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Abstract—The study considers the influence of cognitive load on the
achievement of educational goals in the context of mobile learning. It has been
proved that the effectiveness of educational programs in a mobile learning envi-
ronment is achieved by harmonizing cognitive load and structuring the educa-
tional content. The experiment was performed in order to identify pedagogical
tools to ensure the effective use of the mental resources of students and to reduce
their cognitive load when studying educational materials. The experiment was
performed within the educational programs of Sechenov First Moscow State Uni-
versity (Russia) and Abai Kazakh National Pedagogical University (Kazakhstan).
Traditional classroom learning was supplemented with electronic educational re-
sources and a mobile learning program developed on the basis of iSpring Cloud
Storage mobile learning platform with a focus on the study of national values and
education. The experimental groups were offered three different approaches to
studying a discipline in a digital environment based on mobile learning. The ob-
servation of the learning process helped the authors to identify the key aspects of
effective educational practice in a mobile learning environment. These include
high-quality educational content; thematic and temporal structuring of the educa-
tional process; distribution of cognitive load in the educational course; introduc-
tion of tools to encourage student attention; active participation of students in the
educational process; synergy of knowledge accumulation and delivery in the
learning environment; thematic social interaction of educational group members.
The results of the experiment confirmed the constructive influence of pedagogi-
cal tools aimed at the reduction of students’ cognitive load on the effectiveness
of educational programs in a mobile learning strategy.

Keywords—Cognitivism, mobile learning, educational design, extraneous cog-
nitive load (ECL), germane cognitive load (GCL), intrinsic cognitive load
(ICL), learning efficiency
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1 Introduction

The age of accelerated technological progress is characterized by innovations, high
availability of information, easy access to digital resources and the constant presence
of mobile technologies in daily life [1]. Mobile computing has become incredibly pop-
ular due to the use of the Internet, e-mail, multimedia technologies and intelligent learn-
ing systems [2]. Generations of students born in this era are accustomed to having ac-
cess to instant and multiple sources of information, multitasking and social connection
with peers via mobile technologies. The conglomerate of new mobile technologies and
the digital development of social and cognitive skills of the modern generation requires
new solutions in education [3].

The use of digital technologies not only increases the number of opportunities, but
limits them as well [4-6]. The cognitive load on students increases several times due to
the constant flow of information present in the digital environment and thus relevant
study and training are required. The use of mobile technology as a learning substrate
can increase cognitive load or reduce it [7,8]. The presented research is devoted to the
solution of this problem.

Expansion of online technologies and totalization of mobile applications in all
spheres of life have greatly affected the concept of educational design. The integration
of mobile applications with Wi-Fi, 4G and 5G networks allows students to access edu-
cational material, including lectures, assignments, and quizzes, as well as to collaborate
and receive support regardless of their location and time [9]. Portable mobile devices
are extremely important tools that ensure learning that combines authentic learning as-
pects with usage of digital environment. A mobile learning makes it possible to master
knowledge based on one’s life experience and provides one with digital support in the
right place at the right time [4]. Mobile devices allow acquiring and sharing knowledge
regardless of space or time [10]. User-friendliness and flexibility are the key advantages
of mobile learning [11]. Multimedia-based learning not only improves cognition, re-
duces learning anxiety, and increases motivation to study, but also provides relevant
visual and auditory support [1].

A variety of different features of mobile devices such as individual interfaces, real-
time information access, context sensitivity, and instant feedback are considered. Part
of the mentioned features can reinforce pedagogical practices which rely on mobile
technologies that have become intermediaries in the learning process providing new
methods of accessing and using learning opportunities and defining models of digital,
in particular, mobile learning [12]. However, there is a need for more functions to be
introduced to achieve more positive learning effect. In practice, the “key” to the inte-
gration of mobile devices with educational strategies should be found and special capa-
bilities of mobile technologies should be used to solve specific pedagogical problems
[13].

Mobile learning provides great opportunities to improve learning experience by of-
fering flexibility and personalization. Nevertheless, a technological solution itself can-
not meet the needs of modern consumers of educational services, whose priorities are
efficiency, quality and conciseness of the educational process. In this regard, modern
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scientific research is aimed at identifying factors affecting the improvement of educa-
tion in the mobile format, which is focused on the cognitive aspects of educational
practices rather than the technological capabilities of mobile learning platforms.

Thus, the purpose of the study is to investigate the impact of the cognitive load of
students on the achievement of educational goals in the context of mobile learning. The
following research objectives have been set:

e Developing three approaches to studying a discipline based on the I Spring Cloud
Storage platform.

¢ Designing an educational process in the mobile learning environment with a focus
on reducing the cognitive load of students.

o Introducing an experimental educational practice and studying the influence of tech-
nological and structural aspects of the educational process on the effectiveness of
education.

o Identifying the correlation between the cognitive load of students in the process of
studying a discipline and the effectiveness and efficiency of the learning process.

1.1 Research structure

The introduction presents the background of the research, the main problems and
goals of the research. Theoretical in sigh review focuses on the previous works on the
topic and the uniqueness of the present study among them. The research design section
describes in detail research methods. The results and discussion describe the findings
of the study and compare them with similar results in other studies.

1.2 Theoretical insights

Learning is a “constructive process of conceptual growth” that requires increased
cognitive activity [5].

The cognitive load theory was introduced in the 1980s; it demonstrated the interac-
tion between human cognitive structure and cognitive objects in process of learning or
through performance of tasks. Cognitive architecture consists of short-term and long-
term memory, in which conscious cognitive processing takes place [6]. Only a small
number of new integrable elements can be used by human memory at the same time,
perhaps no more than five. In this regard, inadequately designed educational content
and strategies can exceed the cognitive load due to the overload of students’ working
memory [14].

The resources of consciousness necessary to complete the task should be divided
into several separate categories: intrinsic, extraneous, and germane cognitive load
[7,15] (Fig. 1).
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Fig. 1. Cognitive load structure

* Authors’ development based on [14]

Intrinsic Cognitive Load (ICL) refers to the efforts of consciousness to overcome
the difficulties of understanding the internal structure of the task and finding a solution.
ICL depends on student background knowledge. Background knowledge allows a stu-
dent to apply their own educational tactics to master new information, which reduces
cognitive load. Amount of information the working memory has to process refers to
intrinsic cognitive load; it increases when an interactivity element is added. The useful-
ness of interactivity depends on the amount of diverse data types that students should
integrate and assimilate simultaneously [14].

Extraneous Cognitive Load (ECL) relates to efforts of consciousness to understand
the way teaching material is presented. An increase in the extraneous cognitive load of
a student is associated with poor educational strategies that do not consider important
learning variables [14].

Germane Cognitive Load (GCL) is associated with the basic processing of the in-
formation and the creation of new knowledge structures. GCL distributes ICL and ECL;
therefore, it is not independent. However, GCL is an indicator of some learning pro-
cesses.

Cognitive loading is manifested in the modern digital environment not only in early
school education, but even in preschool one, which requires the use of special pedagog-
ical technologies for the normal development of students' cognitive abilities [8,16]. One
of the most pressing problems in studying the phenomenon of cognitive loading is the
lack of effective and objective methods for measuring it, which is why most studies are
forced to rely on subjective assessment or the results of measuring the knowledge
gained by students through tests [4,10].

Cognitive load is a consequence of the learning path and the key factor determining
learning outcomes [4]. It is critically dependent on the chosen method of presenting
information, the level of student motivation, their involvement and the lack of academic
concern. Using the digital environment familiar to recent generations, in particular, the
introduction of mobile learning, can improve the distribution of cognitive load [17,18].
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The cognitive load is a significant indicator that demonstrates the impact of modern
learning technologies and digital environment on conceptual learning and students’
cognitive development [19].

2 Research Design

The experiment was performed within the course of national education disciplines.
Traditional classroom learning was supplemented with electronic educational resources
and a mobile learning program with a focus on the study of national values and educa-
tion.

Due to the fact that the study of disciplines required a student to memorize a large
amount of information, a mobile educational product with structured educational con-
tent was developed. The experiment was performed in order to identify pedagogical
tools to ensure the effective use of the mental resources of students and to reduce their
cognitive load when studying educational materials.

The research was carried out in 2019-2020 as part of the educational programs of
Sechenov First Moscow State University (Russia) and Abai Kazakh National Pedagog-
ical University (Kazakhstan). Three experimental groups were trained simultaneously:
group | - in Kazakhstan, groups 2 and 3 - in Russia. The content of the training pro-
grams was identical in volume as well as in the structure and sequence of presentation
of the material. Thus, the experiment was also limited to the study of teaching methods
and technologies.

The study involved 111 first-year students studying “Clinical psychology”,

99 ¢

“Preschool education and upbringing”, “Pedagogy and methods of primary education”,

9% < CEINNT3

“Pedagogy and psychology”, “Defectology”, “Social pedagogy and self-knowledge”
(Table 1).

Table 1. Research sampling

Number
University Institution Program of study of Age Gender
students
Sechenov First Mos- |Institute of Linguis- Male — 10
cow State University |tics and Intercultural (Clinical psychology 30 18-23 ’
. . Female - 20
(Russia) Communication
Preschool education and 29 20 Male — 0,
upbringing Female - 22
Pedagogy and methods of Male — 0,
. . 25 22
Abai Kazakh primary education Female -25
National Pedagogical (Institute of Pedagogy Male — 0,
(University and Psychology Pedagogy and psychology 8 20 Female -8
(Kazakhstan) Male — 0,
Defectology 17 20 Female -17
Social pedagogy and self- 9 20 Male — 5,
knowledge Female - 4
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Experimental group 1

Recordings of lectures
Video materials
Final testing

Experimental group 2

Experimental group 3

Scheduled webinars
Video materials
Thematic testing

Online discussions

Final testing

Recording of the educational
program developed for Group 2
Final testing

Free access to educational
materials in the mobile format
when studying the discipline

The educational process is
characterized by well- structured
educational content and scheduled
educational activities.

The educational materials are
provided to the student at the
beginning of the course. Students
study the discipline at their
convenience.

The experimental group was divided into 3 subgroups that were offered 3 different
approaches to studying a discipline in the mobile format (Fig. 2).

Fig. 2. Approaches to studying a discipline

*Authors’ development

2.1 Ethical issues

All study participants were recruited on a voluntary basis and on condition of main-
taining anonymity. Their personal data were not collected or stored during or after the
study. The final test for statistical processing was carried out using unique identifiers
assigned to each of the participants, which made the study anonymous.

Experimental group 1 (37 students) studied a discipline in the distance learning for-
mat based on the following structure: recording of lectures + video materials + ques-
tions’ review.

The educational process for experimental group 2 (37 students) was characterized
by well-structured educational content and scheduled educational activities. The fol-
lowing mobile learning tools were used in the experiment: I Spring Cloud Storage (a
platform for sharing mobile learning resources) and Mirapolis Virtual Room (a platform
for participation in webinars). The educational process was based on the following
scheme (Fig. 3):
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Fig. 3. Educational process in the mobile learning environment

*Authors’ development

At the beginning of the course, experimental group 3 (37 students) was provided
with the recording of the educational program that did not require students to schedule
their educational activities and participate in discussions. Students studied a discipline
at their convenience; the emphasis was placed on self-organization. After the comple-
tion of the course, the participants took a final test. The final test consisted of 20 ques-
tions in the studied discipline with a choice of answers out of 5 possible. One of the
answers was completely incorrect and was worth 0 points for the final grade; other
answers contained some part of the correct answer and brought 2 - 4 points, one of the
answers was completely correct and brought 5 points. The maximum possible score
was 100 points.

Statistical studies of test results were carried out and the data were visualized using
the MS Excel 2013 program.

3 Results and Discussion

Final assessment showed the difference in the level of knowledge of the participants
in the experimental groups (see Fig. 4).
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The final test results
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Fig. 4. The final test results

None of the groups had scores below 50 points in total.

Experimental group 1, which had free access to educational materials in the mobile
format, demonstrated a low level of knowledge; this was associated with the unstruc-
tured learning process. Most of the group members confirmed that the study of educa-
tional materials was fragmentary and not all provided educational resources were used.
The knowledge of 78% of students, according to the results of the final testing, was
assessed in the range of 60-75 points. The majority of students found the course to be
boring and the amount of educational information to be too large; this became the main
learning obstacle.

Experimental group 2 produced an excellent result - about 90% of the participants
successfully passed the final test (85-98).

When studying the learning experience of experimental group 2 and analyzing the
participants’ feedback, it can be concluded that good results were achieved due to:

¢ Convenient mobile learning format.

e Thematic and temporal structuring of the educational process.

o Effective distribution of cognitive load in units that were not longer than 30 minutes;
this made it possible to maximize the use of mental resources and easily memorize
a large amount of educational information.

o Thematic testing at the end of the video lesson, which encouraged students to watch
and listen to the educational material.

o Creative tasks, which perfectly solidified the acquired knowledge.

e Thematic discussions, which revealed promising areas for introducing the acquired
knowledge into professional practice; this encouraged the involvement and interest
of students in the study of educational materials.
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Experimental group 3, which was provided with the recording of the mobile learning
program at the beginning of the course, also showed good results. The knowledge of
83% of students was assessed in the range from 77 to 87 points. Most of the participants
confirmed that the achievement of positive results was associated with a free and com-
fortable format of learning, as well as a high-quality and structured educational re-
source. Due to the fact that the study of a discipline had no time frame and was focused
on self-regulated learning, most of the students confirmed that they had difficulties with
self-organization and postponed learning. Fifty-six percent of all participants demon-
strated poor motivation for memorizing educational materials; this was associated with
the availability of the educational program in their mobile phones that they equated
with the possession of knowledge. Thus, this became a demotivating factor.

Based on the observation of the learning process and taking into account the differ-
ence in the results demonstrated by groups with different teaching methods and tech-
nologies (Fig. 4), the key aspects of effective educational practice in a mobile learning
environment should be identified, namely:

e High-quality educational content (more effective in groups 2 and 3).

e Thematic and temporal structuring of the educational process (scheduled and well-
constructed educational context in groups 2 and 3).

Distribution of cognitive load in the educational course (in group 2 optimal).
Introduction of tools to encourage student attention (in groups 2 and 3).

Active participation of students in the educational process (in groups 2 and 3).
Synergy of knowledge accumulation and delivery in the learning environment (in all
groups).

e Thematic social interaction of the members of the educational group (in all groups).

The cognitive perception of learning focuses on the argument that knowledge acqui-
sition is the foundation of learning. It is expected that any new data obtained by an
individual will be used in various circumstances. The application of knowledge depends
on the way it is understood and stored in the long-term memory of an individual [17].
The cognitive approach places a student and internal mental processes at the center of
learning. Due to the fact that cognitivism seeks to identify various processes associated
with the acquisition of knowledge and thus to provide strategies that support student
learning, educators can use cognitive approaches to help students effectively achieve
their educational goals [20].

The results of this study show the dependence of the academic results (objectively
assessed using the test) on the level of cognitive load of students and the mobile tech-
nologies used for teaching. Thus, the authors are trying to establish certain relationships
between the use of mobile learning technologies and a decrease in cognitive load, which
should not lead to deterioration in results (see the differences in the results of groups 2
and 3).

Learning scenarios supported by mobile technologies can be too complex and insuf-
ficiently effective without proper teacher guidance [21]. Many studies have shown that
familiarity and daily use of mobile devices do not make them a learning tool without
additional training and instruction. The best method for developing mobile learning
skills is training from the preschool period, at the time of the formation of cognitive
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abilities in a natural digital environment [16,18]. In order for such a formation to be as
easy as possible and to give a result in the form of academic achievements in adulthood,
the level of acceptance, assimilation and professionalism in the use of mobile technol-
ogies by teachers is of importance [22,23].

Students may feel embarrassed and frustrated when faced with both real educational
goals and digital resources to achieve them. Thus, appropriate educational activities and
effective strategies to guide students in digital resources use should be developed [24].
Cognitive load can be reduced even in a technologically advanced environment when
the educational system and activities are properly designed [4].

Authenticity is the key aspect of mobile learning as it allows students to meaning-
fully learn in real-life scenarios. Thus, there is a need for effective strategies to enable
students to learn in context-sensitive mobile learning scenarios that combine educa-
tional resources from the digital world. The introduction of game-based learning can
significantly improve student motivation due to the multi-stage mechanism for manag-
ing the individual educational process [25]. The combination of real and virtual learning
components in accordance with the principles of the spatial and temporal architecture
of educational courses promotes effective learning and reduces student cognitive load
[26]. In the present study, the best results were demonstrated by groups that had a wider
and more diverse digital presentation of materials as well as gamification of learning
that increased motivation for the process.

Augmented reality mobile apps help create an effective learning environment and
leverage new pedagogical opportunities. Virtual objects carrying teaching functions are
integrated into the real world of a student. This technique makes it possible to interact
with the environment in new ways using mobile devices. Mobile learning ensures easy
and comfortable learning that requires minimal cognitive effort. The limited cognitive
efforts of students with a large volume of educational material were also confirmed by
the current research. Sensory experience and real-time interaction with the environment
can provide learning satisfaction and allow students to structure knowledge to accom-
plish their learning objectives [27].

It is no coincidence that the central challenge of this study is to overcome the in-
creased cognitive load on students in the process of mobile learning [4,9]. Cognitive
load has been increasing due to the development of science, digital environment, and
the impact of a continuous flow of information [10].

The mobile learning programs’ effect should be strengthened through longer learn-
ing intervals, closer integration of curriculum with technical devices, and further as-
sessment of more advanced skills. This is especially relevant for preschool, early school
and high school education [28]. The length of a training course affects the reliability
and sustainability of mobile learning programs. Short-term educational programs, es-
pecially those that involve a few learning hours, do not allow identifying whether the
effects were created by the features of integrated mobile learning or by technological
innovation [13].

Assessment in a mobile learning environment includes a number of different aspects,
such as learning efficiency, interactivity, user-friendly interface and education quality.
Distance learning complicates the assessment process and forces educational institu-
tions to consider the technical aspects of mobile learning, social norms, and pedagogical
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theories, including learning strategies, learning outcomes, engagement, and collabora-
tion. Therefore, the development and implementation of mobile learning technologies
should be integrated with traditional education aspects to ensure the sustainability of
the learning system on mobile basis [20].

The introduction of new technological solutions into the learning environment re-
quires increased attention to the sphere of mutual influence of culture and rapidly
changing technology. Technological tools should be properly used given their possible
impact on the transformation of cultural practices. The need to take into account the
peculiarities of culture makes the development of training interfaces more difficult and
requires the inclusion of many additional parameters. Basically, it is important to un-
derstand the nature of the target student culture and use the data as a basis for the de-
velopment of educational programs in a mobile learning environment [20].

4 Conclusion

The study considers the influence of cognitive load on the achievement of educa-
tional goals in the context of education through mobile technologies. It has been proven
that the effectiveness of educational programs in a mobile learning environment is
achieved by harmonizing cognitive load and structuring the educational content.

The experiment was performed in order to identify pedagogical tools to ensure the
effective use of the mental resources of students and to reduce their cognitive load when
studying educational materials. The experiment was performed within the educational
programs of Sechenov First Moscow State University (Russia) and Abai Kazakh Na-
tional Pedagogical University (Kazakhstan). Traditional classroom learning was sup-
plemented with electronic educational resources and a mobile learning program devel-
oped on the basis of the I Spring Cloud Storage mobile learning platform with a focus
on the study of national values and education. The experimental group was divided into
3 subgroups that were offered 3 different approaches to studying a discipline in the
mobile format.

Based on the observation of the learning process the key aspects of effective educa-
tional practice in a mobile learning environment have been identified. These include
high-quality educational content; thematic and temporal structuring of the educational
process; distribution of cognitive load in the educational course; introduction of tools
to encourage student attention; active participation of students in the educational pro-
cess; synergy of knowledge accumulation and delivery in the learning environment;
thematic social interaction of educational group members.

It was found that a significant cognitive load leads to a noticeable deterioration in
the results of students without the use of special educational technologies. In addition,
the results of the experiment confirmed the constructive influence of pedagogical tools
(aimed at the reduction of cognitive load of students) on the effectiveness of educational
programs in a mobile learning strategy. Future research can focus on specific aspects
of the cognitive load impact of mobile learning on students of various specialties in
order to enhance their academic achievement.
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4.1 Research limitations

The development of the educational process design in the mobile learning format
was aimed at identifying pedagogical tools for reducing the cognitive load of students
when studying the discipline, which facilitated memorizing of the educational material.
Due to the fact that cognitive load contributes to the development of new knowledge
structures, the research should not be reduced to studying the tools for its reduction, but
focus on cognitive management.
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