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A meta-analysis was conducted to investigate the effects of digital game-based learning
(DGBL) in English as a foreign language (EFL) contexts. Twenty-five studies were included
and they yielded a medium positive effect size (d = 0.695, p < .05 under the fixed-effect model;
d =0.777, p < .05 under the random-effects model), suggesting DGBL to be more effective than
traditional instruction such as grammar translation methods or audio-lingual methods in EFL
contexts. A coding scheme was developed based on the relationship between task-based language
learning and DGBL. Six potential moderating variables in three task characteristics were
analyzed to further investigate the DGBL effectiveness. Among these potential moderating
variables, the treatment duration and linguistic knowledge in task involvement characteristics
were found to be influential in DGBL effectiveness. This meta-analysis suggests that digital
games should be effective for the acquisition of procedural knowledge of EFL learners who
receive the long treatment duration of DGBL. Future research should explore further distinctions
in other potential moderating variables in order to provide a more detailed picture of what sorts

of variables are influential and what sorts are not.
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Whether computers can facilitate learners’ acquisition of foreign languages has been
the backbone of the research fields of computer-assisted language instruction (CALI) and
computer-assisted language learning (CALL). However, second language acquisition (SLA)

research in these fields has appeared unable to show much benefit in using computers over
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traditional instruction methods (Christensen, Merrill, & Yanchar, 2007; M. Liu, Moore,
Graham, & Lee, 2003; Oberg, 2011; Warschauer & Kern, 2000). Garrett (1987), for
example, argued that students do not acquire more second language (L2) knowledge from
computer-based instruction than traditional workbook exercises because CALI or CALL
programs do not provide learners with enough opportunities to interact with the linguistic
environment by using linguistic knowledge in real language use. Instead, the programs
are simply designed to evaluate whether students can acquire discrete items of linguistic
knowledge such as reciting vocabulary or memorizing grammar rules.

English as a foreign language (EFL) learners seldom have exposure to the target
language in their daily life. The traditional instruction such as grammar translation methods
or audio-lingual methods seems to become a convenient way of developing their target
language in classrooms. English education has long been considered as a subject test in the
EFL context and teachers’ instruction tends to be exam-oriented and drill-driven. However,
it has been claimed that learning occurs more when language learners interact to negotiate
meaning (Long, 1996). Digital games are now acknowledged as having potential to engage
learners and to encourage interaction in the target language (Reinders, 2012). In addition,
digital games have been shown to increase intrinsic motivation to learn due to the elements
of competition and winning (T. Y. Liu & Chu, 2010). Specifically, digital game-based
learning (DGBL) has been incorporated into several content areas to increase learning
motivation. Taken as a whole, DGBL has been found more effective than traditional
instruction (Connolly, Boyle, MacArthur, Hainey, & Boyle, 2012; Liao, Chang, & Chang,
2010; Wouters & van Oostendorp, 2013); however, when compared individually, DGBL
studies yield conflicting results. This has led to an argument that individual content areas
must be taken into consideration when assessing the benefits of technology for teaching and
learning (Ferdig, 2006). The effectiveness of DGBL might depend on what learning subjects
or tasks learners are engaged in. This meta-analysis is therefore conducted to synthesize
research which investigates the effects of DGBL in the EFL context. In addition, this
meta-analysis begins from the assumption that it is misleading to simply ask the broad
question: Do digital games lead to the improvement in EFL learners’ language performance?
This is roughly like asking whether medication helps alleviate illness. It would be
completely surprising to find any evidence for the effectiveness of medication in a study
which conflated various medications into one undifferentiated category administered to a
conflated group of patients undifferentiated in their types of ailments and then compared its

effectiveness to a “control” group that received no medication.
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The purpose of the meta-analysis is therefore to analyze several potential moderating
variables to investigate which variable is influential in determining the effects of DGBL. To
provide pedagogical implications for future researchers or teachers, it is noteworthy that the
potential moderating variables investigated in this meta-analysis are from more pedagogical

viewpoints. The following research questions are therefore proposed:

1. Do digital games effectively lead EFL learners to the improvement of English learning?
2. Are certain moderating variables more influential than others in determining the effects
of DGBL?

Previous Meta-analyses on CALI/CALL Studies

Meta-analysis is a means of synthesizing quantitative results across several empirical
studies that address the same or closely related research issues. When the data are produced
from experimental or quasi-experimental studies, reviewing an accumulation of such data by
vote-counting is limited. In other words, calculating how many studies showed statistically
significant positive effects, negative effects or no significant effects for a particular variable
or for an intervention in language education is limited. As Norris and Ortega (2000) pointed
out, vote-counting cannot take into account differences across the studies such as variations
in a sample size. Meta-analysis takes such differences across studies into account and
renders the data from various studies representable on a single common scale, making it
possible both to provide a weighted effect size taking into account these differences across
studies, and to investigate whether certain potential moderating variables are influential in
the effectiveness of certain interventions.

There have been numerous meta-analyses published in the research fields of CALI and
CALL (e.g., Abraham, 2008; Chang & Lin, 2013; Chiu, 2013; Grgurovi¢, Chapelle, &
Shelley, 2013; Lin, Huang, & Liou, 2013; Perez, Noortgate, & Desmet, 2013; Zhao, 2003).
Table 1 shows recent meta-analyses on CALI/CALL from 2005 to 2013 and the issues they
have addressed. In addition, the number of studies they synthesized and the number of
moderator variables they analyzed are displayed.

As shown in Table 1, there are six meta-analyses that have examined the issue of
computer or technology use in L2 learning in recent years. Since Felix (2005) suggested that
investigating certain particular variables in a meta-analysis should provide more insights
into CALI/CALL research fields, most researchers have conducted meta-analyses to

investigate the effects of specific forms of technology use on L2 learning and their
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Table 1: Summary of Recent Meta-analyses on CALI/CALL Studies

Researchers Issues addressed The number of The number of
included studies variables analyzed

Abraham (2008) The effects of computer-mediated 11 3
glosses

Chang & Lin (2013) The effects of strategy-oriented 31 14
Web-based English instruction

Chiu (2013) The effects of computer-assisted L2 16 4
vocabulary instruction

Grgurovi¢ et al. (2013) The effects of language teaching 37 9
supported with computer technology

Lin et al. (2013) The effects of text-based synchronous 10 5
computer-mediated communication

Perez et al. (2013) The effects of captioned video 18 2

meta-analyses have shown an encouraging result favoring the use of technology. For
example, Abraham (2008) investigated the effects of computer-mediated glosses on L2
reading comprehension and vocabulary acquisition. He found a medium effect size of
computer-mediated glosses on reading comprehension but a large effect size on vocabulary
acquisition. In addition, Perez et al.’s (2013) meta-analysis examined the effects of
captioned video on L2 listening comprehension and vocabulary acquisition. Their findings
showed a large effect of captioned video on both listening and vocabulary learning.
Additionally, Lin et al. (2013) investigated the effects of text-based synchronous
computer-mediated communication (SCMC) on SLA." They found a small positive effect
size favoring text-based SCMC. Chang and Lin (2013) examined the effects of
strategy-oriented Web-based instruction in EFL contexts. Their findings revealed certain
strategies in Web-based environment yielded higher effect sizes, such as predicting,
summarizing, self-questioning, and so on.

Recall that the research focus of the current meta-analysis is on the effects of DGBL in
EFL contexts. Among previous meta-analyses, only Chiu’s (2013) meta-analysis was found
to relate to the present meta-analysis in the scope of research covered. Her meta-analysis
investigated the effects of computer-mediated instruction on L2 vocabulary acquisition. A
medium effect size was found favoring computer-mediated instruction and other moderating
variables were further investigated. What is noteworthy is that one of the variables she
investigated was game-based learning. She found computer-mediated instructions without
gaming elements (d = 1.113) were better than those with gaming elements (d = 0.495) in

terms of L2 vocabulary learning. However, she did not report the result of Q test so it was
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difficult to determine whether or not the difference between computer-mediated instructions
without gaming elements and those with gaming elements was statistically significant. In
addition, she did not investigate moderating variables regarding DGBL so her finding
concluding that L2 vocabulary learning performed better without games than with the aid
of games might be misleading. Therefore, the effects of DGBL have not been thoroughly
explored in previous meta-analyses of second/foreign language learning. While Chiu’s
meta-analysis is quite recent, the current meta-analysis is complementary to her meta-
analysis since the current one further investigated more potential moderating variables to

provide a more comprehensive picture of the effects of DGBL in EFL contexts.

The Relationship Between Task-based
Language Learning and DGBL

In the research field of task-based language learning, the use of tasks has recently
drawn much attention from language educators (e.g., Adams, 2009; Ellis, 2009; Révész,
2009; Robinson & Gilabert, 2007). Teachers can use tasks to elicit students’ language
performance and know how to assist their learning (Nunan, 1989). Since language learning
requires contexts, students can use languages to communicate in tasks. Furthermore, tasks
serve as a medium to help researchers document how learners structure and restructure their
interlanguage over time so that they can trace how learner language develops. The
importance of tasks cannot be overemphasized in L2 teaching. Long (1991) claimed that
previous teaching methods look similar and no teaching method is found the most effective.
He broke the boundary among teaching methods, distinguishing “focus on form” from
“focus on forms.” The former draws students’ attention to linguistic forms in a lesson with
the primary focus on meaning and communication; the latter mainly focuses on only
learning of discrete points of grammar. He, however, does not really describe how to “focus
on form” but point out the importance of task designs in L2 teaching. A task is designed
to provide learners with opportunities to primarily engage in meaningful contexts and to
draw students’ attention to linguistic form. Since the definition of a task in the past was
inconsistent in the area of L2 teaching, Ellis (2003) organized previous researchers’
definitions of tasks, establishing widely accepted criteria to define what a task should be. He
established six criteria to define what a task is, including a task as a work plan, a focus on
meaning, involving real-world language use, involving any of four language skills, engaging

cognitive processes, and a clearly defined communicative outcome (Ellis, 2003).
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Recent researchers have claimed that there are some relationships between task-based
language learning and DGBL. Rapeepisarn, Wong, Fung, and Khine (2008) pointed out
that different game genres are suitable for different learning objectives of language tasks.
For example, learners in role play games can integrate different language skills to solve
language problems they face in learning tasks. Franciosi (2011) further indicated that digital
games with certain design features provide an optimal language learning situation for task
participants to get involved in. A coding scheme of potential moderating variables in
task characteristics was therefore developed based on the relationship between task-based

language learning and DGBL (see Table 2).

Table 2: The Potential Moderating Variables in Different Task Characteristics

Task characteristics Potential moderating variables

Task participant characteristics * Learners’ educational levels
¢ Instructor’s bias

Task design characteristics ¢ Internet facilities
* Game types

Task involvement characteristics ¢ Treatment duration

¢ Linguistic knowledge

The Use of Meta-analysis

In L2 research, it is not possible to determine whether certain interventions are
beneficial to language learning simply based on a single study’s statistical significance since
results typically vary with different research contexts (Norris & Ortega, 2006). A meta-
analysis is a systematic review to objectively decide whether certain intervention is effective
or not and reach a firm conclusion by synthesizing data across studies (Wampold, Ahn, &
Kim, 2000). In the issue of DGBL, to use digital games or not to use has been debated in
L2 learning research since previous empirical studies yielded conflicting results. A meta-
analysis is appropriately conducted to address this controversial issue of DGBL.

In the procedure of the meta-analysis, the first step is to calculate effect sizes from
each study. Since more than one effect size in a single study inflate sample sizes, lose
independence of data points, and cause distortion of standard error, only one effect size per
study can be included for a meta-analysis (Borenstein, Hedges, Higgins, & Rothstein, 2009).
The principle of “one study, one effect size” is therefore followed in this study. It is

necessary to decide which comparison in each study to include in the meta-analysis. Since
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this study attempts to explore the effects of DGBL, the comparison between the control
group and the digital game treatment group in each study is extracted from their
performance in posttests. The following widely used guideline of Cohen’s d (Cohen, 1992)
is adopted to interpret effect sizes in the meta-analysis: small effect = 0.2—0.5; medium
effect = 0.5—0.8; large effect = 0.8 and up. As to how to produce average effect sizes from
several comparisons between control and treatment groups, previous researchers have
proposed some methods. Since variations exist among different studies, variations need to
be taken into consideration when an effect size is extracted across studies. In meta-analyses,
two statistical models are commonly used to address variation problems: the fixed-effect
model and the random-effects model (Borenstein et al., 2009). Under the fixed-effect model,
it is assumed that all studies are identical and there is only one true effect size for these
studies. Any variation is attributable to sampling variability. In contrast, under the
random-effects model, true effect sizes could vary from study to study and all studies are
considered similar rather than identical. The variation results from heterogeneous factors.
Because the two models produce slightly different results, to report the result from either
model would be misleading (Li, 2010). Therefore, the results from the two models are
reported to show a comprehensive picture of these studies.? To accurately interpret an
average effect size, besides the power of effect sizes decided by Cohen’s d, a 95%
confidence interval (CI) is taken into consideration. The 95% CI expects that about 95% of
the Cls constructed from different data sets include real average effect size and about 5%
will fail to do so. A CI that does not include zero in the range indicates a 95% confidence in
that the true effect size is included within this range. To examine which potential moderating
variables are more influential than others, O-tests are performed to determine whether the
potential moderating variables investigated in this meta-analysis are significant moderators
of effectiveness of feedback. To investigate whether a publication bias exists among these
studies, Begg and Mazumdar’s (1994) rank correlation test is carried out. If the publication
bias exists among included studies in a meta-analysis, variances would significantly
correlate with effect sizes (Borenstein et al., 2009). Finally the test for heterogeneity is
conducted to detect the heterogeneity of the effect size obtained in this meta-analysis. To
interpret the degree of the heterogeneity of effect size, the following guideline is adopted:
I* = 0% = no heterogeneity, I> = 25% -> low heterogeneity, I = 50% -> moderate
heterogeneity, and > = 75% > high heterogeneity (Higgins, Thompson, Deeks, & Altman,
2003). In this article, professional meta-analysis software, Comprehensive Meta-Analysis

(Borenstein et al., 2005), is performed to obtain statistical data for the meta-analysis.
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Inclusion Criteria

Since this meta-analysis is conducted to investigate the effects of DGBL in EFL
contexts, studies in which digital games are used or developed for educational purposes to
learn English are selected for inclusion in this meta-analysis. Several inclusion criteria are
established to decide which studies are appropriately included in the meta-analysis. First
of all, selected studies must compare the effects of experimental groups (students who
played educational digital games) with control groups (students who received traditional
instructions) to show the treatment effects. Second, studies must be conducted in the
EFL context where English is a foreign language, not as a second language, for daily
communication. Third, since it is a quantitative meta-analysis, only quantitative studies
which provide statistical data for effect size calculation are included. Finally, studies which
assess students’ learning effects from achievement tests in posttests are selected because
the analysis is to explore the effects of DGBL on students’ English learning performance.
Studies which only investigate students’ motivation or attitude toward DGBL are therefore
excluded.

In a meta-analysis, the so-called apples and oranges problem forced the question of
what made studies similar enough to be included and what made them different enough to be
excluded (Norris & Ortega, 2006). With respect to second/foreign language studies, the
most controversial problem affecting construct validity was whether studies were carried
out in classroom or laboratory settings (Lyster & Saito, 2010). Only quasi-experimental
classroom-based studies are therefore included, providing sufficient basis for comparison by

means of meta-analysis.

The Literature Search and Coding

Studies to be included in the analysis were derived from six databases. These databases
included: Chinese Periodical Index, Dissertation and Thesis Abstract System of Taiwan,
IEEE Xplore, ERIC, Linguistics and Language Behavior Abstracts, and Google Scholar.
The combination of the following keywords were used: (a) digital game based learning
(DGBL), (b) computer assisted language learning (CALL), (c) technology enhanced
language learning (TELL), (d) English as a foreign language (EFL), (e) digital games, (f)
educational games, and (g) English education. In addition, the ancestry approach (Cooper,
1982) was used to locate studies by tracking reference sections of relevant studies which

were already retrieved from the databases. Data collection was completed by the beginning
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of April 2014. Finally, twenty-five studies were found to satisfy the inclusion criteria. Nine
master’s theses were retrieved from Dissertation and Thesis Abstract System of Taiwan.
Five conference papers were derived from IEEE Xplore. Six journal papers were selected
from ERIC. Three journal papers were found in Google Scholar. One journal paper and one
conference paper were retrieved from references in the paper found through computer
searches.

In the meta-analysis, there may be differences in the setting or practices or conditions
of different studies that may influence the effects of DGBL and that conflating all studies
without regard to these differences could result in a failure to detect their role. To help
address this concern, several potential moderating variables in each kind of task characteristics
are examined. The task participant characteristics include students’ educational levels
(elementary school levels vs. high school or college levels) and instructor’s bias (possible
presence of instructor’s bias vs. absence of instructor’s bias). The task design characteristics
include Internet facilities (networked games vs. non-networked games) and game types
(meaningful and engaging games vs. drill and practice games). The task involvement
characteristics include treatment duration (short treatment duration vs. long treatment
duration) and linguistic knowledge (declarative knowledge vs. procedural knowledge).
These variables are described and discussed as follows.

In EFL contexts, language learners in high school (or college) levels normally have
more pressures from taking tests than those in elementary schools (Chiu, 2013; Choi, 2008).
Because of different levels of learning pressures from taking tests, the distinction was thus
made between elementary school levels and high school (or college) levels in evaluating the
effects of DGBL in terms of learners’ educational levels. Among these twenty-five studies,
fifteen studies recruited elementary school students as subjects whereas ten studies recruited
high school or college students as subjects.

In CALI/CALL research, it has been debated whether or not the computer-based
instruction (in experimental groups) and the traditional instruction (in control groups) should
be designed by the same instructor (Chang & Lin, 2013; Clark & Leonard, 1985). If both
groups are taught or guided by the same instructor, an instructor’s bias might occur and
have some confounding effects on research results. Among the twenty-five studies, sixteen
studies possibly have the instructor’s bias while other nine studies have not.

DGBL research has suggested that Internet facilities might promote more interactions
among game players (T. Y. Liu & Chu, 2010; Suh, Kim, & Kim, 2010). Since interactions

among second/foreign language learners are considered necessary for language acquisition
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(Long, 1996), it is therefore particularly worthwhile to explore whether digital games
equipped with Internet facilities are more effective for learning than those without Internet
facilities (Liao et al., 2010). Therefore, digital games that were hosted on the Internet and
provided Internet facilities were coded as networked games while digital games that were
hosted only on the computer without the access to the Internet were coded as non-networked
games. It was found that twelve of the twenty-five studies provided networked games and
thirteen non-networked games.

In the research area of DGBL, whether action-based drill and practice educational
games or meaningful and engaging games are effective has been debated (Kiili, 2005; Yip &
Kwan, 2006). Some researchers claimed that drill and practice games, compared with
meaningful and engaging games, may not lead to learning because players simply
experiment with actions until they gain high scores (Kiili, 2005). Some researchers, on the
contrary, argued that if action-based drill and practice games are designed well, this type of
games will still be beneficial to players’ learning (Yip & Kwan, 2006). As for the game
types, drill and practice games were therefore distinguished from meaningful and engaging
games in this meta-analysis. Operationalizations of drill and practice games as well as
meaningful and engaging games were adopted from Kiili (2005). In drill and practice games,
only story backgrounds are introduced at the beginning of the games and no storyline is
further provided. After the introduction of the story backgrounds, players play the games
by simply modifying actions until their scores improve. These behaviors are only based on
trial and error. In contrast, meaningful and engaging games provide strong storylines and
opportunities for players to explore phenomena, test hypotheses, and construct objects. Such
educational games lead to direct experience with the game world. It was found that
seventeen of the twenty-five studies used drill and practice games and eight used meaningful
and engaging games.

Treatment duration is normally a significant variable in CALI/CALL research because
of a novelty effect. Clark (1983) suggested when a treatment of a new medium lasted for a
long period of time, the learning effect of technology use will decrease. For example, Chiu’s
(2013) meta-analysis showed that EFL learners who received CALI for less than one month
learned vocabulary better than those who received instruction for more than one month.
Therefore, to examine the effects of treatment duration, a distinction was drawn between
short treatment duration and long treatment duration. Following the suggestions about the
coding of treatment duration from Chiu (2013) and Li (2010), studies that reported the

duration within one month were coded as short treatment duration while studies that
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reported the duration for more than one month were coded as long treatment duration. In
terms of the treatment duration, twelve studies that reported providing the treatment of
DGBL within one month were coded as short treatment duration while thirteen studies that
reported providing the treatment of DGBL for more than one month were coded as long
treatment duration.

In foreign language learning research, learners’ linguistic knowledge can be divided
into declarative knowledge (i.e., knowing knowledge) and procedural knowledge (i.e., being
able to apply the knowledge when needed) (J. R. Anderson, 1981). There has been a debate
of whether declarative knowledge could be converted into procedural knowledge in the
field of SLA (e.g., Krashen, 1985; McLaughlin, 1987). The distinction between declarative
knowledge and procedural knowledge was thus investigated in this meta-analysis. The
declarative knowledge was assessed to test whether learners knew certain linguistic
knowledge. The procedural knowledge was assessed to test whether learners were able to
apply certain linguistic knowledge in real language use. Among the twenty-five studies,
fifteen studies assessed declarative knowledge while ten studies assessed procedural
knowledge.

To investigate the effects of DGBL, students’ language performance shown on
immediate posttests was extracted from selected studies. Following Li (2010), a short-term
immediate posttest was considered as an assessment given within one week after treatment.
Thus, posttests which were given immediately after the treatment of DGBL or within one
week after the treatment were considered as immediate posttests. Since not all studies
provide the information of students’ language performance on delayed posttests, it is not
possible to examine the long-term learning effects shown on delayed posttests in this
meta-analysis.

To obtain more reliable outcomes from coding, a trained research colleague was invited
to code the studies. To check for accuracy, two coders coded each of the studies
independently. Cohen kappa was performed to determine if there was agreement between
two coders’ judgments on the coding of moderating variables. To interpret the strength
of agreement of Cohen kappa, the following guideline is followed: x < 0.00 > poor,
K= 0.00-0.20 > slight, k = 0.21-0.40 -> fair, x = 0.41-0.60 > moderate, k = 0.61-0.80 >
substantial, and k = 0.81-1.00 = almost perfect (Landis & Koch, 1977). There was almost
perfect agreement between the two coders’ judgments on the coding of students’ educational
levels (x = 1.00), the coding of instructor’s bias (k = 0.89), the coding of Internet facilities

(x = 0.92), the coding of game types (k = 0.87), the coding of the treatment duration
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(x = 0.94), and the coding of linguistic knowledge (k = 0.92) in the initial coding. Finally,
collaborative coding was conducted for the coding of the variables in which the two coders
initially disagreed with each other.

To calculate an effect size (Cohen’s d) for each study, three statistical data were
extracted, including group mean scores (both control and experimental groups), standard
deviations and sample sizes. The following equation from Cohen (1988) was mainly used. In
the equation, M, and M, are control and experimental group mean scores respectively and

o 1s the standard deviation.

(n;—1o; + (n;—1)o; 3 M, - M, B
(l’l] - 1) + (n2 - 1) ~ 7 pooled O pooled -
Results
Demographic Data

There were totally 1,908 students in the twenty-five selected studies. The frequency
distribution of the included studies was displayed in Figure 1. As shown, there has been

a gradual growth in the number of studies on DGBL since 2008.

Figure 1: Publication Frequency of Empirical Studies in DGBL

Sample studies
w

2005 2006 2007 2008 2009 2010 2011 2012 2013
Publication year

Overall Effectiveness

Table 3 demonstrated weighted effect sizes of DGBL. The result indicated that there
was a medium positive effect size (d = 0.695) with the 95% CI of 0.598 to 0.791 under the
fixed-effect model and also a medium positive effect size (d = 0.777) with the 95% CI
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Table 3: Summary of DGBL Effect Size of Primary Studies

Studies Cohen’s d Standard error Lower limit Upper limit
Aghlara & Tamjid (2011) 0.666 0.325 0.029 1.303
T. A. F. Anderson (2009) 0.267 0.266 -0.254 0.789
T. A. F. Anderson, Reynolds, 0.024 0.372 -0.704 0.753
Yeh, & Huang (2008)
Barreira et al. (2012) 0.714 0.405 -0.079 1.507
Chen (2008) 0.485 0.226 0.042 0.929
Chiang (2013) 0.566 0.279 0.020 1.112
Chung (2012) 0.501 0.227 0.056 0.946
Fotouhi-Ghazvini, Earnshaw, 1.819 0.752 0.346 3.293
Robison, & Excell (2009)
Huang (2009) 0.436 0.190 0.064 0.807
H. C. Hung, Young, & 0.160 0.366 —-0.557 0.877
Lin (2013)
Y. C. Hung (2009) 0.365 0.265 -0.154 0.884
Kim & Kim (2005) 0.563 0.186 0.198 0.927
T.Y. Liu & Chu (2010) 0.954 0.264 0.437 1.471
Lu (2010) —-0.069 0.258 -0.575 0.438
Niu (2011) 0.517 0.283 -0.037 1.072
Sadeghi & Dousti (2013) 1.440 0.351 0.752 2.127
Shyu (2006) 0.497 0.279 —-0.050 1.044
Suh et al. (2010) 1.851 0.161 1.534 2.167
Sylvén & Sundqyist (2012) 1.111 0.310 0.503 1.720
Vahdat & Behbahani (2013) 2.063 0.391 1.296 2.830
Wang, Chen, & Shih (2012) 0.304 0.118 0.073 0.535
J. C. Yang, Chen, & Jeng (2010) 0.135 0.258 -0.371 0.642
J. C. Yang, Lin, Wu, & 0.176 0.296 —0.404 0.756
Chien (2008)
Y. T.Yang (2010) 3.767 0.416 2.951 4.583
Yip & Kwan (2006) 1.265 0.220 0.834 1.696

Effect size (Cohen’s d)
Fixed-effect model 0.695 0.049 0.598 0.791
Random-effects model 0.777 0.140 0.504 1.051

of 0.504 to 1.051 under the random-effects model. Since the CIs did not include zero,
the observed averaged effect sizes were statistically trustworthy. Moreover, Begg and
Mazumdar’s (1994) rank correlation test showed that the correlation between variances and
effect sizes in these studies did not reach a statistically significant level (z = 1.705, p > .05).

This suggested that the effect sizes obtained in this meta-analysis were not confounded by
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a publication bias. In addition, the test for heterogeneity indicated that the effect size was
highly heterogeneous (I = 86.381, p < .05), which suggested that some potential moderating

variables needed to be taken into account.

Task Participant Characteristics

Learners’ educational levels

Table 4 showed effect sizes of DGBL for studies with different educational levels. In
terms of studies which recruited elementary school students, the DGBL yielded large
positive effect sizes under both the fixed-effect model (d = 0.822) and the random-effects
model (d = 0.818). In terms of studies which recruited high school or college students, the
DGBL yielded medium positive effect sizes under both the fixed-effect model (d = 0.558)
and the random-effects model (d = 0.701). The difference in improvement between the
control and experimental groups in these studies, taken together, reached statistical
significance, as evidenced by the 95% CI. This indicated that the effect sizes for DGBL with
different students’ educational levels were trustworthy. There was a significant difference
between DGBL with elementary school students and DGBL with high school or college
students under the fixed-effect model (Q = 7.184, p = 0.007) but no significant difference
was found under the random-effects model (Q = 0.187, p = 0.666).

Table 4: DGBL Effect Sizes for Learners’ Educational Levels

Elementary levels (n = 15) High school and college levels (n = 10)

Fixed-effect model Random-effects model  Fixed-effect model Random-effects model

Effect size 0.822 0.818 0.558 0.701

Standard error 0.068 0.211 0.071 0.172

Variance 0.005 0.044 0.005 0.030

Cl (95%) Upper: 0.957 Upper: 1.231 Upper: 0.697 Upper: 1.038
Lower: 0.688 Lower: 0.405 Lower: 0.419 Lower: 0.363

Instructor’s bias

Table 5 demonstrated DGBL effect sizes for the possible presence and absence of
instructor’s bias separately. As to the studies with a possible instructor’s bias, the DGBL
yielded medium positive effect sizes under both the fixed-effect model (d = 0.749) and the
random-effects model (d = 0.753). As to the studies without an instructor’s bias, the DGBL
yielded a medium positive effect size under the fixed-effect model (d = 0.607) but a large
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Table 5: DGBL Effect Sizes for Instructor’s Bias
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Possible presence of instructor’s bias (n = 16)

Absence of instructor’s bias (n =9)

Fixed-effect model

Random-effects model

Fixed-effect model

Random-effects model

Effect size 0.749 0.753 0.607 0.823

Standard error 0.063 0.188 0.080 0.218

Variance 0.004 0.035 0.006 0.048

Cl (95%) Upper: 0.872 Upper: 1.121 Upper: 0.763 Upper: 1.252
Lower: 0.627 Lower: 0.384 Lower: 0.450 Lower: 0.395

effect size under the random-effects model (d = 0.823). Moreover, a significant difference
between studies with a possible instructor’s bias and studies without an instructor’s bias was
not found under the fixed-effect model (Q = 1.982, p = 0.159). No significant difference was
also found between them under the random-effects model (Q = 0.060, p = 0.806).

Task Design Characteristics

Internet facilities

Table 6 presented effect sizes of DGBL for studies with different Internet facilities. In
terms of studies with networked games, the DGBL yielded a large positive effect size under
the fixed-effect model (d = 0.844) but a medium positive effect size under the random-
effects model (d = 0.719). In terms of studies with non-networked games, the DGBL yielded
a medium positive effect size under the fixed-effect model (d = 0.533) but a large effect size
under the random-effects model (d = 0.861). In addition, since the 95% CI did not include
zero, the observed effect sizes were considered statistically trustworthy. Furthermore, the
O-test revealed that there was a significant difference between networked game and
non-networked game studies under the fixed-effect model (Q = 9.937, p = 0.002) but no
significant difference was found under the random-effects model (Q = 0.255, p =0.614).

Table 6: DGBL Effect Sizes for Internet Facilities

Networked game (n = 12)

Non-networked game (n = 13)

Fixed-effect model

Random-effects model

Fixed-effect model

Random-effects model

Effect size 0.844 0.719 0.533 0.861

Standard error 0.068 0.173 0.071 0.224

Variance 0.005 0.030 0.005 0.050

Cl (95%) Upper: 0.978 Upper: 1.057 Upper: 0.673 Upper: 1.300
Lower: 0.710 Lower: 0.380 Lower: 0.394 Lower: 0.423
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Game types

Table 7 demonstrated the differential effects of DGBL types. Drill and practice games
yielded medium positive effect sizes under both the fixed-effect model (d = 0.511) and
the random-effects model (d = 0.620). On the contrary, meaningful and engaging games
yielded large positive effect sizes under both the fixed-effect model (d = 1.101) and the
random-effects model (4 = 1.117). Since the 95% CI did not include zero, the observed
effect sizes were considered statistically trustworthy. The O-test further revealed that there
was a significant difference between the two game types under the fixed-effect model
(O =30.705, p = 0.000) but no significant difference was found under the random-effects
model (Q =2.804, p = 0.094).

Table 7: DGBL Effect Sizes for Game Types

Drill and practice game (n=17) Meaningful and engaging game (n = 8)

Fixed-effect model Random-effects model  Fixed-effect model Random-effects model

Effect size 0.511 0.620 1.101 1.117

Standard error 0.059 0.153 0.088 0.255

Variance 0.004 0.023 0.008 0.065

Cl (95%) Upper: 0.628 Upper: 0.919 Upper: 1.274 Upper: 1.616
Lower: 0.395 Lower: 0.321 Lower: 0.928 Lower: 0.618

Task Involvement Characteristics

Treatment duration

Table 8 contained effect sizes of DGBL for studies with different treatment duration. In
terms of studies of short treatment duration, the DGBL yielded small positive effect sizes
under both the fixed-effect model (d = 0.425) and the random-effects model (d = 0.425). In
terms of studies of long treatment duration, the DGBL yielded large positive effect sizes
under both the fixed-effect model (d = 0.888) and the random-effects model (d = 1.092). In
addition, since the 95% CI did not include zero, the observed effect sizes were considered
statistically trustworthy. Furthermore, the (-test revealed that there were significant
differences between studies of short treatment duration and those of long treatment duration
under the fixed-effect model (Q = 21.411, p = 0.000) and the random-effects model
(Q=17.110, p = 0.008).
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Table 8: DGBL Effect Sizes for Treatment Duration

Short treatment duration (n = 12) Long treatment duration (n = 13)

Fixed-effect model ~Random-effects model  Fixed-effect model Random-effects model

Effect size 0.425 0.425 0.888 1.092

Standard error 0.076 0.076 0.065 0.238

Variance 0.006 0.006 0.004 0.057

Cl (95%) Upper: 0.575 Upper: 0.575 Upper: 1.014 Upper: 1.558
Lower: 0.276 Lower: 0.276 Lower: 0.761 Lower: 0.625

Linguistic knowledge

Table 9 demonstrated DGBL effect sizes for different linguistic knowledge. The DGBL
for declarative knowledge yielded small positive effect sizes under both the fixed-effect
model (d = 0.432) and the random-effects model (d = 0.489). The DGBL for procedural
knowledge yielded large positive effect sizes under both the fixed-effect model (d = 1.153)
and the random-effects model (d = 1.126). The difference in improvement between the
control and experimental groups for these DGBL studies, taken together, reached statistical
significance, as evidenced by the 95% CI. This indicated that the DGBL effect sizes for
either declarative or procedural knowledge obtained were reliable. Significant differences
between the learning effects for declarative and procedural knowledge were found under
both the fixed-effect model (Q = 49.503, p = 0.000) and the random-effects model (Q =
4.714, p =0.030).

Table 9: DGBL Effect Sizes for Linguistics Knowledge

Declarative knowledge (n = 15) Procedural knowledge (n = 10)

Fixed-effect model Random-effects model  Fixed-effect model Random-effects model

Effect size 0.432 0.489 1.153 1.126
Standard error 0.062 0.099 0.082 0.276
Variance 0.004 0.010 0.007 0.076
Cl (95%) Upper: 0.554 Upper: 0.682 Upper: 1.313 Upper: 1.668
Lower: 0.311 Lower: 0.295 Lower: 0.993 Lower: 0.584
Discussion

This meta-analysis generally showed that a medium positive effect size was found
to favor DGBL. The meta-analysis therefore suggested DGBL to be effective for the

acquisition of English as a foreign language. In addition, publication bias appeared to be
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negligible in this meta-analysis. Finally, the overall effect size obtained in this meta-analysis
was heterogeneous. It was therefore suggested that other moderating variables need to be
taken into account when investigating the effects of DGBL. Six potential moderating
variables in three task characteristics (i.e., task participant characteristics: students’
educational levels and instructor’s bias; task design characteristics: Internet facilities and
game types; task involvement characteristics: treatment duration and linguistic knowledge)
were therefore investigated and certain variables were found to be more influential than
others in determining the DGBL effectiveness. The variables investigated in this meta-

analysis are discussed in the following sections.

Task Participant Characteristics

The task participant characteristics contain two potential moderating variables: learners’
educational levels and instructor’s bias. In terms of learners’ educational levels, DGBL was
effective for both elementary school students and high school (or college) students although
no significant difference was found between them. The possible reason might be that
English learning has long been exam-oriented in the EFL context. Since washback can be
positive or negative (Bailey, 1996), playing digital games might be able to minimize the
difference between teaching and testing, promoting positive washback effects for EFL
learners for taking exams (Weigle & Jensen, 1997). The positive washback effects might
increase the effects of DGBL regardless of students’ educational levels. In terms of the
instructor’s bias, no significant difference was found between studies with a possible
instructor’s bias and those without an instructor’s bias. The instructor’s bias therefore does
not serve as a moderator variable in determining the DGBL effects. Since Clark and Leonard
(1985) claimed that an instructor’s bias might influence the effects of computer-based
instruction, the finding reported in this meta-analysis does not support their claim. The
reason could be due to the learners’ strong interests in the gaming elements in the treatment.
Learners might be too attracted by digital games to notice instructors’ intervention in the

treatment.

Task Design Characteristics

In task design characteristics, two potential moderating variables, Internet facilities and
game types, are included. As to Internet facilities, although most networked games (about 8§

out of 12 studies) offer multiplayer interactions to promote learners’ interactions with their
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counterparts which are necessary to foreign language learning (Long, 1996), the networked
games are not found to be more effective for learners’ acquisition of English than the
non-networked games. This might be because it is already sufficient for learning to occur in
EFL contexts when language learners interact with game characters or figures to negotiate
meaning in digital games. An investigation into game types revealed that meaningful and
engaging games yielded a large effect size while drill and practice games yielded a medium
effect size. Nonetheless, no significant difference was found between the two game types.
The possibility might be that EFL learners already get used to the learning style in drill and
practice games because of their previous learning experience in traditional EFL classrooms.
Another possibility might be that meaningful and engaging games may not show effects in
the short term. Yip and Kwan (2006) found that students who showed interests in drill and
practice games in class might not be willing to play the games on their own after class.
Therefore, if the effects of meaningful and engaging games show up later, beyond the
window of immediate posttests, this meta-analysis would have missed these longer-term
effects shown in delayed posttests. As mentioned earlier, delayed posttest data were
excluded since it was not possible to get the data for all of the studies. Thus another goal
for future research could be to include delayed posttest data for meta-analysis to see if

meaningful and engaging games produce any more trustworthy statistical results.

Task Involvement Characteristics

Overall, DGBL was found to be effective for EFL learners. Two potential moderating
variables in task involvement characteristics were further investigated and found to be
influential in determining the effectiveness of DGBL, which is the major finding in the
current meta-analysis. The two moderating variables are treatment duration and linguistic
knowledge. It is found that conflating the effects of treatment duration or linguistic
knowledge (d = 0.777) overestimates the effects of short treatment duration (d = 0.425) or
declarative knowledge (d = 0.489) and underestimates the effects of long treatment duration
(d = 1.092) or procedural knowledge (d = 1.126). In what follows, the two significant
moderator variables were discussed. As to treatment duration, students who received the
long treatment duration of DGBL learn English better than those who received the short
treatment duration. This may indicate that EFL learners can be motivated by the application
of digital games in the beginning and their motivation can be maintained for a long time
(Schank & Neaman, 2001). Since learners’ long immersion in language environments is

necessary for the success of language learning (Genesee, 1994; Johnson & Swain, 1997),
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digital games provide a simulated context of language use and serve as an immersion
environment to increase the chance of further exposure to target language input and
opportunities for output in a long period of time. For example, in T. Y. Liu and Chu’s
(2010) study, a campus environment was simulated for learners to use English in a library,
a laboratory, an auditorium and other school buildings. In another example from Sadeghi
and Dousti (2013), a family environment was simulated for learners to introduce their family
members to friends in English. In terms of linguistic knowledge, DGBL was found to be
more effective for learners’ acquisition of procedural knowledge than those of declarative
knowledge. Chiu’s (2013) meta-analysis showed L2 learners performed better without
digital games than with the help of digital games in terms of vocabulary learning.
Vocabulary knowledge, however, can be declarative (i.e., knowing vocabulary) or
procedural (i.e., being able to apply the vocabulary when needed) (J. R. Anderson, 1981).
For example, in Yip and Kwan’s (2006) study, two vocabulary game Websites were used to
increase learners’ declarative and procedural knowledge of English vocabulary. Not only an
explanation of a word’s meaning but also the use of the word in a sentence or a passage are
provided in the vocabulary games. Their result showed that learning with the vocabulary
games was more effective than traditional learning without vocabulary games. The current
meta-analysis, therefore, furthers their finding, indicating that digital games could facilitate
more acquisition of procedural knowledge than acquisition of declarative knowledge. This
finding suggests that digital games provide a platform for learners to apply their knowledge.
Swain (1985) found that even after many years of exposure to the target language, learners’
language output still contained errors because learners did not have an opportunity to
practice linguistic forms in classrooms. Digital games thus provide opportunities for learners
to use their knowledge to produce language.

In SLA, whether declarative knowledge can be converted into procedural knowledge
has been keenly debated over the years. Krashen (1985) distinguishes “acquisition” from
“learning,” claiming that they are two separate processes. He maintains that knowledge
of the second language acquired in natural or meaningful communication and learned
in classroom instruction or activities cannot become unified. In other words, the learned
declarative knowledge cannot be converted into acquired procedural knowledge. His claim,
nevertheless, has been criticized for a perceived lack of scientific rigor. J. R. Anderson
(1993) and McLaughlin (1987), on the contrary, support that declarative knowledge can be
converted into procedural knowledge from controlled toward automatic processing. L2

learners first resort to controlled processing by means of explicit instruction of declarative
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knowledge; through practice over time, declarative knowledge could become automatized
procedural knowledge. This meta-analysis therefore justifies J. R. Anderson’s and
McLaughlin’s claims, suggesting that digital games may serve as a useful learning task to
automatize procedural knowledge. The digital games could help EFL learners convert
declarative knowledge into procedural knowledge particularly when they are immersed in

DGBL environments for more than one month.

Theoretical and Pedagogical Implications

The significant finding of treatment duration and linguistic knowledge in the task
involvement characteristics may have theoretical and pedagogical implications. As for
theoretical implications, the significant effects of long treatment duration and procedural
knowledge in DGBL serve as direct evidence supporting Craik and Lockhart’s (1972) levels
of processing theory. They claimed that there are two levels of processing (shallow
processing and deep processing) and the deeper the level of processing, the easier the
information could be recalled. Since the involvements in the long treatment duration and
procedural knowledge require learners’ deep processing in DGBL tasks, language learners
are allowed to take time and could easily recall the information they receive from digital
games to achieve success in language learning. As regards pedagogical implications, future
digital game designers could develop games which encourage EFL learners to apply their
linguistic knowledge for communicative purposes and attract learners to get immersed in

language learning environments provided by digital games for a long period of time.

Limitations and Suggestions for Future Studies

There are some limitations in the current meta-analysis as follows. First of all, because
of limited access to the databases, all master’s theses included in this meta-analysis were
conducted in Taiwan. It is suggested that future researchers get access to databases to derive
unpublished studies (e.g., master’s theses) in other countries of the Asia-Pacific region.
Secondly, since the current meta-analysis investigated the general effectiveness of digital
game-based English learning with analyses of limited number of moderator variables, more
variables should be taken into account to advance the understanding of DGBL in EFL
contexts. Furthermore, this study investigated only EFL learners’ cognitive outcomes. It is
suggested that future studies should be conducted to synthesize studies to explore EFL

learners’ affective outcomes. Thirdly, since only the short-term learning effects of DGBL in
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immediate posttests are examined in this study, it is worthwhile to investigate whether the
effects of the moderating variables investigated in this meta-analysis could have long-term

learning effects shown in delayed posttests.

Conclusion

In this meta-analysis, an overall substantial medium positive effect size for DGBL was
found. Furthermore, large positive effect sizes were found for digital games designed to
maintain learners’ long-term engagement and to help automatize their procedural knowledge.
This suggests that the evolution of research on DGBL in EFL contexts has reached a stage
that it is no longer useful or interesting to ask whether DGBL makes a difference. The
results in this meta-analysis suggest that rather than conflating all sorts of DGBL practices
to seek an answer to the broad question of whether digital games work, it is more useful
to acknowledge the evidence now that some sorts work and some sorts do not and to
concentrate future research efforts on learning more about the difference to advance the

understanding of DGBL in EFL contexts.

Notes

1. Different from EFL learning which normally occurs in classrooms, SLA is a systematic
study of how people learn a second language or a language other than their mother tongue
inside or outside classrooms (Ellis, 1997).

2. Although both statistical models are reported in this meta-analysis, it should be noteworthy
that the effect sizes under the random-effects model are much more trustworthy than those
under the fixed-effect model. This is because the various DGBL studies that are included in
this meta-analysis have not been designed with the intention of being identical to other such
studies (in contrast, say, to studies conducted with the intention of duplicating previous
studies). Thus, it might be inappropriate in this case to assume the true effect size is exactly
the same in all the studies, and so accordingly, the random-effects model should be

considered as the more suitable approach for determining the effects of DGBL.
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