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Abstract—The study is devoted to the possibility of using mobile learning
for the joint solution of engineering problems by students. The research aims to
determine the feasibility and perceived effectiveness of the collaborative meth-
od. The survey involved 218 students from five universities located in Russia
and Kazakhstan. The results of the study show that 99% of young people have a
smartphone or other mobile devices enabling Internet access, as confirmed by
the study. The majority of students (85%) believe that mobile devices can be
used for learning; 65% of the young people surveyed had already used a mobile
phone or tablet to study disciplines. 44% of students determine the effectiveness
of this type of learning and 56% were against it. In the context of the possibility
of joint solution of engineering problems through these devices, opinions were
almost equally divided: 52% of students agreed and 48% of participants disa-
greed. The practical significance can be based on the opportunities of the use of
mobile learning for the joint solution of engineering problems. The research re-
sults may be of interest to a wide range of specialists working in the field of ed-
ucation, as well as to developers of training programs and applications.

Keywords—distance learning, mobile devices in education, mobile learning,
solving engineering problems

1 Introduction

Today, due to the rapid and dynamic development of technology, mobile learning
is gaining popularity among the younger generation [1]. Previously, it was used as an
additional tool in the learning process; now mobile learning is becoming increasingly
important [2,3]. This learning method is often effective and, according to some re-
searchers, can significantly improve the knowledge of students [4].
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Recently, mobile learning has become even more popular due to the need for re-
mote learning during the Covid-19 pandemic [5]. Experience has shown that up-to-
date mobile devices can provide the opportunity for lectures, practical classes, and
other types of training provided that participants are in different locations in the peri-
od of distance learning required by the Covid-19 pandemic [6]. It has become an
alternative to face-to-face training during the Covid-19 pandemic [7].

Mobile devices can be used as auxiliary tools in the learning process [8]. Mobile
devices allow students to connect to classes and training courses anywhere and any
time provided that there is Internet access [9]. In addition, mobile technologies in
education help to improve technical and communication skills, find answers to the
questions of interest, develop the ability to cooperate with other people, allow learners
to share knowledge, and, as a result, get better academic results [10].

This study is devoted to the possibility of using mobile learning for the joint solu-
tion of engineering problems by students that can be explained by search of the solv-
ing engineering problems collaboratively that means the work together in groups with
the purpose to find the decisions for the engineering problems [11,12]. This is a rele-
vant question due to the fact that there is often a need for distance learning for various
reasons as students cannot attend the university [13]. At the same time, rising special-
ists are required to have the skills of teamwork and collaboration that are considered
to be the most important ones [14]. The joint solution of engineering problems by
students through mobile learning can help young people acquire the above skills, as
well as improve their knowledge and ability to address engineering problems [15].

1.1 Literature review

Mobile learning is a resurgence in the era of educational technology that provides
informal, personal, voluntary and convenient learning opportunities for both learners
and educators [16]. Mobile learning is a learning strategy that provides students with
21st century learning opportunities to enable the use of a wide range of portable com-
puting devices that connect via a smart classroom network or the Internet to smart
components or interactive educational content and learning resources as well as this is
a connection to an instructor-controlled learning environment through a Learning
Management System or Social Online Learning tools to ensure a collaborative, inter-
active and innovative learning environment [17].

Mobile technologies embedded in new intelligent pedagogy can change the way
people consider engineering education [18]. The researchers explored the nature of
several smart approaches in engineering education and found out how they intersect
with mobile pedagogy as well as the results showed that the use of mobile devices in
educational institutions has not yet led to significant changes, and the available mo-
bile learning largely simulates traditional approaches [19,20].

The results of a study by Al-Emran and Salloum demonstrated that 99% of stu-
dents have a mobile phone or a tablet as well as statistical data processing showed that
there is a significant difference in the attitude of students to mobile learning that is
determined by their gender: male students have a more positive attitude to mobile
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learning compared to female students, but there is no significant difference in the
context of age, educational level and faculty [16].

Mobile technology can be defined as electronic devices that are small enough to fit
in a pocket, such as mobile phones, personal digital assistants (PDAs), and iPods [21].
Research by Kaliisa and Picard shows that mobile learning in African higher educa-
tional institutions improves collaboration between students and teachers, enhances
ongoing communication, increases student participation, contributes to authentic
learning and analytical practice, as well as fosters the development of learning com-
munities [22]. Also, in our opinion, the approaches of teachers to teaching have
changed.

A study by Simonova and Poulova analyzed the use of mobile devices for learning
English (for special purposes) by students of the Faculty of Computer Science and
Management at the University of Hradec Kralové in the Czech Republic. The re-
searchers believe that the use of apps is part of students' life. At the same time, their
desire to use these devices, as well as to pay for communication services and Internet
access is important [23].

A study by Oyelere et al. focused on the exploratory approach to developing the
MobileEdu app to study Computer Science in a higher education context in Nigeria as
well as MobileEdu supports the ubiquitous, collaborative and social aspects of tertiary
student learning. According to Oyelere's study to evaluate MobileEdu in real life
learning environment, the experiment involving 142 third-year students was carried
out as well as the results of the assessment are positive and showed that the Mo-
bileEdu application can improve student performance. In addition, the student learn-
ing experience was mostly positive, and students' attitude towards the Systems Analy-
sis and Design course studied through MobileEdu was better than that of students who
studied the course based on traditional methods [24].

A study by Juskeviciene et al. is aimed at considering personalized mobile learning
scenarios in the field of computer engineering and other STEM disciplines in Lithua-
nia as well the authors concluded that there is a need for pedagogical changes to
improve student learning outcomes and that the key success factors in implementing
mobile learning scenarios in Lithuania are: (a) identification of student learning
styles; (b) identification and application of appropriate teaching tactics, methods,
learning objects, tools and mobile applications in accordance with the student learning
styles; and (c) the use of the correct set and sequence of teaching methods when im-
plementing mobile learning scenarios [25].

Mobile learning is a non-formal type of learning as well as there are applications of
different types: hybrid, native, and web / cloud apps [26]. According to a study by
Khaddage et al. in the process of integrating formal and non-formal learning, educa-
tional institutions should not seek to formalize non-formal learning but look for
unique methods and approaches to introduce mobile learning into the educational
process in order to create an engaging learning environment [27].

A study by Jan et al. aimed to better understand and examine student attitudes and
perceptions of the effectiveness of mobile learning in higher education as well as the
study's results show that the majority of students use a variety of mobile and
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handheld devices that can be used for mobile learning and can overcome the worst
possible electricity crisis in this region of the world (Pakistan) [28].

A study by Batmetan and Palilingan tried to find out the attitude of university stu-
dents to mobile learning as well as the results showed that 85% of students prefer to
use the Internet privately; 78% of students are in the process of adopting mobile
learning and intend to use it in the future [29]. Also the Batmetan's and Palilingan’s
research demonstrated that usability, ease of use, and ease of learning across multiple
devices has a serious impact on the adoption rate of mobile education [29].

According to Kumar and Chand the amount of research related to mobile learning
has been growing in recent years as well as researchers use both formal and informal
methods to research student acceptance of mobile learning [30].

The results of a study by Almaiah and Alismaiel showed that quality factors, in-
cluding system quality, information quality, and service quality, have a significant
impact on student satisfaction and their intention to use mobile learning; perceived
usefulness has an impact on the intent to use mobile learning as well as both factors
have a significant effect on the implementation of mobile learning [31].

A study by Sung et al. focused on a mobile learning environment to study a local
culture course in Taiwan to assess the effectiveness of mobile learning. The study
showed that as a result of this approach, not only the learning environment has devel-
oped, but also local cultural identity has been popularized and student group work has
improved [32].

A study by Joo et al. analyzed the relationship between factors predicting the use
of the mobile learning management system (m-LMS) by online university students as
well as the authors analyzed data from 222 Korean online university students on the
basis of which received the results showed that perceived ease of use led to perceived
usefulness [33]. Also the study by Joo determined that perceived usefulness and meet-
ing expectations were the basis for satisfaction as well as perceived usefulness and
satisfaction were the basis for the continuance intent, but perceived ease of use was
not related to it; the continuance intent predicted the use of m-LMS [33].

After analyzing the above sources, it can be concluded that the use of mobile de-
vices in universities in different countries is an important issue being widely dis-
cussed by modern researchers.

1.2 Setting objectives

Today, mobile devices play an important role in the life of people, especially
young people [34]. This research is due to the need to check the possibility of using
mobile learning for the joint solution of engineering problems by students that is de-
fined as the search of the solving engineering problems collaboratively that means the
work together in groups with the purpose to find the decisions for the engineering
problems.

The purpose of the study is to determine the possibility and effectiveness of using
mobile learning for the joint solution of engineering problems by students as the
search of the solving engineering problems collaboratively.
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The objectives of the study are to determine the level of use of mobile devices by
students; identify whether students have already used phones and tablets for learning
and solving engineering problems; determine the students’ opinion about the proba-
bility of effective joint solution of engineering problems by university students.

2 Methods and materials

2.1  Research design and sample

The research methodology is based on a questionnaire as well as the method of so-
cial survey based on specific criteria is the main one.

The study population was represented by 218 students that means that the sample
was representative as well as it included students from different universities that gave
the opportunity to determine the peculiarities of the problematic issue at different
universities. The representativeness of the sample is also explained by the fact that a
small number of participants allowed to study in more detail and obtain data with a
higher percentage of reliability.

The survey was conducted on the basis of five universities located in Russia and
Kazakhstan (Moscow University of the Ministry of Internal Affairs of Russia V.Ya.
Kikot’ (25 students), L.N. Gumilyov Eurasian National University (48 students), I.M.
Sechenov First Moscow State Medical University (18 students), Saint Petersburg
State University of Architecture and Civil Engineering (103 students), and Far East-
ern Federal University (24 students)); the majority of participants were technical stu-
dents, of which 99 are women and 119 are men. All senior engineering students were
invited to participate in the study. It's considered that the engineering majors of the
selected for the survey students were «Software Engineering», «Computer Engineer-
ing», «Biotechnology and Bioengineering», «Chemical Technologies and
Engineering», «Oil and Gas Engineering and Technologies», «Agroengineeringy,
which made it possible to identify ways to solve engineering problems in various
engineering specialties to analyze the level of ownership of mobile technologies
among students of different engineering specialties.

The selection of the sample is based on the age criterion as well as it was important
for the study to determine the students of this age attitude to the mobile learning that's
why the respondents of 20-22 years old were involved to the survey. It's considered
that different amount students from different universities wasn't taken into account as
well as it didn't influence the received results of the conducted survey in the context
of the study.

Survey. The main questions of the questionnaire were:

1. Do you have a smartphone or another mobile device that enables access to the In-
ternet? (yes/no)

2. Do you think that the above devices can be used for studying at university?
(yes/no)

3. Have you previously used a smartphone or other mobile devices for learning?
(yes/no)
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4. Do you think these devices make learning effective? (yes/no)

5. Do you think that a smartphone or other mobile devices can be used by students at
your university to jointly solve engineering problems? (yes/no)

6. Have you had any experience of efficient (successful) solution of engineering
problems through mobile learning? (yes/no)

The questions are our own development. After a practical session in the classroom,
the students were handed out a printed version of the questionnaire and asked to fill it
in. The activity took 15 minutes.

2.2 Data analysis and statistical processing

The answers of the respondents were processed with the help of Statistica and Ex-
cel programs, on the basis of which statistical data were obtained and analyzed as a
percentage. In addition, the obtained results are presented in the form of tables and
diagrams in order to better perceive the results of the study by the reader. Since the
survey questions provided a choice of only two proposed answers — yes or no — it
facilitated the calculation of statistics and increased the percentage of reliability of the
results.

2.3 Ethical issues

The research was anonymous; the participants were not asked to indicate their
names. Only age, year of study, and faculty were indicated. Before the survey, all
students gave their written consent to participate in the study. The participants were
explained the purpose of the research, as well as the methods of collecting and pro-
cessing information received. Also the purpose of asking for the age was explained by
the fact that age criterion was one of the main in the used methodology as well as it
was important for us to determine the students of this age attitude to the mobile learn-
ing that's why the respondents of 20-22 years old were involved to the survey.

24 Research limitations

Due to the fact that the study involved only 218 people, its results cannot be con-
sidered universal. More participants are required to get more accurate data. It should
also be noted that students from two universities (in Russia and Kazakhstan) took part
in the study; therefore, the findings may not be relevant for other countries. The re-
search results can be considered reliable, but the above information must be taken into
account.

3 Results and discussion

The responses of the young people were as follows (table 1):
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Question 1. According to the first question (Do you have a smartphone or another
mobile device that enables access to the Internet?), 215 (99%) students have a mobile
device and 3 learners do not. Of these, 97 women and 118 men answered positively.
Two women and 1 man answered «No». The high percentage of young people who
use mobile devices suggests that they can be used for mobile learning and collabora-
tive problem solving. A percentage of 1% among respondents means that they do not
have a smartphone or another mobile device that allows access to the Internet, which
in turn indicates their unwillingness to use mobile technology in the process of learn-
ing or solving engineering problems.

Question 2. The second question (Do you think that the above devices can be used
for studying at university?) showed that 186 students believe that mobile devices can
be used in education and 32 students do not share this opinion. Of these, 97 women
and 118 men answered positively. A negative answer was given by 19 women and 13
men, which indicates the consent and willingness of the majority of students to use
mobile devices in the process of studying at university.

Question 3. The third question (Have you previously used a smartphone or other
mobile devices for learning?) demonstrated that 141 students had already used mobile
devices for learning while 77 students had no such experience. Of these, 67 women
and 74 men answered positively, 32 women and 45 men gave negative answers. The
results show that the majority of students have experience of using mobile devices to
study certain disciplines. We also learned that students used to use mobile devices
more for entertainment than education. However, the answers to the questions show
that students used to use mobile devices also for the purpose of learning primarily to
perform homework and less in teamwork. However, the answers to this question en-
courage the use of mobile devices in the collective work of students in order to solve
engineering problems in particular.

Question 4. Ninety-five students gave a positive answer to the fourth question (Do
you think these devices make learning effective?) while 123 participants answered
negatively. Of these, 40 women and 55 men answered positively, 59 women and 64
men gave answer «Noy». The results suggest that students lack experience in mobile
learning and some of them have doubts about its effectiveness.

Question 5. The fifth question (Do you think that a smartphone or other mobile de-
vices can be used by students at your university to jointly solve engineering prob-
lems?) showed that 113 students believe that smartphones can be used to solve engi-
neering problems while 105 participants have the opposite opinion. Of these, 44
women and 69 men answered positively, 55 women and 50 men gave negative an-
swers. The engineering problems are considered to be connected with personal and
relevant education as well as the problem of collaborative learning and its organiza-
tion with the help of mobile devices. Obviously, most students do not have experience
in the joint solution of engineering problems through mobile learning, but their readi-
ness to implement this approach can be observed.

Question 6. According to the results of the sixth question (Have you had any expe-
rience of efficient (successful) solution of engineering problems through mobile learn-
ing?), 27 students have successfully solved engineering problems (personal and rele-
vant education as well as the problem of collaborative learning and its organization
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with the help of mobile devices) through mobile learning while 191 have not. Of
these, 10 women and 17 men answered positively, 89 women and 102 men gave
negative answers. The results show that few students have experience in joint solution
of engineering problems through mobile learning. However, their positive attitude
towards this approach suggests that the initiative may be successfully implemented.

Table 1. Quantitative results of students' answers

Question Answer «Yes» Answer «No»
Question 1 215 3
Question 2 186 32
Question 3 141 77
Question 4 95 123
Question 5 113 105
Question 6 27 191

The results of the study lived up to the expectations and do not contradict the find-
ings obtained by other researchers. Today, most young people have a smartphone or
other mobile devices enabling Internet access, as confirmed by the study (99% of
students have such a device). The majority of students (85%) believe that mobile
devices can be used for learning; 65% of the students surveyed had already used a
mobile phone or tablet to study disciplines. In the context of the effectiveness of this
type of learning, 44% of students spoke out in favor and 56% were against it. In the
context of the possibility of joint solution of engineering problems (personal and
relevant education as well as the problem of collaborative learning and its organiza-
tion with the help of mobile devices) as the search of the solving engineering prob-
lems collaboratively through these devices, opinions were almost equally divided
(52% of students agreed and 48% of participants disagreed). Only 12% of students
have experience of successful joint solution of engineering problems through mobile
devices.

In the comments, students indicated problems that arise in the process of using
mobile devices for learning. The main problems included limited device storage ca-
pacity, which does not allow installing some applications; low battery power; too
small font that does not allow users to comfortably read text, view calculations and
graphs; the complexity of working with diagrams and drawings; misunderstandings
between participants when solving the problem remotely; difficulties in using foreign
applications as teaching methods and approach to problem-solving do not always
coincide with the approaches used in users' home country (a similar result was ob-
tained by Al-Hunaiyyan et al. [35]).

The problem of the discrepancy between the technical characteristics of mobile de-
vices for working with educational applications and for addressing problems can be
solved by using computers in the university classrooms or at home. To easily read a
small font, a text or problem conditions can be printed for each student. As for foreign
applications, those that have been translated into Russian (when students lack English
knowledge) should be used; it is necessary to pre-select the most suitable ones or
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acquaint students with alternative approaches that are used abroad. In order to solve
the problem of communication and misunderstandings in the process of remote work,
an instructor (a person who will lead the process and give the floor to each student)
should be appointed.

To ensure the most effective mobile learning, universities can be encouraged to
create their own learning applications adapted to their own needs and a certain disci-
pline, as well as to involve students in their development [36]. The approximate struc-
ture of a mobile application can be represented by connection of user application that
is, the material base needed to conduct classes, and server application which consists
of human resources. It's considered that learning according to the mobile application
require student registration and teacher registration. The group of user application
consists of tasks, lectures, recommended literature and extra materials (Fig. 1):

Mobile application

T e

Server applicatiob

MR -

User application

Recommended
Lectures literature

Extra materials
Year Year
I and 2 1and 2
Year Year
3and 4 Jand 4

Fig. 1. The approximate structure of a mobile application

Student
registration

Teacher
registration

BN —

In general, mobile learning aimed at the joint solution of engineering problems by
students can be implemented in the learning process; however, there is a need to mon-
itor its effectiveness with the purpose to make sure that students take part in the solu-
tion and this learning improve the effectiveness of the educational process and can
help in the development of professional competencies and skills.

Today most students use mobile devices (phones and tablets). These devices allow
users to access the Internet, as well as install and use various applications, including
educational ones. This suggests that mobile learning should be more widely intro-
duced in modern universities. Equity issues can be addressed by the fact that having a
mobile device is a requirement as well as the proposed program of educational pro-
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cess is based on mobile learning. Universities have equipped classrooms with the
required number of computers. Given the fact that today all students have mobile
devices and actively use them in everyday life and learning, there will be no problems
with providing students with the material base for mobile learning, and therefore there
is no need for large capital.

In addition to personal use, mobile devices also allow students to collaborate on
educational projects with or without the participation of teachers (instructors). In
particular, this opportunity can be used to jointly solve engineering problems by stu-
dents. This has already been partially tested in the context of remote learning during
the Covid-19 pandemic as well as laptops aren't counting as mobile devices because
they are considered to be the separate kind of technologies used for different purposes
[37]. In addition, this opportunity can be used by a wide range of people who cannot
attend school due to illness or for other reasons [38]. There are a number of programs
(for example, Zoom) that allow the whole group (or several groups) to be present at a
lecture or lesson. In particular, for example, such programs can be used to jointly
solve engineering problems that cannot be the same as laptops because laptops are
considered to be the kind of devices, on which the presented programs above can be
installed.

The results showed that the majority of students (85%) support the use of mobile
devices in the process of studying at university. These results are consistent with
those obtained by most other researchers, e.g., Heflin et al. [39].

Due to the fact that mobile devices have been common for a long time, many stu-
dents (65%) have already used them for learning. Not many students have used such
devices to jointly solve engineering problems, but a large number of young people
have experience of using mobile applications to study other disciplines, for example,
foreign languages. The principle of operation of such programs and applications is
clear and familiar. This gives reason to believe that students will not have serious
obstacles in the study of other disciplines, as well as in joint problem solving through
mobile devices.

According to 44% of students, mobile learning is effective. This result is probably
based on the previous experience of students. Due to the fact that this is a minority, it
is necessary to carefully consider the efficiency of mobile learning or student collabo-
ration based on these devices. This aspect needs to be monitored [40].

Students are quite optimistic about the possible use of mobile devices for solving
engineering problems. Thus, 52% believe that it is possible. This suggests that teach-
ers can implement such classes in their groups and, in the process, observe their pro-
gress and effectiveness to make appropriate adjustments. Student acceptance of mo-
bile learning is determined by a number of factors, such as social impact, motivation,
habit, etc. [41].

Only 12% of students noted that they had previous experience in the joint solution
of engineering problems using mobile learning. This suggests that this approach to
problem-solving is not very popular today. This is also evidenced by the analysis of
the literature on this topic. However, many researchers believe that this is one of the
most relevant approaches today and that it will be widely implemented.
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According to Zarei et al. [42], engineering education in Malaysia needs to be re-
formed, especially in the areas of engineering programs, teaching methods and teach-
er training approaches in order to update it in the modern world. Mobile learning can
enhance students' professional skills such as critical and analytical thinking, commu-
nication skills, and creativity. It also promotes authentic and collaborative learning
[43].

According to Ivanov et al. [44], significant obstacles to mobility and distance
learning of engineering students from Central Asia (for example, Tatarstan) are the
Russian language, university rules, financial aspects and living conditions.

Today one of the main tasks of engineering education in Russia is to bring it in line
with modern international standards in order to increase the competitiveness of gradu-
ates in the labor market, as well as to ensure the proper level of technological devel-
opment and security of the country [45]. In Kazakhstan, mobile learning is developing
in accordance with the "Digital Kazakhstan" state program developed on the basis of
the Address of the President of the Republic of Kazakhstan N.A. Nazarbayev — The
third modernization of Kazakhstan: global competitiveness dated July 31, 2017 [46].

A challenge is that students need to master skills such as written communication,
speed reading, stress resistance and time management in order to effectively apply
mobile learning [47].

In general, taking into account the above, we can conclude that the use of mobile
learning for the joint solution of engineering problems by students is possible and
promising. Teachers need to develop projects for these activities. At the same time,
one of the important factors determining their use should be effectiveness. Effective-
ness is determined as the correct solution of the problem, the choice of the most opti-
mal method and the involvement of the maximum number of students (preferably all).
All this should lead to an increase in the level of knowledge of students.

This research is a useful contribution to training and, therefore, to the development
of the possibilities of using mobile learning in universities. In particular, the results of
the study make it possible to clarify various aspects of the use of mobile devices in
the process of learning and solving problems, identify existing problems and propose
ways to solve them, as well as prepare a preliminary project of a mobile application
for a specific educational institution.

4 Conclusions

The results of the study are determines that the level of use of mobile devices by
students is indicated by 99% as well as all of them have mobile devices that allow
them to access the Internet, which gives reason to consider a larger-scale implementa-
tion of mobile learning in the educational process. It has been identified that 65% of
students have already used phones and tablets for learning and solving engineering
problems. This suggests that mobile learning will also be effective in learning other
sciences. A prerequisite for this is the careful and professional development of appro-
priate applications, online course plans and remote lessons. The results of the survey
also have given the opportunity to determine the students’ opinion about the probabil-
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ity of effective joint solution of engineering problems by university students. Howev-
er, only 12% of the students surveyed consider this type of training to be effective in
the context of solving engineering problems, and therefore it is necessary to take this
into account in the process of developing online lectures and practical classes.

The study is a useful contribution to the development of mobile learning technolo-
gies and improving the quality of education in modern higher educational institutions.
For further research, the development and testing of practical online classes, as well
as collecting students 'and teachers' opinions on their productivity, can be recom-
mended.

The research results can be useful for educators, educational software developers,
and a wide range of people working in the field of education and educational technol-
ogy. The study describes information on the use of mobile devices in the learning
process at universities; problems associated with this and possible ways to solve them.
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