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Abstract—Over the past few years, the teaching process has transformed rad-
ically under significant investments in information and communication technol-
ogies. In this context, mobile technologies emerge as an innovative educational 
tool. Mobile devices are being used by a vast number of so-called “digital gener-
ation” representatives in daily life and educational activities. It has been proven 
that the implementation of mobile technologies in education contributes to the 
increase of students’ motivation, participation in the learning process, and faster 
acquisition of professional competencies. These technologies take the role of the 
“driving force” in training. However, their comprehensive understanding is es-
sential to use them effectively. The objective of this study was to analyze the 
intensity of mobile technologies’ use and investigate their evolution in higher 
education using the example of the I.M. Sechenov First Moscow State Medical 
University. The research sample was represented by 151 students (data collected 
for 2015/2016) and 274 students (data for 2019/2020). The average participants’ 
age corresponded to 19.8. The study also involved three experts who were re-
quired to evaluate questionnaires completed in Google Forms. The scientific 
method of the study was based on the organized examination, strict control over 
the involved respondents, and quantitative research. The research outcomes were 
analyzed through Chi-Square goodness-of-fit test. The target questions of the sur-
vey were rated on a 5-point Likert scale. According to the study results, 95% of 
the respondents used mobile devices for educational purposes, of which 65% 
agreed with the convenience of having course materials on a mobile device. In 
the 2015/2016 academic year, the share of students using smartphones for learn-
ing comprised 10.4%, while in 2019/2020, their percentage increased to 61.5%. 
The study findings will be useful for university teachers and representatives of 
educational institutions’ administration. 
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1 Introduction 

Rapid technological progress and globalization have changed everyday life at both 
individual and social levels [1]. In recent years, the introduction of smartphones,  
tablets, laptops, and online applications in education has become an integral part of the 
lives of teachers and students. The emergence of new Internet technologies has sup-
ported further development of e-learning, thereby changing the nature of higher educa-
tion [2]. Several decades ago, technological improvements made their way into class-
rooms through the introduction of online education and the widespread use of infor-
mation and communication technologies (ICT). With recent advances in the capabilities 
of smart mobile devices and their growing penetration rate among the student cohort, it 
is possible to take advantage of these devices to design appropriate exercises and tools 
that foster student’s knowledge and learning [3]. As a result, teachers and researchers 
are faced with the urgent task of examining how mobile technologies can promote ef-
fective learning [4].  

However, the scope and implications of the introduction of e-learning and mobile 
learning (m-learning) are not sufficiently understood and studied since practice, in this 
case, is ahead of theory. M-learning represents a ubiquitous, wireless, highly portable 
technology that is endowed with multimedia capabilities and brings a new dimension 
to curriculum delivery [3]. During the last few years, the introduction of m-learning in 
schools has become more widespread even though they were primarily designed for 
non-educational environments. The versatility of the use of mobile devices for educa-
tional purposes has aroused considerable interest in the educational community.  
Researchers confirm the benefits of student-generated multimedia content created dur-
ing m-learning [5]. Besides, they note that m-learning through student-generated con-
tent can be applied during the study of subjects requiring specialized knowledge, like 
science, technology, engineering, and mathematics (STEM). Such content can be 
quickly delivered through already available technologies, in particular, mobile  
platforms that provide wide-ranging and varied coverage of learners. 

Each new version of these devices brings innovative features that make them more 
convenient and affordable. These days, new applications for smartphones and tablets 
are continually appearing. As a result, there is great potential in using mobile devices 
to transform the way of learning by changing the traditional classroom to one that is 
more interactive and engaging. Such an approach allows educators to teach without 
being restricted by time and place, enabling learning to continue after the lesson is over 
or outside the classroom. It also gives teachers the ability to connect with learners on a 
more personal level with devices that they use on a regular basis [3]. 

Moreover, m-learning allows students to engage in problem-based learning activi-
ties, work on goal-oriented tasks, and develop their own understanding through active 
involvement and sense-making. Thus, learning experiences like digital simulations or 
manipulations can bring interactivity, enhancing cognitive and affective processes. One 
of the significant advantages of mobile devices is that students learn to study in new 
contexts, for example, visiting “virtual” museums or galleries, visualizing experiments 
in laboratories, etc. Hence, the phenomenon of m-learning is a critical issue requiring 
particular attention from academicians [6]. 
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Most of the studies on online and mobile learning focus on their adoption [7], as well 
as challenges and opportunities associated with their implementation in the educational 
process. Only a few scientific papers concentrate on introducing mobile technologies 
into the training process and the perception of m-learning in terms of its potential. For 
this reason, the present investigation aims to analyze the intensity and evolution of mo-
bile technologies application in higher education, using the example of I.M. Sechenov 
First Moscow State Medical University. 

1.1 Electronic and mobile learning in higher education 

Despite its relatively recent appearance in the scientific literature, the concepts of e-
learning and m-learning have triggered discussions regarding their usefulness in higher 
education, particularly in developing learning strategies and modernizing the training 
process. As noted, the practice has understandably run well ahead of theory, and in 
some issues and approaches away from theory, for example, in the use of virtual learn-
ing environments (VLEs) and applications to support them in mobile devices. VLE is 
defined as a set of teaching and learning tools designed to enhance a student’s learning 
experience by including computers and the Internet in the learning process [8]. The 
main components of VLE include curriculum, student tracking, online support for both 
teacher and learner, electronic communication (email, chat, Web publishing), and In-
ternet links to outside curriculum resources. An important event in recent-year educa-
tion is an intensive introduction of tablets, smartphones, and e-books, which can be 
called an integral part of m-learning pedagogy. The optimization of mobile devices is 
also taking a prominent place in the digitalization of university libraries. Now students 
need to spend less time in the library or borrow books since virtual and electronic ar-
chives allow access to content anywhere and anytime. Thus, the functionality, portabil-
ity, and completeness of online materials greatly facilitate the learning process [9]. The 
use of mobile devices provides students with a learning experience that is different from 
gained during e-learning. In the course of m-learning, the training process is carried out 
in a fundamentally new educational environment. 

The main disadvantage of traditional e-learning [7] is that it requires the use of per-
sonal computers or laptops, which affects convenience. Today, mobile technologies are 
so pervasive that they are changing the way people access the bulk of information. The 
present-day education is on the way of implementing new applications that do not just 
copy and expand old sources such as books or workbooks but contribute to the devel-
opment of digital experiences, as well as cognitively active, meaningful, interactive, 
and social learning. One of the advantages of using m-learning is the effectiveness and 
convenience of mobile devices. Given their small size, one can study in any convenient 
place and do it as comfortably as possible, with a flexible schedule and reduced training 
time. These benefits provide opportunities for m-learning development and its further 
implementation in education [10]. 

M-learning can be considered a new expanded e-learning phase that is performed 
using mobile devices [11]. Several researchers state that the main characteristics of m-
learning are mobility, wireless Internet connectivity, and ubiquity [12], and highlight 
the difference between traditional and m-learning (Table 1). 
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Table 1.  Difference between traditional education and m-learning 

Traditional Learning M-learning 
Individual assessment, group projects, group discus-
sions and project presentations are carried through 
in-class quizzes and tutorials 

The use of multimedia elements in conveying infor-
mation. Students can receive online feedback 

Students should go to a class to attend a lecture, sem-
inar, or practical lesson 

The learning process can be done anywhere and at 
any time 

Students should interact face to face in order to study 
effectively 

Meetings of all students in the group can be orga-
nized at the same time 

Use of chalk and talk method in delivering infor-
mation 

Students can get the lecture notes quickly without 
copying from the board 

Source: based on data retrieved from [13] 
 

In general, m-learning is defined as a subset of e-learning, which refers to the use of 
computer network technology to deliver information and instructions to individuals 
through the Internet [14]. In recent years, researchers have developed online and mobile 
applications to support teaching in Algebra, Geometry, Mathematical Analysis, Statis-
tics, and other mathematics areas. Mobile applications allow users to explore functions, 
providing graphical capabilities, train professional skills, and generate new knowledge 
[4]. M-learning also facilitates designs for learning that targets real-world problems and 
involves projects of relevance and interest to the student. Mobile devices allow learners 
to customize the transfer and access to information to build on their skills and 
knowledge and meet their own educational goals. In such a manner, m-learning ap-
proaches make learner-centered education possible [15]. At the same time, m-learning 
is divided into three main types: formal (in the class), informal (outside the class), and 
self-directed (life experience; receiving additional information in courses or through 
the study of Internet sources). 

An important aspect of m-learning is mobile technology. It is a revolutionary com-
munication and information technology designed to meet students’ individual infor-
mation needs [16]. The unique features of new mobile technologies and the unlimited 
potential they offer in terms of flexibility and adaptability to consumer-driven demands 
allow knowledge delivery and learning outside of traditional classrooms [7]. Although, 
in higher education, students are regarded as pioneers in forcing the faculty to change 
and adapt m-learning [17]. The literature suggests that there are several factors that 
influence readiness for m-learning. Among them are demographic determinants, tech-
nology acceptance, ease of use, perceived usefulness, quality of services, and cultural 
factors. 

As already emphasized, the efficient m-learning environment is crucial for providing 
effective training. Simultaneously, technologies that should be used in m-learning must 
have certain components (Fig. 1). 
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Fig. 1. Components of an m-learning environment 

Source: based on data retrieved from [18] 

A critical question from the point of view of practicality for users is to organize 
mobile learning in such a way that students do not get lost in hyperspace while access-
ing the necessary data. Considering this, researchers suggest several methods to use 
mobile technologies in the class [16,18,19]: 

1. Audio Recording: Students are required to provide personal and quality feed-
back on the completed work. Mobile technology makes it possible to use the audio 
recording function built into smartphones. It is often more convenient for students 
to perceive feedback that was received not in front of his/her groupmates, but 
through a personal message that can be listened to several times. 

2. Survey: Digital survey tools can be used for a formative assessment of 
knowledge to determine what students already know and what to focus on. The 
survey method can also provide an insight into individual student strengths and 
weaknesses and assist in giving personalized instruction when needed. 

3. Video: Writing an essay is often accompanied by thoughtless copying of par-
agraphs without understanding the content. This task can be replaced with the cre-
ation of a short video about the student’s research results. 

4. Chats and discussion forums: The group chat features of mobile devices can 
be used to create an online discussion forum to encourage participation in learning 
outside the class. 

5. Quick response codes (QR codes): The teacher can provide links to additional 
resources, diagrams, graphs, images, or solutions to tasks. 

1.2 Mobile learning and STEM 

In recent years, more and more attention has been paid to STEM education. The 
acronym STEM (Science, Technology, Engineering, and Mathematics) has entered the 
agenda of educational policies, thereby provoking the identification of the most notable 
and emerging issues, trends, and challenges in STEM education for the  
coming years [20]. The focus of STEM is driving ICT in the economy based on 
knowledge through innovation and productivity, as well as preparing individuals to 
function in a science and technology-rich society [21]. STEM is the purposeful  
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integration of various disciplines to solve real-life problems that involve science, tech-
nology, engineering, and mathematics as one unit. It can occur in many general, career, 
and technical education subject areas such as agriculture, science, health, technology 
and engineering, and family and consumer science [22]. The STEM approach to learn-
ing aims to enrich students’ knowledge and improve skills in career development [23]. 
It contributes to student achievement, scientific and technological literacy, and can pro-
vide an understanding of challenging issues through hands-on and mental activities 
[24,25]. 

Many researchers argue that STEM can be improved through the use of mobile de-
vices, as there is a tendency according to which the way of teaching in STEM affects 
students’ success. It has been determined [26] that STEM implementation depends on 
internal and external support factors, including the interactivity of m-learning applica-
tions that improve information search and literacy among students and teachers [25]. 
The emergence of new educational technologies such as m-learning gives the hope that 
students will become more motivated to study STEM. Studies on the analysis of stu-
dents’ experience in mobile STEM learning reveal an increase in education quality, 
motivating learners to master STEM disciplines [27]. Researchers propose combining 
m-learning and STEM capabilities through the use of case studies in practice to provide 
unique and effective teaching and learning [28]. Scholars consider the early exposure 
to STEM learning opportunities important since the development of STEM skills can 
enhance students’ interest and educational attainment in STEM, expanding their future 
career choices. Smart mobile devices have become widespread, and now they are trans-
forming educational practices almost all over the world. In the meantime, there is evi-
dence that teacher education departments lack the experience to teach other instructors 
about using these devices in their daily professional practice. Scholars underline the 
need to develop teaching and learning processes that go beyond a mere transmission of 
the technical knowledge required to use mobile technologies for educational purposes. 
Instead, they focus on raising students’ awareness about the educational benefits that 
the integration of mobile technologies can bring to traditional education [29]. However, 
there is a strong opinion that such technologies are to be implemented in STEM to 
improve learning outcomes [21]. 

2 Methodology 

The current study included organized investigation, control over the involved re-
spondents, and quantitative research methodology. The data collected for the quantita-
tive survey were accompanied by appropriate statistical analysis to verify the obtained 
study results. 

2.1 Research sample  

The study involved students from I.M. Sechenov First Moscow State Medical Uni-
versity (Sechenov University) - the oldest medical school in Russia. The research sam-
ple consisted of 151 people who took part in the research conducted during the 
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2015/2016 academic year, and 274 people who were enrolled in the study during the 
2019/2020 academic session. The involved participants were undergoing Bachelor’s 
degree programs in the specialties Management, Mechanics and Mathematical Model-
ing, and Intelligent Systems in Humanities. For both academic years under considera-
tion, the average respondents’ age constituted 19.8 years, while the gender distribution 
was represented by approximately 60% of female learners and approximately 40% of 
male students. 

The examination also involved three experts in the field of pedagogy and ICT, who 
analyzed the completed questionnaires. The group of respondents was formed on a vol-
untary basis. Invitations to participate in the study were sent via e-mail, while the data 
for consideration were obtained by filling out corresponding questionnaires in Google 
Forms. 

2.2 Research design 

As an illustrative example, the Results section includes an analysis of the questions 
that were noted as decisive by the experts. The choice of the quantitative research meth-
odology can be explained by the fact that it allows determining respondents’ opinions 
and positions based on a structured questionnaire, uniform compression of respondents’ 
data, and standardization of results. 

This research included several stages. The first part of the examination process was 
performed during the 2019/2020 academic year to determine whether m-learning and 
mobile technologies are suitable for the educational process from the students’ point of 
view. The survey covered 274 respondents who could choose several options of the 
proposed answers in the process of filling out an online questionnaire in Google Forms. 
The survey included only two questions (statements): 

Statement 1 – I believe that access to educational materials via mobile devices has 
advantages for the educational process; 

Statement 2 – I believe that m-learning can increase the overall course achieve-
ments.  

The target statements were supposed to be rated on a 5-point Likert scale [30], where: 

1. Point - fully disagree 
2. Points - partially disagree 
3. Points - not sure 
4. Points - partially agree 
5. Points - fully agree. 

The second research stage consisted of collecting and analyzing data concerning the 
evolution and dynamics of the use of mobile devices in the learning process through 
the questionnaire method. The information for the comparison was obtained during the 
2015/16 and 2019/20 academic courses. 

The third stage included the analysis and processing of data collected after surveying 
students who studied during the 2019/2020 academic year concerning the degree of use 
of mobile devices in the educational process. This analysis was performed by special-
ties. 
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Within the investigation, Chi-Square goodness-of-fit test was applied. It is a non-
parametric test that was used to find out how the observed value of a given phenomenon 
is significantly different from the expected value [31]. 

2.3 Ethical issues 

Each participant was aware of the study process and thus consented to the collecting 
and processing of personal data. Information about the individual achievements of each 
respondent was confidential and was not disclosed. 

3 Results 

A quantitative analysis of the survey results revealed that 95% of students use mobile 
devices for educational purposes. At the same time, 98% of those surveyed stated that 
they use mobile devices for at least 120 minutes per day (Fig. 2). 

 
Fig. 2. Mobile device usage statistics 

Source: developed by the authors. 

The analysis of the survey results also showed that the majority of students highly 
appreciate the following m-learning advantages: 

• Free access to educational materials; 
• Ability to interact with other members of the study group; 
• High mobility of devices. 

The survey outcomes demonstrating the students’ opinion concerning Statement 1 
are presented in Fig. 3. 
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Fig. 3. The students’ opinion regarding the statement that access to  

learning materials via mobile devices benefits education 

Source: developed by the authors. 

It should be noted that 65% of the surveyed agreed that the availability of study 
materials (lectures, additional literature, notes, tests, seminars) on a mobile device is 
beneficial for the educational process. 

The questionnaire also provides a statement that m-learning can increase overall 
achievements in the study course. Respondents’ feedback concerning this assumption 
is displayed in Fig. 4. 

 
Fig. 4. The students’ opinion regarding the statement that m-learning  

can increase academic performance 

Source: developed by the authors. 

It is also noteworthy that only 41% admitted that the use of mobile technologies in 
teaching could contribute to the improvement of academic achievements within the 
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course. Another 42% of respondents took a somehow uncertain position on this issue 
and agreed only partially. 

Distribution of students by the courses Management, Mechanics and Mathematical 
Modeling, and Intelligent Systems in Humanities is presented in Fig. 5 for both re-
viewed academic periods separately. 

 
Fig. 5. Distribution of students for each course in the academic years  

2015/2016 and 2019/2020 

Source: developed by the authors. 

During the second stage of the study, a clear trend towards the use of mobile devices 
in the learning process was revealed (Fig. 6). 

 
Fig. 6. Frequency of using mobile devices during learning 

Source: developed by the authors. 
Note: students could choose several of the suggested answers. 

In the 2015/2016 academic year, there was practically no dependence between the 
student’s gender or specialty and the tendency to using mobile devices for learning 
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purposes. Nevertheless, the calculation of the Chi-Square goodness-of-fit test with cor-
rection of continuity for tables 2 x 2 led to the conclusion that, depending on gender, 
there are differences in the students’ use of smartphones and tablets in the 2019/2020 
academic year (Tables 2-5). It was uncovered that female learners more often use 
smartphones and tablets than male ones (p-values = .034 <.05 and .013 <.05, respec-
tively). 

Table 2.  Percentage of smartphone users by gender for AY 2019/2020 

Smartphone Use 
Gender Yes No Total 

Female 
106 60 166 

63.8% 37.2% 100% 
67% 53.1% 61.2% 

Male 
55 53 108 

50.9% 49.1% 100% 
33% 46.9% 38.8% 

Total 
161 113 274 

59.1% 40.9% 100% 
100% 100% 100% 

Source: developed by the authors. 

Table 3.  Percentage of tablet users by gender for AY 2019/2020 

Tablet Use 
Gender Yes No Total 

Female 
115 51 166 

69.2% 30.8% 100% 
67.8% 51.2% 61.2% 

Male 
57 51 108 

53.5% 46.5% 100% 
32.2% 48.8% 38.8% 

Total 
172 102 274 

62.8% 38.2% 100% 
100% 100% 100% 

Source: developed by the authors. 

Table 4.  Chi-Square goodness-of-fit test for gender variable,  
smartphone use (AY 2019/2020) 

 Value df Asymp. Sig. (2-sided) 
Pearson’s Chi-Square 5.024 1 .026 
Continuity Correction 4.469 1 .033 

Source: developed by the authors. 
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Table 5.  Chi-Square goodness-of-fit test for gender variable,  
tablet use (AY 2019/2020) 

 Value df Asymp. Sig. (2-sided) 
Pearson’s Chi-Square 6,833 1 .008 
Continuity Correction 6,172 1 .014 

Source: developed by the authors. 

In the course of the investigation, the authors noted statistically significant differ-
ences (p-value = .000 <.05) on the course that the student attends and the use of mobile 
devices among the respondents of the 2019/2020 academic year (Table 6). 

Table 6.  Chi-Square goodness-of-fit test for specialty variable,  
laptop use (AY 2019/2020). 

 Value df Asymp. Sig. (2-sided) 
Pearson’s Chi-Square 32.088 2 .000 
Likelihood Ratio 36.551 2 .000 
Linear-by-Linear Association 9.201 1 .002 
N of Valid Cases 274   

Source: developed by the authors. 
What is interesting is that students studying Mechanics and Mathematical Modeling use laptops for formal 
and informal education more often than those who study Intelligent Systems in Humanities and Management 
(Table 7). 

Table 7.  Chi-Square goodness-of-fit test for specialty variable,  
laptop use (AY 2019/2020) 

Laptop Use 
Specialty Yes No Total 

Mechanics and Mathematical Modeling 
3 97 100 

3% 97% 100% 
5.8% 43.2% 36.4% 

Management 
34 60 94 

34.8% 65.2% 100.0% 
64.8% 27.6% 34.5% 

Intelligent Systems in Humanities 
16 64 80 

19.1% 88.9% 100% 
29.4% 29.2% 29.1% 

Total 
53 221 274 

19.4% 80.6% 100% 
100% 100% 100% 

Source: developed by the authors. 

Moreover, it was remarked that Management students use smartphones much more 
often than other respondents of the study sample. Analysis by Chi-Square goodness-of-
fit test unveiled that there were statistically significant differences in the dependence of 
the smartphone use on the specialty (p-value = .000 <.05) (Tables 8-9). 
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Table 8.  Chi-Square goodness-of-fit test for specialty variable, smartphone use  
(AY 2019/2020) 

 Value df Asymp. Sig. (2-sided) 
Pearson’s Chi-Square 32.090 2 .000 
Likelihood Ratio 36.554 2 .000 
Linear-by-Linear Association 9.201 1 .002 
N of Valid Cases 274   

Source: developed by the authors. 

Table 9.  Chi-Square goodness-of-fit test for specialty variable, smartphone use 
 (AY 2019/2020) 

Smartphone Use 
Specialty Yes No Total 

Mechanics and Mathematical Modeling 
73 26 100 

73.7% 26.3% 100% 
45.3% 23.2% 36.3% 

Management 
34 45 79 

43% 57% 100% 
21.1% 40.2% 28.9% 

Intelligent Systems in Humanities 
54 41 80 

43.1% 58.9% 100% 
33.6% 36.6% 34.8% 

Total 
161 113 274 

19.4% 80.6% 100% 
100% 100% 100% 

Source: Developed by the authors. 

What is more, the examination figured out a clear predominance of the use of tablets 
for education by respondents engaged in Intelligent Systems in Humanities course (p = 
.003). Corresponding data are presented in Tables 10-11. 

Table 10.  Chi-Square goodness-of-fit test for specialty variable,  
tablet use (AY 2019/2020) 

 Value df Asymp. Sig. (2-sided) 
Pearson’s Chi-Square 14.167 3 .003 
Likelihood Ratio 13.982 3 .003 
Linear-by-Linear Association 8.362 1 .004 
N of Valid Cases 274   

Source: developed by the authors. 
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Table 11.  Chi-Square goodness-of-fit test for specialty variable, 
 tablet use (AY 2019/2020). 

Tablet Use 
Specialty Yes No Total 

Mechanics and Mathematical Modeling 
35 44 79 

44.3% 55.7% 100% 
44.3% 22.7% 28.9% 

Management 
32 64 96 

33.7% 57% 100% 
40.5% 32.5% 34.8% 

Intelligent Systems in Humanities 
12 87 99 

12.1% 87.9% 100% 
15.2% 44.8% 36.3% 

Total 
79 195 274 

28.9% 71.1% 100% 
100% 100% 100% 

Source: developed by the authors. 

The analysis of the time spent on learning with various mobile devices uncovered 
that, for the most part, during the 2015/2016 academic year, students used laptops 
(73.3%) and tablets (43.3%). Only the third position in this rating was taken by 
smartphones (5.3%). However, due to the introduction of advanced technologies, to-
day’s smartphones became even smarter than ever. Given their convenience and strong 
hardware capabilities, now students tend to use smartphones much more often – their 
usage rate increased to 51.8%. In this context, one can come to a decision that learners 
spend more time with the devices they use most in the teaching-learning process. 

4 Discussion 

In this day and age, mobile technologies are used more as a tool than as a teaching 
methodology. Based on a broad range of scientific literature on this matter, an assertion 
can be made that this technology alone does not lead to learning success. Notwithstand-
ing this, when used as part of an effort to support active training, m-learning can in-
crease student motivation, engagement, and learning efficiency. Online and mobile ed-
ucational tools for mathematics can assist students’ problem solving, enhance compre-
hension, provide representations of ideas and encourage general metacognitive abilities 
[4]. Online and mobile learning apps motivate students by making the course more en-
joyable and interactive than traditional teaching methods. There is no doubt that more 
teaching services will emerge soon, creating a new educational model. Especially ex-
citing is the research which presents e-learning and m-learning systems as a weighted 
directed graph where each node represents a course unit. To describe the structure of 
domain knowledge, including the learning goals, and all other available learning paths, 
this study has proposed a learning path graph (LPG) inscribed in a system prototype 
that implements adaptive learning path algorithms. The proposed algorithms use stu-
dents’ information from their profiles and their learning style to improve academic 
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performance within an m-learning system that provides a suitable course content se-
quence in a personalized manner [32]. Many investigations are devoted to analyzing 
the capabilities of mobile applications that can advance learning and develop students’ 
professional skills. Researchers have disclosed a close correlation between students’ 
performance in language lessons, mathematics and index of verbal intelligence, index 
of intelligence practice, and a general index of intelligence [3]. Findings of the empiri-
cal study on the integration of an intelligent teaching system (Moso Teach) into an 
English curriculum suggest that an intelligent and adaptive learning platform combined 
with m-learning and well-designed activities can increase students’ engagement in a 
wide variety of learning activities - from personalized learning to team collaboration 
[33]. 

Today, STEM education is undergoing a paradigm shift as teachers around the world 
are gradually moving from banning mobile devices to using them during lessons, lec-
tures, lab practical’s, and study trips [11]. Modern education poses many challenges to 
improve the quality of teaching and content knowledge, especially in such fields as 
science, technology, engineering, and mathematics. Researchers denote that the tech-
nological pedagogical content recognition system (TPACK) can be applied to increase 
the competence of STEM teachers. To improve TPACK for educators, scholars propose 
to use an m-learning system that personalizes digital learning content by analyzing 
learning styles, content attributes, as well as capabilities of a mobile device and network 
[34]. Several researchers have made an attempt to integrate STEM and TPACK frame-
work as a means to advance education. Through the exploratory factor analysis, they 
have determined four factors that influence the effectiveness of STEM teachers. Among 
them are the technological pedagogical science knowledge, technological pedagogical 
mathematics knowledge, technological pedagogical engineering knowledge, and inte-
grative STEM [35]. 

Some researchers propose to realize the strategic role of teaching science and math-
ematics by integrating games into the learning process. Not without reason, games suc-
cessfully force people to spend time trying to achieve goals via a well-structured set of 
rules. Such well-structured rules also bound STEM domains. Thus, several educational 
games like MIT’s Education Arcade have been developed with mobile devices in mind 
[36]. Such gamified learning is discovery-based and goal-oriented. It offers opportuni-
ties for collaboration and development of teamwork skills. Educational games can be 
used to teach interdisciplinary concepts in many complex scientific issues in a more 
engaging way than traditional methods. Besides, simulations and serious games allow 
students to recreate difficult situations to try new answers or pose creative solutions 
[20]. In order to outline the potential of mobile gaming in STEM education, scholars 
provide a systematic review of the research context, methodologies, measures, tools, 
and mobile game features [37]. This allows one to determine mobile gaming as a suit-
able approach to STEM education.  

According to surveys, students use mobile phones during formal and informal edu-
cation. At the same time, it is believed that these daily training activities can signifi-
cantly contribute to understanding STEM as lifelong learning. Researchers note the 
positive influence of STEM Mobile Learning Package ecosystems on students’ science 
and technology literacy [38]. 
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5 Conclusion 

As a relatively recent phenomenon in higher education, m-learning is very popular 
among students. Gradually it becomes a part of the current educational system. Mobile 
devices have the potential for learning embedded in everyday life since today their use 
is natural. The present research was conducted to understand differences in the use of 
mobile devices in higher education. The study covered students of three different spe-
cialties studying during two academic periods (2015/2016 and 2019/2020). The exam-
ination outcomes demonstrated a high increase in the application of mobile technolo-
gies in learning. It was determined that in the 2015/2016 academic year, the part of 
students using PDAs, tablets, smartphones, and laptops in the training process was 1%, 
34.3%, 10.4%, and 90.1%, respectively. During the 2019/2020 period, the use of lap-
tops grown to 91.3%, and the share of smartphone users has increased unprecedentedly 
- to 61.5%, while PDAs were deemed outdated and unused. This fact can be partially 
explained by the innovative functions of modern smartphones, which give one the op-
portunity to solve many diverse tasks simultaneously. They can easily load different 
Microsoft Office services, including Microsoft Word, Microsoft Excel, Microsoft Pow-
erPoint, Microsoft Access and other applications that allow working not only with text 
files, but also databases, spreadsheets, and presentations anytime and anywhere. In this 
regard, using mobile technology for learning should raise some ethical issues and con-
cerns as a limited ethical policy in the class that can be expressed in the requirements 
for mobile technologies used for studying (for example, requirements for smartphones). 
Among other possible challenges in Russian universities, the lack of local content for 
mobile educational applications, technical problems with wireless coverage, lack of 
proper preparation of educators, and equipment cost should also be noted. To ensure 
the spread of m-learning, the government, along with the university authorities, needs 
to overcome the above difficulties. 

An analysis of the time a student spends on using various mobile devices in the 
learning process showed that in the 2015/2016 academic year, the smartphone usage 
rate constituted only 5.3% and became more relevant in the 2019/2020 academic year 
(51.8%). 

The future work in this field may be focused on identifying and analyzing the imple-
mentation of mobile technologies and tools in the teaching process and their advantages 
and disadvantages in terms of methodological approaches to teaching. 

Among the limitations of the study, it is worth noting the revealed differences in the 
use of smartphones and tablets according to the user’s gender in the 2019/2020 aca-
demic year. It was observed that female students more often use smartphones and tab-
lets than male ones. Nevertheless, this can be explained by different specialties. Tradi-
tionally, technical courses involve more men than women. For this reason, they are 
more tend to use specialized programs on laptops. In view of this, it seems interesting 
to study the use of mobile devices in learning in terms of their compliance with the 
needs of the curriculum and student’s specialty. 

The research findings may be beneficial for teachers and representatives of the ad-
ministration of educational institutions. The higher education sector should be informed 
about trends in m-learning to support the use of mobile devices’ capabilities. 
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