= 0.702
SHPDI =1[0.297, 0.939]). This suggestsaconservative effect-size magnitude for quasi-experimental studies
Non —Random ~ %% compared to true experimental studies. However, the HPDI for the non-random allocation group is fully
nested within the HPDI for the random allocation group, suggesting the difference between the two means of the marginal
posteriors is not meaningful.

Similar to the mean effect results described above, within-group between-studies variability (see Table 4) for the random
allocation and non-random allocation groups was similar with z"grggm = 0.336 (HPDI = [0.000, 0.328]) and 7" non —Random = 0.372
(HPDI = [0.028, 0.699]). The shapes of the marginal posterior densities (Fig. 10) were also comparable between the two groups
with a slight right-skew.

3.2.8. PUBLICATION TYPE
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The last moderator was the type of publication, which was coded as either a journal article (Kjoyma = 16) or other (Kother=4). As
one might expect, we saw a somewhat larger posteriormean effect for the journal article group, (HPDI = [0.464,
djournal =0.726

(a) (b)
Fig. 7. Mean and between-studies standard deviation marginal posterior distributions for Game Type moderator. In each cell (a, b)
the top graphic is the marg inal posterior distribution for the mean and the bottom graphic is the marginal posterior for the between-
studies standard deviation. Categories for results are (a) Commercial/Off-the Shelf and (b) Serious. With only one study not
specifying Game Type, no moderator analyses were performed on the unspecified category.

»
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Fig. 8. Mean and between-studies standard deviation marginal posterior distributions for Intervention Length moderator. In each
cell (a, b) the top graphic is the marginal posterior distribution for the mean and the bottom graphic is the marginal posterior for
the between-studies standard deviation. Categories for results are (a) One Session and (b) Multiple Sessions.

Between “published” and “unpublished” studies, but further examination of this contrast is provided in the next section.

In terms of between-studies variability, at first glance it may seemthat the effects in journal article group, " uma = 0.437 (HPDI
=[0.218, 0.683]), were more variable than effects in the other-type group, t"omer = 0.192 (HPDI = [0.000, 0.585]). However,
further inspection of the marginal posterior densities (Fig. 11) shows drastically differing shapes — the journal article group appears
approximately normally distributed while the other-type group is right skewed.

3.3. PUBLICATION BIAS.

We assessed the risk of publication bias using four methods: visual inspection of funnel plot, Trim-and-Fill test, Egger's
regression test, and Vevea and Hedges weighted function. All assessments pointed to a minimal risk of publication bias. Looking
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at the funnel plot (Fig. 12), there is some visible asymmetry but not to the degree that we would classify as substantial. The Trim-
and-Fill result

{(a) (b)

(c)

Fig. 9. Mean and between-studies standard deviation marginal posterior distributions for Foreign Services Institute (FSI) level
moderator. In each cell (a, b, c) the top graphic is the marginal posterior distribution for the mean and the bottom graphic is the
marginal posterior for the between-studies standard deviation. Categories for results are (a) Low FSI Level, (b) Medium FSI Level,
and (c) High FSI Level. With only one study not having a FSI Level, no moderator analyses were performed on the unspecified
category.

It was zero imputed effects (right-side or left-side imputation), hence the lack of extra imputed effects in the funnel plot. Egger's
regression test was not statistically significant (Z = 1.25, p = .21), nor was the Vevea and Hedges likelihood ratio test ( x 2 (1) =
0.03, p = .86).

4. DISCUSSION.
4.1.RQ 1-OVERALL ANALYSIS.

Overall, this Bayesian meta-analysis demonstrates that using digital games to help English learners develop vocabulary can be
an effective approach for English language instruction (~ , HPDI = [0.480, 0.921], ). This finding complements the doveran =
0.699 K = 20 meta analytic findings of both Zhao (2003) and Grgurovic, Chapelle, and Shelley (2013), both of whom
investigated the efficacy of digital vs.non-digital instructional activities amongst language learners and found that digital
instruction led to greater learning outcomes that non-digital instruction. These reviews, however, did notfocus on digital game
Vs non-game instructional approaches.

Our study's focus on comparing digital game-based instructional activities to non-digital game-based instructional activities,
thus, makes a unique contribution to the field. However, further research is needed to develop a fuller understanding and
comparing the effects of digital game-based approaches, digital non-game-based approaches, and different forms of non-digital
instructions. There are a variety of permutations possible in these efforts, and more research is needed to provide greater clarity
about what approaches are most effective in different contexts.
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(a) . (b)

(c)

Fig. 10. Mean and between-studies standard deviation marginal posterior distributions for Allocation moderator. In each cell (a, b,
c) the top graphic is the marginal posterior distribution for the mean and the bottom graphic is the marginal posterior for the
between-studies standard deviation. Categories for results are (a) Random, (b) Non-Random, and (c) Unspecified.

Furthermore, given that this study found digital game instructional approaches outperformed non-digital game approaches, this
suggests that educators can integrate digital games to promote TESOL vocabulary development. However, as is the case with any
instructional approach, careful planning is needed to enhance the likelihood of student success and learning. Thus, TESOL
educators should thoughtfully consider educational resources available, goals for learning, and approaches to integrating digital
games into their classroom in order to support student achievement.

4.2.RQ 2-SUBGROUP ANALYSES.

The subgroup analyses results indicate moderate-to-large effect sizes over a variety of moderator variables. Interestingly, there
were more college-level studies (K = 12) than studies in primary and secondary settings (K = 3 and K = 5, respectively).
Furthermore, college-level participants showed greater gains than their younger counterparts. This may be influenced by college-
level students being more motivated to develop their English skills as academic, social, and economic opportunities that
accompany English as a global language (Crystal, 2003) are more relevant to their immediate future. Intrapersonal learning
outcomes, including motivation, can be enhanced through game-based instruction when compared to non-game-based instruction
(Clark et al., 2016). Thus, further research may illuminate if and how intrapersonal learning outcomes vary by age group. While
the reason for college students outperforming their younger peers with digital game vocabulary instruction is not clear at this time,
further research is needed to better understand digital games in primary and secondary settings in order to further understan d
youngerstudents’
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(a) (b)
Fig. 11. Mean and between-studies standard deviation marginal posterior distributions for Publication Type moderator. In each cell
(a, b) the top graphic is the marginal posterior distribution for the mean and the bottom graphic is the marginal posterior for the
between-studies standard deviation. Categories for results are (a) Journal Article and (b) Other.

Larar Ao Ve Dt s

Fig. 12. Funnel plot of effect sizes with 95% confidence interval boundaries.

Learning experiences with games (less research has been conducted in the early years of education than at the college level).
Hardware type is another area that deserves scholarly attention. While previous meta-analyses have examined a variety of
moderator variables and game factors (Clark et al., 2016; Wouters et al., 2013), they did not explicitly examine hardware type
as a moderator variable. Hardware is an important factor in gameplay as different types of hardware (e.g., computers, consoles,
and mobile devices) have unique limitations and affordances, which influence human-game interactions and learning. While the
results of this study showed a larger effect size for console-based game experiences than PC experiences and mobile
experiences, only two console-based studies were included in the meta-analysis. This small sample size restricts imp lications of
the console studies larger effect size. Nonetheless, as different types of hardware have different affordances and limitations, this
meta-analysis demonstrates that each of the three main types of modern hardware for gaming can support English vocabulary
learning. Furthermore, given the rapid increase of access to mobile technologies in recent years and their capabilities for
facilitating learning (Briz-Ponce, Pereira, Carvalho, Juanes-Méndez, & Garcia-Pefialvo, 2017; Wu & Huang, 2017), further
research on digital games via mobile devices, comparing how different hardware types may affect English vocabulary learning,
is necessary. Also, given that moderator analyses indicated different types of hardware can support TESOL vocabulary learning
with moderate to large effect sizes with each type of hardware, educators should be aware that each hardware type
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outperformed non-game instructional approaches. Last, given the efficacy across hardware types, educators should consider

which type(s) of hardware they have available and develop thoughtful plans for integration based upon hardware availability,

course learning goals, and student preferences.

Similar to how different hardware can affect gamep lay experiences, so can game type (e.g., commercial-off-the-shelf games vs.
serious games). As these different game types were designed for different purposes, they can influence overall game experiences
(Charsky & Mims, 2008; Michael & Chen, 2005). Neither Clark et al. (2016) nor Wouters et al. (2013) distinguished between
entertainment games and serious games in their meta-analyses. The present study's inclusion of COTS and serious games as a
game-type moderator variable represents a unique contribution to the literature. This study revealed a large e ffect size for COTS,
but the number of studies that used a COTS game (K = 4) was limited, making it difficult to draw solid conclusions about the
efficacy of COTS games. Nonetheless, results indicate that both English vocabulary development using COTS and serious games
appears more effective than non-game treatments.

A variety of COTS video games have been incorporated into TESOL environments for various purposes. Given that limited
COTS games met inclusion criteria for this meta-analysis, further research is needed to examine COTS and their effectiveness in
TESOL settings. One genre that has seen significant attention is MMORPGs . These games support large networks of players who
often join together in the online world, engaging in quests and communicating in the process. Scholars have investigated how
MMORPGs can facilitate reading, writing, and general social interaction (Peterson, 2010; Reinders & Wattana, 2015). Other
scholars have integrated entertainment video games into TESOL environments and found that students can develop English
vocabulary through various entertainment games ranging from a real-time strategy game, in which players gather resources,
develop bases, and battle other players (Ebrahimzadeh, 2017) to an adventure style murder mystery game, in which the player
solves puzzles and collects clues (Vahdat & Behbahani, 2013). While these represent valuable findings, overall, there is limited
research on COTS games in TESOL environments. Given that the present study demonstrated that COTS games led to greater
vocabulary learning outcomes than serious games, further research is needed on COTS games in TESOL contexts, which have
largely received less attention than serious games, likely because of COTS games’ lack of explicit educational focus (Van Eck,
2008).

Given that COTS games (K = 4) outperformed serious games (K = 15) in the moderator analysis, educators should consider
integrating COT S games into their TESOL vocabulary instruction. An important caveat of this, however, is that educators need to
consider the types of vocabulary likely to be covered in the game and utilized by students and determine if these types of
vocabulary align with learning goals for the students. Many games encourage social interaction between players, which can occur
through speaking, listening, reading, and writing, which could promote general social communication skills and its accompanying
vocabulary. However, some games, particu larly those that lack social interaction, may have a narrow focus of vocabulary related
to gameplay that does not align with the educational goals of the teachers and students. For example, if students play a non-social
fantasy game, they may learn vocabulary related to wizards and mythical creatures that is not likely highly valuable for them in
their general academic achievement. Educators, thus, must carefully consider how digital games may (or may not) support stude nts
in accomplishing their learning goals as relates to TESOL vocabulary development and structure their activities accordingly.

4.3.RQ 3-PUBLICATION BIAS.

All four assessments of publication bias (visual inspection of funnel plot, Trim-and-Fill test, Egger's regression test, and Vevea
and Hedges weighted function) pointed to a minimal risk of publication bias.

44 LIMITATIONS.

While this study illuminates digital games as an effective medium for promoting English vocabulary acquisition to speakers of
other languages, a few limitations are worth noting. This meta-analysis restricted its collection of studies to those which met all
inclusion criteria. A study being excluded from a meta-analysis does not mean that the study is less valuable than included studies,
rather it may not contain the necessary information for methodological calculations and thus cannot be included. Also, this study
focused specifically on English as a target language. Alternatively, we could have included all second-language learning
vocabulary contexts with a variety of primary and target languages, concentrating on English, which is a frequent target language
for learners around the world (Crystal, 2003). This may have reduced potentially confounding variables related to vocabulary
development, such as script and pragmatics, that can occur across different languages. Last, in many cases, although we had
relevant information to code moderators, the limited number of 19 studies posed a challenge for reliable subgroup estimation in
some cases.

Last, studies included in this meta-analysis represent a wide variety of countries and communities and include diverse partici-
pants. English language exposure varies within communities and between participants. While it would be interesting to account for
such differences in English language exposure between studies and participants and code for them in a moderator analysis, the
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studies did not provide enough information about participants’ level of English language exposure in their daily lives. Thus, we
were unable to account for such differences in our analysis.

5. CONCLUS IONS.

This study adds to the existing literature that digital games can facilitate learning in a variety of contexts (Clark et al., 2016;
Peterson, 2010; Wouters et al., 2013), including helping speakers of other languages develop their English vocabulary knowledge
(Hung, Young, & Lin, 2015; Ranalli, 2008; Wu & Huang, 2017). As the literature demonstrates, at least some of the hype of
learning through digital games is justified, but further research is needed to better understand how such processes unfold and affect
students of different backgrounds. Two areas that would specifically benefit from further research as highlighted by this study are
the use of commercial-off-the-shelf games and examining how hardware may impact learning through digital games in the area of
second language development and vocabulary acquisition. These areas, among others, would help illuminate how both hardware
and software influence learning in digital game environments.
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