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Abstract: The study aims to reveal the attitude of students and teachers to mobile learning; explore the possibility of
developing critical thinking skills in mobile learning; and also evaluate knowledge after a short training course involving the use
of mobile technologies in the context of the development of critical thinking. The research relies on an interview and a test. It
was attended by 275 people (93 teachers and 182 students). The results showed that 58% of teachers and 55% of students
believe that mobile learning does not contribute to the development of critical thinking. The test results showed that the study
participants who pre-listened to the course of lectures on their mobile devices did not cope with the questions well enough,
and cognitive errors were identified. The research has shown that improving the skills of interpreting, analyzing, evaluating and
explaining information can increase the effectiveness of mobile learning. The research is a contribution to the study of various
aspects of the impact of mobile learning on students and will be of interest to teachers, students, academic administration,
parents, as well as to those who are interested in modern pedagogy and educational psychology.
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Introduction

The rapid development of digital technologies, as well as the events of the last two years (the
Covid-19 pandemic, lockdown) have made the use of mobile learning almost mandatory for pupils and
students around the world (Demir and Akpinar, 2018). Mobile learning is a form of distance learning
delivered with the help of handheld devices. This is a new kind of opportunities allowing students to gain
new knowledge that occurred due to the development of teaching technologies (Cahyana et al., 2018).

Many researchers, in particular in developed countries, see a number of benefits of mobile
learning. For example, both teachers and students in the United States note the positive impact of digital
technology on learning. Educators see a number of positive benefits of digital teaching tools; 52% note
that their students are more motivated to learn, 36% are confident that students develop creativity, 29%
believe that problem solving and critical thinking are improving, 7% say their students put knowledge into
practice, 26% believe that students take responsibility for their learning (West, 2013).

Despite the fact that not all countries and not all segments of the population can afford to use
mobile devices and the Internet, most people have them. Despite the fact that students demonstrate an
interest in mobile learning, they are not yet ready enough to implement it and do not know how it can
facilitate the learning process (Ismail, Azizan and Gunasegaran, 2016). Few learners have experience
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of effective application of mobile learning, solid assimilation of knowledge in the course of such learning;
there are also problems with time management, information quality control, etc.

The main and most important practical value of mobile learning is the use of portable technologies
and devices in the learning environment to overcome issues of time and place. In addition to this change
in education with wide access to information, communication, and cooperation developed a number of
skills in students. Among them is the ability to create students’ own learning context interacting with each
other and the environment in the real and virtual worlds (Al-Adwan, Al-Madadha and Zvirzdinaite, 2018).
Itis worth defining the difference between variable online learning and mobile learning. The second option
involves the use of gadgets both outside the classroom and directly in the classroom (these two formats
can alternate in modern realities). Online learning is a purely distance form of education using mobile
technologies (Singh and Thurman, 2019).

In the learning process, it is important to observe regular progress; it should maximize the
development of useful qualities and skills. It is also important to exclude or minimize the possible negative
impact of teaching methods on students, especially on children.

Today one of the most important skills is critical thinking. It allows people to adequately respond
to the events of the world around and make the right informed decisions (Hitchcock, 2020). The issue
of developing critical thinking in mobile learning is one of the most important in the modern pedagogical
environment as in this type of training there is a number of features, such as the lack of direct contact
with the teacher, the lack of communication with peers, the problem of the quality of information on the
Internet, etc. (Larsson, 2017). These problems often lead to the emergence of cognitive distortions that
impede the high-quality assimilation of educational information by students. Due to the fact that mobile
learning is almost inevitable today, it is necessary to search for ways and means of its development and
application in this type of learning.

Nowadays, information is a commaodity and its accuracy should always be checked. Fact-checking
is one of the basic elements not only of science but also of any other activity (Lopez-Garcia, Costa-
Sanchez and Vizoso, 2021). There are specific methods of verification that are specific to each science,
as well as universal methods for any field of activity, such as economics, physics, and chemistry.

This study aims to explore the ways of developing critical thinking skills in mobile learning and
overcoming cognitive distortions that arise in its process. The two assumptions (hypotheses) made on the
basis of the literature review have been tested: hypothesis 1 — mobile learning significantly contributes to
the development of critical thinking, hypothesis 2 — cognitive distortions are often experienced by learners
using mobile devices.

The research is a study aimed at studying the benefits and / or harm of mobile learning, its impact
on the development of critical thinking in students, emerging cognitive distortions and ways to solve
existing problems.

Literature review

Mobile learning is a type of learning that allows learners to make their studies independent of place
and time. When using educational technologies, the learner plans, arranges, implements and evaluates
their studies as it is them who manage these activities. Accordingly, the student is not a passive person
who receives the information needed but a person who uses cognitive and mega-cognitive abilities to
complete a task. Therefore, a mobile learning user improves their higher-order thinking skills (S6nmez et
al., 2018). One of the studies was aimed at the configuration of hybrid laboratories with a virtual component
of strong learning and variables (stationary and mobile). Just such a variable, a physical component, is
especially needed at the initial stages of mastering laboratory equipment: stationary devices are studied in
educational laboratories and in real geodetic practice, portable counterparts (Hernandez-de-Menéndez,
Vallejo Guevara and Morales-Menendez, 2019).

Mobile learning is beginning to enter the life of people and the attitude towards it is ambiguous.
According to scientists, the introduction of technology to students and their wider application in the
learning process contribute to a general improvement in learners’ attitude to mobile learning (Cavus and
Uzunboylu, 2009). For example, students create a continuous link between place, time, and learning
content through mobile devices connected to a wireless network, by their tasks. The portable feature
of gadgets makes them a more attractive way to process information. Language learners can combine
mobility and the real world by learning unfamiliar words using smartphone apps in transit or anywhere
else (Cohen and Ezra, 2018). Thus, most research proves the effectiveness of mobile learning. It, in turn,
affects the development of critical thinking skills in mobile learning.

In the 21%t century, the major emphases in education are as follows: development of innovation
and independent learning skills; critical thinking and problem-solving skills; skills of communication and
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cooperation with other people; creativity; media and technical skills; technological (ICT) and information
literacy; knowledge and skills that facilitate life and work (Franklin, 2011). Mobile learning can help with
most of them. However, today in the context of globalization and digitalization, there is a problem of the
quality of information on the Internet as it can be posted by anyone; not all online resources are reliable,
valuable and accurate. For example, on social networks, all users can share posts, articles, etc. At the
same time, the information may be inaccurate, and sometimes deliberately incorrect in order to mislead
people or advertise some products or services. There is a problem with online information assessment
skills and a lack of ability to use assessment criteria, including relevance, authority, accuracy and purpose
(Parsazadeh, Ali and Rezaei, 2018). This leads to the use of low-quality information for various purposes,
including education. Researchers offer the following tools that can help users determine the quality of
information on the Internet: a) Performance Monitoring; b) Site Analyzer; c) Traffic Analyzer; d) Web
Mining; e) User Feedback (Eppler and Muenzenmayer, 2002). In addition to these tools, the ability to think
critically and evaluate independently is also required.

Some scientists have confirmed the development of critical thinking skills in mobile learning. The
most popular strategy was a combination of educational technologies. Other strategies (situational learning,
expert assessment and project-based learning) can also be applied (Ismail, Azizan and Gunasegaran,
2016).

Learning should (1) empower learners to reach their potential through access to educational
resources and experts allowing them to transcend their schools or communities; (2) engage students in a
rich and engaging learning experience that develops deeper knowledge and skills, in particular problem
solving, creativity, and critical thinking skills that are required in the workplace; (3) provide students with
the opportunity to take responsibility for their education and explore knowledge with unlimited curiosity
thereby encouraging lifelong learning (Franklin, 2011).

Critical thinking involves the ability to be critical of any statement, not to believe information without
evidence, and at the same time be open to new methods and ideas. It builds the foundations for the
freedom of choice, responsibility for one’s own decisions, and the reliability of forecasts (Hitchcock, 2020).

Critical thinking directly relates to cognitive skills. Critical thinking is seen as a self-regulating process
that arises from the development of skills such as interpretation, analysis, assessment and explanation
that go beyond technical skills. It can be considered a metacognitive process (Nussbaum et al., 2021).

In the process of mental activity, cognitive distortions are inevitable; these are errors caused by the
very mechanism of thinking and the bounded rationality of people.

Various psychologists offer their own lists of cognitive distortions. Some of them are listed below:

1. All-or-nothing thinking (dichotomous thinking): all situations are either black or white.

2. Fortune telling (e.g. catastrophizing): the future is always negative, regardless of other less
catastrophic possibilities.

3. Discounting the positive: attention to the negative aspects of the situation and discounting any
positive elements.

4. Emotional Reasoning: Too much emphasis is placed on the emotions associated with the
situation despite evidence to the contrary.

5. Labeling: the application of a fixed label to a person or situation despite evidence to the contrary.

6. Exaggeration or minimization: exaggeration of the negative aspects of a person or situation and
minimization of the positive ones.

7. Selective abstraction (mental filter): attention to one detail of the stimulus at the expense of the
whole.

8. Mind reading: believing that a person knows the thoughts of others.

9. Over-generalization: a false conclusion about a person or situation based on previous experience.

10. Personalization: misattribution of the words or actions of others to oneself.

11. Should-statements: assigning rules of behavior to oneself and other people.

12. Jumping to conclusions: erroneous conclusions without considering all aspects of the situation.

13. Blaming: blaming oneself or others for hardship or pain despite evidence to the contrary.

14. What if: negative hypotheses about the situation or the future.

15. Unfair Comparisons: comparing oneself to others in a disadvantageous way (Denton, Baliram
and Cole, 2021).

It is necessary to note that the cognitive errors listed above are connected not with a concrete kind
of activity, but with features of reception and interpretation of the information during communication with
other people.

The development of technology and digital information along with a decrease in civic engagement
and citizen confidence can lead to distorted presentation and acquisition of information (Addy, 2020).
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The proliferation of fake news, traditional and digital media, as well as civic platforms have initiated
departments, working groups and spaces to fact-check information posted on other media, spread on
social media, or hailed by political leaders (Lopez-Garcia, Costa-Sanchez and Vizoso, 2021).

The main ways to check information from the Internet are a critical approach, search for the
original data source and comparison of different sources, consideration of contrary viewpoints, learning to
recognize fakes and check the accuracy of facts (for example, using Fakecheck.ru), etc. (Gorokhovsky,
2017).

Several researchers have noted the relationship between cognitive errors and anxiety. Cognitive
errors may be associated with anxiety in adolescents and lead to increased anxiety. Adolescents suffering
from teen depression are more prone to cognitive errors of all types (e.g., catastrophizing, personalization,
selective abstraction and overgeneralization) compared to their healthy peers (Rehna, Hanif and Tariq,
2012). Cognitive errors account for 78% of the deviations in anxiety among adolescents (Rehna, Hanif
and Ageel, 2020).

A similar thing can be observed in students, especially junior students, as well as in some adults
(Salek Ebrahimi et al., 2019). It proves the need to make better the psychological state of children and
adolescents in order to reduce rates of cognitive errors.

The process of critical thinking has its own stages and components. There is a classification of
scientific knowledge (mathematics, physics), a general analytical framework is created, which includes
basic information elements:

« Situational knowledge - initial assumption, parameter

+ Conceptual knowledge — guiding principle, theory, concept

* Procedural knowledge — any (e.g. mathematical) manipulation or step-by-step computation to
support a solution (Gong et al., 2016).

There is a problem with the relationship between critical thinking and emotion and intuition. The
problem is exacerbated by the fact that there are circumstances of a multilingual and multicultural world.
The main features of critical thinking are as follows: critical thinking is an exclusively independent process;
information is only the beginning of the process of critical thinking, and not a finished product; meaningful
argumentation is required; critical thinking is connected with society (everything is checked and improved
when communicating with other people) (Hough, 2015; Sapukh, 2014).

Intuition enables one to quickly process multiple pieces of information without appreciable cognitive
effort. Intuitive processes in judgment and decision making are responsible for integrating information
and shaping response (e.g., preference, choice), where analytical thinking mainly guides the shaping of
outcome, e.g., searching, summarizing, and changing information (Betsch and Glockner, 2010).

Critical thinking is one of the prerequisites for creativity. Creativity can be defined in a variety of
ways, including by cognitive processes, personality traits, and environmental conditions, as well as the
interaction of these components. Critical thinking can be viewed as a multidimensional cognitive construct
that involves inductive and deductive reasoning, as well as creative processes that interact at different
stages of problem-solving (Wechsler et al., 2018).

Today, creativity is an essential quality and various approaches are used for its development, for
example, training, workshops, case studies. Thus, having completed training on creativity, people began
to feel more creative, which led to higher confidence in their own creativity, as well as a desire to take
more risks with their ideas (Perry and Karpova, 2017).

The literature review shows that mobile learning is popular today and has many benefits, including
its positive impact on the development of critical thinking and cognitive skills in learners. Mobile learning
does not provide a possibility to communicate with the teacher easily and thus makes students think
themselves more. It also provides a large amount of visual information. While listening to the online
lectures students can stop the video and review the necessary material. However, it also has a number of
disadvantages, some of which will be analyzed in the study.

Setting objectives

Nowadays, the issue of studying various aspects of mobile learning is more relevant than ever
before. It is rapidly being introduced into the educational process of pupils, students, and all other people
who want to change their profession, improve their qualifications or learn something new. Despite a number
positive reviews, there is also an opinion that mobile learning can have a negative impact on students. The
study aims to determine the effect of mobile learning on critical thinking and identify whether it develops
critical thinking skills and whether there are ways to improve the situation. Since critical thinking is a
universal quality of personality, the study of the possibilities of its development should be interdisciplinary
in nature, so this study involved specialists in different areas - economics, physics, chemistry.
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The purpose of the research is to study the impact of mobile learning on the development of critical
thinking skills, identify cognitive errors in this process (if these occur) and offer recommendations for
improving the situation.

The objectives of the study include examining the impact of mobile learning on the development of
critical thinking skills; verification of information received from other sources; identifying possible methods
for improving critical thinking and overcoming cognitive errors in the process of mobile learning.

Materials and Methods

Research design and sample

The research was based on interviews and tests. A similar research method was used by El-Sofany
and El-Haggar (2020), Ismail, Azizan and Gunasegaran (2016), Kurniati and Annizar (2017). The study
consisted of two parts.

Part 1: The students and teachers were invited to watch a short video on critical thinking (by IFO,
https://www.youtube.com/watch?v=MmlhUTvZj30) in a classroom followed by a survey. The video talked
about critical thinking, its definition, components, and principles (analysis, justification, assessment).
Critical thinking film viewing and the study itself took place on May 2021.

The participants were provided with printed interview questions (9 in total), as some of them
contained lists of answer options. Question 1 and question 9 were open-ended, the others (2-8) had
answer options.

Part 1 (interview questions):

1. Can you define critical thinking?

2. What do you need critical thinking for? Answer options: “for the formation of an independent
opinion”, “for self-development”, “for the development of communication skills”, “for making non-standard
decisions”, “for finding the right solution”, “for the development of scientific thinking”, “not to be deceived”,
“not to succumb to propaganda”, “for controlling emotions and intellect”, “for the manifestation of one’s
own individuality”, “for other reasons”.

3. What's your attitude to mobile learning? Answer options: “positive”, “negative”, “contradictory”,
‘neutral’.

4. To what extent do you think mobile learning supports / does not contribute to the development of
critical thinking? Answer options: “contributes”, “does not contribute”.

5. Do you think that the disciplines you study at university contribute to the development of critical
thinking? (Answer options: “yes”, “no”).

6. Do you think that the subjects you studied in school contribute to the development of critical
thinking? (Answer options: “yes”, “no”).

7. Which of the subjects listed do you think will develop critical thinking the most? (Answer options:
‘logic”, “philosophy”, “sociology”, “history”, “behavior in emergency conditions”, “psychology”, “political
science”, “public speaking”, “project activities”, “mathematics”, “ philology and native language”, “the
basics of neurolinguistic programming”, “natural science”, “religious studies”, “economics”, “sociology”,
“your alternative”).

8. Do you think it is possible to effectively study the above subjects with the help of mobile learning?
(Answer options: “yes”, “no”, “not sure”).

9. Share your opinion on developing critical thinking in mobile learning.

Part 2 (examples of the test questions (20 questions in total)) (Studmed, 2021):
1. An insurance contract is a document required to conclude an insurance transaction (+ yes; no);
2. Is there a connection between the average life expectancy and the life insurance rate (+ yes;
no)?;
3. Does the insurer know in advance the amount of life insurance policy pay out (+ always; depends
on the terms of the policy; never)?;
4. Who has the obligation to prove the value of the loss (+ insured; expert; insurer)?;
5. Is it possible that the insurance sum is greater than the insured value under the contract (yes; +
no)?;
Part 2. Students and faculty were required to take a short course in their major on a mobile device.
Some participants took a course in economics and insurance (8 lessons, 30 minutes each) and took a test
to assess their knowledge (20 questions / 15 minutes). The course was taught and developed by a teacher
from Kazan Federal University. Part of research participants studied / taught economics; therefore, the
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topic was the basics of insurance. The topics included an overview lecture, insurance contract, types of
insurance, and insurance risks. Another part of the participants was studying natural sciences (chemistry,
physics); for them an integrated course on conductivity of electrolyte solutions was offered, which also
included an overview lecture, description of quantitative relationships, characterization of their constituent
quantities, physical and chemical research methods. The course was taught by an instructor from Herzen
University. Both courses were taught using Zoom software.

The materials and questions used in the study are our own development.

After watching a film with economic content (insurance) or natural science (electrical conductivity
of electrolyte solutions) the participants took a short test. The test determined how well the learners
perceived the information displayed on the mobile phone screen. There were no direct answers to the
questions in the films, but they were clear from the information provided.

The result was described as positive when 70% of the test was correctly solved. Less than half of all
the participants demonstrated such a result. Only 7 out of 20 questions received more than 70% of correct
answers (8 by teachers and 5 by students).

Survey

The study involved 93 teachers (24-52 years old) and 182 students of various specialties (19-
21 years old), a total of 275 people from Kazan Federal University (the Russian Federation), Moscow
Aviation Institute (National Research University, the Russian Federation), Sechenov First Moscow State
Medical University (the Russian Federation) and Herzen University (the Russian Federation).

Data analysis and statistical processing

The results of the interview were recorded, transcribed into a Word document, analyzed, and
summarized. The test results were entered into an Excel spreadsheet and analyzed, including with the
help of the SPSS program.

Ethical issues

The research was conducted ethically in accordance with the World Medical Association Declaration
of Helsinki. The research was approved by the local ethics committees of Herzen University. Each research
participant gave their written consent to participate in the study. The invitation leaflets that were previously
distributed to the students contained complete research information.

Research limitations

The study can be considered reliable, but it should be noted that it was conducted at four universities
of the Russian Federation, and the number of participants was limited. An identical study conducted in
other countries may provide different results.

Results

Part 1

The answers to the interview questions are as follows:

1. Can you define critical thinking?

Five per cent of the interviewees noted that they could not answer the question. They were all
students. The examples of teachers’ answers: “the ability to assess the situation independently”, “not to
perceive everything in good faith”, “to be able to give one’s own assessment of the situation”, “not to be
affected by other people’s ideas.” The examples of students’ answers: “the ability to critically perceive the
information received or seen”, “to question some facts”, “to have one’s own opinion about everything.”

These results show that both the majority of students and teachers generally understand what critical
thinking is. The answers are similar to those contained in the video. The research participants emphasize
that critical thinking should protect them from the negative effect of information from the outside, imposed
opinions and beliefs. The fact that 5% of students could not answer this question is most likely due to the
fact that they were inattentive while watching the video, or the topic was not interesting to them. Therefore,
there is a need to explain to university students the importance of acquiring critical thinking skills.

2. What do you need critical thinking for?

The question contained answer options and the students had to choose the most suitable one
for them. Answer options: “for the formation of an independent opinion”, “for self-development”, “for the

LTS

development of communication skills”, “for making non-standard decisions”, “for finding the right solution”,
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“for the development of scientific thinking”, “not to be deceived”, “not to succumb to propaganda”, “for
controlling emotions and intellect’, “for the manifestation of one’s own individuality”, “for other reasons”
(Zhukotskaya and Chernenkaya, 2019) (Figures 1 and 2).

For the formation of an independent
opinion

For self-development [ 5

For the development of communication
skills

For making non-standard decisions [N 8

LBk

I 7

For finding the right solution GGG 12
For the development of scientific thinking [ 10
Not to be deceived NN 13
Not to succumb to propaganda NN 9

For controlling emotions and intellect . 7

For the manifestation of one's own

individuality ?

For other reasons 0

0 2 4 6 8 10 12 14

Figure 1. The answers to interview question 2 (teachers)
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For finding the right solution I 21
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Not to be deceived NN 12
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For the manifestation of one's own I (S
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For other reasons 0
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Figure 2. The answers to interview question 2 (students)
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Teachers believe that critical thinking is needed to “form an independent opinion”, “not to be
deceived” and “to find the right solution.” Among the students, the most popular answers were “to form
an independent opinion”, “to find the right solution”, “for self-development” and “to control emotions and
intellect”. The opinions of teachers and students were similar. Goals such as “to make non-standard
decisions,” “to develop scientific thinking,” and “to manifest one’s own individuality” were generally found
to be less popular among survey participants.

3. What's your attitude to mobile learning?

Answer options: “positive” (28 teachers and 42 students), “negative” (36 teachers and 47 students),
“contradictory” (29 teachers and 34 students), “neutral” (0 teachers and 59 students).

As noted above, today the attitude of people towards mobile learning is ambiguous. Only a minority
of teachers and students have a positive opinion of it. Due to the fact that there is a need for a large-scale
introduction of technologies in the field of education, it is possible to recommend that education authorities
work on the opinion of the population and mobile learning, for example, by conducting training, equipping
classrooms with innovative teaching tools, contributing to the exchange of experience, etfc.

4. Does mobile learning contribute to critical thinking (or not)?

Answer options: “contributes” (39 teachers and 81 students), “does not contribute” (54 teachers
and 101 students). As can be seen, the majority of respondents (58% and 55%) believe that mobile
learning does not contribute to the development of critical thinking. This partially stems from the problems
that were mentioned in question 3. As a solution to this issue, the development of high-quality educational
applications for mobile devices can be recommended along with the improvement of technological skills,
time management, etc.

5. Do you think that the disciplines you study at university contribute to the development of critical
thinking? (“yes”, “no”).

Fifty-two teachers and eighty-three students answered positively while forty-one teachers and
ninety-nine students answered negatively. Accordingly, teachers have a better opinion of university
disciplines in the context of developing critical thinking compared to students. Based on these results,
it can be concluded that many students are not interested in studying a number of university disciplines
as they consider them impracticable. To improve the situation, it is necessary to make the method of
presenting the material more interesting with an emphasis on the practical application of the knowledge
gained.

6. Do you think that the disciplines you study at university contribute to the development of critical
thinking? (“yes”, “no”).

Sixty-eight teachers and one hundred and one students answered this question in the affirmative.
Twenty-five teachers and eighty-one students answered in the negative. Most teachers and students
believe that school subjects contribute to the development of critical thinking. The results show that the
respondents consider school subjects to be more useful. This is probably due to the peculiarities of
teaching methods and tutorial work at school. Accordingly, the teaching methodology of some university
disciplines should be revised.

7. Which of the following do you think will develop critical thinking the most?

A list of subjects was given but the participants could also come up with their own options: logic,
philosophy, sociology, history, behavior in emergency conditions, psychology, political science, public
speaking, project activities, mathematics, philology and native language, foreign philology, the basics
of neurolinguistic programming, natural science, religious studies, economics, physics, chemistry, your
alternative (Zhukotskaya and Chernenkaya, 2019) (Figures 3 and 4).
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Philosophy mee——— 5
Sociology m——— 3
History e 3
Behavior in emergency conditions m——— 7
Psychology w3
Political science m— 3
Public speaking m—— 4
Project activities m———— 4
Mathematics T | §
Philology and native language m———4
The basics of neurolinguistic programming ———— 5
Natural science m——m 2
Religious studies m—— 4
Economics M. 9
Physics e 7
Chemistry I———— 5
Your alternative 0
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Figure 3. Teachers’ answers to question 7

Logic mes— ] 5
Philosophy mssm 4
Sociology wem 3
History s 3
Behavior in emergency conditions —se—" ]2
Psychology e g
Political science w——————— ]2
Public speaking w5
Project activities we———— ()
Mathematics e —— ()
Philology and native language m—— g
The basics of neurolinguistic programming =———— | |
Natural science m—— 0
Religious studies == 2
Economics mess—— |0
Physics m— O
Chemistry we——— 3
Your alternative 0

Figure 4. Students’ answers to question 7

According to teachers and students, the subjects that develop critical thinking the most are
mathematics, logic and economics. It is a common belief that these subjects contribute to the development
of critical thinking. It is necessary to explain to students that other subjects (including humanitarian ones)
are also important and improve critical thinking skills.

8. Is it possible to effectively study the above subjects with the help of mobile learning? (“yes”, “no”,
“not sure”).

Thirty-eight teachers and seventy-two students answered this question in the affirmative; forty-
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six teachers and one hundred and two students answered in the negative. The “not sure” option was
selected by 9 teachers and 8 students. Most teachers and students believe that these subjects cannot
be effectively studied in the context of mobile learning. To solve this problem and increase motivation
for mobile learning, we can recommend the development of interesting online courses, the active use of
technology in the classroom, a combination of traditional and modern teaching methods. On this point,
physicists and chemists are generally against mobile learning because they are experimental subjects,
but learning theoretical material is acceptable in such cases as lockdown.

9. Share your opinion on developing critical thinking in mobile learning.

The teachers and students (optional) provided detailed answers to the question, for example:

Respondent 1 (teacher): “In my opinion, mobile learning does not provide an opportunity for live
communication between teachers and students, which prevents the development of critical thinking.”

Respondent 2 (teacher): “Critical thinking can only develop if students are serious about mobile
learning.”

Respondent 3 (teacher): “I think that in order for critical thinking to develop, it is necessary to
combine traditional learning and mobile learning: 70% / 30%.”

Respondent 4 (student): “Mobile learning can promote the development of critical thinking provided
that students treat it responsibly and the results are regularly monitored.”

Respondent 5 (student): “I think this type of education does not contribute to the development of
critical thinking as it is similar to watching TV; there is no one to talk to or ask questions.”

Respondent 6 (student): “In my opinion, it does not contribute to the development of critical thinking
and can only be used as an auxiliary type of education.”

The results show that the study participants have ambiguous opinions about the possibility of
developing critical thinking skills. All respondents were from the Russian Federation, where the traditional
approach to teaching prevails. To improve the attitude of teachers and students to mobile learning and its
ability to develop critical thinking, it is necessary to popularize it among the participants in the educational
process, introduce technologies into lesson plans, focus on the convenience of perceiving information
from device screens, combine it with traditional learning, etc.
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Part 2
Tables 1 and 2 show the results of teacher and student tests. The result is described as positive
when 70% of the test was correctly solved.

Table 1
Teachers’ test results, %

Result  Teacher 30 24 Teacher &0 a6

Teacher 1 o Teacher 31 54 Teacher 51 49
Teacher 2 49 Teacher 32 69 Teacher 52 58
Teacher 3 o8 Teacher 33 68 Teacher 63 LT
Teacher 4 a8 Teacher 34 T2 Teacher 54 69
Teacher 5 94 Teacher 35 48 Teacher 55 69
Teacher & 76 Teacher 36 59 Teacher 66 59
Teacher 7 52 Teacher 37 6 Teacher &7 66
Teacher & 41 Teacher 38 83 Teacher 68 93
Teacher 9 99 Teacher 39 a9 Teacher 59 a7
Teacher 10 52 Teacher 40 97 Teacher 70 93
Teacher 11 46 Teacher 41 54 Teacher 71 99
Teacher 12 43 Teacher 42 T2 Teacher 72 58
Teacher 13 42 Teacher 43 94 Teacher 73 61
Teacher 14 85 Teacher 44 55 Teacher 74 63
Teacher 15 a7 Teacher 45 a7 Teacher 75 of
Teacher 16 91 Teacher 46 6i Teacher 76 59
Teacher 17 99 Teacher 47 o4 Teacher 77 45
Teacher 18 a6 Teacher 48 61 Teacher 78 49
Teacher 19 84 Teacher 49 70 Teacher 79 59
Teacher 20 69 Teacher 50 T3 Teacher &0 24
Teacher 21 67 Teacher 51 49 Teacher 81 65
Teacher 22 a4 Teacher 52 6 Teacher 82 69
Teacher 23 69 Teacher 53 69 Teacher 83 68
Teacher 24 69 Teacher 54 59 Teacher 84 70
Teacher 25 59 Teacher 55 58 Teacher 85 72
Teacher 26 84 Teacher 56 a7 Teacher 86 69
Teacher 27 a6 Teacher 57 64 Teacher 87 49
Teacher 28 a8 Teacher 58 T Teacher 88 48
Teacher 29 6d Teacher 59 T2 Teacher 89 59

Teacher 90 58
Teacher 91 97
Teacher 92 69
Teacher 93 73
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Table 2
Students’ test results, %

Result  Student46 85 Student 91 59 Student 136 58

Student1 48 Student47 28 Student 92 43 Student 137 24
Student2 49 Student 45 37 Student 93 69 Student 138 35
Student3 51 Student49 356 Student 94 39 Student 138 75
Student4 38 Student 50 49 Student 95 27 Student 140 15
StudentS 67 Student 51 28 Student 96 K Student 141 95
Studenté 75 Student 52 67 Student 97 K Student 142 68
Student7 26 Student53 68 Student 98 59 Student 143 73
Student& 91 Student 54 69 Student 99 63 Student 144 54
Student9 46 Student55 54 Student 100 71 Student 145 58
Student 10 38 Student 36 37 Student 101 54 Student 146 69
Student 11 46 Student 57 29 Student 102 38 Student 147 57
Student 12 57 Student 56 24 Student 103 69 Student 148 48
Student 13 76 Student 59 S8 Student 104 58 Student 149 24
Student 14 78 Studentod 79 Student 105 o7 Student 150 38
Student 15 49 Student61 45 Student 106 49 Student 151 59
Student 16 28 Student62 43 Student 107 58 Student 152 64
Student 17 39 Student63 68 Student 108 76 Student 153 57
Student 18 64 Student6d4 61 Student 109 92 Student 154 28
Student 19 69 Student65 38 Student 110 45 Student 155 49
Student20 73 Student66 39 Student 111 19 Student 156 56
Student21 46 Student 67 49 Student 112 56 Student 157 37
Student 22 28 Student68 S7 Student 113 28 Student 158 68
Student 23 39 Student 69 67 Student 114 39 Student 159 57
Student 24 &7 Student 70 59 Student 115 o7 Student 160 49
Student 25 59 Student71 54 Student 116 58 Student 161 28
Student 26 49 Student72 37 Student 117 19 Student 162 79
Student 27 33 Student73 39 Student 118 28 Student 163 94
Student 28 34 Student 74 68 Student 119 45 Student 164 81
Student 29 56 Student 75 57 Student 120 12 Student 165 56
Student 30 72 Student 76 69 Student 121 59 Student 166 49
Student 31 84 Student 77 69 Student 122 o7 Student 167 58
Student 32 65 Student 76 64 Student 123 58 Student 168 27
Student 33 42 Student 79 58 Student 124 49 Student 169 49
Student 34 28 Student 80 37 Student 125 42 Student 170 18
Student35 19 Student 81 39 Student 126 58 Student 171 59
Student 36 25 Student 82 34 Student 127 56 Student 172 46
Student 37 38 Student 83 29 Student 128 72 Student 173 58
Student 38 67 Student84 68 Student 129 49 Student 174 &7
Student 39 71 Student 85 58 Student 130 58 Student 175 91
Student4) 68 Student 86 67 Student 131 24 Student 176 &0
Student41 59 Student &7 79 Student 132 36 Student 177 49
Student42 27 Student 86 &4 Student 133 57 Student 178 37
Student43 64 Student 89 28 Student 134 49 Student 179 58
Student44 75 Student 90 64 Student 135 59 Student 180 69
Student45 28 Student 181 49
Student 162 90
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The results show that a minority of teachers and students coped with the test. This indicates minor
effectiveness of taking an online course. Probably, in order to improve the situation, it is necessary to
make the course more interesting, concise, and visual, as well as to provide students with an opportunity
to communicate with teachers and peers during the course. Interaction between people is required for the
formation of ideas and opinions, as well as understanding of the material. There is also a problem with the
perception of information due to the small screen, limited field of view, etc. Taking a short test after each
session can also be recommended (for self-examination).

To test how significant or random the observed result is, the null hypothesis is put forward about
the absence of statistically significant differences in the results of the knowledge test from the normal
expected distribution.

The results of Pearson’s chi-square fit test are presented in Table 3. For both students and teachers,
statistics p-values are significantly less than the a of 0.05 (.0391 - for students and .0413 - for teachers).
Based on the presented results, the null hypothesis about the absence of statistically significant differences
in the results of the knowledge test from the normal expected distribution must be discarded. From this,
we can conclude that the applied method of mobile learning can lead to statistically significant changes in
the quality of learning in the subjects studied.

Table 3
The results of Pearson’s chi-square fit test
Students Teachers
df X2 p-value df X2 p-value

92 1219 0391 181 2123 0413

Discussion

Before the study, two hypotheses were developed: (1) mobile learning significantly contributes
to the development of critical thinking; (2) cognitive distortions are often experienced by learners using
mobile devices.

Based on the results of the first part of the study, both teachers and students have an ambiguous
attitude to mobile learning and its impact on the development of critical thinking. Most teachers noted that
critical thinking is needed not to succumb to propaganda. Least popular answers: “for the development of
scientific thinking”, “not to be deceived.” Among students, the most popular answers included “to find the
right solution” and “to manifest one’s own individuality” while the least popular one was “for the development
of scientific thinking”. It can be concluded that teachers place an emphasis on independent thinking, and
students focus on self-expression. According to both teachers and students, logic, mathematics, and
economics have been defined as disciplines that contribute to the development of critical thinking. This
indicates that most people believe that liberal arts and learning through mobile learning do not have a
significant positive impact on the development of critical thinking. In addition, most respondents believe
that all the subjects listed are difficult to learn through mobile learning. This is explained by the lack
of experience in such a study and the ambiguous attitude towards mobile learning. Both students and
teachers believe that school subjects are more conducive to the development of critical thinking than
university ones. This is due to the peculiarities of teaching methods at school and a greater degree of
control.

This study confirms hypothesis 2. Based on the analysis of the tests, it can be seen that most
mistakes were made at the stage of reflection after the participants recalled and comprehended the
material studied.

Scientists distinguish three stages of learning:

- recall (retrieval the information from memory, forming interest, setting the goals of studying the
topic); contact with new information and its systematization;

- comprehension (realization of meaning): contact with new information and its systematization;

- thinking (reflection): consolidating new knowledge, rebuilding primary ideas.

The critical thinking development phases have the following functions:

- informational, motivational, communication (recall);

- systematizing, informational (comprehension of the content);

- informational, communication, evaluative, motivational (reflection) (Hitchcock, 2020).

The participants also made mistakes associated with information interpretation, analysis, evaluation
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and explanation, which are also related to cognitive errors.

The situation is similar in Indonesia. The weaknesses of students in the context of solving
mathematical problems are as follows: they cannot match information with the right concept; do not
understand the concept associated with the task; do not present information in the form of tables, graphs
or other symbols; have wrong assumptions; have the wrong plan that leads to the wrong strategy; do not
check the end result; do not correct the wrong part; do not consider the application of different solutions.
Students make the biggest number of mistakes during the reflection phase (Kurniati and Annizar, 2017).

The test results also showed that during online lectures it is quite difficult for students to highlight
basic information or outline the most important points. They may pay more attention to less important
information and less attention to important information.

In another study devoted to students’ critical thinking skills that took place in Slovakia, the participants
reported that during lectures they copy the information from the board / screen and that the teachers do
not force them to take an active part in the process. Some teachers provide lecture texts (for example, in
learning management systems (LMS)). Many students stated that this simplifies the learning process and
that they can listen to the lecture more attentively without having to take notes. Some students responded
that they have to use only texts to study some disciplines (Strakova and Cimermanova, 2018).

There are also cases when participants rely on other sources to prepare for the test; these contain
inaccurate information, which results in students’ making mistakes. According to a study in Malaysia,
information literacy refers to the ability to recognize when the information is needed, then find, evaluate,
and use relevant information effectively (Parsazadeh, Ali and Rezaei, 2018).

The lectures gave the students fairly good knowledge of the topic but did not allow them to
answer many specific questions. According to the participants, the reasons they failed to answer some
test questions are the impossibility of asking the teacher questions and clarifying incomprehensible
information, the difficulty of perceiving information from the screen of a smartphone / tablet.

Integrating smartphones into the learning environment is a challenging task. Teachers may need to
incorporate smartphones into teaching and learning to create engaging teaching and optimal classroom
interaction with students while reducing or at least minimizing distractions that can occur. Potential
problems include distraction, addiction, lack of skills, and decreased quality of personal communication.
Scholars from Brunei note that in order to avoid any inconvenience when using smartphones in the
classroom, proper rules for the use of smartphones in the classroom must be established in advance and
followed by students (Anshari et al., 2017).

The study participants also noted that they felt fear and uncertainty during the test. After taking the
online course, they were not confident in their abilities and reported that this was associated with the lack
of interlocutors and feedback. According to researchers from the Netherlands, one of the most common
cognitive errors among adolescents is “underestimating the ability to cope”, “personalization without mind-
reading, “selective abstraction,” “overgeneralization,” “mind-reading,” which contained a “threat-related
conclusion.” All cognitive distortions, except for “selective abstraction”, correlate with anxiety. The most
significant predictors of anxiety are “underestimating the ability to cope” and “mindreading” (Maric et al.,
2011).

It should be noted that attitudes towards mobile learning, technology, and the level of technophobia
differ in developed (for example, the USA, the Netherlands) and developing countries (for example,
Indonesia, India). The main issue of developing countries is weak infrastructure, outdated equipment or
its lack. Average Internet prices there are three times higher than in developed countries, and prices for
mobile Internet are twice as expensive. In addition, a large part of the population uses devices that are
only compatible with the 2G network, which does not allow them to comfortably enjoy all the features of
mobile learning (Bukht and Heeks, 2018; Greenhow and Askari, 2017).

According to Cahyana et al. (2018), the indicators of critical thinking are focusing on the issue,
taking into account the reliability of the source, observing and recording observation reports, conducting
inductive reasoning and considering the results of it, defining a term and considering a definition, deciding
on an action. Based on the test and interview results, the participants had difficulty in induction, deduction,
and final decision-making.

In order to overcome distortions associated with the lack of critical thinking skills, it is necessary,
first of all, to understand the difference between everyday and critical thinking (Figure 5):
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Everyday thinking Critical thinking

Belief in available information

Understanding that data can be interpreted
differently

Grouping of concepts based on associations Awareness of mechanisms and principles

Assumptions based on little evidence

Creation of hypothesis

Random sorting of events and facts Justified sorting of events and facts

Use of intuition

Unjustificd preference

No consideration of criteria

Spontaneous conclusions

Figure 5.

Reasoned point of view

Considered opinion

Consideration of criteria

Logical conclusions

Comparison of everyday and critical thinking

Source: Developing students’ critical thinking in pedagogy classes (VSEPU, 2009).

In order to be able to use critical thinking, the student must develop a number of qualities. Here
the work of a teacher is also important, who not only directs his/her pedagogical actions to ensure that
students learn a discipline, but also organizes work on the development of such qualities in them:

1. Ability to plan and arrange th

oughts.

2. Be flexible and listen to other people’s ideas.

3. Perseverance.
4. Ability to correct mistakes.
5. Awareness.

6. Ability to find compromise solutions (VSEPU, 2009).
This approach is also applicable in the context of mobile learning, which requires critical thinking
skills, first of all, to check the quality of information and the reliability of facts.

Cognitive distortions related to
development and explanation can be

Table 4

information interpretation, analysis, and evaluation, as well as the
fixed based on the following guidelines (Table 4).

Recommendations for fixing cognitive distortions

1 Information interpretation

When the information listened to or read is not clear, it should be
read several times. It is also necessary to consider practical
examples on the topic and try to connect them with the theory.

2  Analysis

It is necessary to try to structure the information, for example, to
depict it in the form of a diagram (cluster), try to understand the
system, logic, and chronology.

3 Evaluation

In the context of mobile learning, it is necessary to be able to
assess the quality of information. In addition to taking a critical look
at the information, the reliability of the source and the authority of
the author should be checked. You can also find other sources
with similar information, compare several sources, etc.

4  Explanation

After viewing, listening, or reading the information, it should be
retold or briefly summarized.
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To improve critical thinking skills, the following action plan was developed (Table 5).

Table 5
Recommendations for improving critical thinking skills

The student must learn to sort, plan and control their
thoughts, not to let them go by chance; and demonstrate
mindful behavior

The right ideas are always born and refined when

Development of skills to control one's
own thoughts

Learning to communicate with other

2 interacting with other people. A person should be open to
pecple other people's thoughts and opinions.

Good skills cannot be mastered quickly. It is a persistent

3 Persistence approach that provides an opportunity to achieve

success.

The student should be able to find, understand, admit
and correct their mistakes, and not be afraid of this.

It should be recognized that there are no completely
correct and completely wrong ideas and situations. Each
phenomenon must be considered from different angles
before making a decision.

The results of the study are interpreted within the framework of pedagogy and psychology and are
a good contribution to the study of modern methods and approaches in education.

4  Error analysis session

5  Search for compromises

Conclusions

Due to the fact that mobile learning is gaining popularity, there is a need to explore its positive and
negative aspects. One of these aspects is its effect on the development of students’ critical thinking skills.
The results of the study showed that the attitude towards mobile learning is ambiguous today; among
teachers and students there are advocates and opponents of mobile learning. Most respondents believe
that mobile learning has both positive and negative aspects and that its use in the learning process should
be dosed. Today, only a small number of people completely deny it. The approximate percentage of study
time that should be devoted to mobile learning, according to survey participants, is 10-30%.

In the process of mobile learning and assessment of its results, students (and sometimes teachers)
can experience a number of cognitive distortions. The distortions can occur during the phases of
comprehension and reflection, as well as in the course of information interpretation, analysis, evaluation,
and explanation, which also complicates the effectiveness of fact-checking. There are many reasons for
these distortions, including the lack of direct contact with the teacher, the inability to ask questions and
discuss the topic, the poor quality of information, etc. Critical thinking skills can greatly help students avoid
distortions.

To eliminate or minimize the problem of poor-quality information, as well as to improve fact-checking
skills, students should use a number of tools, such as checking the credibility of the source and authors,
interviewing the opposite party, and evaluating information, as well as automatic verification tools.

To improve critical thinking skills, an action plan that includes the following phases: development
of skills to control one’s own thoughts, learning to communicate with other people, perseverance, error
analysis session, and search for compromises, was developed. These skills can also be developed in the
context of mobile learning or its partial application.

This study does not contradict the data obtained by most other authors. It contributes to the study
of different aspects of mobile learning, its capabilities, advantages and disadvantages. The results of the
study may be of interest to teachers, students, academic administration, parents, as well as to those who
are interested in modern pedagogy and educational psychology.
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