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Abstract

Despite the rapid development of the field of Mobile-assisted Language Learning (MALL),
research synthesis and systematic meta-analyses on MALL are still lacking. It remains
unclear how effective mobile devices are for language learning under different conditions.
Review studies on the overall effectiveness of the latest smart mobile devices are still scant.
In order to evaluate the learning outcomes of MALL and the impact of moderator varia-
bles, we systematically searched journal articles, conference proceedings, and doctoral dis-
sertations published during 2008-2018 and performed a meta-analysis based on a synthesis
of 84 effect sizes from 80 experimental and quasi-experimental studies. A medium-to-high
effect size of 0.722 was found for the overall effectiveness of using mobile devices for lan-
guage learning. The findings indicate that the use of mobile devices for language learning
is more effective than conventional methods. The effects of nine moderator variables were
analyzed. The target language skill, target language and first/second language were found
to be significant moderators. Implications for language teaching and research are discussed.
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Introduction

With the rapid evolution of mobile technologies and related innovations, there has been a
steady increase in the application of mobile devices to facilitate language learning, thus
fostering the development of the field of Mobile-assisted Language Learning (MALL)
(Burston 2014a; Hwang and Fu 2019). Mobile devices have enormous potential to enhance
language learning, such as improving the interactivity and mobility of the learning experi-
ence and engaging learners in situated learning, augmented reality and game-based learn-
ing (Godwin-Jones 2016, 2017; Naismith et al. 2004; Reinders and Pegrum 2017). Recog-
nizing the potential of mobile learning, an increasing number of researchers and educators
have focused on the research and implementation of MALL (Burston 2014a, 2015; Duman
et al. 2015; Hwang and Fu 2019; Kukulska-Hulme and Shield 2008), with the earliest
MALL publications reportedly dated from 1994 (Burston 2014a). Yet, there remains a
dearth of research that systematically evaluates the learning outcomes of MALL and the
impact of moderator variables. This meta-analysis, which includes studies published most
recently, seeks to address this discrepancy.

Use of mobile devices in language learning

Mobile-assisted Language Learning (MALL) is considered as an extension of both
mobile learning and computer-assisted language learning (Stockwell and Hubbard 2013).
A popular definition of mobile learning is “learning at anytime and anywhere” (Hwang
and Tsai 2011, p. 66). However, a consensus on what exactly is mobile learning has not
been reached. While different definitions exist, current perspectives on mobile learning
generally can be categorized into the technology-centered and learner-centered points of
view (Burston 2014b; Traxler 2005; Winters 2006). A technology-centered perspective
emphasizes the mobility of mobile devices and the flexible access to instructional mate-
rials afforded by mobile learning. For example, Quinn (2000) described mobile learning
as “elearning through mobile computational devices.” This view, however, has been chal-
lenged by a learner-centered perspective, which emphasizes the mobility of learners rather
than the mobility of devices. Increasingly, researchers and educators have begun to recog-
nize the potential of mobile learning to facilitate interaction, collaboration and conversation
among learners and ultimately to foster knowledge construction (Kukulska-Hulme 2009;
Sharples et al. 2005, 2009). According to our review of the most recent MALL literature,
both technology- and learner-centered perspectives still dominate the field. This review
treats mobile learning as learning that is mediated by mobile devices and can potentially
transcend the restriction of time and space. The use of this working definition is consistent
with the practice adopted in previous MALL reviews (e.g. Duman et al. 2015; Kukulska-
Hulme and Shield 2008; Viberg and Gronlund 2012).

Within the specific context of MALL, various mobile devices have been adopted to
facilitate language learning over the past decades (Burston 2014a). A number of early pro-
jects used mobile phones to deliver informal learning materials, such as vocabulary lessons
(Levy and Kennedy 2005; Thornton and Houser 2005; Lu 2008). Other devices such as
personal digital assistants (PDAs), iPods, MP3 players, tablet Personal Computers (PCs)
and laptops have also been used to facilitate the learning of a wide range of language skills
(Chen and Chung 2008; Ducate and Lomicka 2013; Li et al. 2013; Song and Fox 2008;
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Zurita and Nussbaum 2004). With the recent development of mobile technologies, smart-
phones are increasingly replacing feature phones as the most commonly adopted mobile
devices. Smart mobile devices, which include smartphones, tablets, and wearable devices,
such as smartwatches and smart glasses, can be operated by users’ touch, voice and ges-
tures and allow learning based on the multiple functions of the devices, such as QR codes,
augmented reality, and place-sensitive functionality (Reinders and Pegrum 2017). Silverio-
Fernandez et al. (2018) further summarized the features that are most frequently associ-
ated with smart devices based on a content analysis of relevant publications. According to
them, key features of smart devices include autonomy, such as being able to autonomously
perform tasks on the background without direct user commands; connectivity, which refers
to connecting to a network or sharing information with devices on a network; content-
awareness, referring to gathering information from the environment through sensors; and
user-interaction facilitated by activities that solicit or give information to the user. How to
leverage these advanced functionalities of smart devices for language learning purposes is
a topic receiving continuous attention.

However, despite the fact that increasingly diverse types of mobile devices have been
used in pedagogical settings, it is still not clear which type of mobile devices is more effec-
tive for language learning. Review studies on the overall effectiveness of the latest smart
mobile devices are still scant.

Previous review studies on mobile-assisted language learning (MALL)

There has been a wealth of literature documenting the application of mobile devices in
language learning. A number of review studies have been conducted to analyze the devel-
opment status and research trends in the field of MALL over different time periods. Their
findings are summarized below in chronological order.

An early review of MALL literature was conducted by Kukulska-Hulme and Shield
(2008). Most of the literature they reviewed appeared to be published between 2002 and
2007, although the authors did not specify the publishing years of the articles reviewed.
While not a comprehensive review, the study was able to identify the major trends of
MALL research in this early period. It was reported in this review that mobile technologies
were mainly used for content delivery rather than fostering communication and collabora-
tion. Oftentimes, mobile devices were used to text message students with learning materi-
als and present them with links to language learning websites. Besides, instead of engag-
ing students in anytime anywhere learning, which is an important advantage of mobile
learning, many mobile learning projects delivered their content at set times. Based on their
findings, Kukulska-Hulme and Shield called for a shift from adopting teacher-centered
to learner-centered pedagogical approaches, and they also argued for the need to conduct
more studies that employ mobile devices to support collaborative learning activities.

Viberg and Gronlund (2012) reviewed the literature on mobile-assisted second language
learning published during 2007-2012. Although the experimental design was found to be
the most commonly used research method, most experiments were implemented with a
small number of participants and over a brief duration. This called into question the reli-
ability and scalability of the investigation findings. Furthermore, the effectiveness of
MALL was often analyzed by surveying learners’ attitudes rather than investigating their
learning outcomes. In terms of target language skills, students’ vocabulary learning and
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their development of speaking and listening skills have received the greatest attention from
MALL researchers while studies on grammar, pronunciation and writing were lacking.

In the extensive review conducted by Burston (2014a), 345 MALL implementation
studies published between 1994 and 2012 were reviewed. Burston found the existing stud-
ies highly imbalanced, characterized by a focus on the second language English learn-
ers, a dominance of research on college students and an emphasis on vocabulary learn-
ing. Burston’s review findings echoed the concerns raised by Viberg and Gronlund (2012).
Both noted short intervention duration, small sample sizes, and the implementation of rote
learning that followed the behaviorist paradigm as the major issues in MALL research.
Based on these findings, Burston (2015) further argued for a need to shift from adopting
the teacher-centered, behaviorist and content-delivering instructional approach to embrac-
ing a student-centered, constructive and collaborative learning approach in MALL.

Duman et al. (2015) analyzed the research trends in MALL by reviewing 69 studies
published during 2000-2012 and noted a steady increase in the number of MALL pub-
lications between 2008 and 2012. The majority of their findings were in agreement with
those of the previous reviews (Viberg and Gronlund 2012; Burston 2014a). For instance,
the experimental or quantitative research design remained the dominant inquiry approach.
Vocabulary learning continued to be the most studied subject area, and other skills, such
as writing skills and grammar, remained neglected. Regarding the types of mobile devices
employed in the MALL studies, cell phones were most commonly used, followed by PDAs.

More recently, Hwang and Fu (2019) reviewed the 2007-2016 MALL publications and
identified some new research trends. For example, the topic of MALL’s impact on students’
integrated/whole language skills began to get more attention, with its total number of pub-
lications ranked next only to that of vocabulary studies. It was also noted that an increasing
number of studies began to adopt more rigorous designs that involved longer treatment
duration and mixed research methods.

Systematic reviews mentioned above provide important insights and guidance for
researchers and practitioners by analyzing the status quo and overall research trends related
to MALL in different time periods. However, most of the MALL review studies are narra-
tive reviews that have suffered from two limitations. First, narrative reviews are based on
the author’s subjective synthesis and inference, and the results could be influenced by the
author’s preferences and biases. Second, it is almost impossible to accurately synthesize a
large number of studies in a narrative review when the body of research has been growing
dramatically in a given field (DeCoster 2004).

Systematic meta-analysis synthesizes a large number of studies using statistical methods
to compute effect sizes and could provide a more objective summary of all the included
studies. To the best of our knowledge, only a few systematic meta-analyses of MALL have
been conducted. Sung et al. (2015) presented a meta-analysis of 44 MALL-related journal
articles and doctoral dissertations published between 1993 and 2003, and a medium effect
size of 0.55 was found for the use of mobile devices in language learning. Another meta-
analysis conducted by Cho et al. (2018) synthesized findings from 20 studies that were
published between 2005 and 2017, reporting a similar overall effect size of 0.51. However,
among these very few MALL meta-analyses, conflicting outcomes have been reported. For
instance, Sung et al. reached dissimilar conclusions from Cho et al. regarding the impact of
target language skills and study contexts as moderator variables. It is therefore necessary
to conduct further investigation on the impact of potential moderator variables to solve the
discrepancy. In addition, the rapid increase in the number of MALL publications and the
great progress in mobile technologies in recent years also call forth the need to analyze the
overall effectiveness of recent mobile technologies on language learning.
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Purpose of this study and research questions

The primary purpose of the current study is to examine the effectiveness of using mobile
devices in language learning. Specifically, two research questions were addressed:

(1) How effective are mobile devices for language learning?
(2) What moderator variables contribute to the differences in the effect sizes of mobile
devices on language learning?

Methodology
Search strategy and screening method

To ensure a comprehensive solicitation of relevant literature, we conducted both electronic
and manual searches of journal articles, conference proceedings, and doctoral disserta-
tions published during 2008-2018. We chose 2008 as the starting point because previous
reviews noted that the number of MALL publications began to increase at a fast pace from
2008 (Duman et al. 2015). Since iPhone was launched around 2008, studies published after
2008 are also more likely to reflect the influence of smart mobile devices.

Following the approach of Sung et al. (2015) in their meta-analysis of MALL, we con-
ducted electronic literature search in these two databases: Education Resources Informa-
tion Center (ERIC) and the Social Sciences Citation Index database of the Institute of
Science Index (SSCI). The SSCI core database was searched for peer-reviewed articles,
and ERIC for peer-reviewed articles, conference proceedings and doctoral dissertations. In
addition, to ensure that no articles were missed, a manual search for full-text articles was
conducted in eight major journals of educational technology and technology-enhanced lan-
guage learning: Computers & Education, Interactive Learning Environments, Educational
Technology Research & Development, Journal of Computer Assisted Learning, Computer
Assisted Language Learning, Language Learning & Technology, ReCALL and System.

Informed by the previous reviews of MALL (Duman et al. 2015; Sung et al. 2015), we
applied three sets of search terms to retrieve the relevant literature:

(1) Mobile-device-related keywords, including mobile, portable, wireless, ubiquitous,
handheld, mobile/smart phone, PDA, tablet PC, pad, laptop, iPad, e-book, pocket
e-dictionary and classroom response system; and

(2) Learning-related keywords, including teaching, learning, training, instruction and lec-
ture; and

(3) Language-learning-related keywords, including language, ESL, listening, speaking,
reading, writing, grammar, pronunciation, translation and vocabulary.

These three sets of keywords were combined when searching the aforementioned elec-
tronic databases. The search in SSCI database returned 1042 journal articles, and the
ERIC search returned 716 journal articles, 56 doctoral dissertations and 14 conference
proceedings.

In the subsequent screening process, the following criteria were applied to determine if
a study was eligible for inclusion in this meta-analysis:
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(1) The study adopts an experimental or a quasi-experimental design that includes a control
group. Qualitative studies or pre-experimental studies of single group designs were
excluded.

(2) The use of mobile devices is the examined variable in the intervention. Experiments
that only compare different learning approaches or strategies (e.g. Zheng et al. 2016)
were excluded.

(3) The study reports experimental results of learning achievement measured by test scores.
Studies only reporting affective variables, such as motivation, attitudes and perceptions,
were excluded.

(4) The study has sufficient information to calculate effect sizes, such as mean, SD, sample
sizes, t value, or F value.

The entire screening process consisted of three phases:

In Phase 1, two experienced researchers separately read through all the retrieved
abstracts to determine whether the studies met the inclusion criteria specified above. The
initial screening yielded 204 articles and 19 doctoral dissertations, including undecided
articles. Because abstracts were not available for the 14 conference proceedings in the data-
base, they were reviewed in Phase 2.

In Phase 2, full-text papers of all the above-mentioned articles identified in Phase 1 and
conference proceedings were downloaded for further screening.

In Phase 3, a manual search of the selected journals mentioned earlier was conducted,
and eight articles were added.

Two researchers discussed and resolved any discrepancies in the screening process.
When an agreement could not be reached, a third researcher was involved to address the
disagreement. Eventually, 80 publications were included in the meta-analysis, including 76
journal articles, three doctoral dissertations and one conference publication.

Coding scheme

In order to explore the impact of different moderator variables on the outcomes of MALL,
all the eligible studies were coded. Two researchers conducted the coding. The coding
scheme developed by Sung et al. (2015) was adapted for the current study. Adjustment
was made to some of the sub-categories to fit the purpose of the current study. The cod-
ing scheme was also reviewed by a third experienced researcher and was subsequently
adjusted based on the third researcher’s suggestions. The two coders discussed and final-
ized the coding scheme together. The resulting coding scheme consists of the following
nine categories:

(1) Educational level. The sub-categories are elementary school, secondary school, post-
secondary, and mixed.

(2) Device type. The sub-categories are smart handheld mobile devices, such as smart-
phones, smartwatches, iPads, iPod Touches, and Android tablets; non-smart handheld
mobile devices, such as mp3s, traditional feature phones, and traditional classroom
response systems; other mobile (but not handheld) devices, such as laptops; and mixed.

(3) Application type, including general-purpose and educational-purpose applications.
General-purpose applications refer to programs that are not specifically developed
for educational uses, such as LINE (Chen Hsieh et al. 2017) and WhatsApp (Andujar
2016), whereas educational-purpose applications refer to programs that are specifically
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designed for learning purposes, which include both commercial applications, such as
Kahoot! (Hung 2017), and applications designed by researchers (Liu and Chu 2010;
Hwang et al. 2014; Wu 2015).

(4) Instructional approach, including self-directed learning (mobile learning at students’
own pace, e.g., Hwang and Chen 2013; Wu 2015); flipped learning (students conducted
mobile learning before class and subsequently used class time to apply their newly
acquired knowledge, e.g., Wang 2016; Wu et al. 2017); collaborative learning (students
conducted mobile learning in pairs or groups to discuss a concept or find a solution to a
problem, e.g., Lai 2016; Lan and Lin 2016); situated learning (contextualized language
learning in personalized real-life contexts, e.g., Sandberg et al. 2011; Wu et al. 2011);
game-based learning (incorporation of games or game design elements, such as scor-
ing, competition and rules, to enhance learning, e.g., Grimshaw and Cardoso 2018;
Hung, 2017); teacher-led instruction (the teacher guided the students throughout the
learning process, €.g., Lin 2017); assessment (students used mobile devices for forma-
tive assessment or quizzes, e.g., Agbatogun 2014) and mixed approach.

(5) Learning context, including classroom, outdoor, and unrestricted learning contexts.
Classroom learning contexts refer to situations where mobile learning activities took
place within the confines of formal classrooms. Studies of mobile language learning in
unstructured formats without the constraints of time and space were labeled as unre-
stricted learning contexts. Outdoor contexts refer to settings where students finished
instruction or homework assignments on a mobile field trip in authentic environments,
such as the zoo or the campus site.

(6) Intervention duration, including five categories: one session, and learning spreading
over up to 4 weeks, up to 10 weeks, up to 20 weeks and more than 20 weeks.

(7) Target language skills, including speaking, listening, reading, writing, vocabulary,
pronunciation, grammar, integrated/whole language skills and early literacy.

(8) Target language, including English, Chinese, Spanish, French, Norwegian, Turkish and
mixed.

(9) LI1/L2: first language (L1), second language (L2) and mixed.

During the coding process, each researcher first separately coded 10% of all the eligible
studies. The two coders subsequently discussed and resolved any discrepancies in the ini-
tial coding process. After this initial training, the two researchers separately coded the rest
of the included studies. All the differences in coding were resolved through discussion.

Calculation of effect size

The Comprehensive Meta Analysis 3.0 (https://www.meta-analysis.com/) software was
used to compute the effect sizes. Effect size was calculated as the difference in means
between the experimental group and the control group divided by the pooled standard devi-
ation. Hedge’s g was used when reporting effect sizes.

Eighty-five independent studies were extracted from the 80 articles that remained after
the screening process. According to Borenstein et al. (2009), if multiple outcomes within a
study are based on the same participants, they should not be extracted as separate studies,
because it will lead to an inaccurate estimate of the summary effect. Following the guide-
line by Borenstein et al., the different outcomes from the same participants were combined
and included as a single study when calculating the overall effect size.
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Publication bias

Research has established that studies reporting significant results are more likely to be pub-
lished (Dickersin et al. 1987; Easterbrook et al. 1991). Since published studies are more
likely to be included in meta-analysis, there exists a risk of publication bias in review stud-
ies. Multiple methods are available to examine the presence of publication bias. The first
approach involves using a funnel plot. The funnel plot displays the relationship between
the standard errors of the included studies and their effect sizes in the shape of a fun-
nel (Borenstein et al. 2009), which provides a subjective impression of the presence of
publication bias based on the spread of studies. The second approach involves using the
measure of Classic Fail-safe N, which was proposed by Rosenthal (1979) to represent how
many missing studies need to be incorporated into the meta-analysis to bring the p-value
to a non-significant level. The third approach uses Orwin’s Fail-safe N proposed by Orwin
(1983). Compared with Rosenthal’s method, which focuses on statistical significance and
assumes that the mean effect size in the missing studies is zero, Orwin’s approach allows
the researchers to compute how many missing studies are needed to bring the summary
effect to a level below a specified value other than zero (Borenstein et al. 2009). Consid-
ering that the funnel plot can only give a rough estimation, this study adopts Rosenthal’s
Classic Fail-safe N and Orwin’s Fail-safe N to assess publication bias.

Results and discussion
Overall effect size

One of the eligible studies, a study by Lin and Hwang (2018), yielded an unusually large
effect size (g=10.364), which was much larger than the overall effect size of the 85 stud-
ies (g=0.765). Based on the suggestions from Lipsey and Wilson (2001), this study was
excluded from the current analysis. A random-effect model was used to synthesize the
effect sizes of the remaining 84 studies. These studies compared the effect of mobile learn-
ing with control groups adopting one of the following approaches: face-to-face learning
(e.g. Liakin et al. 2017), traditional paper-based learning (e.g. Lu 2008; Saran et al. 2012),
computer-based learning (e.g. de la Fuente 2014) and other unspecified traditional learning
approaches.

As summarized in Table 1, the overall effect size of using mobile devices on language
learning is 0.722 (p<.001), with a 95% confidence interval of 0.611-0.833. According to
Cohen (1988), the effect sizes of > 0.50 and > 0.80 are considered medium and large respec-
tively. Therefore, the results suggest using mobile devices for language learning is signifi-
cantly more effective than learning with other conventional approaches, with a medium-to-
high effect size. The average score of the students learning with a mobile device is 0.722

Table 1 Overall effect size of using mobile devices on language learning

k g z 95% CI Q-value I’

All studies 84 0.722 12.731%%* [0.611-0.833] 366.396%** 77.347

CI confidence interval
#H%p <001
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standard deviation above that of learners who were not using one. An effect size of 0.7 also
indicates that 76% percent of learners in the control group would underperform the average
mobile learners in the experimental group (Coe 2002).

As listed in Table 1, the result of the Q statistic (Q=366.396, p<.001) provides evi-
dence that heterogeneity in effect sizes existed among the 84 included studies and that the
observed variance was attributed to sources other than sampling errors. The I? statistic was
computed to further analyze the extent of inconsistency across these findings. The result-
ing I? index of 77.347% is regarded as high according to the benchmark of 25%, 50% and
75% suggested by Higgins et al. (2003). This further justifies a subgroup analysis to find
out potentially important moderator variables contributing to the variation of effect sizes
(Borenstein et al. 2009).

Effect sizes of moderator variables

We examined the impact of nine groups of potential moderators in the subgroup analysis.
The result of our subgroup analysis is summarized in Table 2 and discussed below.

Educational level

We examined the effect of implementing MALL across different educational levels.
According to Table 2, over half (k=44, 52%) of the studies were implemented in post-sec-
ondary educational settings, and these studies yielded a large effect (g=0.843, p<.001).
A medium effect size was found for kindergarten/preschool children (g=0.493, p<.001),
elementary school students (g=0.603, p<.001) and secondary school students (g=0.653,
p<.001) engaging in MALL. The effect of using mobile devices on language learning
was not statistically significant for mixed learner populations (g=0.496, p>.05). Accord-
ing to the statistic of Qg (Qz=8.047, p>.05), no statistically significant difference existed
between the effect sizes of these learner populations.

Our findings indicate the effect of using mobile devices in language learning increased
from kindergarten/preschool to universities. One possible reason why MALL was less
effective for younger students might be related to the learning contexts. Among the 22
eligible studies that involved preschool/kindergarten children and elementary school stu-
dents, the majority (k=18, 82%) of them were conducted in classroom settings. By con-
trast, among the 44 studies involving post-secondary students, only 29.5% (k=13) were
conducted in formal settings. According to Sung et al. (2016), mobile learning tends to
produce larger effect sizes in informal settings than in formal classrooms. Therefore, the
differences in the learning contexts might have contributed to the difference in learning
outcomes between student populations.

Intervention duration

The intervention duration moderator includes five major categories: one session (k=35,
6%), up to 4 weeks (k=23, 27%), up to 10 weeks (k=32, 38%), up to 20 weeks (k=18,
21%), and more than 20 weeks (k=4, 5%). According to Table 2, studies lasting for one
session achieved a medium-to-large effect (g=0.731, p<.05). Among the studies that
lasted for longer than one session, the effect of MALL decreased with longer duration:
Interventions that were completed within 4 weeks yielded the largest effect (g=0.796,
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Table 2 Effect sizes of moderator variables

Category k g z 95% CI Qg df
Educational level 8.047 4
1. Kindergarten/preschool 8 0.493 4.530%** [0.280-0.706]

2. Elementary 14 0.603 4.292%%* [0.328-0.897]

3. Secondary 15 0.653 4.546%** [0.372-0.935]

4. POST-secondary 44 0.843 10.744%** [0.689-0.997]

5. Mixed 3 0.496 1.872 [ 0.023-1.016]

Intervention duration 1.373 5
1. One session 5 0.731 2.461%* [0.149-1.314]

2. Less than 4 weeks 23 0.796 7.128%%%* [0.577-1.015]

3. Less than 10 weeks 32 0.746 6.862%%%* [0.533-0.959]

4. Less than 20 weeks 18 0.662 6.172%%:% [0.452-0.872]

5. More than 20 weeks 4 0.575 2.49%* [0.122-1.027]

6. Not specified 2 0.558 1.356 [— 0.248-1.365]

Device type 6.650 3
1. Non-smart handhelds 17 0.787 5.739%#% [0.518-1.056]

2. Smart handhelds 56 0.763 9.957%#%%* [0.613-0.914]

3. Other mobile devices 0.489 4.530%** [0.277-0.700]

4. Mixed 0.467 2.922%%* [0.154-0.780]

Application type 0.643 1
1. Educational-purpose 51 0.759 9.934#%% [0.609-0.909]

2. General-purpose 33 0.667 7.721%%* [0.498-0.836]

Instructional approach 9.802 7
1. Self-directed learning 43 0.768 9.759%#%* [0.614-0.922]

2. Collaborative learning 7 0.802 2.412%* [0.150-1.454]

3. Situated learning 11 0.795 4.284%%* [0.431-1.159]

4. Flipped learning 3 0.769 1.938 [— 0.009-1.547]

5. Game learning 9 0.570 4.199%** [0.304-0.837]

6. Teacher-led 5 0.373 2.284% [0.053-0.694]

7. Assessment 3 1.168 3.5]1%%* [0.516-1.820]

8. Others 3 0.375 1.584 [— 0.089-0.838]

Learning context 3.58 2
1. Classroom 41 0.612 7.712%%% [0.457-0.768]

2. Unrestricted 38 0.804 11.614%%* [0.668-0.939]

3. Outdoor 5 0.959 2.146%* [0.083-1.835]

Target language skill 18.903%*%* 7
1. Listening 4 1.08 4.043%%* [0.556-1.603]

2. Reading 14 0.375 3.469%* [0.163-0.587]

3. Speaking 5 1.056 3.712%%% [0.499-1.614]

4. Vocabulary 23 0.772 7.905%#* [0.581-0.964]

5. Writing 4 1.041 3.545%%* [0.466-1.617]

6.Integrated/whole skill 23 0.824 6.312%%:* [0.568-1.079]

7. Early literacy 0.493 4.53%%% [0.280-0.706]

8. Others 0.487 2.384%#:* [0.086-0.887]

Target language 25.166%%* 3
@ Springer AECT
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Table 2 (continued)

Category k g b4 95% CI Qg df
1. English 72 0.785 12.853%#%* [0.665-0.904]

2. Chinese 4 0.142 1.033 [-0.128-0.413]

3. Spanish 3 0.725 1.685 [-0.118-1.569]

4. Others 5 0.300 2.259%* [— 0.040-0.559]

L1/L2 49.994#3 2
1.L1 16 0.442 5.954%%% [0.297-0.588]

2.L2 66 0.825 11.993#33% [0.690-0.960]

3. Mixed 2 0.024 0.258 [-0.156-0.203]

CI confidence interval
*##%p < .001; **p<.05

p<.001). This was followed by those finished within 10 weeks (g=0.746, p<.001) and
20 weeks (g=0.662, p<.001), respectively. The effect of long-term studies lasting for
more than 20 weeks was the smallest (2=0.575, p<.05). According to the statistic of Qg
(Qg=1.373, p>.05), the effect sizes did not differ significantly between different interven-
tion durations.

A decline in effect size was observed in our analysis for those interventions that lasted
for more than 4 weeks. Although short implementation duration is considered a major flaw
in MALL studies (Burston 2014a; Viberg and Gronlund 2012), our findings suggest that
shorter-term interventions yielded larger effect sizes than longer-term ones. There are two
possible explanations for the results. First, students typically experience novelty effect at
the beginning of the study due to the freshness and curiosity of the new technology, but in
longer-term investigations the novelty effect tends to wear off (Liakin et al. 2017), which
might bring down the learning effect. Second, researchers are more likely to invest the best
possible resources and energy into studies within a shorter time frame (Sung et al. 2016).
For long-term studies, it is difficult to maintain the same level of input.

Device type

Device types include four categories: smart (k=256, 67%) and non-smart handheld mobile
devices (k=17, 20%), other mobile (but not handheld) devices (k=8, 10%), and mixed
(k=3, 3%). Table 2 shows using different types of devices in MALL resulted in medium-
to-large effects. The effect size of using non-smart handheld devices was 0.787 (p <.001),
slightly larger than that of using smart handheld devices (g=0.763, p<.001). Using other
mobile (but not handheld) devices, such as laptops, yielded a moderate effect size of 0.489
(p<.001). A similar effect was reported for using mixed types of devices (g=0.467,
p<.05). According to Qp statistic (Qgz=6.650, p>.05), no statistically significant differ-
ence existed between the effect sizes of different types of devices.

Both smart and non-smart handheld devices outperformed other mobile devices that have
larger screen sizes in facilitating language learning. This might be attributed to the smaller
sizes of handheld devices, which further encourages learners to study anytime anywhere.

According to Table 2, using non-smart handheld devices led to the strongest effect on
language learning. Many of these studies utilized the Short Messaging Service (SMS)/
Multimedia Messaging Service (MMS) service of traditional mobile phones. For example,
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both Lu (2008) and Alemi et al. (2012) examined the educational outcomes of SMS-based
vocabulary lessons, while Saran et al. (2012) investigated the effectiveness of learning
vocabulary via multimedia messages. Lin and Lin (2019) also concluded from their meta-
analysis that implementing the SMS/MMS mode of vocabulary learning yields a very high
effect, which might explain the strong positive outcomes of using non-smart handheld
devices in this study.

The benefits of using smart handheld devices on language learning are also supported
in our meta-review. Among the studies using smart handheld devices, 42.9% used smart-
phones. Smartphones have such affordances as connectivity, portability, touchscreens,
an infinite number of applications available and the GPS function, and they have greatly
enhanced the usability and functionality of mobile phones (Godwin-Jones 2017). The
widespread ownership of smartphones has also facilitated the adoption of the Bring Your
Own Device (BYOD) model in language learning (Burston 2013). For example, the effect
of using students’ personal smartphones as clickers in English as a Foreign Language
(EFL) classrooms was investigated by both Hung (2017) and Chou et al. (2017). Both
reported a strong effect on learning achievement, and students responded positively to the
BYOD mode of learning. IPads were the second most frequently used (17.9%) smart hand-
held devices in this review. However, except for two studies, all iPad-based studies were
conducted in classrooms, and the participants were all preschool/kindergarten children.
More studies introducing iPads to other learner populations and different learning settings
are needed. While most studies using smart devices focused on these commonly adopted
ones, Shadiev et al. (2018) examined the outcomes of using smartwatches to engage learn-
ers in authentic learning environments. Additional investigation is warranted to examine
language learning outcomes from using emerging smart devices.

Application type

The application type moderator includes two categories: general-purpose (39%) and edu-
cational-purpose applications (61%). Table 2 shows a medium-to-large effect size for both
general-purpose (g=0.667, p<.001) and educational-purpose applications (g=0.759,
p<.001). The effect of using educational applications is slightly larger, but no statistically
significant difference existed between the effect sizes of these two types of applications
(Qp=0.643, p>.05).

Applications developed for educational purposes are better tailored to students’ needs
and pedagogical goals, which accounts for the larger effect size associated with studies
using educational-purpose applications. Our findings also corroborate previous findings
comparing the moderating effect between using educational and general-purpose software
in general mobile learning (Sung et al. 2016) and computer-mediated language learning
(Grgurovic et al. 2013).

Instructional approach

The moderator of instructional approach includes nine categories: self-directed (k=43,
51%), situated learning (k=11, 13%), game-based learning (k=9, 11%), collaborative
learning (k=7, 8%), teacher-led (k=5, 6%), flipped learning (k=3, 4%), assessment
(k=3, 4%), mixed (k=1, 1%) and unspecified (k=2, 2%). The categories of mixed and
unspecified approaches were combined due to their small number of eligible studies,
with no statistically significant effect found (g=0.375, p>.05). Over half of the studies
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included in this review adopted a self-directed instructional approach, with a medium-
to-high effect size reported (g=0.768, p<.001). A similar effect size was reported
for the situated learning approach (g=0.795, p<.001). A large effect was reported
for collaborative learning (g=0.802, p<.05), and a medium effect for game learning
(g=0.570, p<.001). Adoption of the assessment approach achieved the largest effect
(g=1.168, p<.001), whereas teacher-led instruction had a small effect on language
learning (g=0.373, p<.05). No statistically significant effect was found for the flipped
learning approach (g=0.769, p>.05). According to Qp statistic (Qg=9.802, p>.05),
no statistically significant difference existed between the effect sizes of different instruc-
tional approaches.

Given that the use of mobile devices allows language learning to take place across time
and space, it comes as no surprise that the majority of MALL studies adopted the self-
directed learning approach. The positive effect of self-directed mobile learning is also sup-
ported by previous meta-reviews (Sung et al. 2015, 2016).

Learning is by nature a situated activity, and authentic activities play an essential role
in the acquisition of language skills (Brown et al. 1989). This study finds evidence to sup-
port the strong benefit of adopting a mobile-assisted situated learning approach (Godwin-
Jones 2017), where mobile devices are used to engage learners in meaningful real-world or
place-based learning. For example, Chang (2018) engaged students in place-based learn-
ing of English vocabulary in an authentic environment while they were taking a field trip
to a zoo. Taking advantage of the location-awareness function of mobile devices, Chang
was able to present individualized learning materials to the students based on their specific
locations in the zoo. In this way, the learning process is made both personalized and enjoy-
able, which might have contributed to the learning gains attained. In another study, Hwang
et al. (2014) developed a learning system that facilitated elementary students to practice
writing by engaging with their familiar contexts at school and reported positive learning
outcomes.

Our study also finds support for the positive effect of mobile-assisted collaborative
learning, the importance of which has been repeatedly emphasized in prior reviews and
studies (Burston 2015; Herrington et al. 2009; Kukulska-hulme and Shield 2008). The
mobile version of social media and Web 2.0 tools, such as WhatsApp (Lai 2016; Anddjar-
Vaca and Cruz-Martinez 2017) and LINE (Chen Hsieh et al. 2017), have been successfully
used to promote language learners’ interaction and collaboration.

Game-based learning is moderately effective for developing language skills. For
instance, Grimshaw and Cardoso (2018) successfully used mobile games to enhance learn-
ers’ speaking fluency, and Hung (2017) introduced gamified foreign language learning
through a BYOD model.

Our analysis also provides evidence that mobile-assisted assessment can be an effective
strategy to support language learning. For example, Agbatogun (2014) examined the effec-
tiveness of using traditional clickers on the development of students’ communicative com-
petence. Asmali (2018) reported positive effect of providing formative assessment through
a BYOD approach in English classes. Consistently, prior research demonstrates that testing
is an effective instructional approach for information retention and retrieval (Binks 2018).
Mobile systems also support providing feedback in a real-time fashion, which greatly
enhances language learning.

Teacher-led instruction has a small-to-medium effect on language learning, and the
effect size is the smallest among all the significant moderators. This suggests that mobile
learning led by teachers might be less effective than other approaches that best utilize the
features of mobile devices, such as informality, collaboration and location-awareness.
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However, our findings indicate mobile-supported flipped learning did not outperform
traditional flipped learning in the learning outcomes. One possible explanation has to do
with the feature of flipped learning that emphasizes lesson previews. For example, Wang
(2016) set strict requirements for both the treatment and the control groups to study before
class meetings. The extra efforts that the students had invested before the class might
account for the small difference between mobile-supported and non-mobile-supported
flipped learning groups. However, due to the limited number of included studies (k=3),
caution should be exercised when generalizing our findings to other mobile-supported
flipped learning contexts.

Learning context

We examined the impact of three different mobile learning contexts: classroom (k=41,
49%), unrestricted (k=238, 45%) and outdoor (k=5, 6%). Large effect sizes were reported
for language learning in both outdoor (g=0.959, p<.05) and unrestricted settings
(g=0.804, p<.001), whereas implementing MALL in classrooms yielded a medium effect
(g=0.612, p<.001). According to Qjp statistic, no statistically significant difference existed
between the effect sizes of these learning contexts (Qg =3.58, p>.05).

The stronger effect of learning with mobile devices in unrestricted and outdoor set-
tings than in formal classrooms is aligned with findings from the previous meta-analysis of
MALL studies (Sung et al. 2015). This finding also provides further evidence for the eco-
dialogical perspective of learning. According to this view, language learning involves more
than mastering a set of linguistic rules; instead, it represents an experience that emerges
through the interaction between learners and the context (Zheng and Newgarden 2017;
Zheng et al. 2018). Moreover, the eco-dialogical perspective emphasizes the differences
between learning environments in their affordances, or the learning opportunities that dif-
ferent contexts can offer (Van Lier 2004). MALL that transcends time and space encour-
ages learners to integrate their formal classroom experiences with real-world life experi-
ences and provides them with plentiful authentic and structured learning tasks to practice
language (Sung et al. 2015). Therefore, implementing MALL in outdoor and unrestricted
settings tend to achieve larger effects than in classroom settings.

Target language skill

The target language skill variable includes nine categories: grammar (k=1, 1%), pronun-
ciation (k=2, 2%), listening (k=4, 5%), writing (k=4, 5%), speaking (k=35, 6%), early
literacy (k=8, 10%), reading (k= 14, 17%), vocabulary (k=23, 27%) and integrated/whole
language skill (k=23, 27%). Given that both categories of grammar and pronunciation
included few studies, they were combined as “others” in the moderator analysis.

Nearly one third of the studies included in this review focused on the effect of MALL
on integrated language skills, with a large effect size of 0.824 reported (p<.001). Among
all the sub-skills studies, vocabulary learning received the greatest attention, account-
ing for about another one third of all the included studies. A medium-to-large effect was
achieved through mobile-assisted vocabulary learning (g=0.772, p<.001). Using mobile
devices to support students’ development of listening (g=1.080), speaking (g=1.056)
and writing skills (g=1.041) yielded very high effects, all reaching statistical significance
(p<.001). A medium effect was found for studies on early literacy (g=0.493, p<.001),
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reading (g=0.375, p<.05) and other skills ((g=0.487, p<.05). According to Qp statistic
(Qg=18.903, p<.05), statistically significant difference existed between the effect sizes
of different language skills.

Overall, our results demonstrate a positive effect in favor of using mobile devices to
learn different language skills. Our findings regarding the effect of vocabulary learning
(g=0.772) are also consistent with findings reported in previous research synthesis and
meta-analysis of mobile-assisted vocabulary learning (Mahdi 2018; Lin and Lin 2019). For
example, in a meta-analysis of 16 mobile-assisted vocabulary studies, Mahdi (2018) also
reported a medium-to-high effect. The very large effect of mobile-assisted listening, speak-
ing and writing and the positive effect of mobile-assisted reading further reveal the great
potential of using mobile devices to facilitate learning a wide range of language skills.
However, it should be noted that among the 14 studies on mobile reading, 12 studies used
either laptops, iPad or tablet PCs and all the 12 studies were implemented in classroom
settings. In other words, the effects of reading with smaller devices such as smartphones,
and the effects of mobile-assisted reading in informal settings were still largely unexplored.
Our study shows using mobile devices for early literacy has a medium effect size of 0.493
(p<.001), which means mobile devices are also effective for the development of literacy
such as letter recognition and letter writing.

Target language

Target language moderator includes seven categories: English (k=72, 86%), Chinese
(k=4, 5%), Spanish (k=3, 4%), French (k=1, 1%), Norwegian (k=1, 1%), Turkish (k=1,
1%) and mixed (k=2, 2%). As there were very few studies in some categories, the cat-
egories of French, Norwegian, Turkish and mixed languages were combined into “others”
in the moderator analysis. As is shown in Table 2, research on English language (k="72)
dominated the field of MALL, with a medium-to-large effect size reported (g=0.785,
p<.001). However, no statistically significant effect was found for mobile learning of Chi-
nese (g=0.142, p>.05) or Spanish (g=0.725, p>.05). The effect of mobile devices on
learning other languages reached significance with a small effect size (g=0.300, p<.05).
Qg statistics (Qg=25.166, p<.001) indicates the mean effect sizes differed significantly
between different target languages.

Our findings are in line with the overall research trend identified in the previous reviews
(Burston 2014a; Sung et al. 2015) regarding the imbalanced nature of MALL studies, i.e.
English is the most-researched language. Our study also finds evidence for the effective-
ness of using mobile devices to facilitate English learning (Kukulska-Hulme 2009). How-
ever, using mobile devices to learn Chinese or Spanish did not yield statistically significant
effects. Given that we were only able to locate a very limited number of eligible studies on
learning non-English languages, more research is needed to provide more solid evidence
for the effectiveness of using mobile devices to learn languages other than English.

First/second language (L1/L2)

We compared the effect sizes for mobile learning of first (k=16, 19%), second (k=66, 79%)
and mixed (k=2, 2%) languages. According to Table 2, using mobile devices to learn a second
language produced a large effect (2=0.825, p<.001). A moderate effect was achieved through
mobile-assisted learning of the first language (g=0.442, p<.001). Mobile devices were not
effective in supporting the learning of mixed languages (g=0.024, p>.05). The value of
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Table 3 Result of classic fail-safe

Ntest Item Statistic
Z-value for observed studies 24.677
p-value for observed studies .000
Alpha 0.05
Z for alpha 1.95996
Number of observed studies 84

Number of missing studies that would bring p-value > .05 3232

Table 4 Result of Orwin’s fail-

safe N test Item Statistic
Hedge’s g in observed studies 0.6088
Criterion for “trivial” Hedge’s g 0.01
Mean Hedge’s g in missing studies 0.0000

Number of missing studies needed to bring Hedge’s g under 5031
0.01

Qg indicates (Qz=49.994, p<.001) statistically significant difference existed between the
effect sizes of these categories. Using mobile devices to learn a second language was more
effective than using them to learn the first language.

Both learner motivation and opportunities to use the language are critical to the success of
language learning (Rubin 1975). Features of mobile learning such as easy access to learning
materials, informality and multimedia function enable language learners to spend more time
on instructional tasks and to practice their language skills in an interesting and enjoyable man-
ner, which might explain the positive effect of learning for both L1 and L2. Our study shows
using mobile devices in learning a second language is more effective than learning the first
language. This could be due to the difference between L2 and L1 learning (Cook 2010; Ellis
1994) and that instruction plays a more important role in L2 learning than in L1 acquisition
(Ellis 1994; Cook 1973). Another explanation for the larger effect size of L2 learning may
be that the studies on mobile-assisted learning of a first language all involved preschool or
elementary school students as participants; the effect sizes for these groups of learners are
smaller than for other learner populations, as discussed earlier in the section of “Educational
Level.”

Evaluation of publication bias

Classic Fail-safe N and Orwin’s Fail-safe N were adopted to evaluate the presence of publica-
tion bias. The tolerance level suggested by Rosenthal (1979) is 5 k+ 10, i.e. 430 for the cur-
rent study. According to the result of Classic Fail-safe N test, a total number of 3232 studies
would be needed to bring the effect size to a non-significant level (Table 3). According to
Orwin’s Fail-safe N test, to bring the effect size to a trivial level of 0.01, 5,031 studies need
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to be incorporated into the analysis (Table 4). Therefore, we could draw a conclusion that the
impact of publication bias on the effect size was trivial.

Conclusion and implications
Conclusion

This study examined the overall effectiveness of using mobile devices on language learning
based on a synthesis of 84 separate studies extracted from journal articles, doctoral disserta-
tions and conference proceedings. We found a medium-to-high overall effect size for mobile
devices on language learning achievement, which confirms the positive outcomes of using
mobile devices in language learning.

Through the analysis of potential moderator variables, we could draw the following
conclusions:

(1) Educational level, implementation duration, device type, instructional approach, learn-
ing context and application type were not statistically significant moderators explaining
the differences in effect sizes of MALL.

(2) Target language was a statistically significant moderator explaining the effect-size vari-
ation. In terms of learning outcomes, using mobile devices to learn English is more
effective than learning many other languages.

(3) L1/L2 was a statistically significant variable moderating the variation in effect sizes.
Students benefit more from using mobile devices to learn a second language than from
engaging in mobile learning of their first language.

(4) Target language skill was a significant moderator explaining the different effects of
MALL. More success has been achieved with adopting mobile devices to enhance the
learning of speaking, listening, writing and vocabulary than to learn other subskills
such as reading.

Implications for MALL research and application

Our findings have implications for future MALL-related studies and applications. First, our
study confirms that language learning through mobile devices is more effective than the con-
ventional instructional approach. Therefore, further investigations to explore the pedagogical
potential of MALL should be encouraged. Secondly, although this study shows mobile learn-
ing is effective for learning a wide range of language skills under different conditions, research
interest in different areas of MALL tends to be relatively unbalanced. For example, English
language is the dominant target language, and self-directed learning is the major type of learn-
ing approaches in MALL studies. To benefit various kinds of learners in a wider range of
contexts, more attention should be given to those areas where the potential of MALL has not
been fully explored. Thirdly, our study shows MALL studies employing the situated and the
collaborative features of mobile learning produce a high effect. These features of mobile tech-
nologies are increasingly transforming the way we live, work and learn, and it is necessary for
future research to explore the mediating role that mobile devices play in shaping the relation-
ship between people, technologies and learning contexts.
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Limitation of the study

First, this review focused on synthesizing studies reporting cognitive learning outcomes.
With increasingly more rigorous MALL studies being conducted that address other learn-
ing outcomes such as affective outcomes, future reviews can consider expanding their focus
and investigating the impact of mobile learning on non-cognitive outcomes.

Secondly, the impact of potential moderator variables needs to be further explored in
future meta-analyses. This review examined the moderating effect of nine potentials vari-
ables, and three moderators were found to significantly moderate the effect-size variation
in MALL; whereas the previous review by Sung et al. (2015) reported some dissimilar
results. Given that some of the sub-categories only had a limited number of eligible stud-
ies, further investigations that include more studies would be necessary to confirm some of
the findings.

Thirdly, this study adopted a meta-analysis approach to synthesize the results of multi-
ple studies. Since a meta-analysis can only analyze outcomes of studies adopting quantita-
tive research designs, studies adopting other research designs could not be included. It is
likely that these studies could provide different and deep insights. Future meta-analyses can
supplement their findings with understanding achieved through a systematic review of both
qualitative and quantitative research investigations.
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