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ABSTRACT Mobile devices have been widely used in both teaching and learning English as a second
or foreign language. The impact of using various mobile devices on the learning outcome has thus been
subject to an increasing number of educational experiments. However, the results of these experiments have
not always been consistent or conclusive. In order to evaluate the effectiveness of mobile learning, it is
necessary to employ a meta-analysis approach to synthesize results taken from previous experiments. This
study examined 29 experiments, including both true and quasi, on the learning outcome of those learners
who used mobile devices in their English learning process. Following PRISMA guidelines for conducting
meta-analysis, this study has found that mobile learning has a highly positive effect on English learning
outcomeswith aweighted effect size of 0.893. The effect ofmobile learning is subject to potential moderating
variables, such as learners’ levels, intervention time, language learning areas being targeted, hardware and
software, and implementation setting. Taken as a whole, the results indicate that mobile learning is affording
a change in English learning that does not undermine pre-existing models of English language pedagogy.
Therefore, progressive exploration and implementation of mobile learning effectiveness appears to be of
some importance to English teaching and learning stakeholders.

INDEX TERMS Effect, English learning, meta-analysis, mobile learning, quasi-experiment, true
experiment.

I. INTRODUCTION
Mobile learning (M-learning) is a form of learning in which
learners use mobile devices to access learning materials and
resources and to participate in learning activities through
wireless technology [1]. It is often referred to as Mobile
Assisted Language Learning (MALL) in the context of sec-
ond/foreign language teaching and learning [2]–[4]. With the
rapid development of the Internet andmobile technology, new
technologies are increasingly accessible to learners in most
parts of the world, and M-learning has gradually emerged
as a trend in learning at all levels [5]. It not only enhances
students’ learning interest and motivation [4], but also helps
students obtain necessary technological literacy, which plays
an important role for them to succeed in future workplace and
lifestyle [6]. From a pedagogical perspective, M-learning has
been considered as a more effective teaching tool than other
forms of computer-assisted instruction [3] since it offers new
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opportunities for students to actively engage in teaching and
learning opportunities [6].

In the area of English and foreign language teaching
and learning, M-learning has been used formally and infor-
mally for some time, and numerous studies have investigated
the impact of mobile English learning using different
approaches, qualitative, quantitative, meta-analytical etc.
[2]–[4], [7]–[11]. Many true-experiment or quasi-experiment
studies have provided important insight into the impact of
information technology on Learning Performance (LP) [1],
[12], [13]. The majority of such studies have claimed
the significant and positive effect of mobile learning on
English learning effectiveness, such as with vocabulary,
oral language, listening, and retention. For example, in a
pre-test/post-test experiment of non-equivalent groups
(26 experimental and 31 control) from two middle school
classes, the experimental group that used mobile applications
were found to perform better than the control group that
learned in a traditional teacher-led manner after an inter-
vention period of 6 weeks [9]. In a quasi-experiment on
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Bring Your Own Device (BYOD) for eighth grade middle
school students to learn English [4], the experimental group
(24 students) that used mobile devices for test-based learning
had significantly higher learning outcomes in the post-test
than the control group (22 students) settings, which used
paper-based test sheets for learning after 6 sessions (45 min-
utes each) of intervention. In a random group experiment [14]
with 116 participants from a university in central Taiwan, the
experimental group was instructed to learn English phrases
by taking pictures using their cell phones, while the con-
trol group was assigned online phrase reading activities for
phrase learning; the former were found in the post-test to
significantly outperform the latter with a significantly higher
perception of English phrases. In a similar study of mobile
phone-assisted learning, it was found that mobile phones
could facilitate improvement in pronunciation with all par-
ticipants providing positive feedback on the effectiveness of
mobile application-assisted English learning [15].

However, some experimental and quasi-experimental stud-
ies claimed the negative or weak effect of M-learning on
English language-learning effectiveness. For example, [16]
developed a mobile immersion environment using a real-time
WhatApp and conducted a 3-month pre-test/post-test non-
equivalent group experiment with 45 grade 7 students in an
elementary school. It was found that there was no significant
difference between the experimental group and the control
group in the post-test of vocabulary acquisition and use of
high frequency verbs. Reference [17] found that students’
familiarity with the real environment of M-learning was more
important than the technology itself. In reality, not all students
were familiar with the real environment leading toM-learning
technology being unbeneficial for all students. Nevertheless,
the total number of studies claiming the negative effects
of M-learning was quite small. In fact, according to [1],
among 164 studies in M-learning studies between 2003 and
2010, only 1% had reported a negative effect on the learning
outcome.

In addition, the results of some non-experimental
studies also showed inconsistent results. Some studies
claimed positive effects of M-learning on English learning
[11], [18]–[20]. For example, using questionnaires and inter-
views to analyze students with average computer and English
language proficiency, it was found that M-learning was
beneficial to students’ academic writing and presentation
skills [11]. Others claimed the negative or neutral effect of
m-learning on English teaching and learning [21]–[23]. For
example, a survey of 126 EFL students and 73 teachers
showed that teachers and students only had a moderately
positive attitude towards using mobile dictionaries in the
learning process [22]. In addition, it was found that some
teachers and students had opposing views on the effects of
using mobile devices in teaching, with some teachers even
prohibiting the use of mobile phones in the classroom for
their distraction of student attention [23]. In her opinion [23],
the use of digital tools in language classrooms lacked cul-
tural background, and there were various problems related

with personal learning methods, teaching methods, the use
of digital devices as entertainment tools, students’ learning
preferences, and motivations leading to the ineffectiveness of
mobile devices.

Some researchers also conducted systematic reviews of
previous literature related to the effectiveness of M-learning
on language teaching and learning [1], [3], [6], [12], [13],
[24]–[27]. They mainly discussed whether, and under what,
circumstances involving M-learning was effective. Some of
the reviews were based on a considerably large amount of lit-
erature. For example, [1] and [25] both looked at as many as
164 studies, and Persson and Nouri [3] reviewed 54 papers on
Mobile Assisted Second Language Learning (MASLL). The
majority of these reviews suggested that althoughM-learning
was effective for English learning, the effectiveness was con-
textually dependent [5], [12], [13]. The success ofM-learning
relied on a host of contextual and situational factors including
communication and feedback between teachers and students
who used mobile devices in teaching and learning [13], stu-
dents’ technological skills, the development of learner com-
munities, learners’ attitudes towardsM-learning, and learning
content involved [5].

In addition, these studies also provided some useful
insights. M-learning studies have been found to focus more
on applications (apps) than on hardware such as iPads,
iPhones, mobile phones, etc. [3], [24]. And of all the
M-learning applications developed, games were the most
effective [24].WhileM-learning improved language learners’
overall abilities including listening, speaking, reading, and
writing in English [24], it was most effective for vocabulary
development [3].

These reviews also pointed to some of the more significant
challenges to existing research related to mobile language
learning. First, the majority of studies in this area have
been conducted on university student populations, and the
research on other groups of learners has been insufficiently
proportional [3], [13], [24]. Many of these studies proposed
some newly-developed devices or applications, very few of
which were commercially available, rendering the studies
isolated in terms of technology and non-conducive to market
promotion [13]. Another problem was that some apps were
not always affordable for learners [5]. While pedagogical
aspects of M-learning remained another common concern
[3], [24], there was also a research methodological issue
for many researchers in the studies being M-learning app
developers and the instructors in the experiments. This might
influence the validity of their research. For example, it was
found that such studies in which the researchers coinciden-
tally played the role of app developers and teachers usually
reported larger M-learning effects than in other studies [6].
Furthermore, a number of important factors such as the moti-
vation and attitude of both students and teachers have been
identified as key to the success of M-learning that require
greater attention [6], [12], [24].

Although some studies [1], [3], [24], [25] have included
more than 100 research papers in their systematic review,
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the meta-analysis approach was not followed. Without the
information on the heterogeneity of subjects, interventions,
and experimental designs, their results did not provide evi-
dence of high-level strength to form definitive conclusions
about the effectiveness ofmobile devices on English language
teaching and learning. For example, one study focused on
statistical descriptions of the frequency of research methods
(interviews, experiments, observations, and cases), research
objectives, subjects, and device types for M-learning. Sta-
tistical descriptions of the findings were limited to posi-
tive results, negative results, and percentages of insignificant
effects [25]. Another study used only manual coding [3]; Yet
another study used strict inclusion criteria and only general
statistics without consideration of the heterogeneity of chal-
lenges and concerns of M-learning as well as its strengths and
weaknesses [24].

To the best of our knowledge, the only meta-analysis
studies of M-learning were focused on either broader
scopes beyond language learning or on more narrowed
context of applying a particular M-learning technology [6],
[12], [13], [26]. For example, one study of M-learning took
place with various participants in K-12 (including English
and mathematics instruction) [6]. Another one selected only
9 studies of EFL class instructions using mobile devices to
look at their sample size, experimental design, and learning
objectives (e.g. vocabulary, reading, writing, grammar, and
retention) of using mobile devices [26].

In summary, although many studies have looked at English
M-learning e.g. [3], [9], [26], [28], they did not always focus
on the effectiveness of mobile English learning and their
findings were inconsistent [11], [18], [19], [21]–[23]. This
highlights the need to synthesize studies on the impact of
English M-learning. According to [29], meta-analysis pro-
vides a sound approach to synthesize the existing evidence of
mobile English learning. This study thus uses a meta-analysis
approach to determine the effects of mobile English learning
in the international context. In this way, the overall and spe-
cific effects of English M-learning will be investigated, pro-
viding researchers and educators with multiple perspectives.

II. METHODS
Meta-analysis is a statistical analysis method that integrates
the results of several independent studies, with early applica-
tions used in the medical field. Effect size is an important
value in the meta-analysis process, reflecting the strength
of the relationship between two variables: intervention and
effect. In this study, a meta-analytic approach was used to
code experimental and quasi-experimental studies of mobile
English learning. Based on the meta-analysis steps and meth-
ods proposed by [30], the mean effect size of the studies
was first calculated and then followed by a calculation of the
effects of other variables on the effect size to fully investi-
gate the effectiveness of mobile English learning. Although
Cohen’s effect size d was commonly used as an indicator of
effects in meta-analyses, it might produce some bias in the
estimation of effects for small samples due to the variation in

sample sizes between the studies [31]. Therefore, Hedges’ g
unbiased effect size was used instead in this study.

Meta-analyses use fixed-effect or random-effect models
for estimating the effect size based on the post hoc hetero-
geneity test. If the variance of Q value is not significant, the
fixed-effect model is selected; Otherwise, the random-effect
model is selected, and F value is used to determine the
proportion of the true variance of the eigenvalues to the total
variance [29]. The higher the degree of heterogeneity of the
effect size, the more rational the random-effect model is
chosen. In this study, Comprehensive Meta Antalysis (CMA)
version 3.0 [32] was used to conduct the meta-analysis after
values of means and standard deviations of pre-tests and post-
tests information of the experiments were entered.

In addition, to ensure transparency, accuracy, and com-
pleteness, the meta-analysis conducted in our study is in
accordance with the steps outlined in the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis)
guidelines. The 11 important methodological issues num-
bered 5-15 in the method checklist of PRISMA Statement
(2020) [33] were all addressed in the following sections.

A. SEARCH, SELECTION AND CODING OF EXPERIMENT
SAMPLES
True experimental studies, in which subjects are completely
randomized and variables are strictly controlled, include
pre-test-post-test equivalent-group, post-test-only equivalent-
groups, and randomized controlled trials [32]. However, the
majority of experimental studies in the field of English teach-
ing and learning are not true experiments, because in reality it
is more difficult to randomly select research participants from
the total population or to randomly group them. Researchers
in this field tend to carry out quasi-experiments under
real teaching situations with controlled experimental factors.
In quasi-experiments, researchers use subject groups natu-
rally formed, e.g. groups based on original classes, and inter-
vene in routine English language teaching contexts. The most
common types of quasi-experiments are pre-test-post-test
non-equivalent-groups and counter balanced designs [32].

However, taking a closer look at the aforementioned stud-
ies, those taking non-equivalent pre-test-post-test designs
(i.e. the experimental group and the control group are pre-
existing groups) well outnumbered those taking counter bal-
anced designs (e.g. [17] designed two rounds of experiments
in which the group that was the experimental group in the
first round became the control group in the second round).
Based on this reality, this study searched and included both
true experiments and quasi-experiments for meta-analysis.

In this study, two high quality databases (i.e. Web of
Science and Scopus) were searched with a search for-
mula of TITLE-ABS-KEY (‘‘m-learning’’ OR mlearn-
ing OR ‘‘mobile learning’’ OR ‘‘mobile education’’ OR
‘‘m-education’’ OR mEducation) AND TITLE- ABS-KEY
(‘‘English learning’’ OR ‘‘second language learning’’ OR
‘‘second language acquisition’’ OR ‘‘foreign language learn-
ing’’). The time span was set as 1900-2021, and the search
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FIGURE 1. Research procedure.

yielded 152 results. An additional search was carried out in
other databases such as ERIC , EBSCO, and Google Scholar
that might store relevant articles. These results were initially
screened by excluding theoretical studies, literature reviews,
case studies, and pilot studies, and a total of 112 experimental
and quasi-experimental studies were short-listed after dupli-
cates were removed.

If a piece of literature was obtained from gray literature
sources, it was then critically evaluated to determine the
quality as gray literature might not receive the same quality
appraisal as peer reviewed ones. Gray literature in this study
was appraised to the same standards stipulated in PRISMA as
those used to evaluate any other black literature. We verified
the reliability of the source, the This study further set the
following selection criteria:

1) The use of M-learning was the main independent vari-
able in the study ( i.e. the experimental group used
mobile devices while the control group used tradi-
tional learning methods such as teacher-led, traditional,
or paper-based materials). Studies were excluded when
both the experimental and control groups used mobile
devices for learning (e.g. a comparative study of two
groups usingmobile applications [34]) or a study to test
learning effectiveness between genders using mobile
devices [27].

2) Learning effectiveness was the main dependent vari-
able. Studies were excluded when they investigated
affective attitudes, learning attitudes, motivation inter-
est etc. rather than learning effectiveness (e.g. [26],
[35]–[38]).

3) Sufficient data were provided to calculate the effect val-
ues. Studies were excluded when they did not specify
the number of participants in the experimental and con-
trol groups or the necessary information for measuring
learning effectiveness, as in the cases of [39] and [40].

After applying the above criteria, 29 papers were selected
for further meta-analysis. These 29 studies were conducted in
the following countries or regions: Taiwan (8), the People’s
Republic of China (7), Turkey (6), Hong Kong (2), Iran (2),
the Czech Republic (1), South Korea (1), the Netherlands (1),

and the United States (1). Fig 1 summarized our procedure of
carrying out the meta-analysis.

B. MODERATORS AND CODING
1) THE SELECTION OF MODERATORS
According to [29] and [30], a number of factors (referred to
as moderators) in meta-analysis can influence the indepen-
dent variable and consequently predicate the final outcome
of effectiveness. In our study, factors such as the subjects’
grades, academic courses, teachingmethods etc. were consid-
ered as moderators which might impact on the independent
variable(i.e., the use of M-learning in this study). Although
M-learning was noted to enhance students’ English learn-
ing effectiveness in many studies, some researchers pointed
out that as a tool of learning or teaching, M-learning did
not guarantee increased learning effectiveness; the learning
effectiveness was subject to numerous factors (variables)
such as motivation, initiative, satisfaction, teacher’s moti-
vation, etc. [3], [41]. Although some aspects emerged as
possible moderators influencing the effect of M-learning,
such as learner satisfaction, attitude, appreciation, and moti-
vation [28], [42]–[44], they were not included in this study
as the number of such studies was insufficient to back a
complete meta-analysis.

This study focused on coding 5 moderator variables,
namely: learner level, mobile device, targeted areas, interven-
tion time, and site. These 5 moderators have been noted to
have effect on learners’ learning outcomes in the 29 studies
that were included, and they received varying degrees of
attention from the authors of these studies.

In all 29 studies, the students’ level of English proficiency
was considered as an important factor in the study design and
an important moderator when interpreting learning outcomes.
For example, the researcher had to make some adjustments to
the study materials because the participants were fifth grade
students with insufficient English proficiency [45]. As [46]
pointed out, how learners of different ages and levels were
affected by the M-learning process in English as a Foreign
Language (EFL) needs to receive as much attention in any
such studies.

The impact of different mobile devices and applications
on the effectiveness of M-learning has also gained a lot of
attention from researchers [3]. In our study, mobile devices
were referred to as both hardware and software devices. It was
found that different types of mobile devices had different
effects on learning English [27]. Similarly, it was also found
that different M-learning applications led to differences in
learning effectiveness mainly because of their effect on stu-
dents’ attention [47]. Although mobile devices were identi-
fied as having an impact on M-learning effectiveness, 87%
of studies were focused on cell phones, and relatively little
research has been done on other mobile devices [3]. The
inclusion of this moderator in our study might provide some
insight much in need.
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In terms of EFL learning content, the majority of stud-
ies of English teaching and learning have been focused on
4 areas: vocabulary, speaking and listening, literacy, and
general instruction [3]. Among these 4 areas, the effective-
ness of M-learning on vocabulary learning received most
attention from the 29 studies included [27], [48]–[52]. All
of these studies basically suggested that students could make
significant improvement on English vocabulary learning after
using mobile devices. The inclusion of this moderator might
provide further evidence for these claims.

Another variable that had an important moderating effect
on the effectiveness of English learning was identified as the
duration of intervention, or intervention time; and, the longer
the intervention time, the more effective was the English
learning [51]. However, inaccurate findings might result if
the total intervention time of an experiment was not long
enough [50], and the varying duration of each intervention
also caused a difference in results [4]. In addition, the
duration of intervention itself was influenced by different
factors. For example, in one study [51], students used the
M-learning device much less frequently near the end of the
two-week intervention period than they did at the beginning.
Obviously, the intervention time was a variable that needed
further analysis.

The environment (sites) in which mobile learning is imple-
mented also has a large impact on learning effectiveness.
Among our 29 studies, some found that M-learning in class-
room and off-campus real-life scenarios had a very impor-
tant role in enhancing learning effectiveness [17], [46],
[53], [54]. However, some found that M-learning should not
receive more importance than classroom instruction [49],
[55], [56]. Likewise, learning effectiveness also depended
largely on students’ perception of the interactive learning
environment [16]. In a review of M-learning in second lan-
guage acquisition, [3] found that while site was an impor-
tant potential factor, the majority of studies (70%) only
differentiated classroom and non-classroom learning environ-
ments, with only 30% looking at the possibility of outdoor
M-learning studies. Clearly, further analysis of this study
using the learning/teaching environment (site) in which
M-learning was implemented as a moderator would shed new
light on this issue.

2) CODING OF MODERATORS
The specific coding rules of this study on moderators are as
follows:

1) Learner Level referred to the learning stage of the sub-
jects, including subgroups of junior high, high school,
university, and elementary school.

2) Device referred to both M-learning devices and the
application installed on them including subgroups
of handheld devices, smartphone, iPad , tablet , PDA
(Personal Digital Assistant), and SMS(Short Message
Services).

3) Intervention referred to the time interval from the
beginning to the end of an experiment, including

the subgroups of 1 − 4 weeks, 1 − 6 months, and
unspecified .

4) Target Areas referred to English learning contents
involved in the study, including subgroups of reading,
reading & listening, reading & writing, speaking,
speaking & vocabulary, vocabulary, writing, and
overall.

5) Site referred to the environment whereM-learning took
place, including subgroups of classroom, outside −
class, and mixed (two or more learning environments).

C. CODING OF EXPERIMENTS
The 29 studies were coded according to rules set afore-
mentioned and shown in Table 1. If multiple experiments
on M-learning effectiveness were reported in one study, the
effect size of each experiment was entered as separate sam-
ples. For example, [17] reported the effectiveness of using
tablets on English writing and English speaking respectively,
so two effect sizes of the same study were recorded, one for
writing and the other for speaking. As a result, 35 records
were entered in total.
Two researchers then analyzed the research articles before

coding them separately. The inter-coder reliability showed
a high degree of agreement between the two researchers
with a Cohen’s kappa [57] of 94%. They then discussed the
differences and reached a final consensus.

III. RESULTS
A. EFFECT SIZE AND HOMOGENEITY TEST
The results of the meta-analysis and the homogeneity test
are shown in Tables 2-3. The total effect size of this study
is 0.893 with a significant Cochran’s Q value (Q = 220.090,
p < 0.001, df = 34, I2 = 84.552), indicating that the studies
included in this meta-analysis have heterogeneous effect in
the population. In other words, the variance among the studies
is less likely due to sampling errors [29], [58].
I2 values of 25%, 50%, and 75% can be considered as

the division of low, medium, and high levels of heterogene-
ity, respectively [58]. The I2 (see Table 3) of this study is
84.552, which indicates that the true variance of the effect size
accounts for 84.552% of the total variance (greater than 75%)
and the degree of heterogeneity of the effect size is high. This
supports our choice of the random effect model. In addition,
the high heterogeneity of the effect size also implies that
there may be potential moderating variables for the effect of
mobile English learning outcomes. Therefore, further tests
for the effect of moderators, i.e., Q-tests for heterogeneity
between subgroups, are needed to examine whether there are
differences in effect size between subgroups.

B. PUBLICATION BIAS
The publication bias of the sample data in this study is calcu-
lated using logarithm odds ratio and Fail-safe N test [29].

This meta-analysis incorporates data from 35 studies and
yields a z-value of 16.39604 and a corresponding 2-tailed
p-value of 0.00000 (see Table 4). The Fail-safe value
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TABLE 1. Coding of moderators.

(Fail-safe N) is 2415, which means that we would need
to locate and include 2415 ’null’ studies in order for the
combined 2-tailed p-value to exceed 0.050. Put another way,
an average of 69.0 missing studies would be needed for
every observed study in order for the effect to be nullified.
Therefore, the results of Fail-safe N analysis yielded from
our data suggest that the current meta-analysis is reliable and
sound without publication bias.

TABLE 2. Effect size.

TABLE 3. Heterogeneity test.

FIGURE 2. Funnel plot of standard error.

Figure 2 shows the funnel plot of test publication bias
generated by CMA3.0. As shown in the plot, the majority of
studies appear toward the top of the graph and tend to cluster
near the mean effect size. This indicates the absence of pub-
lication bias with the studies being distributed symmetrically
about the combined effect size.

C. OVERALL EFFECT SIZE ANALYSIS
The overall effect size of the experiments included in this
study is 0.893 with a Q value of 220.090(p < 0.001, df =
33) using the random effects model (see Tables 2-3).
Cohen [31] suggests that the effect is small, moderate, or large
when the effect size is around 0.2, 0.5, or 0.8 respectively.
In this study, the effect of M-learning is estimated using
35 sample effect sizes, and the overall effect size is greater
than 0.8, indicating that M-learning has a positive impact
on the effectiveness of English learning. Also, the lower and
upper limits of the confidence interval of this meta-analysis
are 1.147 and 0.638, respectively (see Table 2), and the
Z-value (two tails) of the Test of Null is 6.882(p < 0.001)
(see Table 3). These indicate that the impact of M-learning on
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TABLE 4. Fail-Safe N analysis.

the English learning effectiveness is significantly higher than
that of non-mobile learning. Therefore, it can be concluded
that M-learning has a positive impact on the effectiveness of
English learning, and its impact is higher than that of non-
mobile learning.

D. ANALYSIS OF THE MODERATING EFFECTS
Table 5 shows the effect on mobile English learning out-
comes brought about by the moderators, namely, Learner
Level, Device, Intervention time, Targeted Areas, and Site.
Since the CMA program understands that all the moderators
included in this study are categorical variables, it automati-
cally creates dummy codes for each category of the modera-
tors after choosing one of them as the reference category. The
groups chosen as reference groups were: elementary school,
SMS, unspecified , overall, and class for the moderators of
Learner Level,Device, Intervention, Targeted Areas, and Site
respectively; therefore, the reference group chosen for each
moderator variable does not appear in Table 5. The CMA
program puts a bracket around the dummy coded variables
of the same moderator, indicating that they together form a
set to represent the moderator. The q and p values to the
set indicated whether the dummy variables explained any
substantial amount of the variance.

1) LEARNER LEVEL
In the inter-subgroup heterogeneity test of this categorical
moderator, a significanceQ value of 10.76(df = 3, p < 0.05)
has been reached, indicating that the effect of M-learning on
learner achievement is significantly different among learners
across all the levels, i.e. elementary school, junior high,
high school, and university. Since the coefficients for high
school and junior high are −0.8484 and −1.6959 respec-
tively, the effects ofM-learning on these two levels of learners
are negative, which means that M-learning hinders learning
outcome. For learners of the university level, the coefficient
is 0.0191, indicating M-learning’s positive effect in facili-
tating English learning. However, all the 2-sided p values
for highschool, junior high, and university are greater than
0.05(0.5052, 0.1017, and 0.9883, respectively), which sug-
gests that although the effect of M-learning is different across
these categories of learners, none of the individual effects is
deemed significant.

TABLE 5. Effects of moderators.

2) DEVICES
The inter-subgroup heterogeneity test of this moderator
results in a significance level of Q = 10.93 (df = 6,
p = 0.0905 > 0.05), indicating that the effects
of using any mobile devices has no significant impact
on the English learning outcome. The coefficient values
of handheld devices, iPads, smartphones, and tablets are
3.8324, 1.9330, 1.0018 and 0.6035, respectively, indicating
their positive effects on the learning outcome. The coeffi-
cient values of PDAs and smartphone apps are −1.1772 and
−05332, respectively, indicating that their negative impact on
the learning outcome. Among all these M-learning devices
examined only handheld device (2-sided p = 0.0492 < 0.05)
has a significant impact on the learning outcome, and the rest,
i.e. iPads (2-sided p = 0.1611 > 0.05), PDAs (2-sided p =
0.1653 < 0.05), smartphones (2-sided p = 0.4929 > 0.05),
smartphone apps (2-sided p = 0.2889 > 0.05) and tablets
(2-sided p = 0.5951 > 0.05), no matter their impact being
positive or negative.

3) INTERVENTION
The inter-subgroup heterogeneity test of this moderator
reaches a Q value of 2.22(df = 2, p = 0.3289 > 0.05). This
indicates that the time span of implementation of M-learning
has no significant effect on learning effectiveness. The coeffi-
cient values of the categories of 1−4 weeks and 1−6months
are 1.4177 (2-sided p = 0.2134 > 0.05) and 1.5540 (2-sided
p = 0.1392 > 0.05), indicating that both intervention periods
have had some positive impact on English learning outcome
but neither impact is significant. The result also shows that
the length of intervention time tends to be linearly related
with the effect sizes, i.e., the effectiveness of M-learning
increases with time being spent inM-learning. Students using
mobile devices for a longer time, i.e. 1−6months (coefficient
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value = 1.554), demonstrated better learning outcomes than
those using mobile devices for a short term, i.e. 1− 4 weeks
(coefficient value = 1.4177).

4) TARGETED AREAS
The inter-subgroup heterogeneity test of this moderator
shows a significant Q value of 12.73(df = 7, p =

0.0791 > 0.05), indicating that M-learning’s effect
has no significant impact on English learning outcome
across the targeted learning areas. However, M-learning has
shown some positive effects on English reading, reading
& writing, and writing with respective coefficient values
of 0.7440, 0.4593, and 0.1840. M-learning has shown some
negative effect on reading & listening, speaking, speaking &
vocabulary, and vocabulary, with respective coefficient val-
ues of−3.5927,−0.8659,−2.6353, and−0.3930. However,
none of these impacts, being positive or negative, is statisti-
cally significant from others where all the 2-sided p values
are greater than 0.05.

5) SITE
The inter-subgroup heterogeneity test of this moderator
shows Q = 3.50(df = 2, p = 0.1741 > 0.05), indicat-
ing that the site where M-learning is implemented has no
significant impact on learning effectiveness. The coefficient
values for the categories of mixed and outside − class are
1.6213 (2-sided p = 0.0616 > 0.05) and 1.3451 (2-sided
p = 0.1862 > 0.05), respectively, indicating that there is no
significant difference between implementingM-learning out-
side the class or in a mixed way, and each approach would
help with learning effectiveness.

IV. DISCUSSIONS AND LIMITATIONS
Applying the random effects model to 35 samples in meta-
analysis, this study has come to a conclusion on the positive
effectiveness of mobile language learning with an effect size
of 0.893. The results thus lend support to the proposition that
M-learning is more effective than traditional learning and that
M-learning can be used as a teaching method to facilitate
English learning to occur. A large number of previous studies
of both experimental and non-experimental nature reported
positive effects of M-learning on English learning [4], [8],
[11], [14], [18]. However, some studies found thatM-learning
was not effective or even had negative effects on English
learning [21], [22]. The effect size of mobile English learn-
ing was to some extent calculated in a few meta-analyses
[6], [12]. In a study of M-learning of various academic
courses including English, an effect size of 0.482 of
M-learning was reported, but it did not further provide the
effect size of individual courses [6]. Another study [12] clas-
sified the effect sizes of 59 samples into three categories:
large, small, and negative, but did not report a synthesized
effect size (i.e., 10 studies in her analysis had effect sizes
greater than 1.0, and more studies had effect sizes less than
0.5). Our study is the first to report on the effect size of
mobile English learning, and the finding of an effect size of
0.893 strongly supports the idea that M-learning enhances

learning effectiveness. Although many studies in second lan-
guage research are of quasi-experiments, which may weaken
the strength of the evidence, our study has drawn conclusions
through a carefully conducted meta-analysis, which includes
a synthesis of effect sizes from each study, a heterogeneity
test, and a publication bias test following PRISMA guide-
lines [33]. In fact it is the advantage of meta-analysis over
other systematic review methods used to synthesize the effect
sizes of different studies, and this study has made a meaning-
ful attempt in the examination of the effect size of mobile
English learning.

This study has also specifically investigated the moderat-
ing effects of 5 moderators on the mobile English learning
outcome, including learner levels, devices, intervention time,
targeted learning areas, and implementation sites. In terms
of learner levels, M-learning has a significant positive effect
on university learners and a negative effect on the junior
and high student cohorts. Previous studies have pointed out
the disproportionately greater number of studies on college
and adult learners than on language learners at other levels
[3], [13], [24], but our study suggests that the issue of pro-
portionality may not be true or may have been improved in
recent years as quite a number of studies on high school and
junior high school learners have emerged in our datasets.

Our finding of significant difference in the effect of
M-learning between university students and learners of other
levels is not unexpected, as college students have long been
considered to be more motivated and capable of learning than
students at other levels [13], [46]. In addition, differences in
motivation, language background, learning style and ability,
and instructional environment can also lead to differences
in learning effectiveness [5], [12], [13]. Therefore, teachers,
especially those teaching middle and high schools, should
be more cautious when using M-learning. We believe that
maintaining communication and feedback is a good sug-
gestion [13]. In addition, teachers can pay close attention
to the development of students’ learning communities, help
students develop the right attitude towards M-learning, and
update learning content in real time, which are all key factors
to the eventual or continued success of M-learning [5].

In terms of devices, this study shows that there is signif-
icant difference in the effects of hardware devices on the
effectiveness of M-learning, with handheld devices, iPads,
smartphones and tablets having positive effects on learn-
ing effectiveness, and PDAs and smartphone apps having
negative effects. Since definitions of devices are inconsis-
tent across studies, i.e. iPads in fact belong to tablets, this
study has followed the definitions and names used by the
included studies without attempting to provide a unified def-
inition, which may have resulted in some inconsistencies
in the findings. Nonetheless, the finding of negative effect
of the smartphone app suggests that attempts to integrate
multiple technologies to develop new mobile applications
into the overall language education process may have a very
limited and possibly counter-productive impact on possible
student learning outcomes. Although a number of studies
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involving the development of products for language teach-
ing and learning have reported that new apps can promote
positive learning outcomes (e.g. [52], [56], [59]), the results
of our meta-analysis do not support these claims. This is
perhaps due to these new apps rarely becoming commercially
available software or tools, making it impossible to compare
them with other products. The other possible reason is that
the researchers themselves are the developers in those stud-
ies, which may have an impact on their results, as pointed
out by [13] and [6]. On the other hand, our findings show
that generic products can also facilitate M-learning by rely-
ing on sound design. Therefore, pedagogical approaches to
effective M-learning may incorporate the characteristics of
mobile devices, including accessibility, affordability, and the
aforementioned student initiative, authenticity of the learning
environment [13], [25], interactivity of the learning process,
and contextualization of teaching activities [5], [6].

Many previous studies have indicated that the length of
time spent learning with mobile devices (intervention time)
is not associated with better English learning outcomes [4],
[50], [51]. In one specific example [51], the researchers
noticed that 5th grade students used M-learning devices far
less frequently after 2 weeks than when they first started.
This study shows that the effect of using mobile devices for
1 − 6 months is greater than that of for 1-4 weeks. The
findings of our study suggest that the time span over which
M-learning is implemented has no significant difference in
learning outcomes, but the time span is linearly related to
learning outcomes – a longer span leads to a better effect.
This result basically supports findings of the previous studies.
However, as many studies included in this study did not report
specific intervention times (coded as unspecific), the effects
of intervention time on mobile English learning could not be
accurately evaluated. Although this issue has received some
attention, researchers have called for more studies to look
at the long-term effect of M-learning [24], [25]. The results
of our study have, to some extent, revealed the moderating
effect of intervention time in M-learning, and it is hoped that
in future research more attention is paid to this variable in
true experiments. In practical language teaching, the results
of this study suggest that M-learning is best achieved when
it is designed in a timely manner, taking into account the
specific pace of instruction, rather than requiring students to
use mobile devices on a permanent basis. Teachers may con-
sider combining M-learning with self-directed learning, task-
driven learning, cooperative learning, and blended learning,
in which certain positive learning outcomes may be achieved
in as short as 4 weeks.

This study has also found that the effects of using
M-learning on English reading and English reading &
writing are positive, but they have turned negative in English
reading & listening, speaking, speaking & vocabulary, and
vocabulary. In specific, it appears that M-learning can help
students improve their reading comprehension scores in a
variety of English tests or exams. For example, Wang [59]
has found that students usingM-learning have achieved better

reading comprehension scores on multiple-choice tests in
TOEIC because they could remember the spelling of English
words more accurately than students in the control group.
Yao [52] has found that students in the M-learning experi-
mental group have used more English idioms than those in
the control group, indicating that the former have obtained
a deeper memory for the idioms. In [36], students in the
M-learning group have been found to be able to use a greater
variety of English vocabulary than students doing traditional
and non-mobile learning. The aforementioned studies have
shown the effects of M-learning on specific language phe-
nomena. Because much of the previous research has focused
more on teaching and learning of general language areas
than on the effects of each specific learning area [24], this
study is the first to provide such information. According to
some previous studies [5], [6], [12], there is a complex set
of factors that influence the effectiveness of M-learning, and
pedagogical goals and content are only parts of them. It is
easier for learners to make progress in English reading and
writing with M-learning than in listening and speaking as the
latter requires building a learner community in which learners
canmaintain practice [5]. In addition, our result may be due to
the fact that reading and writing are easier to evaluate than lis-
tening and speaking; in terms of the technical skills required,
all that is needed to handle mobile reading and writing is a
simple document editing application, a reasonable network
connection, and a good access to the Internet. Clearly, more
research is needed in this area.

The results also surprised us by showing a negative
effect of M-learning in terms of speaking & vocabulary
and vocabulary. In previous studies, the effectiveness of
M-learning on vocabulary learning has received the most
attention, and many studies reporting the development of
M-learning tools have claimed that students made signifi-
cant improvements in their English vocabulary after using
tools [3], [24]. Since M-learning of vocabulary is usually the
first to be completed and reported in the development of more
advanced M-learning systems, many such studies only serve
as a pilot study in which neither true nor quasi experiments
were carried out [8], [28], [60], [61]. As a result of not
using experiments, they have been excluded from this study.
When the results of other experimental studies are taken into
account, M-learning of vocabulary has been found not as
effective as claimed by the non-experimental studies. This
may offer a partial explanation of the differences between our
studies and the previous ones. Another possible explanation
is that many of the experimental studies included in this
study are aimed at university students, for whom vocabulary
learning is not their main English learning purpose, resulting
in ineffective vocabulary learning outcome. From the per-
spective of this meta-analysis, the results of this study again
show the power of meta-analysis to integrate different studies
and provide new insights into the effectiveness of mobile
English learning for practical purposes.

In terms of implementation settings, our results have
shown that the adoption of M-learning in a mixed or
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outside − class learning environment has no significant
impact on learning outcomes, with the degree of facilita-
tion being more pronounced in the mixed learning envi-
ronment. Previous studies do not have a consistent view
on the context in which M-learning is implemented, and
the majority of them only classify M-learning as classroom
and non-classroom status [3]. This result of our study has
implications for the development of M-learning applica-
tions, i.e., mixed learning environments should be a priority
when developing M-learning applications. It is reassuring
that many recentM-learning applications are being developed
based on mixed learning environments [16], [56].

Finally, our results show that the effectiveness of mobile
English learning is influenced by a variety of moderators,
and some of the moderators even have ineffective or negative
impact on the learning outcome. However, when a moderator
is found to have ineffective or negative impact, it does not
mean that it is a failing variable. For example, our research
shows that M-learning within 1-6 months is more effective
than that within 1-4 weeks, but this does not necessarily
mean that short-term M-learning is a bad strategy. In fact,
some language areas may improve in the short term. In the
long run, moderators showing ineffective or negative impact
on learning outcome may translate into positive impact later
on, which is a view supported by many scholars who have
proposed longitudinal studies of learning outcomes [5], [24].

In summary, this study is based on a meta-analysis of
29 experimental studies of M-learning in the field of EFL.
Although the results are satisfactory and shed some light
into the effectiveness of M-learning, there are still some
limitations, as follows. The sample number for analyzing the
effect sizes of subgroups is relatively small, particularly for
those moderators with more categories (i.e., the moderators
of device and targeted areas). The solution is to include
a greater number of true or quasi experiments, which also
carries the risk of getting the data contaminated by unreli-
able studies [29]. Second, although this study has taken into
account 5 moderators, many more have been left out such
as learner attitude, gender, socio-economic status, income,
and maturity as researchers do not always explicitly report
their variables [62]. Furthermore, the effect of language learn-
ing usually shows in the long run. The intervention time
of experiments included in this study ranges from a few
weeks to 6 months, and thus long-term effects of M-learning,
together with the effects of the 5 moderators, have not been
established. As a result of these stated limitations, the relevant
results should be interpreted with caution.

V. CONCLUSION
This study has examined the overall effect of mobile English
learning and the specific effects of moderating factors,
namely, learners’ levels, M-learning devices, intervention
time, targeted English learning areas, and the site where
M-learning takes place. Although further research is needed,
the evidence from this study clearly supports that using
M-learning has a positive effect on English teaching and

learning. It is hoped that the findings of this study may
provide useful information for language teachers and learners
of all levels who are considering going mobile in teaching
or learning. The results may also help researchers interested
in exploring mobile technology in the educational context to
gain a bird’s eye view of the current research development in
the EFL field.
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