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Abstract

Introduction. The use of mobile devices by children and adolescents is a common
practice at the moment. Although mobile learning has some benefits, the results of the
study on its effectiveness are contradictory. The study described in this paper is one of the
first carried out to summarize the results of meta-analyses assessing the effects of using
mobile devices by school children in the educational context. Methods. The study aimed
to identify the effects of using mobile devices in learning based on second-order meta-
analysis procedures. Twenty-nine meta-analyses conducted between 2014 and 2023
were analyzed, with minimal overlap between primary studies. A systematic search for
sources and their assessment in accordance with the meta-review protocol, an analysis
of coincidences in studies included in primary meta-analyses, an assessment of the
presence of publication bias, and an analysis of the influence of categorical moderators
were conducted. Results. The use of mobile devices by students has an average impact
on their educational outcomes (g = 0.654 (95% CI: 0.578-0.73)). A significant result was
found when assessing the heterogeneity of mean effect sizes (12 = 0,042, Q = 277,255,
p <0,001; 12 = 86,95%). The moderator analysis showed a significant impact of the type of
educational outcome, subject area of study, type of publication and location of primary
research. Conflicting results are found when mean effect sizes are analyzed across
different levels of education. Discussion. The average effect size obtained during the
analysis is characterized by a high degree of stability at different periods of digitalization
of education. The use of mobile devices by school children can have a dual impact on
their learning activities, depending on the inclusion of adults in this process. Problematic
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digital behavior is associated with worsened educational outcomes. The use of gadgets
foreducational purposes, on the contrary, helps to increase learning efficiency compared
to its traditional forms. The meta-review provides further directions for research on the
effects of the use of mobile devices by school children in their educational activities and
can help develop digital culture education programs.
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Introduction

The first decades of the 21st century were revolutionary for global educational institutions.
Accelerating the pace of technological change requires rapid updating and qualitative
transformation of information, the dynamic changes in the labor market associated
with the transformation of the functionalities of occupations, and the digitalization of
all aspects of modern life (Kamal et al., 2019; Nakano, 2022). These changes require
education theorists and practitioners to discuss the main problems they solve, such as
determining the ability of modern educational systems to prepare graduates to succeed in
society (Zhao, 2020), analyzing real-life situations and seeking best methods of achieving
their goals, and demonstrating citizenship and responsibility for their countries (Fu, 2020).
Scientists recognize that the transformation of education to meet fundamental needs of
changing society and the world as a whole is a key issue (Fadel, Bialik, & Trilling, 2018).

One solution to these challenges was digital transformation in education. The
purpose of digital transformation of education is to integrate digital technologies into
teaching practices, including personalization of education, in order to help students
achieve the required educational outcomes (Uvarov, 2019). Mobile technology deserves
special attention because its use in education has several advantages related to its
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increasing accessibility, adaptability, flexibility, and variety of functions (Yu et al., 2022).
Already, more than 6 billion people around the world have smartphones, and this number
will only increase in the future (Ericsson Mobility Visualizer, 2023). In addition, according
to Mediascope CROSS WEB, in 2022, 96 % of Russian Internet users between the ages
of 12 and 17 spend an average of about six hours on-line, and mobile devices are 94
% of Internet connections in the digital consumption structure (Borosdina, 2022). The
increasing practice of using mobile devices (hereinafter MD) by school children opens
up the possibility of using these tools for educational purposes. Research into the
effectiveness of mobile learning began in the early 21st century (Keegan, 2000) and has
been intensively ongoing for over twenty years. A large number of scientific data has been
accumulated, but it is extremely contradictory. On the one hand, it has been shown that
mobile technologies can improve school students’ academic motivation (Karchner et al.,
2022), improve the quality of learning foreign languages (Chistova & Krotkova, 2018; Alfadil,
2020), natural sciences (Chang et al., 2020; Cevajka & Velmovska, 2022),; mathematics
(Bimer and al., 2022); computer science (Novikov & Starichenko, 2020); and contribute to
the formation of ideas on the potential of MD as an educational tool (Kapina, 2020; Sahin
& Yilmaz, 2020). On the other hand, researchers emphasize the risks and negative effects
of the use of mobile technologies by school children, expressed in problems such as self-
control (Troll et al., 2020), the use of mobile phones for purposes that are not related to
educationaltasks and distractions while studying (Zhai etal,, 2019; Yietal., 2016), problems
in the search and assessment of information (Bezgodova et al., 2020), threats to physical
and mental health (Chau et al., 2022) and the growing digital inequalities (Jin et al., 2020).
In some countries, the lack of consensus on such a sensitive issue led to restrictions on
the use of gadgets in schools (Novikova et al. 2020). However, I. Sh. Mukhametsyanov
notes that the non-alternative prohibition of the use of MD is the simplest solution to the
problem of adapting schools and the pedagogical technologies they use to new digital
realities (Mukhametsyanov, 2019). The author raises the question of the need to conduct
in-depth research into the influence of MD on humans (Mukhametzyanov, 2019, p. 56).

In this respect, meta-analysis is an important area of research aimed at combining
empirical studies and determining important patterns based on them (Kornilov & Kornilova,
2010). To date, a significant number of meta-analysis studies have been carried out to
investigate the effects of MD in education. Most meta-analyses on mobile learning studies
show positive effects ranging from 0.226 (Tamim et al., 2015) to 1.8 (Mihaylova et al., 2022).
However, meta-analyses aimed at identifying the relationship between students’ practices
of using MD and their educational outcomes, on the contrary, demonstrate moderate
negative effects ranging from -0.12 (Sunday et al., 2021) to -0.76 (Karchner et al., 2022).
It seems important to generalize the results of meta-analyses that have already been
conducted on various aspects of the study of mobile technologies in education and on the
use of gadgets by students. The generalization of the results will enable us to determine
the general patterns of influence of mobile technologies in education on school students’
educational outcomes and identify factors that can determine these patterns.
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The tool used to summarize the results was a second-order meta-analysis or meta-
review, addressing existing meta-analyses. Meta-review is a meta-analysis of statistically
independent and methodologically comparable first-level meta-analyses aimed at
investigating similar relationships between variables in different research contexts
(Schmidt & Oh, 2013). First-order meta-analyses can reduce the influence of certain biases
in empirical studies, but the potential for their influence remains. The remaining errors
resulting from meta-analysis are usually called second-order biases. The elimination of
the significance of this error is a task of the second-order meta-analysis, which in turn
helps to reduce the heterogeneity of the overall result (Cooper & Koenka, 2012).

Purpose

This study aims to summarize the results of meta-analyses identifying the impact of the
use of MD by school students on their educational outcomes.
Achieving this goal may enable us to answer some of the research questions related
to education, including the following:
«  What is the effectiveness of mobile learning compared to traditional teaching
methods? How does it manifest itself at different levels of education?
* How can the effects of using MD for educational and extracurricular purposes be
compared to school students’ educational outcomes?
¢ Is there a difference in the effectiveness of mobile learning when studying
different school subjects?

e |sthere a relationship between the publication type and its results?

Methods

The study used the PRISMA statement (Preferred reporting items for systematic reviews
and meta-analyses) (Moher et al.,, 2009; Liberati et al., 2009). Due to the limited scope of
this article and in order to increase the transparency of research procedures, all meta-
analysis data are published on the OSF portal (https://osf.io/tyz95/).

Search strategy

International databases were used for the search of meta-analyses (EBSCO, Google
Scholar, ProQuest Dissertations and Theses; ResearchGate; RSCI). The supplementary
materials of the article provide keywords for meta-analysis search. The search for sources
was also carried out by reviewing the sources cited in the retrieved publications.

Selection of studies, inclusion and exclusion criteria

According to the PRISMA statement, the selection of meta-analyses and their assessment
were independently carried out by three researchers according to the following criteria:

1. Period of publication of meta-analyses — 2010-2023.
2. Publishing languages — English, Russian.
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3. Meta-analyses should focus on the impact of school children’s use of mobile
technologies on their educational activities and educational outcomes.

4. The results of meta-analyses should include statistics sufficient to calculate the
effect size (for example, Cohen'’s d, Hedges's g, lower limit (LL), upper limit (UL), and
standard error (SE), depending on this impact and variance values).

The degree of interobserver agreement was determined using Cohen’s kappa
interrater agreement coefficient (k = 0.87-0.92). If there were differences of opinion
between the researchers, they were resolved on the basis of consensus ratings.

The list of collected information included the year of publication, the number of
studies included in the meta-analysis, the size of the total sample and country, the type
and value of the effect size, standard error, the lower and upper limits of the confidence
interval, the level of education, the type of educational outcomes, school subjects, the

type of publication, the number of citations of a publication, and journal citation rates.
If data were available, statistical parameters for different levels of education (primary,

secondary, and high school) were included separately.

The initial search resulted in 427 sources (see Figure 1).

Figure 1
Flowchart of the process of searching, evaluating publications, including and excluding data

Systematic search for meta-analyses published in English
and Russian in Elibrary, EBSCO, Google Scholar, ProQuest,
and ResearchGate (after excluding duplicates — n=427)

!

Selection of studies that meet the following requirements:
contain the results of a meta-analysis
correspond to the level of school education
provide information about effect size
published between 2010 and 2023

}

Viewing
annotations Exclusion by annotations (n=352)
(n=427)

!

Studying full Exclusion by full texts
texts (n=47)
(n=77)

Search for
sources

Inclusion
criteria
s e

Assessment of acceptability

Studies included in the second-order meta-analysis (n=30)

Inclusion
criteria
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The review of the abstracts identified 352 studies that were not meta-analysis
or that were not related to education. The remaining 77 documents were thoroughly
examined. The criteria for the exclusion of publications were the text of the publication
(neither English nor Russian — 2); not mobile, but other computer technologies — 19;
the level of vocational or pre-school education — 8; specific samples of students (with
disabilities) — 2; the absence of necessary statistical data and information on meta-
analysis procedures — 11; the absence of correlations with educational outcomes — 5.

Finally, 30 meta-analysis publications were selected, including 36 effect sizes for
different types of educational outcomes.

Analyzing agreements in studies included in primary meta-analyses

Second-order meta-analysis ideally involves generalization of meta-analyses based
on non-overlapping samples of primary studies. In practice, however, this condition is
extremely difficult to fulfil, and a general recommendation is to minimize the duplication
of primary studies (Cooper & Koenka, 2012). The total number of primary studies
overlapping in various meta-analysis was 161, with a total of 837 studies that became
the primary basis for the second-order meta-analysis, which amounted to 19.24 %. The
acceptable level of agreement between the main studies of the meta-analysis contained
in the sample was assessed using covered area (CA) and corrected covered area (CCA)
indices.

The CAindex is calculated by the formula:

N
CA =
r*C
(1
The CCA index is calculated by the formula:
N—r
CCA =
rEC—T
2

where N is the total number of primary studies included in the second-order meta-
analysis (including duplication); r is the number of primary studies excluding duplication;
and c is the number of meta-analyses included in the second-order meta-analysis
(Hennessy et al, 2020).

According to D. Pieper and colleagues, CCA scores above 15 % are considered
extremely high and characterize the lack of independence between the studies included
in the meta-review, which reduces its quality (Pieper et al, 2014). The results of the index
calculations showed a high degree of overlap between the primary studies included in
the meta-analyses between (Sung et al,, 2016) and (Sung et al,, 2015), the index value was
35.40 %, as well as between (Sung et al,, 2016) and (Yang, 2020) — 18.40 %. Therefore, the
meta-analysis (Sung et al.,, 2016) was excluded from the sample.
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Thus, we obtained a sample of 34 effect sizes based on various educational outcomes
reported in 29 meta-analyses (see Table 1). The overall corrected covered area index was
1.31 %, indicating the independence of the included meta-analyses and close to zero
duplication of their results.

Table 1
Studies included in the meta-review
Type of Publi-
Author Year N Education level Subjects educational cation
outcomes type
Cognitive
. Mathe- (grades, .
Akcay et al,, 2021 2021 22 Primary matics knowledge, Article
outlook, etc.)
Primary, lower-
secondary, Behavioral
Langua- . e .
Chen, 2022 2022 29 upper- os (skills, abilities, Article
secondary, 9 etc.)
higher
Primary, lower-
Chenetal, 2022 2020 63 Seﬁ‘;ggf‘_w' Mixed Cognitive  Theses
secondary
Primary, lower-
Cho et al, 2018 2018 20 secondary, Langua- Behavioral Article
upper- ges
secondary
Primary, lower-
secondary, No information
Fengetal, 2018 2018 34 upper- Mixed . Theses
available
secondary,
higher
Garzon et al,, 5023 62 All levels Langua- No mfo_rmatlorI Theses
2023 ges available
. Mathe- . .
Guler etal, 2022 2022 22 All levels . Cognitive Article
matics
Primary, lower-
. secondary, . .
Guzeller & _ No information _
Ustiinel, 2016 2016 10 upper- Mixed available Article
secondary,

higher




YuLiva L. ProEexT, ELENA B. Spasskava, NINA O. IVANUSHKINA, OL'GA S. BOCHAROVA

ASSESSING THE IMPACT OF USING MoBILE DEVICES ON SCHOOL STUDENTS” EDUCATIONAL QUTCOMES:
A SECOND-ORDER META-ANALYSIS

RUSSIAN PsycHOLOGICAL JOURNAL, 21(2), 2024

EDUCATIONAL PSYCHOLOGY
Type of Publi-
Author Year N Education level Subjects educational cation
outcomes type
Primary, lower-
. secondary,
fz(grzczhner etal, 2022 58 upper- Mixed Mixed Article
secondary,
higher
Primary, lower-
secondary, No infor- Negative
Kates etal, 2018 2018 39 upper- mation (grades, Article
secondary, available  burnout, etc.)

higher

No information  Langua- No information

Lee etal, 2014 2014 44 . . Theses
available ges available
Primary, lower-
secondary, Natural
Lei etal, 2022 2022 41 upper- . Cognitive Article
sciences
secondary,
higher
Lower- No infor-
Lietal, 2023 2023 50 secondary, mation Negative Article
higher available
Liaoetal, 2020 2020 g1 elinformation . 4  Noinformation ;o
available available
Primary, lower-
. secondary,
Mihaylova etal. 2022 23 upper- Langua- Behavioral Article
2022 ges
secondary,
higher
Pre-school,
primary, lower-
Petersen-Brown . . .
etal, 2019 2019 65 seﬁggziry, Mixed Behavioral Article

secondary,
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Type of Publi-
Author Year N Education level Subjects educational cation
outcomes type
Primary, lower- NG infor-
Romadiah et al,, 5022 15 secondary, mation Nomfgrmahon Article
2022 upper- . available
available
secondary
Primary, lower-
Shi & Kopcha, 5022 34 secondary, Ngtural N0|nfgrmat|on Article
2022 upper- sciences available
secondary
Sunday et al,, . . . .
2021 44 Higher Mixed Negative Article
2021
Sung etal, 2015 2015 44 All levels Lagg;a— Cognitive Article
Sungetal, 2017 2017 48 All levels Mixed Mixed Article
Primary, lower-
secondary, No information
Talan, 2020 2020 104 upper- Mixed . Article
available
secondary,
higher
Talan etal, 2020 2020 154 All levels Mixed Cognitive Article
Tamim et al, 2015 2015 27 Primary, lower- Mixed N0|nf9rmat|on Research
secondary available report
Primary, lower-
Tingiretal, 2017 2017 14  Secondan. Mixed ~Nelinformation .\
upper- available
secondary
Ulum, 2022 2022 27 hmarylower . g Noinformation oo
secondary available
Wang etal, 2023 2023 78 rmany.lower . ed Mixed Article
secondary
Yangetal, 2020 2020 3g o information . Mixed Article
available
Primary, lower-
secondary,
Zheng etal,, 2018 2018 34 upper- Mixed Cognitive Article
secondary,
higher

Note. N is the number of primary studies included in the meta-analysis.
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Statistical data processing

The average effect sizes reported in each meta-analysis were analyzed, maintaining the
method used to calculate it. Most of the meta-analysis included in the sample of this
meta-review was based on the estimates of the effect size using Hedges's g, while the
other studies used Cohen'’s d and correlation coefficient r. All effect size measures were
converted to Hedges's g statistics (Borenstein et al., 2021). Standard errors were obtained
from both the texts of the meta-analyses and independently calculated from the available
confidence interval data. The study used a random effect model because it has greater
generalization capacity (Borenstein et al., 2021). To evaluate heterogeneity, coefficients t?
and Q statistics were used, whose significance indicates inconsistencies in meta-analysis
results. I?, measured as a percentage, was also used. The P values above 75 % indicate a
high degree of heterogeneity in the results of the first-order meta-analyses.

To assess the presence of publication bias, we used graphical analysis of the funnel
plot, the Egger test, and Rosenthal's fail-safe N. The latter is based on the idea of creating
a “virtual sample” of data, which allows us to calculate the number of studies with an
insignificant result that could reduce the overall significance level of the effect measures
in the meta-analysis to an insignificant level (Kornilov & Kornilova, 2010).

The role of mediating variables (moderators) has also been assessed, including
educational levels, types of educational outcomes, school subjects, types of publication,
number of citations of a publication, and journal citation rates. The Q coefficient was
used to assess to what extent the effect sizes differed depending on moderators.

To perform statistical calculations, the programs Jamoviver 2.4.8 and Comprehensive
Meta-Analysis (CMA) 4.0 were used.

Results

Based on the selection and evaluation of the first-order meta-analysis, the study included
29 publications with a total sample of 454,824 students of various educational levels
(pre-school, school, and higher education). Effect sizes in the sample ranged from 0.226
to 1.08. Overall, the confidence intervals for effect sizes showed that the null hypothesis
was rejected in all cases (see Figure 2). The average effect size was 0.654 (95 % CI: 0.578-
0.73). This value is within the range of 0.5 to 0.8, which is considered an average effect
size. The analyzed meta-analyses were characterized by a high level of heterogeneity
(1?=0,042, Q = 277,255 at df = 27 and p <0,001; I’= 86,95%), which allows us to reject
the null hypothesis of equality of the c in the meta-analysis sample.

Estimates of publication bias based on graphical analysis (see Figure 3) indicate
a rather symmetric funnel plot of effect sizes. Analysis using Egger’s test (t = -1.085,
p = 0.36) indicated that there was insufficient statistical evidence to detect publication
selection bias. Moreover, Rosenthal’s fail-safe N showed that 21.989 studies would need
to be added to confirm that the effect size was not significant. Thus, it can be concluded
that publication bias has not been established.
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Figure 2
Effect sizes and confidence intervals in the meta-analyses reviewed
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Funnel plot of effect sizes in meta-analyses reviewed
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The next stage of the study analyzed changes in average effect sizes influenced
by various characteristics of meta-analyses. Table 2 shows the results of a comparative
analysis of moderators in which significant differences were identified.
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Table 2

Results of the analysis of effect size mediation by categorical moderators

Lower limit
95 % Cl

Type of educational outcome

No information
available
Cognitive
Affective
Behavioral
Mixed

Negative

No information
available
Mixed

Languages
Natural science
Humanities

Location

No information
available
Multicultural

Monocultural
Publication type

Research article
Theses

Research report

12

9
3
5
1
4

Subject area

5
17

16
17

30

0.75

0.55
0.48
0.76
0.52
0.58

0.58

0.63
0.75
0.88
0.48

0.76

0.54
0.91

0.66
0.74
0.23

0.64

0.48
0.35
0.58
0.25
0.20

0.24

0.53
0.62
0.55
0.35

0.68

0.43
0.85

0.56
0.49
0.08

Upper limit
95 % ClI

0.87

0.61
0.61
0.94
0.78
0.95

0.92

0.73
0.88
1.20
0.60

0.84

0.66
0.97

0.75
1.00
0.37

15.77

11.31

32.01

10.43

0.008

0.023

<0.001

0.01

Note. k - number of first-order meta-analyses, g — average effect size, CI - confidence interval;
Q - weighted sum of squared differences between the observed effect size and the weighted

average effect size, p - significance level.

There were no significant differences in the average effect sizes, depending on the
year of publication, the number of primary studies included in the meta-analysis, the
level of education, or the publication rating (CiteScore). However, the effects varied
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considerably in the meta-analysis of different educational outcomes. The largest average
effect size was found in the educational outcomes associated with the development of
skills and abilities, while the smallest one was found in the study of the impact of the
use of MD on students’ motivation, participation, and satisfaction. We should note that
meta-analyses characterized by the negative effects of the use of MD in learning reveal
comparable results to the effects of the use of mobile learning.

Significant differences were found in the average effect sizes depending on the
subject area. Thus, the largest effect sizes were found when studying languages and
natural sciences, while for the humanities the smallest average effect size was noted.

We should note that, although most formal publication parameters did not reveal
significant differences in the average effect sizes, the type of publication became an
important factor in mediating the results. Thus, the smallest effect size was reported in
the research report, while the largest ones were found in conference proceedings. The
smallest average effect sizes could also be found in meta-analyses, including primary
research conducted in different countries and cultures.

We were also interested in data on the effect sizes of MD use in primary, secondary, and
high schools (Figure 4). The evidence was found to be inconsistent. At the primary school
level, the confidence intervals of the effect sizes of two meta-analyses cross the zero line, at
the secondary school level - six meta-analyses, at the high school level - four meta-analyses.

Figure 4

Effect sizes and confidence intervals by school education levels

Akcay etal 2021 1 e

i 0.48[0.23, 0.74)
Chen etal 2020 D 3.50{0.33.0 BBi
Cho et al 2018 e 0.52[021,083
Feng et al 2018 P ——i 0.73|0.27,1.18
Gller et al 2022 = 0.35{0.22.1)51]
Karchner et al 2022a H o 0.72|0.52,092]
Lei et al 2022 ! I 0.9-1{0.?3.'.15]
Liao et al 2020 i - 0.75|0.52,098
Mihaylova et al 2022 [ . 1 0.3?1-0.59. 1 33]
Pelersen-Brown & al 2019 e 0.60]0.31,0.90
Shi & Kopcha 2021 b T 1.01 [0.02, 2.00]
Sung et al 2015 S ] 0.51[0.28,0.74]
Sung et al 2017 [ 0.57[0.32,0.82]
Talan 2020 —.— 0.79[0.58, 1.01]
Tamim et al 2015 [ 0.31[0.00,061]
Tingir el al 2017 i i 0.55[044,067]
Wang el a 2022a D 047[0.29,065]
Wang et al 2022b D—— 0.35[0.12,0.57]
Wang et a 2022¢ — 0,16 ]-0.56, 0.87]
Zhang et al 2018 e 0.82 [ 0.58, 1.06]
RE Modal - 0.50[0.50,06T]
T I I T I T 1
14 05 0 05 1 15 2 25
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Minaylova et al 2022
Petersen-Brown el al 2019
Shi & Kopcha 2021

EDUCATIONAL PSYCHOLOGY
Chen 2022 —_— ~1.70[-3.73,0.34]
Chen et al 2020 - 0.65([0.37,093]
Cho et al 2018 —-— 0.37 [-0.14, 0.88]
Feng et al 2018 . 087[0.02,172]
Guler et al 2022 ‘- 0.52[0.28 0.75]
Karchner et al 2022a ‘- 0.62[0.38, 0.86]
Leietal 2022 o | D.EQ[U.SQ,D.?S]
Liao etal 2020 & ] 0.59[0.33,085]
Mihaylova et al 2022 - 1.13 [-4.39, 6.66]
Petersen-Brown et al 2019 . 0.03[-0.38,044)]
Shi & Kopcha 2021 —r—t 0.30 [-0.70, 1.31]
Sung et al 2015 ‘. 0.49[0.31.0.5?}
Sung et al 2017 i 0.66([0.31,1.01]
Talan 2020 g - 0.93[0.33,1.53]
Tamim et al 2015 - -0.03 [-0.26, 0.20]
Tingir et al 2017 . 0.43[0.02,0.83]
Wang et al 2022a ‘| 052[0.38, 0.66]
Wang et al 2022b ‘. 0.54[0.35,072]
Wang et al 2022c - 044 [0.16,0.71]
RE Model ¥ 0.50 [0.39, 0.60]
I T | ]
6 -4 -2 0 2
Chen 2022 -0.85 [-3.34, 1.64]
Chen el al 2020 0.84 [0.69, 1.00]
Cho et al 2018 054[029 0.79]
Giller e al 2022 0.71 [-0.09, 1.51]
Lei et al 2022 0.60[0486,0.74]
Liao et al 2020 0.91[0.23, 1.59]

0.83[0.26, 141)
0.39 [-0.22, 1.00)
1.16[0.26,2.07)

Talan 2020 0.69[0.13, 1.25)
Tamim &t al 2015 ; 0.21[0.02,0.41]
Tingir el al 2017 ——— 0.28[-0.47,1.03]
Zheng et al 2018 i 147[0.71,2.23)
RE Model 0.64 [0.46, 0.82]

Note. a - primary school, b - secondary school, c - high school.

The effect sizes by educational levels are the largest in upper-secondary
school (g =0.64 with 95 % Cl 0.46-0.82), medium in primary school (g = 0.59 with
95 % CI1 0.50 —-0.67), while in lower-secondary school they are the smallest (g = 0.50 with
95 % CI1 0.39-0.60).

Discussion

In conducting this meta-review, data from 29 meta-analyses were studied, with the aim of
identifying the effects of the use of mobile devices on student educational activities. We
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found a predominant medium effect size in the constructive use of MD (mobile learning)
and in the destructive forms of its use (dependence on MD, problematic MD use, etc.).
At the same time, the average effect size practically retains its value at different stages of
digital education, bringing the results of this study closer to the meta-analysis data by N.
O. Gordeeva, based on a sample of Russian studies, and also revealing an average effect
size (Gordeeva, 2018).

The scale and representativeness of the meta-analysis studies included in the meta-
review enabled us to validate such a conclusion. We can argue that the use of MD by
students may increase or inhibit their learning activities, depending on the degree
of involvement of adults in managing students’ digital behavior. Thus, V. . Panov and
colleagues understand digital behavior as a system of actions associated with the use
of the digital environment (Panov et al,, 2021). According to R. Barr, the creation of a
harmonious family media environment by adults and its shared use with children already
in childhood can contribute to their cognitive and emotional development, while the use
of the digital environment to distract children or to participate in them uncontrollably
becomes an obstacle to the social and emotional development of children (Barr, 2019).
Furthermore, adult digital behavior itself becomes an important factor in children'’s
mental development. Firstly, it serves as a model for the development of a child’s digital
behavior and, secondly, it may become an obstacle to the creation of a harmonious
relationship between parents and children (Liu & Wu, 2023). Thus, researchers introduce
the concept of “technoference” as a condition of either a parent or a child in which the
use of technology interrupts interpersonal interactions and, in any case, has a negative
impact on the child's emotions and memory (McDaniel & Radesky, 2018). At the same
time, adults’ attitudes towards MD play an important role in understanding the form of use
of MD by school children (Spasskaya & Proekt, 2023; Wang, Lwin, Cayabyab, Hou & You,
2023). Therefore, there is a growing need to form constructive strategies for managing
digital behavior of children.

The results of the meta-review showed differences in the degree of effectiveness of
the use of MD in the study of various school subjects. Therefore, the greatest effectiveness
is found in the study of natural sciences and languages, whereas in the study of the
humanities, a weaker effect of the use of MD is observed. Mobile technologies significantly
improve the teaching process of natural sciences by creating more accessible scientific
experiment visualizations and using fundamentally new teaching methods by teachers
(Mutambara & Bayaga 2021). The latter is particularly important for the application of MD
to teaching, as confirmed by a meta-review by B. Oztirk and colleagues, who showed the
important role of applied pedagogical technology in the use of problem-based learning
supported by technology (Oztiirk et al., 2022). Mobile learning can provide learners
with access to resources, tools and collaboration opportunities, thereby developing
research abilities, creativity, reflexion, critical thinking, and analysis (Afikah et al., 2022).
The advantages of using MD for language learning (both native and foreign languages)
have long been one of the most discussed issues in mobile language learning research
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(Okumus Dagdeler, 2023). The success of this field is also linked to the introduction of
several effective applications for learning foreign languages (Lingualeo, Duolingo, Puzzle
English, etc.). Research shows that the use of MD contributes to personalized learning
and student autonomy, vocabulary development, reading skills, and speaking practice
(Okumus Dagdeler, 2023). At the same time, the field of humanities studies is less covered
by mobile learning.

Another important result of the meta-review was the inconsistency of data in the
meta-analyses of the impact of using MD by students in primary, lower-secondary and
upper-secondary schools. The adolescence period is considered to be the most difficult
period to implement mobile learning, as school students must adapt to new learning
models and, on the one hand, adapt to the increase in academic workload and, on the
other, to deal with the crisis of adolescence (Malkova & Naumova, 2012). It is noteworthy
that in adolescence the range of digital activities of school children expands considerably
and becomes more diverse (Soldatova et al, 2022). Adolescents show a reduced
academic motivation, which can become a stronger input variable than the use of MD,
which in turn often becomes a factor that distracts from educational activities (Avdeeva &
Kornilova, 2022). At the same time, in secondary school, academic motivation increases,
among other things, because school students with the lowest academic motivation leave
school (Goshin et al., 2019), while in primary school, the use of MD takes place to a greater
extent under adult supervision.

Finally, publishing characteristics become important factors that determine the
effect sizes of meta-analyses. We found the largest effect size in a meta-analysis that
reported a relationship between MD addiction and academic burnout among Chinese
students (Li et al.,, 2023), while meta-analyses summarizing the results of primary studies
conducted in different countries and cultures report smaller effect sizes. This result may
indicate the importance of cultural factors in the research of strategies to use MD in the
educational environment. In addition, the largest effect sizes are reported in conference
proceedings and the smallest ones — in research reports. This result is related to one of
the general limitations of meta-analysis as a methodology, as the insignificant research
results are more frequently published in the so-called “archive box" and less often in
scientific journals (van Aert et al., 2019; Kornilov & Kornilova, 2010).

Conclusion

The purpose of this meta-review was to summarize the results of meta-analyses aimed
at identifying the impact of the use of MD by school children on their educational
outcomes. According to results obtained in our study, the use of MD by school students
has a moderate impact on their educational outcomes. Compared to traditional
teaching methods, mobile learning technologies can be more effective in developing
school children’s skills, increasing their level of knowledge and academic performance,
developing motivation for learning and participation in it. At the same time, in cases of
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deviations in school children’s digital behavior, the quality of their educational activities
is at risk of deteriorating, resulting in a reduced academic motivation and education
performance and an increase in academic burnout. The results raised questions about
the development and implementation of a systematic approach to the targeted formation
of digital behavior among children. The main components of such a system should be
the subjects of the education process (students, teachers and parents), the educational
environment and its possibilities, the technology and teaching methods used, the MDs
themselves and their functionalities.

The contradictory conclusions found in summarizing the results of the meta-analysis
included in the meta-review indicate the need to take into account a number of factors
influencing the success of the use of MD in the educational process. Further research is
required to investigate the use of MD by students in educational activities at different age
levels, with different strategies of digital activity and mediation by adults, and in different
cultures.

Some limitations of this meta-review must be noted, relating to the heterogeneity of
generalized effect sizes and the apparent lack of information on a wide range of factors

determining its variation. The difficulty of finding meta-analysis in the so-called “grey”

literature indicates that there is a clear lack of application of meta-analysis approaches
in unpublished studies (reports, dissertations, etc.). This meta-review did not take into
account the characteristics of educational models and technologies used in mobile
learning, MD types, and the gender-related aspects of the use of MD by students. Although
meta-analysis does not provide a final answer to the question of the effectiveness of
MD use in the educational process, it highlights promising areas of research on digital
behavior among school children and the development of psychological and educational
programs for the formation of digital culture in young generations.

Note. Sources marked with asterisks (*) indicate the studies included in the meta-review.
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