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A systematic review of 38 primary research peer-reviewed articles, drawn from six databases
and spanning from January 2007 to January 2019, was conducted to determine the principle
information that they collectively offered on the relationship between mobile learning (m-
learning) and self-regulated learning (SRL). In answering the research questions posed, a
synthesis of the following 12 key elements was undertaken: (1) research aims, (2) research
methodologies, (3) outcomes, (4) education discipline areas, (5) educational levels, (6)
educational contexts, (7) geographic location, (8) time frame, (9) type of device, (10) m-learning
and SRL definitions, (11) theoretical models, and (12) m-learning, self-regulation (SR), and SRL
variable measurement instruments. The frequency of studies on the relationship between m-
learning and SRL increased in more recent years, as did the types of devices used in these studies.
More than three quarters of the studies concluded that m-learning enhanced SRL, SRL enhanced
m-learning, or m-learning and SRL enhanced other learning factors (e.g., health, curriculum
development). Moreover, the relationship between m-learning and SRL was dynamic and
complex. A primary recommendation was to intentionally integrate m-learning and SRL into
formal curricula guided by informed, technologically adept educators who provided appropriate,
ever-decreasing support and scaffolding as learners became more self-determined.

Implications for practice or policy:

e  M-learning research and practice should be founded upon relevant theory and validated
definitions of m-learning that consider ever-advancing technologies and related pedagogies
that include participatory activities.

e  M-learning designers should ensure that mobile technologies are used intentionally and
selectively, guided by clearly defined learning objectives, and integrated into the curriculum
by technologically adept educators who provide appropriate, ever-decreasing support and
scaffolding as learners become more self-determined.

e When designing m-learning, educators should consider digital safety and privacy issues.

Keywords: formal education, m-learning, mobile learning, self-regulation, self-regulated learning,
thematic synthesis, systematic review

Introduction

Self-regulated learning (SRL) has been explored extensively in various educational settings since the 1980s,
and also in relation to mobile learning (m-learning) in more recent years. While SRL skills have been found to
be a significant predictor of academic achievement, research continues to explore new dimensions of “how
students become masters of their own learning processes” (Zimmerman, 2008, p. 166). This systematic review
offers a current summary of what primary research studies from peer-reviewed journal articles have found on
the relationship between m-learning and self-regulated learning. There are numerous systematic reviews
exploring the use of m-learning in specific fields, for instance in higher education (e.g., Crompton & Burke,
2018; Krull & Duart, 2017; Pimmer, Mateescu, & Grohbiel, 2016) or in health education (e.g., DiFilippo,
Huang, Andrade, & Chapman-Novajofski, 2015; Dunleavy et al., 2019) as well as those publications reviewing
diverse m-learning applications (e.g., Kumar & Mohite, 2018; Mosa, Yoo, & Sheets, 2012), or exploring m-
learning through a variety of other lenses. At the same time, numerous systematic reviews have addressed the
concept of SRL in different digital learning contexts (e.g., Alonso-Mencia et al., 2019; Broadbent & Poon,
2015; Wong et al., 2019); however, none of the reviews examined how self-regulated learning and m-learning
may impact each other. The purpose of this review is to address the gap in the literature that the authors
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identified when exploring the said relationship. This succinct summary of research on the topic may inform and
direct m-learning initiatives that enhance, rather than impede the relationship between m-learning and SRL.

Theoretical constructs and definitions

Self-regulated learning

According to Zimmerman (2008), a key theoretician of SRL, self-regulated learning refers to “the self-directive
processes and self-beliefs that enable learners to transform their mental abilities, such as verbal aptitude, into
an academic performance skill, such as writing” (p. 166). SRL is comprised of proactive processes that are
needed to acquire academic skills derived from the learner’s “advantageous motivational feelings and beliefs
as well as metacognitive strategies” (p. 167). These proactive processes include goal setting, strategy selection
and use, as well as self-monitoring (Zimmerman & Schunk, 2001).

Panadero (2017) highlights the various dimensions of SRL, including its cognitive, metacognitive, behavioural,
motivational, and emotional aspects, and how they interconnect to influence learning. When examining SRL,
Panadero recommends consideration of interrelated variables (e.g., self-efficacy, volition, cognitive strategies)
using “a comprehensive and holistic approach” (p. 422). Discussion of SRL definitions and other information
shared by the reviewed articles offers a more comprehensive explanation of the many aspects of SRL and their
relationship to m-learning.

Mobile learning

M-learning is widely understood as learning across locations and contexts using personal devices (Crompton,
2014; Pegrum, 2014; Sharples et al., 2007). Using this perspective as a starting point, this study focused on the
mobility of the learner (Palalas & Wark, 2017; O’Malley et al., 2003; Sharples, 2000; Sharples, Taylor, &
Vavoula, 2007; Traxler, 2007) and his/her digital technology-enabled learning experiences, not restricted to any
particular type of technology (e.g., mobile phones, wearables, augmented reality, virtual reality). Over time, the
mobile technologies that gave birth to the concept of m-learning have impacted the characteristics and
possibilities of m-learning research and practices, resulting in a progression from content-oriented to
increasingly interaction-oriented learning, guided by more active pedagogies (Rodger & Glover, 2018).
Advancements in digital technologies have enhanced the scope of m-learning and its accessibility. At the same
time, mobile technologies can be very intrusive. By shaping when and where people communicate, compute,
capture, and create educational content (Quinn, 2012), and how people learn, these technologies may shape the
experience of learning. How people use technologies (and are often expected to use them) may increase
efficiency and effectiveness of accessing and interacting with information, but may also affect the autonomy of
the learners, motivating or demotivating them, and thus impact their learning process and outcomes.

Research design

A systematic review (Hemingway & Brereton, 2009), involving the selection, identification, and synthesis of
primary research studies, was conducted to answer the research questions guiding this study. This study used a
systematic, explicit, replicable methodology employing a series of protocols known as the “Preferred Reporting
Items for Systematic reviews and Meta-Analyses for Protocols 2015 (PRISMA-P 2015) (Moher et al., 2015)
to: (1) identify and select relevant research, and (2) analyse and synthesise the data from the pertinent studies.
The goal was to provide an exhaustive review and impartial synthesis of the literature (Gough, Oliver, &
Thomas, 2012; Oakley, 2012) to present a reliable depiction of the reviewed studies.

Research questions
This study sought to answer the following questions:

1. What are the major research aims, methods, and outcomes in studies on the interrelationship between
m-learning and SRL?
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2. What are the educational discipline areas, levels, and contexts in studies on the interrelationship
between m-learning and SRL?

3.  What were the geographic locations, time frames, and types of mobile devices used in studies on the
interrelationship between m-learning and SRL?

4. What are the most prevalent definitions used for the terms, mobile learning, and self-regulated learning
in studies on the interrelationship between m-learning and SRL?

5. What models and variable measurement instruments for m- learning and self-regulated learning are
most commonly found in studies on the interrelationship between m-learning and SRL?

Search parameters

Search parameters were defined by four subtopic areas: search strategy, study selection, inclusion and exclusion
criteria, and analysis framework.

Search strategy

The following electronic databases/search engines were used to generate peer-reviewed journal articles on
primary empirical research for this review because they are large, well-known databases in the field of education
and educational technology: ACM, Google Scholar, ScienceDirect, Springer, Taylor & Francis Online, and
Web of Science Core Collection. Reference sections from the studies collected in this initial search were then
examined for other potentially eligible studies. Reference sections in new studies discovered during this stage
were also reviewed for further candidates. Email alerts were set up for each database that offered this service
as well. A final Google Scholar search was done on January 31, 2019, (just before data analysis began) to
capture any new articles that may have been published after the previous rounds of searching and to ensure
saturation.

Search terms that included combinations of one m-learning and one SRL keyword (e.g., “mobil” AND “self-
regulat®”) were used to find relevant primary studies via the electronic databases. The capture of studies
employing variations of keywords during searches was ensured by using prefix-based keyword searches. M-
learning key words included: mobil* (an asterisk indicates a prefix-based keyword), mobile, mlearn, and m-
learn. Keywords for learner self-regulation included: self-regulat*, self-regulate, and self-regulation.

Study selection and inclusion/exclusion criteria

The search was limited to publications between 1 January 2007 and 31 January 2019. The year, 2007, was
chosen as the starting point since this was when the first large-scale m-learning field study was conducted
(Parsons, 2014). Each study had to meet all of the inclusion criteria and none of the exclusion criteria in Table
1 to be part of this systematic review.

Table 1
Inclusion/exclusion criteria
Inclusion criteria Exclusion criteria
Article was original research Conference proceedings journal articles
Article came from peer-reviewed English language Systematic review articles
journal
Article included in m-leaning and SRL Articles not related to learning

Research was conducted within formal education Articles that did not include mobile technologies
settings
Articles on gaming devices that may not have been
mobile

The authors began by searching one database together to establish searching protocols, and inclusion/exclusion
criteria (Figure 1). Titles resulting from the initial keyword search were sorted together and then a sample of
abstracts was selected to also review together. Next, the authors independently sorted abstracts from remaining
titles into three categories: (1) keep for full review, (2) reject, or (3) unsure. The authors reconvened to discuss
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sorting results and finalise decisions on which category each article belonged to, based upon abstract analyses.
A second database was then searched, and 25% of the resulting titles were reviewed together. The remaining
titles were split between the authors to review alone before reconvening to determine final results. The authors
then divided the remaining databases to search alone. In total, keyword searches yielded 2015 unique titles, of
which 263 appeared to be potentially relevant. Abstracts from the keep and unsure title categories were initially
sorted alone. Results produced 90% inter-coder agreement between authors. Articles with abstracts in the unsure
category were retained for full-text review. In total, 71 articles were kept for full-text review. The authors
analysed a sample of these articles together, based on the systematic review research questions,
inclusion/exclusion criteria, and methodological rigour (e.g., article cohesion between research questions,
methods, instruments, and findings). The remaining articles were divided for independent analysis. The authors
then reviewed each other’s full-text findings. This yielded 97.8% intra-coder reliability. A total of 38 articles

were kept for data analysis.

Selection of Relevant Academic Peer-reviewed Journal Articles

- Titles identified through Additional titles identified
= database searching from article references
= (n=2057) (n=16)
= Titles after duplicates removed
(n=2015)
\
=T1] v
'E Abstracts screened Abstracts excluded
o (n=263) L (n=192)
a
W
i /g ull-text articles excluded for nb
= _ a matching Table 1 criteria
= Full-text articles assessed for (n=33)
% eligibility ” Systematic/lit review, meta-
= (n=71) analysis, secondary research =
= 10
No SRL =11
No m-learning = 0

Device may not be mobile = 3 /
v

Studies included in synthesis
(n=38)

Figure 1: Selection of relevant academic peer-reviewed journal articles. Adapted from Preferred Reporting [tems for
Systematic Reviews and Meta-Analyses: The PRISMA Statement (Moher, Liberati, Tetzlaff, Altman, & The PRISMA

Group, 2009).

Analysis framework

The analytical framework included the 12 keys elements of: (1) research aims; (2) research methodologies; (3)
research outcomes; (4) education discipline areas; (5) educational levels; (6) educational contexts (7)
geographic location, (8) time frame, (9) type of device, (10) m-learning and SRL definitions, (11) theoretical
models, and (12) m-learning, self-regulation (SR), and SRL variable measurement instruments.
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Coding

Coding in systematic reviews provides third-order constructs by interpreting and analysing data from the
included studies (Britten et al., 2002). To ensure the integrity of study representation, the authors strove to
preserve the original meaning and context of the raw data during secondary analysis (Sandelowksi, Voils,
Leeman, & Crandlee, 2011). NVivo Pro 11 v.23 and Excel 2010 software were used for coding purposes.

Results and discussion

Key findings from the synthesis of data analysis results and related discussion are organised by research
question and related question elements.

Question 1. Research aims, methods, and outcomes

Research aims

Three broad research aim themes were identified. The most frequent theme focused on strategies (n =16 articles,
or 42.1% of the studies). Eight of these explored how m-learning could enhance SRL, while five considered
how m-learning and SRL could improve learning. The second most prevalent theme concerned impacts (n =
12; 31.6%). Five explored the impact of m-learning on SRL, while three examined the impact of SRL on m-
learning. The final theme was on relationships (n = 10; 26.3%). Six studies were on the relationship between
mobile device use, SRL, and other factors (e.g., mental health, learner modalities). The remaining four
investigated the relationship between m-learning, SRL, and other factors (e.g., gender, learner dependence).
While earlier strategy or relationship studies tended to focus upon how m-learning impacted SRL or vice versa,
more recent studies considered the combined impact of m-learning and SRL on other learning factors (e.g.,
health, curriculum development), perhaps suggesting a growing awareness of the extent of interrelation between
m-learning and SRL.

The authors anticipated that the aims of these studies would primarily be on how m-learning influenced SRL.
While this may have been the case in approximately half of the studies, the remaining studies either explored
how SRL influenced m-learning, or how both of these elements related to other learning factors. Perhaps most
interesting was the discovery that more recent studies tended to consider the combined influence of m-learning
and SRL on other learning factors. This suggested a significant shift in the understanding of the relationship
between m-learning and SRL, and how this potentially complex interrelationship influenced other learning
factors.

Research methods

Analysis of research paradigms and methodologies used in many studies would have required significant
interpretation on behalf of the authors since these studies did not provide such details. Thus, to preserve the
integrity of the raw data, only research methods were considered because they were overtly stated or easily
interpreted. Twenty studies (52.6%) (Figure 2) were quantitative in nature. Seventeen (44.8%) were mixed
methods. The remaining one (2.6%) was a qualitative study. Twenty studies (52.6%) were cross-sectional and
longitudinal, 10 (26.3%) were cross-sectional, and 8 (21.1%) were longitudinal. Twelve studies (31.6%) used
mixed methods, incorporating cross-sectional and longitudinal data collection methods. Eight (21.1%)
quantitative studies employed either cross-sectional, or cross-sectional and longitudinal collection methods.
The widespread use of mixed methods research in these studies, coupled with the extensive merger of
quantitative or mixed methods research with cross-sectional and longitudinal methods, assists in providing an
exploratory, confirmatory, triangulated, and therefore, comprehensive understanding of the relationship
between m-learning and SRL (Cohen, Manion, & Morrison, 2011; Onwuegbuzie & Leech, 2005; Pimmer et
al., 2016).
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Type vs Length of Study
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Figure 2. Type (quantitative, qualitative, or mixed) versus length (cross-sectional, longitudinal, or both) of
study (N = 38)

Research outcomes

Research outcomes were categorised by the most prevalent findings reported in the studies. Three categories
were assigned: (1) enhanced learning, (2) neutral (inconclusive results), or (3) deterred (inhibited) learning. For
instance, Chien’s (2016) study concluded that m-learning enhanced learning by enabling learners to control
learning processes, select pertinent resources and strategies, and become independent, self-motivated learners.
However, learners felt that initial language instruction should be delivered in class without the use of mobile
devices. Given that the most significant and greatest quantities of findings in this study were on how m-learning
enhanced SRL, the outcome for this study was categorised as enhanced learning.

Twenty-nine studies (76.3%) reported that m-learning and/or SRL enhanced learning outcomes (Figure 3).
Fourteen (36.8%) concluded that the relationship between m-learning and SRL enhanced other learning factors
(e.g., health) or that the interrelationship between m-learning, SRL, and other learning factors (e.g., curriculum
development) enhanced learning. Ten (26.3%) concluded that m-learning enhanced SRL. Remaining studies in
the enhancement category determined that SRL was enhanced by the use of mobile devices (n =2; 5.3%), SRL
improved m-learning (n = 2; 5.3%), or that SRL encouraged mobile device use (n = 2; 2.6%). A further 13.2%
of all studies (n = 5) indicated neutral findings. Three of these studies (7.9%) were inconclusive about the effect
that mobile device use had on SRL; the other two (2.6% each) reported neutral findings on the impact of m-
learning on SRL or vice versa. The final four (10.5%) concluded that mobile device use deterred SRL.
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Research Outcomes in Studies
(IV = 38 studies)
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Figure 3. Prevalent research outcomes by percent (N = 38)

Question 2. Discipline areas, levels, and contexts

Discipline areas
Eleven studies focused on foreign languages (e.g., English, Chinese; 28.9%; Figure 4). Ten studies (26.3%)
involved multiple disciplines. Science was the third most dominant discipline area (n = 6; 15.8%).

Educational Discipline Areas in Studies
(IV = 38 studies)

3% 34, 3%
2%

M [ anguages

i Multiple Disciplines
i Science

M Math

i Information Systems
4 Medical

4 Business

4 Education

u Serious Gaming

4 Unknown

Figure 4. Educational discipline areas included in studies (N = 38)
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Education levels

Eighteen studies (47.4%) involved undergraduate university students. Nine (23.7%) focused upon elementary
school children. Four (10.5% each) had either high school or college level participants. Two included undergrad
and graduate students (5.3%), and one (2.6%) included grad students only.

Education contexts

Educational contexts were separated into three categories: (1) formal, (2) informal, and (3) blended learning
environments, as defined by Wark (2018). Formal learning included structured learning, typically delivered via
a governing body-sanctified curriculum, often within institutionalised settings (e.g., public schools and
universities). Informal learning encompassed incidental or casual learning; learning that occurred outside of
formal learning contexts). Blended learning was viewed as the merger of distance (increasingly digital, online,
and/or mobile) learning, and formal or informal face-to-face learning experiences.

Twenty-three studies (60.5%) were conducted in blended learning contexts. Ten (26.3%) were carried out in
formal contexts. The final five (13.2%) engaged informal learning contexts. The concentration of studies
conducted in blended learning contexts may suggest a heightening recognition of the holistic nature of learning,
supported by increasingly ubiquitous technologies that enhance m-learning opportunities (Berge & Muilenburg,
2013).

Question 3. Geographic location, time frames, and types of mobile devices

Geographic locations

The studies were conducted in 24 countries (Figure 5). The country that the study authors came from was used
when it was not overtly stated in what country a study was conducted. A question mark and purple colouring
indicates study authors by country. Countries overtly identified were indicated in green. The highest number of
studies occurred in Taiwan - seven studies (18.4%) and in the USA - five (13.2%). The absence of studies from
Central and South America, Africa, Middle East, Asia Pacific, and Pacific Island areas is likely due to the
selection of English-language articles for this review, which is an acknowledged limitation of this review.
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Country #; % of Studies Country  #; % of Studies Country  #; % of Studies
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i - USA 5 132%

Figure 5. Countries included in studies (N = 38)

Time frames

The year in which this research was undertaken was reported in half of the studies. In these studies, the time
frame between the research year and publication year ranged between zero and 6 years, with four out of five
publications occurring within 3 years of when the study was conducted. With this in mind, it was decided to
use the publication year for reporting purposes. In general, the number of studies increased over the years
(Figure 6). This may be partly due to the burgeoning ubiquity of mobile devices over the same period of time
(International Telecommunications Union [ITU], 2018) which may, in turn, prompt growing interest in the
relationship between m-learning and SRL.

The length of data collection periods during studies varied from less than 1 day to 3 years. The most common
time period was one semester (approximately 13 weeks; n = 12; 31.6%). Seven of the eight studies that were
quantitative and cross-sectional in nature were completed in less than 1 day. Three studies (7.8%) did not specify
the length their data collection periods.
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Figure 6. Percent of studies published by year (2019 includes only January; N = 38)

Types of mobile devices

Twenty-seven studies (71%) reported using one or more mobile devices, 9 (23.6%) used two, and 2 (5.3%) used
three. Twenty-seven studies used smartphones, 15 used tablets, and 7 used other devices, such as iPods and
wearables. The devices used in 8 (21%) studies were not specified.

When device type was compared to year of study, it was noted that half of the years included studies using two
or more devices (Figure 7). Most of these studies occurred in more recent years, with the exception of 2015,
which did not have studies that used more than one device. Moreover, the years 2014, 2016, 2018, and 2019
included studies that examined smartphone, tablet, and other devices use. This trend may be explained by the
exponential growth in the types of, and ubiquitous nature of emerging technologies across the globe
(Brynjolfsson & McAfee, 2014; ITU, 2018).

Type of Mobile Device by Year of Study Publication
(V=38 studies)
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2
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S
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2007 2010 2012 2013 2014 2015 2016 2017 2018 2019 Totals
Year of Study Publication

Figure 7. Type of mobile device used by year of publication for each study (N = 38)
Note: This chart includes only the 49 mobile devices that were clearly identified by study authors.
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Question 4. Definitions for mobile learning and self-regulated learning

Nine (23.7%; Figure 8) of the studies included definitions for SRL. Eight (21.1%) included definitions for m-
learning, or m-learning and SRL. Seven included definitions for self-regulation (SR; 18.4%), and six (15.8%)
contained no definitions for any of these terms.

% of Studies Including Definitions for Mobile Learning (ML), Self-regulation
(SR), or Self-regulated learning (SRL)
(N = 38 Studies)

25.0%

20.0%

15.0%

10.0%
m % of Studies

5.0%

0.0%

SRL ML & SR ML & SRL No ML, SR,
deﬁnmon deﬁmtlon definition  definition  definition or SRL
included included included included included  definitions

Figure 8. Studies that included definitions for mobile learning, self-regulation, or self-regulated learning (N =
38)

Self-regulated learning definitions

Thirty (78.9%) studies included definitions for the terms, self-regulation, and self-regulated learning, yielding
a total of 85 coded units (one unit =one sentence). Six provided author definitions. A further 66 external sources
were cited in the rest of the studies that defined SRL: 33 (50%) of these were cited only once. Fifteen (25%) of
the remaining external citations came from various works by Zimmerman (1990, 1998, 2000) and Zimmerman
and Schunk (2001), and 12 by Pintrich (1999, 2000) and Pintrich and De Groot (1990). These works defined
the term SRL.

A distillation of Zimmerman’s definitions provided in the studies presents SRL as active, self-directed processes
in which beliefs, thoughts, and feelings are transformed into academic tasks with the support of intrinsic
motivation and metacognitive abilities. Aggregated results pointed to Pintrich’s definition of SRL as an active,
constructive, and persistent metacognitive process initiated by goal planning, which moves on to monitoring
and controlling self-motivation, cognition, and behaviour, before attaining contextual understanding and goal
achievement. A synthesis of Zimmerman’s and Pintrich’s themes yields a definition for SRL that theoretically
aligns with a self-directed/self-determined learning paradigm, cognitivist and constructivist notions, and
activity theory. Therefore, a composite of their definitions presents SRL as active, self-directed processes
involving: goal-planning; monitoring and controlling cognitions, motivations, and behaviours aimed at
fulfilling goals; and achievement of goals. The concept of SRL is expanded upon in the discussion of the SRL
models used in the reviewed studies.

Mobile learning definitions

Seventeen external sources were cited in the 16 (41.2%) studies that provided definitions for the term, mobile
learning. Works by Sharples and colleagues (e.g., Sharples et al., 2005, 2007) were cited in four (25%) studies;
no other sources were cited in more than one study. Four (25%) studies offered their own definitions without
reference to external sources.

A total of 55 coded units (one unit = one sentence) were identified in the definitions for m-learning. Five
thematic areas were identified among these units. The most prevalent theme was pedagogy, which was
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mentioned in 17 (31%) units. Most common sub-themes included learner-determined paradigm, activity theory,
learner-centric approach, and integrated curriculum. The second theme concerned the Ilearning
context/environment (representing 15 units; 27%). Most frequently mentioned sub-themes were: mobile spaces
and settings; multiple contexts; and the affordance of right time, right place. Thirteen (24%) units highlighted
the role that mobile devices played in m-learning. Only one focused primarily upon the mobility of the devices.
Seven (13%) considered learner characteristics, such as learner mobility, motivation, and self-regulation of
learning. In their work, Sha, Looi, Chen, and Zhang (2012) advocated for greater recognition of learner
characteristics in any learner-centred m-learning curriculum. Perhaps one step towards achieving this goal
would be for authors to include this theme in their definitions of m-learning. It is also worth noting that while
Sharples, Sanchez, Milrad, and Vavoula (2006) observed that the trend was to focus upon the mobility of the
learner rather than on the devices when discussing m-learning, learner mobility was only mentioned in nine
(24%) studies offering definitions for m-learning. The final thematic area, found in three (5%) units, was
activities. Sub-themes included the value of m-learning for acquiring knowledge, information, or course
content. A synthesis of these findings characterises m-learning as an active process employing mobile
technologies that enable learners to access, create, curate, and share knowledge and information within and
across learner-determined spaces, places, and time frames.

Question 5. Models and variable measurement instruments

Models

Fifteen of the 38 studies (39.5%) reported applying a specific validated model. The three most frequently
cited models focused on SRL. In order from most to least common, these models are the cyclical phases of
SRL, multi-level model, and COPES (conditions, operations, products, evaluations, standards) model.

The majority of the reviewed studies, that is, seven (18.4%; e.g., Chien, 2016), referred to three successive
versions of the cyclical phases of SRL model by Zimmerman and colleagues (Zimmerman, 2000; Zimmerman
& Campillo, 2003; Zimmerman & Moylan, 2009). At the individual level, the model detailed “the interrelation
of metacognitive and motivational processes” (Panadero, 2017, p. 422) and “how metacognitive and
motivational processes and beliefs interact during successive feedback cycles” (Panadero & Alonso-Tapia,
2014; p. 458). Based upon social cognitive theory, the model consisted of three phases (forethought,
performance, and SR), with particular emphasis on how motivation affected SR (Panadero & Alonso-Tapia,
2014). Although sub-phases were included in Zimmerman’s original work (2000), they were not embedded in
the graphic representation of SR until Zimmerman and Campillo’s (2003) work. Minor tweaks, as well as new
metacognitive and volitional strategies in the performance phase, were added to the model by Zimmerman and
Moylan in 2009.

Four studies (10.5%) (Appendix A) included the multi-level model (Zimmerman, 2000), which represents four
stages wherein learners acquire self-regulatory competency. These stages comprise observation, emulation,
self-control, and SR levels (Panadero, 2017). The model also “identifies four features of regulation: source of
regulation, source of motivation, task conditions, and performance indices” (Zimmerman, 2013, p. 140). It
explores the social aspects of the regulation of learning and the importance of social levels in developing SR.
Zimmerman (2013) theorised “that there [are] four levels in a social cognitive path to self-regulation with the
first two levels being social and the last two being self in focus” (p. 140).

Finally, four other articles reporting on three different studies (10.5%; e.g., Looi & Wong, 2014) adopted the
Winne’s or Winne and Hadwin’s (1998) models. Winne’s (2001) COPES model evolved from Winne and
Hadwin’s (1998) model and was influenced by Winne’s (2001) information processing theory. The acronym,
COPES, is derived from the model: (1) conditions includes available resources and constraints associated with
a task or environment; (2) operations involves the learner’s cognitive processes, tactics, and strategies, which
Winne (2001) refers to as SMART: searching, monitoring, assembling, rehearsing, and translating; (3) products
consist of the new knowledge created by operations; (4) evaluations includes self-, peer-, and/or teacher
feedback, and (5) standards; criteria that products are monitored by (Winne & Hadwin, 1998). The model
expresses SR as agency, suggesting that learning is an iterative, complex process “powered by SRL across four
linked phases” (Panadero, 2017, p. 422). These phases include task definition, goal setting and planning,
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studying tactics (enacting), and making adaptations to metacognition. A self-regulated learner is characterised
as being highly active cognitively and meta-cognitively (Winne, 2011). As these models are not specific to the
m-learning context, Sha and colleagues (2012), and subsequently, Looi and Wong (2014) proposed an analytic
SRL model of m-learning to explore the relationship between m-learning and SRL. This conceptual framework
considered the notion of agency to be central to the model. SR as agency referred to “the learner characteristics
that function as internal driving forces initiating and sustaining a self-regulated m-learning process” (Looi &
Wong, 2014, p. 77). Accordingly, m-learning processes were considered as manifestation of SRL during which
self-regulating learners actively applied their agency to control their own behaviour and cognition (Looi &
Wong, 2014; Sha, Looi, Chen, Seow, & Wong, 2012; Sha, Looi, Chen, & Zheng, 2012). The authors observed
that m-learning environments, due to the ubiquity, flexibility, and portability of mobile technologies, were
particularly conducive to learners exercising their agency and using mobile devices as cognitive and
metacognitive tools.

From the remaining 23 articles, 3 (7.9%) did not refer to any models at all and the other 20 (52.6%) adapted
and combined a variety of other existing models (excluding those mentioned above) for the specific contexts of
their studies. No other model was offered to examine the SRL/m-learning relationship.

Variable measurement instruments

Eighteen studies (47.4%) used one instrument, 17 (44.7%) used two, 1 study (2.6%) used three, and 2 studies
(5.3%) used four instruments (Table 2). The most popular questionnaires were the Motivated Strategies for
Learning Questionnaire (MSLQ) (Pintrich & De Groot, 1990; Pintrich, Smith, Garcia, & McKeachie, 1993)
and the Online Self-regulated Learning Questionnaire (OSLQ) (Barnard, Lan, To, Paton, & Lai, 2009). MSQL
was applied in 9 studies, although it was modified in some instances. Three studies used OSLQ (an adaptation
of the MSQL for online and blended learning contexts). Other questionnaires were used in single studies, for
instance, Emotion Regulation Questionnaire (ERQ) (Elhai et al., 2018) and Metacognitive Awareness Inventory
(MAI) (Lee, 2013). When using their own questionnaires, 13 studies included items concerning SR(L), and 14
measured other aspects of learning or m-learning behaviours. Additional data came from learning analytics,
focus groups, interviews, videos, observations, achievement assessments, and self-reports.

Table 2
Variable measurement instruments used in studies

Instruments used # of studies

Existing questionnaires - SRL items:
e  Motivated strategies for learning questionnaire (MSLQ) (Pintrich et al., 1990, 1993) 9
e  Online self-regulated learning questionnaire (OSLQ) (Barnard et al., 2009) 3
Learning self-regulation questionnaire (SRQ-L) (Williams & Deci, 1996) 1
Self-regulation scale (Schwarzer, Diehl, & Schmitz, 1999) 1
1
1
4

Emotion regulation questionnaire (ERQ) (Gross & John, 2003)
e  Metacognitive awareness inventory (MAI) (Schraw & Dennison, 1994)
Existing questionnaires - other items

Original author-created questionnaires - SRL Items 13
Original author-created questionnaires - other items 14
Learner analytics 4
Focus groups, interviews, video, observations, achievement assessments, self-reports 12

Conclusion

This systematic review provided a synthesis of key findings on 12 research elements from 38 primary research
studies, published over 12 years, ending in January, 2019. The goal was to inform social science professionals
about the most prevalent research aims, methodologies, definitions, models, and outcomes on the relationship
between m-learning and SRL over these years.
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Research aims focused upon m-learning and SRL strategies, impacts, and relationships. While older studies
dwelt upon the use of mobile devices and the influence of m-learning on SRL, most current studies explored
the interrelationships between m-learning, SRL, and other factors that impacted learning. Three quarters of the
studies reported positive results, with most indicating that either m-learning and SRL enhanced other learning
factors, or that m-learning improved SRL - not m-learning understood as using mobile devices for learning, but
rather by its affordances, such as flexibility and personalisation. Studies examining the effect of mobile device
use on SRL produced neutral results or indicated that mobile devices inhibited SRL. While most study aims
and outcomes were correlated, five studies (13.2%) that sought to determine the effects of m-learning on SRL
concluded that it was the interrelationship between m-learning and SRL that impacted other learning factors.
Analysis of study aims and outcomes suggested increasing recognition that the relationship between m-learning
and SRL reflects the dynamic, individualistic, and messy nature of learning (Wark, 2018).

Other prevalent results indicate that most studies:

e were cross-sectional and longitudinal, and used either quantitative or mixed methods,

e focused upon language acquisition, multiple disciplines, or science; involved undergraduate or
elementary school children; and were undertaken in blended learning contexts,

e were conducted across the northern hemisphere; data was typically gathered over one 13-week
semester; and the number of published studies increased in recent years, perhaps due to the growing
ubiquity of mobile devices, and

e involved the use of smartphones, although more recent studies included a combination of smartphones,
tablets, and/or other types of devices, possibly reflecting the rapid spread of emergent technologies
and increase in learner mobility.

Based upon the synthesis of definitions offered in the reviewed studies, m-learning is defined as an active
process employing mobile technologies that enable learners to access, create, curate, and share knowledge and
information within and across learner-determined spaces, places, and time frames. Distillation of study
definitions for the term, SRL, presents SRL as active, self-directed processes involving: goal-planning;
monitoring and controlling cognitions, motivations, and behaviours aimed at fulfilling goals; and achieving
goals.

The three SRL models most frequently cited in the reviewed studies were cyclical phases of SRL (Zimmerman,
2000; Zimmerman & Campillo, 2003; Zimmerman & Moylan, 2009), multi-level model (Zimmerman, 2000;
2013), and COPES (Winne, 2001), all referring to the various processes and other enablers involved in SRL.
The only model specifically addressing the relationship between SRL and m-learning was the analytic SRL
model of m-learning put forth by Sha et al. (2012), and revisited by Looi and Wong (2014).

Review limitations

This review was mainly limited by: the authors’ reliance upon English language, peer-reviewed primary
research journal articles found in six databases; the decision to begin the search in 2007, when the first m-
learning field study was published (Parsons, 2014); the inclusion of m-learning and SRL in the selected studies;
and choosing only studies conducted in formal education settings. No studies were conducted in postgraduate
settings and only a few disciplines were represented: 27 (71%) studies came from languages, multi-disciplines,
and science.

The review was also hampered by missing data and inadequate research rigour in some of the reviewed studies
(which were, nevertheless, included in the review to provide a complete picture of the peer-reviewed literature
published on the topic). The fact that some of these studies were completed in one day and only three (8%) of
the articles clearly specified the length of the study period highlights a need for more rigorous research
methodology and reporting. This also raises questions about the findings disseminated in some publications.
Five articles (13%) did not mention where their research was conducted, hence the review authors had to guess
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the location and time frame of these studies using the publication date and other available information.
Similarly, the types of mobile devices or technologies used were not specified in eight (21%) studies, which
raises questions about the m-learning aspect of the research context. Additional concerns about the theoretical
grounding of some of the reported research come from the lack of clear conceptual frameworks and definitions:
only 16 (42%) articles defined m-learning; 30 (79%) provided definitions of SRL; none of the studies offered
definitions for both m-learning and SRL; and 6 (16%) shared no definitions for any of these concepts. This
emphasises the importance for researchers “to be more explicit about the theories that underpin their studies”
(Hew, Lan, Tang, Jia, & Lo, 2019, p. 13) and to ensure that their studies are not undertheorised, as claimed by
critics of educational technology research (Hew et al., 2019).

Key implications for educational stakeholders

The authors identified a number of further implications for educational stakeholders. First, m-learning designers
and practitioners should ensure that mobile technologies are used intentionally and selectively, with clearly
defined learning objectives in mind. In fact, numerous studies advised that m-learning and SRL most effectively
enhanced learning when they were intentionally integrated into the curriculum and guided by informed,
technologically-adept educators who provide appropriate, ever-decreasing support and scaffolding as learners
become more self-determined (e.g., Kondo et al., 2012). Second, when designing m-learning, educators should
consider digital safety and privacy issues. These issues were not addressed sufficiently in the reviewed studies
but, in the long run, can significantly limit learners’ self-regulation and m-learning experiences. Third, m-
learning research and practice should be founded upon relevant theory and validated definitions of m-learning
that consider ever-advancing mobile technologies and related pedagogies that include learner-centred
participatory activities.

Research recommendations

In terms of research recommendations, future studies may provide deeper understanding and more
comprehensive validation of studies if researchers meticulously detailed methodologies (e.g., research
paradigm/theoretical foundation, methodology, methods, participant details and numbers, research contexts,
data collection dates and time frames), key term definitions and how they are operationalised, and types of
devices used in studies. It is also recommended that more studies be conducted beyond elementary and
undergraduate university settings, and that study time frames be extended to better understand how m-learning
and SRL impact lifelong, life-wide learning. Only one qualitative study was included in this review, offering
significant opportunity for future research that could provide the academic community with crucial insight into
the complex relationship between SRL and m-learning. Considering the limited representation of educational
disciplines, levels, and contexts in the reported studies, research should be expanded to other disciplinary areas,
such as math and education, as well as including high school, technical, business, and post-graduate contexts.

In discovering the significant lack of critical data, such as missing, vague, or author-generated definitions for
key terms and theoretical frameworks or models in many of the reviewed studies, this review recognises the
profound need for educational research on the relationship between m-learning and SRL to be theoretically-
grounded.

Future research

The next phase of this study considers an in-depth thematic analysis on the interrelationship between m-
learning and SRL, based upon the definitions, models, and findings generated from the reviewed publications
and other relevant literature. The authors aim to identify key dimensions and elements of this relationship, and
to provide further theoretical and practical guidance to educational stakeholders on how it can be leveraged to
enhance learning.
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