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Abstract

Background: The impact of mobile technology usage on student learning in various
educational stages has been the subject of ongoing empirical and review research.
The most recent meta-analyses on various types of mobile technology use for poten-
tial benefits of learning covered the empirical studies up to about nine years ago.
Since then, the use of mobile technology in primary and secondary education has
increased tremendously, and numerous empirical studies have been conducted on
this topic, but their conclusions were inconsistent.

Obijectives: The purpose of this systematic review is to re-examine this issue by
meta-analyzing the empirical research studies from the last nine years, with a focus
on cognitive, affective, and behavioral learning outcomes in primary and secondary
education, and to examine the potential moderators that may have contributed to
the heterogeneity across findings.

Methods: Based on our inclusion and exclusion criteria, we found 85 studies of 78
peer-reviewed papers (N =9157) from electronic databases and major journals in
educational technology and mobile learning between 2014 and 2022. We then exam-
ined 15 moderators that were expected to affect student learning outcomes.

Results and Conclusions: Compared with traditional technology and non-technology
groups, using mobile technology produced medium positive and statistically signifi-
cant effects on primary and secondary students' learning, in terms of cognitive (g =
0.498, 95% CI [0.382, 0.614]), affective (g = 0.449, 95% Cl [0.301, 0.598]) and beha-
vioural (g = 0.339, 95% Cl [0.051, 0.627]) learning outcomes. Further moderator ana-
lyses revealed that student factors (i.e., community type, students’ socioeconomic
status), learning process (i.e., hardware used, student-to-hardware ratio, teaching
method) and study quality (i.e., learning topic/content equivalence, degree of tech-
nology use in the control group) were among the variables that moderated the sum-
mary effect sizes for at least one learning outcome dimension significantly. The
findings and their implications for researchers, policymakers and practitioners are

discussed.
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1 | INTRODUCTION

Mobile technology is characterized by wireless internet-connected
devices that can influence student learning through specific affor-
dances. For example, mobile devices with diverse functions such as
instant feedback, speech recognition, and peer assessment enrich
learning opportunities and meet students' demands, prompting higher
learning achievement. While classroom lectures with traditional tech-
nologies (e.g., desktop computers, pen and papers) can address
problem-solving in isolation, the traditional approach lacks possibilities
for learners to apply what they have learned. Considering the rapid
growth and affordability of mobile technology, mobile learning, known
as ‘learning across multiple contexts, through social and content inter-
actions using personal electronic devices’ (Crompton, 2013, p. 4), has
become a fast-growing research field. Recent research shows that
instantly gathering student data from mobile devices can help
teachers monitor students' learning progress and deliver differentiated
instruction (Lee et al., 2019). Beyond the importance to teachers, the
potential benefits of mobile technology usage are related to different
learning outcomes. Researchers found that allowing students to use
mobile devices to conduct computer simulations improved subject
achievement in the language (Alfadil, 2020) and science (Chang
et al., 2020). Because students perceive mobile devices as exciting
learning aids, they can be used to improve affective learning outcomes
including lowering learning anxiety (Lee et al., 2019) and fostering atti-
tude towards the course and mobile technology (Sahin & Yilmaz, 2020).
The mobility of mobile devices facilitates social interaction (Hwang
et al., 2018) and knowledge co-creation (Lim et al., 2019). Therefore,
mobile technology affords students to learn individually and collectively
(Koole, 2009). There are some minor concerns on mobile learning, how-
ever, regarding distractive effect (Zhai et al., 2019), self-control chal-
lenges (Troll et al., 2020), and heavy cognitive load (Chu, 2014).
Technology in itself does not result in higher learning outcomes
until a user starts interacting with it. Therefore, different mobile tech-
nology usage may have different educational effects or affordances.
Moreover, the overall effects of mobile technology usage on learning
outcomes vary by population, intervention, and culture. Focusing on
evaluating the effects of mobile technology usage in general and the
specific moderator variables may thus provide some important
insights into how best to design and use mobile technology to facili-
tate learning. To date, the pooled effects of mobile technology usage
on learning have mainly been limited to cognitive learning. We argue
that the targeted learning goals for ‘21st-century skills’ include cogni-
tive, affective, and behavioural goals. Recent highly cited articles on
mobile learning have focused more on the affective and behavioural
dimensions (Lai, 2020). It is yet to be known the overall effects of
mobile technology on non-cognitive learning outcomes, which play a
vital role in understanding students' learning from alternative perspec-
tives. Besides, the diverse results for contextual factors of learning
with mobile technology suggest that there is a need for further clarifi-
cation regarding the impact of potential moderators, such as student
factors, hardware affordances, duration of intervention, and teaching

methods. To quantify the overall effects of mobile technology usage
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on cognitive, affective, and behavioural learning outcomes, and to
identify potential moderators affecting the overall effect for each out-
come, we employed a meta-analysis to compare mobile learning
effects with traditional learning in primary and secondary education.
Our results from an up-to-date meta-analytic synthesis may provide a
rich overview of the current mobile-learning practices and their over-
all effects, informing researchers, policymakers and practitioners on

how best to integrate mobile technology in teaching and learning.

1.1 | Previous narrative reviews of learning with
mobile technologies

Narrative reviews regarding mobile learning published over the past
3years have been performed in various educational contexts
(e.g., Chung et al., 2019; Diacopoulos & Crompton, 2020; Lai, 2020;
Suarez et al., 2018). These studies have examined various dimensions of
learning outcomes such as Bloom's taxonomy of educational objectives
(Chung et al., 2019), learners' agency (Suarez et al., 2018), thinking skills,
engagement and collaboration (Diacopoulos & Crompton, 2020). Aca-
demics also constrained narrative reviews to school-aged students.
Crompton et al. (2017) conducted a systematic review from 2010 to
2015, investigating the general characteristics of 113 mobile-learning
studies conducted in PK-12 (students ages 2-18), such as research pur-
poses, methodologies, and outcomes, domains, contexts, and learning
activities. In 2019, Crompton and her colleagues (Crompton et al., 2019)
published an up-to-date analysis of students' cognitive learning level as
measured by Bloom's Taxonomy in PK-12 mobile learning research.
They reviewed 101 articles from 2010 to 2016 and found that mobile
devices were integrated into more subjects. Similarly, Crompton and
Burke (2020) applied the Substitution, Augmentation, Modification, and
Redefinition (SAMR) framework to examine PK-12 studies from 2014
to 2019. They found that mobile technologies were sometimes used to
replicate activities without functional changes. Besides, Burden et al.
(2019) systematically reviewed 57 studies from 2010 to 2017 focused
on innovative mobile learning practices in K-12 education. However,
these studies were limited as papers were identified through either the
top journals or database searches, which may not represent all works
published on mobile learning. Also, the included studies were often pub-
lished before 2015 (Crompton et al., 2017), conducted in special educa-
tion settings (Crompton et al., 2019; Crompton & Burke, 2020), or lack
comparison groups (Crompton et al., 2017), which means they cannot
generally reflect the current mainstream practice or makes it challenging

to evaluate the interventions.

1.2 | Previous meta-analyses of effects of mobile
technology usage on learning outcomes

Numerous experimental or quasi-experimental studies have been con-
ducted to investigate the effects of mobile technology usage. The
findings of these primary studies as listed in Table 1 have been syn-

thesized in at least eight meta-analyses. However, most meta-analyses
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TABLE 1
Meta-
analyses (year) Inclusive dates K Average ES
Castillo- 2008-2012 53 0.48
Manzano
et al. (2016)
Fabian et al. 2003-2012 14 0.48
(2016)
Hunsu et al. 2001-2014 86 for cognitive;  0.05 for cognitive;
(2016) 25 for non- 0.23 for non-
cognitive cognitive
Sung et al. 1993-2013 108 articles for 0.523 for
(2016) cognitive; 22 cognitive;
for affective 0.433 for
affective
Sung, Yang, and 2000-2015 163 0.516
Lee (2017)
Cho et al. 2008-2017 22 0.51
(2018)
Mahdi (2018) 2009-2015 16 0.67
Yang et al. 2001-2017 87 0.803
(2020)

had a limited scope, either to synthesize a single outcome variable
(Castillo-Manzano et al., 2016; Cho et al., 2018; Fabian et al., 2016;
Yang et al., 2020), or to centre on specific subjects (Castillo-Manzano
et al, 2016; Cho et al., 2018; Mahdi, 2018), or particular mobile
devices (Castillo-Manzano et al., 2016; Hunsu et al., 2016). We found
three broader meta-analyses aimed at various mobile technology use
for potential benefits of cognitive and non-cognitive learning in all
grades and disciplines. Sung et al. (2016) investigated the effects of
integrating mobile devices on learning in comparison with control
groups that used traditional learning, that cut across all levels of learn-
ing stages from 1993 to 2013. They found a significant medium aver-
age effect size (ES) of g = 0.523 for learning achievement and
g = 0.433 for affective outcome variables, compassing 110 journal
articles. Besides, unlike other reviews, Sung and his colleagues

focused on different teaching methods, for example, inquiry-based

Education levels  Subjects Devices Learning outcomes
University, non- Various Audience- Examination scores
university response
devices
Elementary Mathematics Various Student scores
education
K-12, college Various Clicker-based Cognitive and non-
technologies cognitive
learning
outcomes (i.e.,
Attitudinal and
behavioural
learning
outcome)
Kindergarten, Various Various Cognitive and
elementary affective learning
school, middle outcomes
school, high
school, college,
adults
Kindergarten, Various Various Learning
elementary achievement,
school, junior learning attitude,
high school, and peer
senior high interaction for
school, college, collaborative
graduate learning
school, and
adults
Primary, Language Various Tests
secondary, and
post-secondary
Young and adult  Language Various Vocabulary tests
learners
Various Various Various Cognitive and

affective learning
outcome for
inquiry-based
learning

learning (Sung, Yang, & Lee, 2017) and collaborative learning (Yang
et al., 2020).

Although the above meta-analyses have added academic under-
standing to the effects of mobile technology usage, they did not dis-
tinguish between affective and behavioural learning outcomes from
non-cognitive outcomes, nor consider conducting moderator analyses
related to these non-cognitive outcome variables. Moreover, it is hard
to determine what happens to primary and secondary students and
see how mobile devices boost their learning in various ways. To
address these concerns, we have conducted this meta-analysis, which
differs from previous studies for the following reasons. First, an addi-
tion from 2014 on is necessary because of the large number of stud-
ies. Secondly, the current study is not limited to cognitive learning
outcomes but also includes non-cognitive learning outcomes. We

examined the effects of mobile technology usage on three dimensions
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of learning outcomes. Cognitive, behavioural, and affective outcomes
were used to categorize the learning outcomes (see e.g., Hunsu
et al., 2016). Third, we considered a series of factors from both educa-
tional and methodological aspects, which are supposed to moderate

the effectiveness of the mobile technology intervention.

1.3 | Potential moderator variables considered

We adopted the 3P (presage-process-product) model (Biggs, 2003)
to determine the primary aspects of moderators that could reflect the
full picture of teaching and learning within the mobile technology
integration context. The 3P model provides us to comprehend the
relationships among student and teaching context presage factors,
learning process factors, and product factors (learning outcomes)
within the context of mobile technology usage. Moreover, higher
methodological quality studies could have provided substantially dif-
ferent results than less quality studies (Cheung & Slavin, 2016). There-
fore, the potential moderators which were derived from relevant
studies conducted earlier have been grouped into four categories: stu-
dent factors, teaching context, learning process, and study quality. A
total of 17 variables (i.e., two variables related to student factors, six
variables related to teaching context, five variables related to learning
process, and four variables related to study quality) were considered
as potential moderators.

First, community type and student socioeconomic status (SES)
have been considered as student factors. The socio-cultural back-
ground is crucial for ensuring adequate Internet access and use
conditions. Much has been done in recent decades to address the
digital divide, particularly the unequal distribution of educational
technologies and ‘hidden curriculum’ among urban, suburban, and
rural schools (Hess & Leal, 2001; Li & Ranieri, 2013). Empirical
studies also indicated that the impact of online adaptive learning
tools on primary school students' mathematics test scores increase
as the socioeconomic status of students decreases (Perera &
Aboal, 2019). In order to explore whether students from rural or
suburban schools or those with low SES are more disadvantaged in
mobile learning than their peers, community type and SES are con-
sidered potential moderators.

Second, teaching context factors include education level
(including primary and secondary school, for example, Sung
et al., 2016), school type (e.g., public and private school), learning
environment (including formal, informal, and unrestricted settings,
e.g., Sung et al., 2016; Yang et al., 2020), school subjects (including
language arts, social studies, mathematics etc., e.g.,, Sung
et al.,, 2016), and provision of teacher training on content and on
technology before interventions (Hillmayr et al., 2020). Third, hard-
ware used (including laptop, tablet PCs, mobile phone, classroom
response systems, etc, e.g., Sung et al., 2016), student-to-hardware
ratio (including own, pairwise, and in groups, et al, Hillmayr
et al., 2020), software used (including general-purpose and learning-
oriented software, e.g., Chauhan, 2017; Sung et al., 2016), teaching
method (including lectures, cooperative learning, game-based learning,

WANG ET AL

self-directed learning, computer-assisted testing/assessment, and
mixed methods., e.g., Sung et al., 2016) and duration of intervention
(including <4 h, >4 and <24 h, >1 and <7 days, >1 and <4 weeks,
>1 month and <6 months, >6 months, e.g., Sung et al., 2016; Sung,
Hwang, et al., 2017) are selected as the learning process factors.
Fourth, we examine whether the different results between the stud-
ies could be explained by research design (including quasi-
experimental and experimental design, e.g., Hillmayr et al., 2020),
instructor equivalence (including same and different instructor for
experimental and control groups, e.g., Schmid et al., 2014), degree of
technology use in the control group (including pen-and-paper, tradi-
tional technology, e.g., Sung et al., 2016), and the procedure of
ES extraction (including calculated from exact descriptive and calcu-
lated from inferential statistics, e.g., Schmid et al., 2014). Although
researchers have constantly discussed the significance of the above
variables (see e.g., Chauhan, 2017; Schmid et al., 2014; Sung
et al., 2016; Zheng et al., 2016), below we go into detail on our ratio-
nale for the selected five moderator variables related to the learning
process, which might provide a deeper insight in the implementation
and evaluation of the interventions of interest.

The learning process factors can typically be described by three
main aspects: human resources, technological resources, and interven-
tion duration. First, human resources primarily refer to teachers, espe-
cially the type of pedagogy they adopted that supports students to
acquire knowledge and their interaction processes. Several meta-
analyses (see e.g., Sung, Hwang, et al., 2017; Yang et al., 2020) have
shown that different teaching methods implemented in mobile learn-
ing context produce different effects. In Sung et al.'s (2016) study, the
largest learning-achievement ES was found for inquiry-oriented learn-
ing, followed by mixed methods, while cooperative learning and
game-based learning yielded insignificant ESs. Second, technological
resources primarily relate to the degree of resource access and
differences in resource usage that supports educational processes.
Regarding technology access, a meta-analysis (Hillmayr et al., 2020)
examining the potential of digital tools to enhance mathematics and
science learning in secondary schools indicated that pairwise use of
digital tools by students yielded larger ESs than if they use media on
their own but no significant differences were found. The most com-
mon variables with regard to the differences of resource usage are
hardware and software used for learning. Sung et al. (2016) found that
the ESs differed significantly among the various hardware including
handheld, laptops and mixed devices, and larger effects were reported
for learning-oriented software than for general software designed for
commercial purposes. In terms of function, mobile devices with multi-
ple functions, including tablet PCs and mobile phones, appeared to
produce larger ESs than single-function devices (e.g., classroom
response systems, digital pen). Third, intervention duration refers to
the duration between time prior intervention and time post interven-
tion. Mobile learning interventions conducted for durations of
>4 weeks and <6 moths had highest ESs (Sung et al., 2016). If the
intervention duration is too long, the effects could decline because
students feel less motivated (Lee et al., 2019) and received less

support.
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14 | The present study

Given the conflicting empirical research results on the effects of
mobile technology usage on learning outcomes over the last decade,
given the length of time after the previous broad meta-analyses of
research on this issue, and given the fact that many new studies have
been conducted in this area since the last meta-analysis, it is unclear if
the previous findings (e.g., Sung et al., 2016) about this issue remain
relevant and valid. Meta-analyses allow us to describe the current
state of the research field, looking for overall effects and possible
moderating effects (Borenstein et al., 2009), which could have implica-
tions on practice, policy, and future research. Hence, there is a need
for an updated comprehensive meta-analysis of the effects of mobile
technology usage on students' learning outcomes, particularly in pri-
mary and secondary education, which is not limited to cognitive learn-
ing outcomes, and which considers a number of educational and
methodological factors.

Following the population, intervention, comparison and outcome
(PICO) framework, the population is composed of students in primary
and secondary education. The intervention is the use of mobile tech-
nology for learning. The comparison is made with a non-technology
(e.g., pen and paper) or traditional technology group (e.g., desktop
computers and whiteboards). Learning outcomes were divided into
three categories. Cognitive learning outcomes refer to knowledge
retention or recall, and the development of intellectual abilities and
skills (Bloom et al., 1956). This category of learning outcomes consists
of six major categories: Knowledge, Comprehension, Application,
Analysis, Synthesis, and Evaluation. Affective learning outcomes
reflect learners' emotions (e.g., anxiety, nervous) and perceptions of
their experience and benefits from mobile technology-based learning,
including motivation, attitude, value, and satisfaction (Wei et al.,
2021). Behavioural learning outcomes relate to learners' engagement
and interactions in mobile learning (e.g., time spent conducting experi-
ments, interactions with peers) and performance against learning tasks
(e.g., passing a subject test) (Wei et al., 2021). Specifically, this meta-
analysis seeks to answer the following research questions:

RQ1: When compared with traditional learning, what is the over-
all effectiveness of using mobile technologies in primary and second-
ary education on students' learning outcomes in terms of cognitive,
affective, and behavioural dimensions?

RQ2: What, if any, factors based on 3P model, that is student fac-
tors, teaching context and learning process factors, moderate the rela-
tionship between mobile technology use and learning outcomes?

RQ3: For RQ1 above, what, if any, study quality characteristics

explain the heterogeneity in results?

2 | METHOD
21 | Inclusion and exclusion criteria

Our criteria for the determination of coding studies and subsequent

meta-analysis were developed based on a preliminary literature
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review on the use of mobile technology for educational purposes. A
pre-defined criterion for identifying research samples was listed
below:

(@) The study used an experimental or quasi-experimental
research design.

(b) The results of the mobile technology intervention group were
compared with non-technology (e.g., pen and paper) or traditional
technology (e.g., desktop computers and whiteboards) groups.

(c) Learning outcomes were reported as the dependent variable,
measured by either cognitive, affective, or behavioural learning
outcomes.

(d) Reported original data and provided sufficient information to
calculate ESs, such as means, standard deviations, the sample size in
each group.

(e) The sample consisted of primary or secondary school students.

(f) Studies were published in peer-reviewed journals, and a full
text was available.

(g) Studies were published between 2014 and 2022 and were
written in English. The starting year was set in 2014 because we
extended Sung et al. (2016) study to understand the mobile learning
empirical field over recent years.

Several exclusion criteria were used. Conceptual analysis or
research reviews, and qualitative research, pre-experimental studies,
editorials and retracted articles were excluded. Moreover, studies on
gifted education, special education, or disabilities learning were
excluded. Studies involving any children with special educational
needs were also excluded because this may have potential impacts on
the entire group's performance. In cases where studies met all the
inclusion criteria but lacked sufficient descriptive statistics or inferen-

tial statistics to calculate ESs were excluded.

2.2 | Literature search and data sources

A literature search was conducted in June 2020 and updated in June
2022. Studies were identified from two different sources. First, a data-
base search was performed on all databases available at the library of
Leiden University, such as Web of Science, Elsevier, ERIC, SAGE jour-
nals. Four sets of keywords were combined: (1) population
(i.e., student); (2) mobile-technology related terms (i.e., mobile technol-
ogy, mobile device, personal digital assistant, handheld, iPad, laptop,
tablet, smart phone, mobile phone, response system); (3) learning-
related keywords (i.e., learning outcome, achievement, performance);
and (4) research-design related keywords (i.e., experimental, quasi-
experimental). For the search, a Boolean OR operator first linked the
keywords within each set; a Boolean AND operator was used to com-
bine keywords across the four sets. The terms of mobile technology
were searched within titles, and other terms were searched within any
field. 1395 peer-reviewed articles were found, and 24 duplicate papers
were then removed in Mendeley. In the next step, the title and abstract
of each paper were read. Based on our criteria, the first author assessed
these 1395 studies to determine ‘yes,” ‘maybe, or ‘no’ (Liberati et al.,

2009), and papers in the ‘maybe’ group were then assigned to the
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[ Identification of studies via datab and regist: ( Identification of studies via other method. ]
‘o)
Records removed before Records identified from journal websites (n = 4519).
< screening: « British Journal of Educational Technology (n = 940)
2 Records identified from: Duplicate records removed (n + Computers & Education (n = 1715)
E Datab _ 139'5 o =24) + Educational Technology Research and Development (n = 690)
!‘:'. Ra? tases (n=_0 ) = + Educational Technology & Society (n = 632)
é egisters (n = 0) + Journal of Computer Assisted Learning (n = 542)
-
P— i Journal articles excluded after
screening tites and abstracts (n
Journal articles screened o =1291)
(n=1371) .
; Journal articles not retrieved .
. ;'e;':ig:/aall articles sought for (n=0) }J;:rer:g\l articles sought for . Jou._xrnal articles Rotretiieved
s (n=80) (n =295) (n=0)
g
o l Journal articles excluded (n = l
7] 57).
Journal articles assessed for = Not regular education (n = 1) Journal articles assessed for
eligibility ———| - Notprimary & secondary eligibility »| Journal articles excluded (n =
(n = 80) students (n = 15) ) (n = 295) 240):
= Not on topic (e.g., not mobile + Not reqular education (n = 5)
technology, not student learning) « Not primary & secondary
(n=5) , students (n = 44)
= Not experimental or quasi- « Not on topic (e.g., not mobile
experimental research designs technology, not student learning)
L with at least one between-group (n=132)
comparison) (n=11) + Not experimental or quasi-
+ No _cpnlrol group that usegi experimental research designs
traditional learning tools (i.e., use with at least one between-group
) pen-and-paper of desklop comparison) (n = 10)
3 Studies included in review computers) (n =7) + No control group that used
3 (n=85) - Nc['l sl\-“tf_'me’(“ €a=%;°' effect size traditional learning tools (i.e., use
3 Journal articles of included caicuiaton [ pen-and-paper or desktop
e studies computers) (n = 25)
= (n=78) « Not sufficient data for effect size
) calculation (n = 23)
+ Retracted articles (n=1)
FIGURE 1 Flowchart of the study selection process following the guidelines of the PRISMA 2020 (Page et al., 2021).

other three authors for the final decision. A total of 80 eligible papers
were obtained in this stage.

Moreover, we browsed five journals online in June 2020 and
updated the search in June 2022, including the British Journal of
Educational Technology, Computers & Education, Educational
Technology Research and Development, Educational Technology &
Society, Journal of Computer Assisted Learning. These journals
were selected because they are major educational technology and
mobile learning journals included in the Web of Science EDUCA-
TION & EDUCATIONAL RESEARCH category with an impact factor
of 3 or higher. The first author collected all the articles published
from 2014 to 2022 on each journal website. After removing the
66 duplicates from the 4519 papers contained in the five journals,
additional 295 studies were found after screening abstracts, result-
ing in 375 articles for full-text review. These articles were not
found in the first stage and the main reason is that the terms of
mobile technologies were searched within titles and these studies
used other related terms (e.g., games, mobile learning, mobile appli-
cation, online tools and clickers).

During the final full-text screening step, at least two authors
screened the articles applying the inclusion and exclusion criteria to
check for eligibility. There were minor disagreements mostly related
to whether mobile technologies were used, and these were discussed
among the four authors until they were resolved. This step limited

these studies to the 85 studies of 78 journal articles that were

included in this meta-analysis. Figure 1 provides a flowchart describ-
ing the inclusion process and describes the reasons why studies were
excluded, following the guidance of The PRISMA 2020 (Page
et al., 2021).

2.3 | Coding of potential moderators
First, a coding sheet was developed mainly based on the coding
variables in recent meta-analysis articles (Schmid et al., 2014;
Sung et al, 2016). Evidence produced by review, however,
was used to assess relationships that primary researchers never
examined (Cooper & Hedges, 1994). Thus, a strategy we used to
adapt the original coding sheet was to search for possible modera-
tors by evaluating a subset of studies (Brown et al., 2003).
After the pilot testing on 22 articles, four variables (i.e., provision
of student training on technology before interventions, provision
of student training on content before interventions, learning
topic/content equivalence, and software/tool equivalence) were
added to the coding sheet. After completing the code sheet, a
codebook was developed to guide the coding process for all eligi-
ble studies.

After coding all the studies, the first author collected all the
doubts from 32 articles. Then the second author checked the doubts

from the 11 articles, the third author checked doubts from 8 articles,
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and the fourth author checked the doubts from 13 articles. The sec-
ond, third and fourth authors indicated when he/she had the same
solution, when he/she had a different solution that he/she was quite
certain about, and when he/she had a different solution or query
which he/she thought the coding members needed to be discussed
more. For example, in the study of Jere-Folotiya et al. (2014), the first
and second authors had different solutions to software/tool equiva-
lence, and disagreements were resolved through joint discussions
among all authors. In this manner, nine disagreements in coding were
discussed until a consensus was reached regarding how the variable
should be coded during two online meetings.

In total, we coded for 21 variables (17 variables from previous
studies introduced in the Section 1 and four variables from our new
data) that were supposed to be used as moderators. The four new
variables were learning topic/content equivalence, software/tool
equivalence, provision of student training on technology before inter-
ventions, and provision of student training on content before inter-
ventions. Learning topic/content equivalence showed whether the
experimental and control groups used the same set of textbook,
assignments, subject matter content and topic (see e.g., Schmid
et al., 2014). Similarly, software/tool equivalence related to whether
the experimental and control groups used the same set of learning
software or tools. However, not all were included in the moderator
analyses. We excluded six moderators either because of low variabil-
ity in the outcome (i.e., school type and software used), or because
very few studies reported the relevant information (i.e., student and
teacher training on technology and content). In the end, 15 variables
served as moderators (see Table 3 for the final moderators and their

categories).

24 | Effect size calculation

In the present meta-analysis, the standardized mean difference
between the intervention and the control conditions on the posttest
was the dependent variable. We chose the ES of Hedges' g over
Cohen's d because it is more accurate for smaller samples (Borenstein
et al., 2009). The intervention group outperformed the control group
by showing a positive ES. Cohen (1992) indicated that the value of
any pooled Hedges' g was viewed as following: small effect (g = 0.2),
medium effect (g = 0.5), and large effect (g = 0.8).

Wherever applicable, the ESs were calculated based on the post-
baseline means and standard deviations rather than scores reflecting
changes from baseline to follow-up, as these are not independent
(Cuijpers et al., 2017). If they were not available, we used other infer-
ential statistics as long as they represent the difference between the
intervention and the control condition on the posttest.

The cognitive learning outcome was the primary outcome and we
also coded ESs based on affective and behavioural learning outcomes.
When more than one appropriate outcome measure was reported in a
study, we calculated ESs for all of those. The software Comprehensive
Meta-Analysis (CMA), Version 2 was used to calculate the ES for each
contrast.

Journal of Computer Assisted Learning_WlLEyj_7

2.5 | Statistical dependence of the samples

We included 10 studies with multiple comparisons. Since these com-
parisons are not independent of each other this may yield an artificial
reduction of heterogeneity which can affect the pooled ES, we exam-
ined these possible effects by conducting sensitivity analyses in which
we included only one of the comparisons per study. However, this did
not result in a different result (for more details, see Section 3.3). The
second case of dependent data was reporting multiple outcomes or
time-points per study. A study may involve different measures for the
same learning outcome variable. In this case, we created a synthetic
ES for each study, which is a more conservative method for combining
dependent outcomes than assuming completely independent out-
comes (see Borenstein et al., 2009). When multiple time points of one
dependent variable in one study could be calculated, we chose only to
include the measurement that is closest to the end of the intervention
that causes differences between experimental and control groups to
rule out other possible explanations. Additionally, for those studies
providing two or more independent experiments, and each experi-
ment contributing independent information, we treated each experi-
ment as a separate study, computed the effect within experiments,

and then use these effects as the unit of analysis.

2.6 | Data analysis

We conducted three meta-analyses: one on the cognitive learning
outcome, one on the affective learning outcome, and one on beha-
vioural learning outcome. Because there was a wide range of different
participants, interventions and outcome measures between studies,
we used the random-effects model to calculate the average ESs. The
random-effects model allows for between-study variance beyond ran-
dom error (Borenstein et al., 2009).

The first method to examine heterogeneity is to look carefully at
the forest plot. Forest plots were presented to examine ES distribu-
tions, and to assist in identifying outliers. Outliers were defined as
studies in which the 95% Cl was outside the 95% CI of the pooled
studies and excluding outliers from a meta-analysis results in a consid-
erable drop in the level of heterogeneity (Levy Berg et al.,, 2009).
However, outlier tests are tools that help us to find certain studies
that are worth examining in more detail but should not be taken as a
justification of removal studies (Viechtbauer & Cheung, 2010).

Additionally, the Q-statistics was utilized to calculate the hetero-
geneity of the average ESs. As an indicator of heterogeneity, we cal-
culated the I2-statistic, which gives heterogeneity in percentages and
it is assumed that a percentage of 25% indicates low heterogeneity,
50% moderate and 75% high heterogeneity (Higgins et al., 2003).

In order to assess the effects of differences between the primary
studies that might have an influence on the results we tested the
effects of a priori defined variables. Moderator analyses were con-
ducted using a random effects model to compare the contrasts based
on categorical moderator variables in all the meta-analyses. Only cate-

gorical moderator variables that had at least four contrasts in the
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categories were used (Bakermans-Kranenburg et al., 2003). Because
very few studies were found in some categories, we merged these
categories. For example, we assumed that the SES of students was
not low if it was not reported in the study.

Publication bias was inspected in all sets of studies. Studies with
significant results are more likely to be published and thus significant
findings may be overrepresented in a meta-analysis which may lead to
an overestimation of the average ES. The visual display of ESs against
standard errors by a funnel plot is a popular way to evaluate publica-
tion bias and an asymmetrical distribution of the studies indicates the
risk of missing studies (Card, 2012). We also conducted Egger's test of
the intercept to quantify the bias captured by the funnel plot and to
test whether it was significant (Egger et al., 1997). Furthermore,
Rosenthal's fail-safe N was estimated to show the number of missing
studies (5 k + 10) with zero effect to be required to generate non-
significant results (Rosenthal, 1979). Additionally, trim-and-fill method
(Duval & Tweedie, 2000) was carried considering the aggregated

effects.
3 | RESULTS
3.1 | Characteristics of included studies

The final dataset consisted of 85 studies from 78 articles with a total
of N = 9157 students. Studies included in the present meta-analysis
are marked with asterisk (*) in the reference list. Appendix A provides
an overview of the studies. The most studied region was Taiwan
(n = 29). Community types (i.e., urban, suburban and rural) were only
reported in 25% of the studies. In a few studies (n = 6), students came
to school with a low SES. More than half of the studies (n = 44) inves-
tigated primary school students and less than half of the studies

(n = 41) investigated students from the secondary school level.

WANG ET AL

For learning environment, 61 studies implemented in the formal set-
tings. Science were the most studied subjects (n = 26), followed by
Language arts (n = 23), Social studies (n = 16) and Mathematics
(n = 14). Handheld devices with multiple functions (including laptops,
tablet PCs, and mobile phones) were the most widely studied hard-
ware (n = 71), followed by handheld devices with one specific func-
tion (n = 12, including classroom response systems, digital pen, etc.).
In about half of the studies (n = 49), students owned and used a
mobile device. With regard to teaching method, inquiry-oriented lean-
ing (n = 30, including discovery and exploration, problem-solving,
project-based learning, and cooperative learning) was the most fre-
quently researched, followed by game-based learning (n = 18). The
studied intervention duration were similar, that is, <1 day (n = 22),
1 day-4 weeks (n = 33), and >4 weeks (n = 22). Only 14 studies uti-
lized a true experimental design. Some studies conducted well on
equivalent instructor (n = 41), equivalent learning topic/content
(n = 70), and equivalent software/tool (n = 42). Finally, pen-and-paper
conditions (n = 52) were the most often studied control groups, fol-
lowed by traditional technology condition (n = 19).

3.2 | Evaluation of publication bias

Regarding the possibility of publication bias affecting our data, funnel
plots for each dependent variable were examined for asymmetry, as
presented in Figures 2, 3, and 4. Another test for the funnel plot
asymmetry was Egger's regression test. Results shown that there was
no indication for publication bias for cognitive learning (inter-
cept = 1.175, 95% Cl [-0.439, 2.788], t(107) = 1.443, p = 0.152) and
behavioural learning (intercept = —1.141, 95% CI [-5.229, 2.947], t
(12) = 0.608, p = 0.554), but the intercept for affective learning (inter-
cept = 2.612, 95% CI [0.671, 4.553], t(35) = 2.732, p = 0.010) was
significant. Finally, the fail-safe N was 3079, 1166, and 111, with
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Hedges's g outcomes.
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FIGURE 3 Funnel plot of the
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14 effect sizes for behavioural
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cognitive, affective and behavioural learning outcomes, respectively,
which is much larger than the tolerable number of studies with
555, 195 and 80, respectively.

The trim-and-fill method can further estimate any ‘missing effect
sizes’ based on the assumption that ESs should follow an approxi-
mately normal distribution (Duval & Tweedie, 2000). With the trim-
and-fill method, 26 imputed ESs are plotted on the right side of the
plot for cognitive learning outcomes, indicating that if 26 missing
studies were added to the random effects category, the overall effect
would become 0.715, 95% Cl [0.594, 0.835]. These results show that
this meta-analysis was not substantially affected by publication bias.
We further conducted trim and fill procedures on affective learning

outcomes and behavioural learning outcomes and found that no

&
O
+ + +
-0.5 0.0 0.5 1.0 1.5 2.0
Hedges's g

missing studies were identified and needed to be added, resulting in
the same adjusted point estimate and confidence interval as the main
results (g = 0.449, 95% CI [0.301, 0.598]) and (g = 0.339, 95% Cl
[0.051, 0.628]) for affective and behavioural learning outcomes,
respectively. All of the above may indicate publication bias was

unlikely to be a concern for this meta-analysis.
3.3 | Overall effects of mobile technology usage
compared with control groups

The first research question focused on the advantages of using mobile

technologies on student learning outcomes correspondingly in
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Study name Statistics for each study Hedges's gand 95% C1
Hedges's Lower Upper
g lmit limit
Al Balushi, Al-Musawi, Ambusaidi, and Al-Hajri 2017) 0290 0215 0.795 -4
Alcoholado, Diaz, Tagle, Nussbaum, and Infante (2016) Comp 1 -0367 -1.003 0269 o
Alcoholado, Diaz, Tagle, Nussbaum, and Tnfante (2016) Comp 2 0541 -1201 0119

Alfadil (2020) 0631 0135 1128 —— -

Bhagat, Yang, Cheng, Zhang, and Liou (2021) Comp 1 0050 -0.898 0.999

Bhagat, Yang, Cheng, Zhang, and Liou (2021) Comp 2 0792 0106 1.689 T

Cai, Lin, Wang, Liu, and Liang (2021) 0096 -0302 0494

Cavus and Ibrahim (2017) 2074 1264 2884 —_—
Cetinkaya and Siitct (2018) Comp 1 0832 0319 1345 ——

Cetinkaya and Sitca (2018) Comp 2 2026 1418 2633 —
Chang and Hwang (2018) 0803 0404 1203 ——

Chang et al. 2020) 0118 0672 0436

Chen, Yang, Huang, and Yao (2020) Comp 1 0212 -0634 0210

Chen, Yang, Huang, and Yao (2020) Comp 2 0308 -0.723 0.106 e

Chen, Yang, Huang, and Yao (2020) Comp 3 0196 -0.623 0232 e

Chen, Yang, Huang, and Yao (2020) Comp 4 0301 -0723 0120 o

Cheng, Su and Kinshuk (2021) 1409 0894 1924 —f—
Chien, Tsai, Chen, Chang, and Chen (2015) 0433 -0.165 1031 =

Chu (2014) L0551 -1.048 -0.054 —

Danaei, Jamai, Mansousian, and Rastegarpour (2020) 0560 -0.114 1234 m

del Olmo-Munoz, Cézar-Gutérrez, and Gonzdlez-Calero (2020) 0,059 -0.487 0369

Ebadi and Bashir (2021) Comp 1 0320 -0526 1165 —

Ebadi and Bashir (2021) Comp 2 0989 0095 1883

Edwards, Rule, and Boody (2017) 0829 0179 1479

Erbas and Demirer (2019) -0.128 -0.736 0.480

Fidan & Tuncel (2019) Comp 1 0699 0188 1210

Fidan & Tuncel (2019) Comp 2 1281 0731 1830

Fokides, Atsikpasi and Karageorgou (2020) Comp 1 1044 0638 1451

Fokides, Atsikpasi and Karageorgou (2020) Comp 2 0477 0082 0872 ——

Fokides, Atsikpasi and Karageorgou (2020) Comp 3 1608 1176 2.040 el
Fokides, Atsikpasi and Karageorgou (2020) Comp 4 1050 0639 1462

Fokides, Atsikpasi and Karageorgou (2020) Comp3 1392 0968 1815

Fokides, Atsikpasi and Karageorgou (2020) Comp6 0811 0406 1216

Gasicanis and Sofos (2017) 0490 -0.120 1099 -

Huang and Lin 2017) 1082 0673 1491

Huang, Chen, and Hsu (2019) 0640 0165 1115 ——

Huang, Shadiev, Sun, Hwang, and Liu (2017) 0407 -0107 0921 -
Huang, Su, Yang, and Liou (2017) Comp 1 0301 -0310 0913 —

Huang, Su, Yang, and Liou (2017) Comp 2 L0067 -0657 0523
Huang, Yang, Chiang, and Su (2016) 0384 -0061 0829
Hung and Young (2015) 0,089 -0.786 0607
Hwang, Zhao, Shadiev, Lin, Shih, and Chen (2020) Comp 1 0304 -0240 0.848
Hwang, Zhao, Shadiev, Lin, Shih, and Chen (2020) Comp 2 0893 0319 1467 o —
Jere-Folotiya et al. (2014) Comp 1 0220 -0.119 0560
Jere-Folotiya et al. (2014) Comp 2 10020 -0465 0424
Jere-Folotiya et al (2014) Comp 3 0097 -0231 0425
Jong, Chan, Hue, and Tam (2018) Sample 1 0274 -0.009 0558

Jong, Chan, Hue, and Tam (2018) Sample 2 0.690 0398 0981
Jong, Chan, Hue, and Tam (2018) Sample 3 0.804 0499 1.109 -

Jong, Tsai, Xie and Wong (2020) Sample 1 0277 -0.004 0.559 _._

Jong, Tsai, and Wong (2020) Sample 2 0.596 0306 0.885
Jong, Tsai, Xie and Wong (2020) Sample 3 0503 0209 0797
Joo-Nagata, Abad, Giner, & Garcia-Pefalvo (2017) 0611 0278 0945
Khan, Hwang, Azeem Abbas, and Rehman (2019) Sample 1 0.738 0252 1224
Khan, Hwang, Azeem Abbas, and Rehman (2019) Sample 2 0949 0538 1360

Ku, Huang, and Hus (2015) 0358 -0.162 0.879 ——
Lai, Chen, and Lee (2019) 0756 0164 1348 _.- _—
Lee and Choi (2020) 0.005 -0.492 0501 ——

Lee, Hao, Lee, Sim, and Huang (2019) 0246 -0373 0.865 —

Liang, Hsu and Hwang (2021) 0299 -0902 0305 —_—

Lin (2014) 1169 0708 1630 — i —

Lin 2017) 0.167 -0.151 0484 -

Lin, Lin, Wang, Yeh, and Kalyuga (2021) Comp 1 0410 -0956 0136 e wr— o

Liu, Lin, Wang, Yeh, and Kalyuga (2021) Comp 2 0110 0646 0427

Liv, Lin, Wang, Yeh, and Kalyuga (2021) Comp 3 0148 0685 0.389

Lin, Lin, Wang, Yeh, and Kalyuga (2021) Comp 4 0117 0422 0.657

Lin, Lin, Wang, Yeh, and Kalyuga (2021) Comp 5 0120 0253 0511

Lin, Wang, Lei, Wang, and Ren (2020) 0613 0193 1033 ——

Lin, Yu, Chen, Wang, and Xu (2021) Comp 1 0003 0480 0.487

Lin, Yu, Chen, Wang, and Xu (2021) Comp 2 0157 0308 0.622

Livanawatta, Yang, Liu, Zhuang, and Chen (2022 0827 0325 1328 —_—lL—

Mabuza and Osodo (2020) 0180 0278 0.638

Nikou and Economides (2018) 0614 0231 0998 ——

Outhwaite, Guliford, and Pitchford (2017) Study 1 -0.158 0646 0330

Outhwaite, Guliford, and Pitchford (2017) Study 4 -0381 -1124 0363 -

Passig, Tzuriel, and Eshel-Kedmi (2016) Comp 1 0073 0437 083

Passig, Tzuriel, and Eshel-Kedmi (2016) Comp 2 1705 1089 2322 ——
Passig, Tzuriel, and Eshel-Kedmi (2016) Comp 3 -0230 -0.741 0282

Passig, Tzuriel, and Eshel-Kedmi (2016) Comp 4 1745 1125 2365 ——
Potocki, Chaillewx, Gimenes, and Pylouster (2021) 0.095 -0204 0394

Purba, Hwang, Pao, and Ma (2019) 1219 0505 1.933 — -.—
Ruiz-Ariza, Casuso, Suarez-Manzano, and Martinez-Lépez (2018) 0341 0053 0628 —E—

Sahin and Yimaz (2020) 1105 0680 1529

Shadiev, Hang, and Liu (2018) 0569 -1.111 -0.028 =

Shadiev, Hwang, Huang, and Liu. (2015) 0724 0203 1246

Stanojevic and Randelovié (2018) 2930 2137 3722 b
Su and Cheng (2015) Comp 1 0857 0365 1348

Su and Cheng (2015) Comp 2 0.094 0376 0.564

Sung, Hwang, Lin, and Hong (2017) 0421 0147 0.988

Uittert, Verhoeven, and Segers (2022 0326 0077 0575

Vanbecelaere, Van den Berghe, Cornillie, Sasanguie, Reynvoet, and Depaepe (2020) -0.136 0387 0.116

Volk, Cotic, Zajc, and Starcic (2017) 5110 4577 5643 b
Walczak and Taylor (2018) 0116 -0.156 0388

Wang (2016) 0227 0205 0748 —

Wang (20172) 0668 0050 1386 .

Wang (2017b) 0316 -0.120 0.753 S

Wollscheid, Sjaastad, Tomte, and Lever (2016) Comp 1 0.164 -0878 0549 —

Wollscheid, Sjaastad, Temte, and Lever (2016) Comp 2 0.300 -0.387 0.987
Yallihep and Kutlu (2020) 1980 1.187 2.773

Yang, Chen, Zheng, and Hwang (2021) 0348 -0265 0.960
Yousef (2021) 0183 -0310 0676 —
Zhang, Shang, Pelton, and Pelton (2020) 0617 0124 1.110 + -

Zhang, Sung, Hou, and Chang (2014) Sample 1 0376 -0081 0.833 +——
Zhang, Sung, Hou, and Chang (2014) Sample 2 0767 0293 1240 —_———
Zhao, Hwang, Chang, Yang, and Nokkaew (2021) Comp 1 0091 0339 0521 —i—
Zhao, Hwang, Chang, Yang, and Nokkaew (2021) Comp 2 0876 0435 1316 —R—
Zheng, Warschaver, Hwvang, and Collns (2014) 0437 0229 0.645
Zhu and Urhahne (2018) Comp 1 0519 0281 0756
Zhu and Urhahne (2018) Comp 2 0475 0258 0.691

0498 0382 0614

2.00 -1.00 090 1.00 2.00

FIGURE 5 Forest plot of the 109 effect sizes for cognitive outcomes. Within one article, when multiple sample or studies were presented,
the figure reports the result of each sample (sample 1, sample 2, etc.) or study (study 1, study 2, etc.) separately. Similarly, when studies used
multiple comparisons, the figure reports the result of each comparison (comp 1, comp 2, etc.) separately.
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Study name

Hedges's Lower
< limit

Bhagat, Yang, Cheng, Zhang, and Liou (2021) Comp 1 -0.559
Bhagat, Yang, Cheng, Zhang, and Liou (2021) Comp 2 0344
Cai, Liu, Wang, Liu, and Liang (2021) -0.095
Chang and Hwang (2018) 1.295
Chen, Yang, Huang, and Yao (2020) Comp 1 0.409
Chen, Yang, Huang, and Yao (2020) Comp 2 -0.092
Chen, Yang, Huang, and Yao (2020) Comp 3 0.076
Chen, Yang, Huang, and Yao (2020) Comp 4 -0.381
del Olmo-Munoz, Cozar-Gutiérrez. and Gonzalez-Calero (2020) -0.647
Erbas and Demirer (2019) -0.366
Fidan & Tuncel (2019) Comp 1 0.287
Fidan & Tuncel (2019) Comp 2 0.917
Furi6, Juan, Segui, and Vivé (2015) -0.008
Giasiranis and Sofos (2017) -0.156
Huang and Lin (2017) 0.535
Huang, Su, Yang, and Liou (2017) Comp 1 7 -0.314
Huang, Su, Yang, and Liou (2017) Comp 2 -0.668
Huang, Yang, Chiang. and Su (2016) 5 -0.105
Hung and Young (2015) -0.626
Joo-Nagata, Abad, Giner, & Garcia-Penalvo (2017) -0.261
Lai, Chen, and Lee (2019) 0.167
Lee, Hao, Lee, Sim, and Huang (2019) -0.072
Lin (2014) 0434
Livanawatta, Yang, Liu, Zhuang, and Chen (2022) 0.153
Makransky. Petersen. and Klingenberg (2020) Study 2 -0.461
Nikou and Economides (2018) 0.349
Papastergiou, Natsis, Vernadakis and Antoniou (2021) -0.343
Quintas, Bustamante, Pradas, and Castellar (2020) -0.181
Ruiz-Ariza, Casuso, Suarez-Manzano. and Martinez-Lépez (2018) 5 -0.070
Sahin and Yilmaz (2020) 0.760
Sung, Hwang, Lin, and Hong (2017) 0.055
Tapingkae, Panjaburee, Hwang, and Srisawasdi (2020) 0.016
Vanbecelaere, Van den Berghe, Cormillie, Sasanguie, Reynvoet, and Depaepe (2020) -0.186
Wang (2017a) -0.634
Yallihep and Kuthi (2020) -0.028
Zhao, Hwang, Chang. Yang, and Nokkaew (2021) Comp 1 -0.304
Zhao, Hwang, Chang, Yang, and Nokkaew (2021) Comp 2 7 -0274
0.301

FIGURE 6

comparison to students learning without mobile technologies. We
could compare the effects of mobile technologies with control groups
on learning outcome in 109 cognitive comparisons from 80 journal
articles, in 37 affective comparisons from 17 journal articles, and in
14 behavioural comparisons from 11 journal articles. Within each
study set, ESs and 95% confidence intervals of each study are pre-
sented in Figures 5, 6 and 7.

With regard to the primary outcome variable, the overall effect
shows that the use of mobile technologies had a medium positive and
significant effect on cognitive learning (3 = 0.498, 95% Cl [0.382,
0.614]). Similar to the effects on cognitive learning, the combined
effect on affective learning was medium (g = 0.449, 95% Cl [0.301,
0.598]). For behavioural learning outcomes, a medium positive and
significant ES (g = 0.339, 95% Cl [0.051, 0.627]) was also found.
Heterogeneity is large (1> = 86.618 for the cognitive dimension,
12 = 75.662 for the affective dimension, I> = 83.327 for the beha-
vioural dimension) for the effects on all three learning outcome
dimensions and highly significant (p <0.001) in these analyses.

Ten studies were special since they included multiple compari-
sons. We examined the possible effects of this by conducting analyses
with only one ES (either the largest or the smallest ES) per study. As
Table 2 reveals, the resulting ESs were roughly the same as in the
overall analyses. Heterogeneity test was not significant for affective
(12 =0, p = 0.743), and behavioural (1> = 0, p = 0.995) learning out-
come, indicating the observed differences might not be important.

Statistics for each study

Upper
limit
1.306
2333
0.698
2172
1.292
0.737
0.944
0.459
0.205
0.872
1318
2.048
1272
1.052
1.348
0.908
0.517
0.774
0.774
0.391
1.345
1.184
1.325
1.147
0.223
1.124
0.306
0.242
0.501
1.618
1.227
0.754
0.322
0.785
1301
0.555
0.548
0.598

Forest plot of the 37 effect sizes for affective outcomes.
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However, heterogeneity test was significant for cognitive learning
outcome (1% = 62.328, p = 0.047), indicating these overall ESs should
be interpreted cautiously.

3.4 | Moderator analyses

To answer RQ2 and RQ3, we performed moderator analyses. We
calculated ESs and 95% Cl for each level with at least four studies of
all potential moderators. Results for cognitive learning outcomes are
presented in Table 3, affective and behavioural learning outcome
are presented in Tables B1 and B2 respectively in Appendix B, along
with all between group heterogeneity tests.

For cognitive learning outcomes, as can be seen in Table 3, of
all 15 variables tested, 6 moderators were found. We found indica-
tions that students from urban areas had higher ESs than others
(p = 0.003), that low SES students had lower ESs than others
(p = 0.001), that students using handheld device with multiple
functions were significantly more effective than using device with
one single function (p = 0.001), that each student having one
mobile device was significantly associated with the higher ESs
(b < 0.001), that equivalent learning topic/content between com-
parison groups resulted in a higher ESs (p < 0.001), and that the ESs
differed significantly between the degree of technology use in the

control group (p = 0.015).
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper
g limit  limit
Chen, Yang, Huang, and Yao (2020) Comp 1 0.191 -0.233 0.615 —li—
Chen, Yang, Huang, and Yao (2020) Comp 2 0.381 -0.042 0.804 L | m—
Chen, Yang, Huang, and Yao (2020) Comp 3 0.168 -0.265 0.601 e ea—
Chen, Yang, Huang, and Yao (2020) Comp 4 0.461 0.021 0.901 e  mm)
Chien, Tsai, Chen, Chang, and Chen (2015) 0.991 0.366 1.615
Hung and Young (2015) 0.867 0.137 1.598 s
Lin (2014) 1.171 0.712 1.631 ——
Liu, Wang, Lei, Wang, and Ren (2020) 0.441 0.026 0.856 ——
Liyanawatta, Yang, Liu, Zhuang, and Chen (2022) 0.721 0.224 1.218 D —
Quintas, Bustamante, Pradas, and Castellar (2020) 0.591 0.392 0.789 il
Tapingkae, Panjaburee, Hwang, and Srisawasdi (2020) -0.031 -0.396 0.334 —:—
Wang (2017a) -0.061 -0.757 0.636
Yang, Chen, Zheng, and Hwang (2021) 0.297 -0.335 0.929 e
Zhang, Sung, Hou, and Chang (2014) Sample 2 -1.386 -1.893 -0.880 —_—
0339 0.051 0.627 i
-2.00 -1.00 0.00 1.00 2.00
FIGURE 7 Forest plot of the 14 effect sizes for behavioural outcomes.
TABLE 2 Overall effect sizes of mobile technology usage
Effect size and 95% confidence interval Heterogeneity
Dependent variable
N g SE 95% Cl Qlp) Df(Q)  <?(SE) 12 (%)
Cognitive learning outcome
All studies 109 0.498 0.059 (0.382,0.614) 813.006 (<0.001) 108 0.316 (0.059) 86.716
Possible outliers removed 83 0.378 0.036 (0.307, 0.448) 176.951 (<0.001) 82 0.052 (0.016) 53.659
One effect size per study (largest) 74 0.599 0.079 (0.444,0.754) 648.333 (<0.001) 73 0.392(0.089) 88.740
One effect size per study (smallest) 74 0.442 0.075 (0.295, 0.589) 586.158 (<0.001) 73 0.348 (0.080) 87.546
Affective learning outcome
All studies 37 0.449 0.076 (0.301, 0.598) 147.916 (<0.001) 36 0.149 (0.053)  75.662
Possible outliers removed 32 0.376 0.061 (0.257, 0.494) 63.570 (0.001) 31 0.055(0.029) 51.235
One effect size per study (largest) 30 0.486 0.089 (0.312, 0.660) 139.051 (<0.001) 29 0.173 (0.066) 79.144
One effect size per study (smallest) 30 0.407 0.083 (0.244, 0.569) 121.801 (<0.001) 29 0.145(0.057) 76.191
Behavioural learning outcome
All studies 14 0.339 0.147 (0.051, 0.627) 77.968 (<0.001) 13 0.239(0.134) 83.327
Possible outliers removed 12 0.302 0.157 (—0.006, 0.609) 61.717 (<0.001) 11 0.229 (0.142) 82.177
One effect size per study (largest) 11 0.367 0.189 (—0.004, 0.738) 75.887 (<0.001) 10 0.325(0.206) 86.823
One effect size per study (smallest) 11 0.339 0.190 (—0.034,0.712) 77.016 (<0.001) 10 0.330(0.208) 87.016

In the moderator analyses for affective learning outcomes (see
Table B1 in Appendix B), we only found studies in which inquiry-
oriented learning resulted in a higher differential ES than studies in
which game-based learning were applied (p = 0.039). In the series of
moderator analyses regarding behavioural learning effects, results in
Table B2 in Appendix B showed that the effects size was not signifi-

cantly associated with any of the eight variables tested.

4 | DISCUSSION

4.1 | Overall effects on learning outcomes

We conducted a systematic review with a meta-analysis of experi-

mental and quasi-experimental studies comparing the effects of

learning with and without mobile technology. Compared with tradi-
tional technology and non-technology groups, mobile technology pro-
duced medium positive and statistically significant effects on primary
and secondary students' learning in terms of cognitive, affective, and
behavioural learning outcomes. The current meta-analysis provides
the converging ‘best evidence’ for the overall beneficial effects of

using mobile technology in education.

4.2 | Moderator variables

The main effects of mobile technology mentioned above are not the
same for all student groups and learning contexts. Therefore, modera-
tor analyses have been performed with characteristics of the students

and learning contexts as moderators. The results from a series of
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TABLE 3 Moderator analyses and weighted mean effect sizes for cognitive outcome variables

Moderator category

Student factor

Teaching context

Learning process

Study quality

Moderator variables
2Community type
Urban
Not urban
aSES
Low
Not low
“Education level
Primary school
Secondary school
dLearning environment
Formal settings
Informal settings
Unrestricted
aSchool subject
Language arts
Social studies
Mathematics
Science
Professional subjects

@Hardware used in
intervention group

Handheld devices with
multiple functions

Handheld devices with
one specific function

Student-to-hardware ratio
Own
Shared

*Teaching method
Inquiry-oriented learning
Game-based learning
Self-directed learning

Computer-assisted
testing/assessment

Lectures

Mixed

#Duration of the intervention

<1 day
1 day-4 weeks
>4 weeks
@Research design
Quasi-experimental
Experimental
?Instructor equivalence
Same

Different

N

14
12

102

61
48

83
19

30
13
21
39

89

18

68
16

43
19

15

33
34
28

86
23

54
41

3

0.567
0.061

0.059
0.534

0.471
0.521

0.467
0.512
0.921

0.475
0.420
0.557
0.459
1.305

0.557

0.222

0.595
0.043

0.4941
0.458
0.744
0.475

0.519
0.967

0.279
0.517
0.566

0.530
0.369

0.487
0.521

SE

0.138
0.097

0.122
0.063

0.091
0.072

0.074
0.070
0.312

0.079
0.106
0.231
0.087
0.674

0.072

0.075

0.084
0.083

0.073
0.104
0.258
0.159

0.286
0.395

0.093
0.083
0.151

0.067
0.122

0.082
0.104

95% CI

(0.297,0.837)
(-0.129,0.252)

(—0.180, 0.298)
(0.410, 0.685)

(0.293, 0.649)
(0.381, 0.662)

[0.323,0.612)
[0.375, 0.650)
(0.310, 1.531)

0.320, 0.630)
0.213, 0.626)
0.105, 1.010)
0.289, 0.629)
(-0.015, 2.625)

(
(
(
(

(0.417,0.698)

(0.076,0.369)

(0.431, 0.760)
(—0.120, 0.207)

(0.349,0.633)
(0.254,0.662)
(0.239, 1.249)
(0.163,0.787)

(—0.042, 1.080)
(0.192, 1.742)

(0.097,0.462)
(0.354,0.681)
(0.269,0.863)

(0.398, 0.662)
(0.129, 0.608)

(0.326, 0.648)
(0.318,0.726)

Qs

8.989

11.994

0.189

2.047

1.921

10.469

21.725

2.501

4.518

1.333

0.065
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0.003

0.001

0.664

0.359

0.750

0.001

<0.001

0.776

0.104

0.248

0.799

(Continues)
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TABLE 3 (Continued)

Moderator category Moderator variables N

BLearning topic/content

equivalence

Same 88

Different 13
PSoftware/tool

equivalence

Same 48

Different 43

“Degree of technology use in
the control group

Pen-and-paper 67
Traditional technology 25
?Procedure of effect size

extraction

Calculated from exact 97
descriptive

Calculated from inferential 11
statistics

WANG ET AL
g SE 95% CI Qs p
0.574 0.071 (0.434,0.713) 13.263 < 0.001
0.203 0.073 (0.061, 0.34¢)
0.519 0.109 (0.306, 0.731) 0.009 0.924
0.506 0.083 (0.342, 0.669)
0.607 0.087 (0.436, 0.777) 5.895 0.015
0.279 0.103 (0.077,0.481)
0.512 0.066 (0.382, 0.643) 2.498 0.114
0.342 0.085 (0.176, 0.508)

®The moderators considered from previous studies are designated by an asterisk.

The moderators considered from new data are designated by two asterisks.

moderator analyses supported the importance of some variables from
three categories, that is, student factors, learning process, and study
quality, that explained differences in learning outcomes between
mobile learning and traditional learning. From an educational perspec-
tive - as indicated in the 3P model, ESs varied significantly for cogni-
tive learning outcomes according to community type, SES, hardware
used, ratio, while teaching methods was the only significant modera-
tor variable for affective learning outcomes. The mobile technology
interventions benefited more for students from urban areas, not low
SES backgrounds, using handheld devices with multiple functions,
using mobile devices on their own and for inquiry-oriented learning.
Nevertheless, because the number of included studies was small,
these effects must be interpreted with caution. Furthermore, the
three factors in the teaching context category (education level, learn-
ing environment, and school subject) were not significant moderators
for all learning outcomes. Moreover, with regard to learning process,
the results on cognitive learning outcomes identified two moderators
(i.e., hardware used in intervention group, student-to-hardware ratio),
on affective learning outcomes identified one moderator (i.e., teaching
method). From the methodology perspective, the results on cognitive
learning outcomes identified two moderators (i.e., learning topic/
content equivalence, and degree of technology use in the control
group), while on affective and behavioural learning outcomes no mod-
erators were identified.

Although research has indicated the influence of social support from
both school and family on technology access and usage among children
(Li & Ranieri, 2013), previous meta-analyses of mobile technology inter-
ventions failed to examine this moderator effect due to lacking relevant

information. According to the subgroup analysis, students with low SES

background and from rural schools benefited less than their peers. This
finding is perhaps due to the fact that these students are living in differ-
ent conditions compared to their urban counterparts with fewer digital
opportunities, and therefore they acquire less knowledge, experience,
and support about mobile learning. The finding is of particular importance
in understanding the new digital divide and offering a valuable direction
to explore differences among subgroups, for example, ethnicity and
migration status.

Furthermore, in line with previous meta-analysis (Sung et al., 2016),
handheld devices with multiple functions often induced better cognitive
learning outcomes. This result provides insights for designing features
for mobile devices and shows the possibility of finding a balance
between cost and benefit in mobile learning. For example, clickers that
allow students to quickly and anonymously respond to questions pre-
sented in class are much less complex and costly than tablets, which
enable students to do more things and involve strategies that include
student-centred, dynamic, interactive techniques that could promote
cognitive development. However, a clicker is much less costly than a
tablet, which is particularly critical for economically disadvantaged
schools and students. Besides, in contrast to the assumption of Hal3ler
et al. (2016), the current meta-analysis proved the higher learning gains
in a student-device ratio of one-to-one environment than the shared-
device learning environment. A possible explanation is that individual
student mobile device supported student-centered and individualized
learning (Zheng et al., 2016) and enabled teachers or computer systems
to provide immediate feedback to individual students (Castillo-Manzano
et al., 2016).

No significant effects were found in variables in the teaching con-

text category. An important implication of these findings is that
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mobile technology interventions can have an equally powerful effect
on students' learning across teaching contexts. In terms of the learn-
ing process, students who adopted inquiry-oriented learning showed
better affective learning outcomes than those who adopted game-
based learning, although both produced significant overall effects in
mobile learning. In contrast to Sung et al. (2016) study, the current
study found that game-based learning significantly affected cognitive
learning outcomes, possibly due to game-based learning being more
closely related to the curriculum and learning objectives than 10 years
ago. Additionally, Borovay (2007) examined the impact of inquiry-
classroom environments on flow and found that all students reported
higher flow states in inquiry settings than students' experiences in tra-
ditional and occasional inquiry classrooms. He also noted that during
the inquiry process, students could pursue questions of their own
interest and approach their tasks based on the knowledge they had
previously acquired with little teacher involvement. Nevertheless, in
game-based learning, the game is often not about inquiry but provides
the storyline or context upon which the inquiry is structured (Istance &
Kools, 2013), and high performance in a game does not necessarily indi-
cate effective learning (Papamitsiou & Economides, 2016). Altogether,
inquiry-oriented learning may improve learners' affective outcomes more
effectively than game-based learning.

With regard to the research methodology category, the finding
that instructor equivalence was not found to be a significant modera-
tor is in accordance with previous meta-analysis on college students'
learning outcomes in technology-enabled active learning environ-
ments (Shi et al., 2020). The influence of other features of the study
quality, such as learning topic/content equivalence, tool/software
equivalence, and procedure of ES extraction, have not been investi-
gated as potential moderators in past meta-analyses. However, in this
study, learning topic/content equivalence (whether the learning topic/
content was the same in both the experimental and control groups)
served as a significant moderator for cognitive learning outcomes, and
the ES was larger when the same topic/content was employed. The
findings are biased by the use of different learning topic/content, sup-
porting the claim that methodological rigour needs to be enhanced in
research on mobile learning. Besides, degree of technology use in the
control group were significant moderators with regard to cognitive
learning outcomes. This difference may suggest that using mobile
technology has larger effects than not using technology or using tradi-
tional technology, perhaps because mobile technology allows students
greater flexibility in learning and seamlessly integrate the learning
experiences across various dimensions. In sum, this calls for future
research to consider the features of study quality to explore whether
the moderator effects exist and might contribute to the observed

differences.

4.3 | Limitations and future research
Many studies were not included in this meta-analysis because the
necessary information was not reported. Out of 375 potentially rele-

vant journal articles found in the databases and journal websites, only
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85 studies could finally be used for the analyses. Studies were
excluded not only because they lacked statistical data but also
because of other missing information that is important for meta-ana-
lyses. Because of time constraints, we only have one reviewer collect-
ing data and did not contact study authors to clarify unclear
information, which may result in missing relevant studies. On the
other hand, As stated by Sung et al. (2019), mobile-learning research
has suffered from methodological shortcomings that might hinder the
ability of mobile-learning research to obtain reliable evidence for sus-
taining innovative practices and creating valid theories. To this end,
Sung et al. (2019) suggest mobile-learning researchers should utilize
valid designs for their research tools, procedures, and statistical
methods and focus on presenting their research results more clearly
by applying the checklist for the Rigour of Education-Experiment
Designs (CREED). Owing to the limited number of empirical mobile-
learning studies, the quality of experimental research was not used as
a criterion for the inclusion or exclusion of research samples, except
that these studies were peer-reviewed; instead features of study
quality were analysed as potential moderators. Furthermore, we had
few studies examining differential effects on affective and beha-
vioural learning outcomes. We recommend that outcomes beyond
cognitive learning outcomes are given more attention in research
designs to fully explore the complex array of student outcomes in a
learning situation. Other factors, such as training of teachers and
students on technology/content, software used, and school type,
could provide more practical and theoretical insights into the effects
of using mobile technologies on school students' learning. These var-
iables were not included in the moderator analyses of the present
study due to low variability in categories or missing information in
the studies. Moreover, the majority of experimental treatments suf-
fer from the limitation of short-term mobile technology interven-
tions; in our study, about two-thirds of interventions lasted less than
4 weeks. Studies indicated that researchers might create artificial
environments for a brief duration (Cheung & Slavin, 2013). There-
fore, we argue the need for longitudinal research to discard the nov-
elty effect of mobile technology. Lastly, because all included studies
were written in English, we suggest that future meta-analyses could
consider adding more articles written in different languages to yield
more robust findings than using an English single language. How-
ever, because of these limitations, readers should take the findings
with caution because they may have limited generalizability in differ-
ent situations and contexts.

44 | Implications for policymakers and
practitioners

The findings above may provide insight into the optimal arrangement
of mobile learning regarding the presage (e.g., community type, SES),
process (e.g., student-to-hardware ratio, hardware used, teaching
method), study quality (e.g., learning topic/content equivalence,
degree of technology use in the control group), and product

(e.g., cognitive, affective and behavioural learning) variables, which are
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the central concerns of mobile learning policymakers, practitioners,
and parents.

First, the study is timely given the current debates by policy-
makers and politicians, about the use of mobile devices in schooling.
There is a focus in the media and much professional commentary on
the adverse effects of school-aged students' use of mobile devices,
including health problems like eyesight (China), potentially ethical
issues (Indonesia), cyber-safety (Japan), classroom management con-
cerns (Malaysia), and technology addiction (South Korea) (Churchill
et al., 2018). The current meta-analysis provides a clear indication for
policymakers on the effectiveness of mobile technology usage and
evidence-based guidance on the use of mobile devices in schooling
that provides a counterpoint to some of the current concerns. For
example, some people believed that the use of mobile devices is not
good for students' eyes, but in fact, the individual device helps stu-
dents with poor eyesight see the learning content more clearly com-
pared with look up at the backboards or whiteboards, especially those
sitting in the back rows in a large classroom. For children, a
mobile device is fast becoming a must-have not a nice-to-have, and it
extends learning time and space (Norris & Soloway, 2015) and may
sometimes serve as an unavoidable alternative for online learning
(Dhawan, 2020). We recognize that hardware alone does not fulfil its
potential in education and change teaching and learning fundamen-
tally. However, different from traditional classroom learning and sup-
ported by mobile technologies' innovative features and their
educational affordances, student-centred and active learning will
become the new norm in tomorrow's education systems. More impor-
tantly, while the academic success of students historically determines
the quality of school learning, the quality of the ‘learning process’ has
increased in importance and extends the understanding of learning
outcomes (OECD, 2019). Therefore, policymakers who hesitate to
scale up the use of mobile devices in education are encouraged to
take actions either for improving educational quality or for bridging
the digital divide. And before approving all actions under a given pol-
icy, there is an urgent need to articulate strategic intentions supple-
mented by established decision-making mechanisms and support.

Second, educational practitioners and parents may need to be
convinced of the value of mobile learning to better prepare and sup-
port student learning. Long-term educational technology integration
with appropriate supporting logistics may increase teachers' readiness
to use digital technology (Christensen & Knezek, 2017) and the
level of commitment to integrating their teaching with the students'
learning (Khlaif, 2018). For example, if there is a lack of targeted
teacher training in the preparation stage, and insufficient technical
and pedagogical support during the phases of implementation,
teachers might not be able to provide innovative teaching methods,
and they might even reduce the time available for students to use
mobile devices. Moreover, these conditions should include removing
the negative effects, such as distraction, increased cognitive load, and
mobile phone addiction. One way to solve these problems is to
strengthen learners' self-regulation skills, as they are especially impor-
tant for informal learning like homework performance (Nikou &
Economides, 2018). Besides, the role of parents is important, as
researchers pointed out that students' view of parental support is not
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only related to their learning motivation but also to their actual behav-

iours in self-regulating their learning (Sha et al., 2012).

45 | Conclusions

As interest in the tendencies of mobile learning and the affordances of
mobile technologies, it is not only crucial of reimagining teaching and
learning with mobile technology in primary and secondary education,
but also valuable of reassessing the effectiveness of mobile technology
usage on different learning outcomes as well as how to use mobile
technologies for learning effectively, enjoyably, and engagingly. This
study using the best evidence from experimental or quasi-experimental
studies aimed to answer whether school students learn better with
mobile technology and which factors explain the differences in results.
Although the results of our meta-analyses of 109 cognitive compari-
sons from 80 journal articles, 24 affective comparisons from 17 journal
articles, and 14 behavioural comparisons from 11 journal articles, indi-
cated that mobile technology usage was positively and significantly
associated with cognitive, affective, and behavioural learning outcomes,
we cannot be certain the difference was influenced by mobile tech-
nology usage and not by other variables. We also found that from
both educational and methodological perspectives, the impacts of
mobile technology usage were moderated by multiple factors, espe-
cially the student factors, learning process, and study quality factors.
Again, while these associations are promising, we cannot make firm
claims about the differences in effects of various types of mobile
technology usage. Hence, given the limited number of studies
included in the meta-analyses, especially the fact that studies with
negative results are published fewer than those with positive results,
and the considerable heterogeneity in reported mobile learning stud-
ies, we urge policymakers and researchers to interpret these results
with caution. More importantly, in the near future, researchers need
to optimize the quality of experimental studies, and educational
stakeholders need to take responsibility and get ready to adopt and
support mobile technology usage in educational practices based on
evidence-based endeavours.
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WANG ET AL.

APPENDIX B: MODERATOR ANALYSES FOR AFFECTIVE AND
BEHAVIOURAL OUTCOME VARIABLES

TABLE B1

Moderator category

Student factor

Teaching context

Learning process

Study quality

Moderator variables N
Community type

Urban 7

Not urban 5
Education level

Primary school 17

Secondary school 20
Learning environment

Formal settings 30

Informal settings 6
School subjects

Language arts 6

Mathematics 6

Science 16

Professional subjects 4
Hardware used in intervention group

Handheld devices with multiple functions 31

Handheld devices with one specific function 4
Student-to-hardware ratio

Own 22

Shared 6
Teaching method

Inquiry-oriented learning 18

Game-based learning 9
Duration of the intervention

<1 day 11

1 day-4 weeks 15

>4 weeks 8
Research design

Quasi-experimental 31

Experimental 6
Instructor equivalence

Same 19

Different 7
Learning topic/content equivalence

Same 32

Different 5
Software/Tool equivalence

Same 17

Different 17
Degree of technology use in the control group

Pen-and-paper 16

Traditional technology 17

3

0.174
0.442

0.346
0.539

0.484
0.349

0.503
0.222
0.637
0.133

0.435
0.271

0.372
0.317

0.560
0.234

0.361
0.400
0.596

0.413
0.649

0.589
0.317

0.478
0.271

0.355
0.442

0.521
0.421

Moderator analyses and weighted mean effect sizes for affective outcome variables

SE

0.116
0.142

0.116
0.094

0.089
0.158

0.130
0.137
0.139
0.179

0.083
0.134

0.088
0.130

0.135
0.081

0.115
0.134
0.163

0.084
0.168

0.113
0.191

0.085
0.143

0.084
0.114

0.137
0.099

95% Cl

(—0.053, 0.401)
(0.164, 0.720)

(0.120, 0.573)
(0.354, 0.723)

(0.309, 0.659)
(0.038, 0.659)

(0.248, 0.758)
(—0.046, 0.489)
(0.365, 0.909)
(—0.218, 0.483)

(0.273, 0.597)
(0.008, 0.534)

(0.200, 0.544)
(0.063,0.572)

(0.294, 0.826)
(0.076, 0.393)

(0.136, 0.587)
(0.137, 0.664)
(0.277,0.915)

(0.250, 0.577)
(0.320, 0.977)

(0.369, 0.810)
(-0.057, 0.691)

(0.310, 0.645)
(—0.009, 0.551)

(0.190, 0.520)
(0.219, 0.665)

(0.252, 0.789)
(0.228, 0.615)

Qg

2.150

1.666

0.554

7.484

1.080

0.122

4.254

1.444

1.580

1.512

1.539

0.378

0.345
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0.143

0.197

0.457

0.058

0.299

0.727

0.039

0.486

0.209

0.219

0.215

0.539

0.557
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TABLE B2 Moderator analyses and weighted mean effect sizes for behavioural outcome variables
Moderator category Moderator variables N g SE 95% CI Qs p
Student factor Community type
Urban 0.528 0.145 (0.244,0.813) 1.591 0.207
Not urban 0.299 0.110 (0.084, 0.514)
Teaching context Education level
Primary school 5 0.156 0.363 (-0.554, 0.867) 0.515 0.473
Secondary school 9 0.436 0.141 (0.159,0.712)
School subjects
Language arts 5 0.635 0.217 (0.210, 1.060) 1.822 0.177
Science 8 0.233 0.204 (-0.167, 0.633)
Learning process Student-to-hardware ratio
Own 7 0.514 0.165 (0.190, 0.838) 0.425 0.515
Shared 6 0.389 0.099 (0.196, 0.582)
Duration of the intervention
<1 day 7 0.222 0.271 (-0.309, 0.753) 0.132 0.716
1 day-4 weeks 5 0.338 0.169 (0.007, 0.670)
Study quality Instructor equivalence
Same 0.475 0.103 (0.274,0.677) 0.676 0411
Different 4 0.065 0.488 (-0.892, 1.022)
Software/Tool equivalence
Same 10 0.317 0.215 (-0.105, 0.739) 0.087 0.768
Different 4 0.400 0.180 (0.047,0.754)
Degree of technology use in the control group
Pen-and-paper 0.113 0.310 (—0.495,0.72) 1.307 0.253
Traditional technology 0.496 0.127 (0.248, 0.744)
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