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Abstract—Information has become a global inexhaustible resource for man-
kind, which has entered a new era in the development of civilisation. Today it is
important to improve the quality of education by introducing computer technol-
ogies in chemistry classes. The purpose of the study was to develop and present
the methodological foundations of the development and implementation of com-
puter technologies in the game teaching of chemistry to improve the teaching
methods. To achieve this goal, the corresponding tasks were identified, as well
as methods for their solution: the analysis and comparative analysis, modelling.
Results of the study: the positive and negative factors of the use of modern com-
puter technologies in chemistry classes were identified; the principles of selecting
the content of the material using information and communication technologies in
teaching were characterised; the methodical foundations of the application and
use of information and communication technologies when teaching chemistry
were considered. It was concluded that the use of a computer in the educational
process contributes to the improvement of teaching methods more than any other
technical means at the teacher's disposal. The introduction of information tech-
nologies into the educational process significantly changes and ultimately in-
creases the effectiveness of teaching. The practical significance of the study is
conditioned by the fact that the methodical foundations of the use of information
technologies in chemistry class presented in the paper can be applied in schools
and other educational institutions.

Keywords—modern technologies, computerisation, gamification, teacher,
student

1 Introduction

The progression of the “microcomputer revolution” made personal computers more
affordable. In addition, technical parameters and software are constantly being im-
proved, which makes them an increasingly attractive and effective research tool, creat-
ing real opportunities for using the latest information technologies in the work of teach-
ers. Admittedly, a personal computer is not only an indispensable tool for editing and
printing any work, but also a convenient tool for the implementation of “fine” research
methods, which allows optical input of visual material into the computer memory and
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much more [1]. Today, a teacher must perfectly master not only the content of the sub-
ject, the method, means and forms of organising the educational process, but also mod-
ern teaching technologies. The main principles of modernisation of the education sys-
tem in Kazakhstan are: updating the content and improving the quality of education;
ensuring access to education for various social strata and geographically remote popu-
lation groups; increasing the social status and professionalism of teachers [2-4]. Mod-
ernisation is primarily aimed at creating a personality-oriented education system. Such
a system assumes the creation of favourable conditions for each student for independent
work, the assimilation of didactic material at a convenient pace for each student, and
the possibility of manifesting the acquired skills. The education system has now under-
gone a number of serious changes: attention was paid to a versatile approach to school-
children and students, the use of modular learning, the use of information technology
(IT) tools in the educational process [5-8].

Throughout the life of an educational institution, one and the same task is being
solved, namely, increasing the effectiveness of education. Conventionally, this task is
solved by making all sorts of improvements, such as changing the number of hours in
the curriculum, using various visual aids. From the standpoint of the didactic system
for the implementation of the educational process, the direct communication channel is
constantly being improved [9]. At the same time, through the feedback channel, infor-
mation about the quality of the assimilation of the material from time to time comes
from the student to the teacher. The most promising for improving the feedback channel
in this situation is the introduction of various computer technologies into the educa-
tional process — highly effective interactive multimedia programmes and appropriate
equipment [10].

Currently, computer technologies are increasingly being introduced into the educa-
tional process of a school or university. With the use of computer technologies in chem-
istry classes, the motivation for learning increases and the efficiency of independent
work increases. The computer opens up completely new possibilities in terms of edu-
cation, learning activities, and creativity of students [11]. Researchers found that the
student remembers a quarter of visual information, a quarter of audio information, more
than half of simultaneous audio and visual information. Furthermore, students remem-
ber a third of what they see, hear, and do at the same time. A person has 5 main channels
of perception of the surrounding world, of which up to 90% of all information received
by a person (approximate data) passes through the visual channel, through the ear canal
—up to 9%, and on the remaining 3 channels (smell, touch, taste) accounts for about
1% of the incoming information. It is the use of computer technologies in the classroom
that allow students to more fully use all channels of information perception [12; 13].

The purpose of the study is to develop and present the methodological foundations
of development and implementation of computer technologies in chemistry classes to
improve teaching methods.

iJET — Vol. 16, No. 20, 2021 209



Paper—Psychological and Pedagogical Problems of Computer-aided Teaching of Natural Sciences

2 Materials and methods

In the furtherance of this goal, the following research problems were identified, for
the solution of which the appropriate methods of scientific knowledge were chosen:

1. Study of the positive and negative aspects of the use of information and communi-
cation technologies in education. For this purpose, the comparative analysis was car-
ried out, the point of which is to compare individual social phenomena and processes
to determine their common features and differences. In this case, one social phenom-
enon was investigated, namely the use of information and communication technolo-
gies (ICT) during chemistry classes, but from different positions — positive and neg-
ative. Thus, a comparison was made between two views on the use of ICT in the
learning process in an educational institution.

2. Acquaintance with the principles of selection of the content of the material using
ICT in teaching. To study these principles, an analysis was performed, which al-
lowed: to describe in detail each principle; to compose its characteristics; consider
the main methods and means of its implementation in training.

3. Presentation of the methodological foundations for the use of information and com-
munication technologies during chemistry classes. To accomplish this task, a mod-
elling was used, which allowed replacing real objects with their conditional exam-
ples or analogues. The modelling method describes the structure of an object, as well
as the process of its functioning and development. In this study, the modelling
method was used to show how modern technologies can be used in a chemistry class.

The main criterion for the effective use of computer-aided teaching technologies is
the need to integrate them smoothly into the conventional education system and deter-
mine the optimal ratio of different forms of teaching. For successful implementation in
the educational process, computer technologies must be included in the curriculum;
implement the functions of informing, training, and monitoring; to stimulate the cogni-
tive activity of schoolchildren and students in the process of studying educational ma-
terials; provide multi-level and multi-component knowledge.

At the same time, the choice of computer technologies and their content should be
based on the structural and logical transition from reproduction to research in the study
of the academic subject. In this case, students master new ways of information pro-
cessing, new ways of thinking. Information technologies that perform managerial, reg-
ulative, teaching, and developmental functions can be attributed to the most important
means of the intellectual development of students.

3 Results and discussion

The educational system is faced with the problem of how to organise work on the
introduction of ICT in the chemistry classes and to increase the interest of schoolchil-
dren/students in this subject. To tackle this problem, the education system needs to be
more informative. It should ensure the development of new knowledge and skills that
the students will need in the information environment, as well as a new, comprehensive
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and informational worldview. The process of teaching students using computer tech-
nologies can be effective if: it reveals theoretical approaches to the use of ICT in teach-
ing; practical methods of using ICT will be analysed; methodological bases of using
computer technologies in chemistry classes will be developed and used [14-17].

Human play activity has 3 levels of development: professional play, amateur play,
and training play. Moreover, all levels of the game have not only external forms of
organisation and functioning, but also their own internal techniques and methods of
implementation. From this position, the game in the educational process is both a form
and a method of teaching — a completely independent didactic category. Namely, it is
an interconnected technology of joint teaching and learning activities of teachers and
students, and simply children and adults [18]. When describing the didactic principle
of visibility, the question inevitably arises of how and by what means it is possible to
implement these types of visibility in practice. There are several such ways: for exam-
ple, in terms of the way of expression, visual clarity can be graphic, illustrative, verbal,
on-screen. In turn, illustrative visual clarity can be thematic, situational, fictional, etc.
With the advent of new information technologies, an integrated way of implementing
the principle of visibility has become the main one. Multimedia has become a common
way of expressing the principle of visibility. Therefore, speaking of teaching aids, it is
important to determine the type and form of visualisation that are used in the develop-
ment of didactic tools. In turn, the type and form of visualisation largely depends on its
natural and didactic value [19; 20].

Modern information technologies open up access for students to non-conventional
sources of information, increase the efficiency of independent work, open up com-
pletely new opportunities for creativity, the acquisition and consolidation of various
skills [21]. Computer technologies open up great opportunities for rethinking teaching
methods and techniques. The computerisation of education should, first of all, contrib-
ute to the solution of pedagogical problems. Informatisation allows moving from an
authoritarian school or university to joint pedagogy, where the teacher and the student,
along with information resources, become partners with the leading role of a teacher.
Libraries should be converted to media libraries and media centres with a special role
to play in facilitating this interaction. Special attention should be paid to a number of
social consequences of the computerisation of the educational process. The use of ICT
in the educational process significantly changes the role and place of the teacher and
the student in the system “teacher — instructor in chemistry — student”. ICT is not only
a link between teacher and student. Change in the means and methods of teaching leads
to a change in the content of educational activity. The learning activity, in turn, becomes
more independent and creative, contributes to the implementation of an individual ap-
proach to teaching.

The content of the teacher's activity also changes. The teacher ceases to be just a
“reproducer” of knowledge, becoming the creator of a new teaching technology. This,
on the one hand, increases teacher's creative activity, and on the other, requires a high
level of technological and methodological training [22]. In addition, it is a new tech-
nique that makes the most of the student's time. This is, first of all, the effectiveness of
training [23]. The presentation of the material should be organised in such a way that
all sensory organs are involved in the training. Information technologies of teaching
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allow the teacher to use both certain types of educational work, and any set of them to
achieve the goals of teaching [24]. Therefore, the use of ICT teaching methods is aimed,
first of all, at the integration of all types of educational activities and preparation of
students for life in the information society.

The principles of visibility, awareness, and activity of the student, accessibility and
appropriateness, taking into account age and individual characteristics, regularity and
consistency are considered the basic principles of didactics. The basic principles also
include principles of a scientific nature, the relationship between theory and practice,
teaching and education. The study considers them from the standpoint of computer
technology. Conventional teaching methods, as a rule, actively use the principles of
visibility, but everyone who participates in the educational process knows how labori-
ous it is to implement it. And most importantly, such methods have limited opportuni-
ties for presenting theoretical knowledge. Basically, new opportunities in this regard
are given by information technologies that allow displaying the basic laws and patterns
of the known, hidden from direct perception. Nowadays, various types of electronic
visualisers are actively used in the field of chemistry, physics, etc. Thus, it is possible
to visualise not only what is directly perceived by the senses, but also what is expressed
by abstract laws and models [25].

The use of modern information technologies allows completely replacing outdated
technical teaching aids — television, video and audio recorders, tape recorders, slide
projectors, overhead projectors and cinema installations. This eliminates the need for
tables that are inconvenient to store and categorise. The image on the tables, as well as
all the contents of audio and video cassettes, can be easily converted into digital format
and stored in the computer's memory and quickly reproduced if necessary [26]. As a
result of the use of teaching software and pedagogical tools, the learning process be-
comes individual. Each student studies the material according to their own plan, i.e.
according to their individual perception abilities.

The principle of accessibility and expediency of training boils down to the fact that
the studied material was available due to the degree of complexity, but at the same time
required the use of mental and spiritual forces for its assimilation. This essential di-
dactic principle is very difficult to implement using conventional teaching methods.
However, with the help of computers, it became possible to differentiate dialogues with
students depending on their preparation, speed, and quality of assignments. Modern
programmes allow generating tasks of increasing complexity, with adequate motiva-
tion. When working with such a programme, the student will choose tasks that require
mental stress. The principle of awareness and activity assumes that the subject of edu-
cational activity is a schoolchild or a student. This is a new technique that allows im-
plementing the idea of self-education, that is, the student has a motivated approach to
the educational process, understands what, how, and why he / she does it. Thus, the
analysis of conventional didactic principles shows that new information technologies
create conditions for their full implementation [27; 28].

ICT are able to solve many pedagogical problems, open up completely new oppor-
tunities for creativity, acquire and consolidate professional skills, and also allow intro-
ducing completely new forms and methods of teaching. The use of IT in the teaching
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contributes to its intensification and individualisation, improving the teacher's profes-
sional skills, increasing the efficiency of mastering the skills of independent knowledge
extraction, developing the student's personality and preparing for a comfortable life in
an information society. To introduce information technology into the educational pro-
cess, the teacher must master computer skills, get acquainted with modern information
technologies. The educational process requires: a personal computer; the basics of
working in the Windows operating system; text editor Microsoft Word; work with Pow-
erPoint; work with media resources.

Children are especially delighted to welcome all the latest technical progress. Ad-
mittedly, the curiosity and high cognitive activity of schoolchildren / students must be
used for the purposeful development of their personality. The use of new information
technologies in the didactic process allows directing the intellectual potential of the
student to positive development. Otherwise, the craving for knowledge will dry up with
meaningless spending time on the Internet. In classes under the guidance of a teacher,
students can learn to use computer technology for educational purposes. This leads to
the comprehensive development of intelligence, mastering methods of obtaining infor-
mation to solve educational and then production problems, and acquiring skills that will
help to continue learning throughout life [29]. The use of a computer in the classroom
should be purposeful and methodologically sound, not a tribute to the times. A com-
puter should not be used where other tutorials are more effective. ICT should be used
only when it provides a higher level of the learning in comparison with other methods.
In chemistry, the use of computer technologies is effective when studying new material
(presentations at lectures), in the development of skills and abilities (educational tests),
as well as in practical classes in chemistry.

The use of slides during lectures provides dynamism, clarity, and a higher level and
volume of information than traditional methods. When preparing material for the class,
electronic textbooks and information on the Internet can be used. The use of slideshows
provides a varied approach to working with different classes. For example, slides con-
taining complex material prepared for a group learning advanced chemistry can be
skipped in other groups. When editing a new slide, it is always possible to add new
information or change material. In addition to lectures, the use of a computer effectively
reinforces knowledge. At the intermediate stage between obtaining new information
and control of knowledge, it is necessary to organise the work of students to master the
subject material, mastering self-control. One of the most effective ways is to learn how
to conduct tests. This exercise involves each student working individually with com-
puter software suggested by the teacher. The student is given the opportunity to work
at a convenient pace and to pay special attention to the complicated issues. And the
teacher conducts individual work with students who need help. Educational test pro-
grammes are not intended to test knowledge, but for detailed study, mastery of the sub-
ject and preparation for the final test of knowledge [30].

When conducting training tests, the student is asked a question on a given topic and
four answer options, only one of which is correct. To proceed to the next question in
the test, the student must select the correct answer. If the student chooses the wrong
answer, the programme opens a slide with the theoretical part of the topic using a hy-
perlink, which contains information about the correct answer. When working with a
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curriculum that helps close knowledge gaps and does not punish a wrong answer with
a lower grade, students experience positive emotions, which is very important for the
successful assimilation of the material.

The study of chemistry is different from other disciplines because it involves exper-
imentation. By organising practical exercises, the computer can become an effective
assistant for the teacher. Of course, conducting experiments in a laboratory has unde-
niable advantages, but when studying toxic substances (benzene, halogens, etc.), the
virtual world allows conducting a chemical experiment without endangering the health
of students. During the class, each student works with the slides individually, with the
opportunity to review the video of the experiment.

Making slides is an interesting creative process that enriches the teacher's profes-
sional experience. Admittedly, preparing classes using IT is a creative process, because
the search and systematisation of information takes a lot of time. The implementation
of these tasks requires, first of all, the readiness of the teachers to solve this problem.
The labour invested is accumulated in the form of a whole series of lessons and master
classes, which make up the intellectual abilities of the teacher. And the best reward is
the growing interest of children in the subject, the joyful anticipation of each chemistry
class, success at the academic competitions and at universities.

Next, the study considers the advantages of computer technologies on the example
of the topic “Chemical element. Preparation of formulas of valence”. The class starts
with an introduction to the topic and the teacher explains the concept of a chemical
element. At the next stage, students receive informational messages about the history
of the appearance of symbols and names of chemical elements. Students receive news
and recommendations in advance on the presentation of information, and the teacher
helps in the analysis of the materials found and prepared by the students and gives
recommendations on how to eliminate the gaps. A few days before class, the teacher
checks the quality of the student's preparation for the presentation, special attention is
paid to the content, speech and time allotted for communication. These techniques are
aimed at developing independence in the search and acquisition of knowledge, recog-
nition of the cognitive interests and intellectual abilities of students. To consolidate the
material, training takes place using a computer, an interactive whiteboard and two sets
of cards (the first set — with signs of chemical elements, the second — with valence).

The first stage of learning: the signs of the studied chemical elements are displayed
sequentially. The teacher asks questions: What is the name of a chemical element? How
is its name pronounced in Latin? What is the valence of this chemical element? (Stu-
dents answer questions). The second stage of learning: the teacher alternately shows on
the screen the names of chemical elements. Students write down the symbols of chem-
ical elements and their valences in their notebooks. Thus, students took part in various
forms of perception and information: saw, heard, spoke, wrote down, since the percep-
tion of information passes through several sensory organs. Consequently, associations
with the studied topic are developed, the level of understanding and perception of the
investigated concepts and phenomena increases. The techniques used contribute to the
fullest and most profound knowledge of this subject.

The third stage of learning: on the screen, the teacher alternately shows the values
from I to VII, students are asked to show one or more sheets of paper with the desired
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valence of chemical elements. Then students must find other elements in the periodic
table with the same valence as hydrogen, such as magnesium, aluminium, and chlorine.
The consolidation of this material by students is carried out according to the periodic
system of D.I. Mendeleev, so that the student gradually learns to navigate in it. The
advantage of this technique is that the teacher can see the work of the entire class and
immediately assess the quality of the preparation of the entire class on the topic. This
allows the teacher to navigate the further activities and understand whether it is worth
starting the next topic or conduct an error analysis session [31].

The fourth stage of learning: the goal of the task is to familiarise students with the
physical properties of the elements, collect information about their physical properties
and repeat the symbol, valence, and names of the studied chemical elements. The
teacher shows a symbol of a chemical element and a photograph of a simple substance
on the screen. The photo can be taken with a digital camera or found by students on the
Internet, according to the teacher's individual task, available demonstration samples of
the substance are also used. Students are asked to indicate the valence and number of
the group of the element. (There are elements from advanced courses at this stage, as
the topic of “Periodic Law” and “Periodic Table” will be covered later). In the next
class, their symbol will be used to create formulas for simple substances with regard to
valence.

Educational test task: group objects according to different criteria: by valence; by
electrical conductivity; belonging to one subgroup; physical state of simple substances;
search for a symbol that matches an element; the elements that do not form compounds,
etc. The task is performed on computers in the computer lab, and the results of the work
appear on the screen immediately after its completion. Such tasks form the ability to
systematise and classify elements according to various criteria. This also contributes to
the assimilation of the methods of comparison, analysis, synthesis, and generalisation.
Within the framework of consolidation, the task is to establish a correspondence be-
tween the symbol of a chemical element, valence and physical properties of a substance.
For this purpose, the symbols of chemical elements, valences from I to VIII, as well as
a list of all physical states of a substance, the presence or absence of metallic lustre,
odour, etc., are imaged [32].

By making the necessary adjustments, this technique can be used at different stages
of the study, explaining new material, as well as for consolidation, control, and gener-
alisation. Such an organisation of the educational process allows teacher to simultane-
ously organise the active mental activity of the whole class and see the degree of as-
similation of the material. In addition, the teacher assesses the level of preparation of
students, whose work was observed throughout the class. When using the interactive
whiteboard, students become interested in this topic, and their attitude to the topic
changes from the “necessary” to “interesting”. As noted above, teaching chemistry dif-
fers from other disciplines in that it requires practical work. In this case, the computer
has become an effective teacher's assistant. Conducting experiments in the laboratory
has undeniable advantages, but when studying toxic substances such as halogens, the
virtual world allows conducting a chemical experiment without endangering health. If
the classroom lacks the necessary equipment, a computer can compensate for this in-
convenience.
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Participation in educational games allows the chemical classes to be emotionally rich
and, therefore, more productive. For example, to develop the ability to distinguish be-
tween substances belonging to a certain class, the game “Chemical Defence” can be
used. In this game various chemical elements appear on the screen and the student must
shoot oxides. Educational games can also be used for extracurricular activities on the
subject. In their study, N.K. Akhmetova, A.R. Nurakhmetov and A.E. Sagimbaev con-
sider specific examples of educational games and methods of their use during chemistry
classes [33]. The “Analytical Lotto” will be an excellent teaching method for students,
where they can learn new information about hydrogen sulphide and acid-base classifi-
cation of cations in a relaxed setting together with their classmates [34].

The use of modern game approach with computer technologies in teaching is called
gamification, which helps to increase the involvement of participants in the educational
process in solving applied problems. Gamification tools are various thematic websites,
specialised software, authoring applications for the phone, etc. The advantages of gam-
ification include the following: dynamics (the use of techniques that require attention,
maximum involvement and quick user response), mechanics (the use of graphic ele-
ments typical of modern computer games, such as awards, titles, points, various bo-
nuses, etc.). This contributes to the interest of the student in mastering knowledge (since
it allows receiving a reward for its correct use), aesthetics (using the possibilities of
modern technologies to create a game with pleasant graphics, which will contribute to
the involvement of the student in the educational game process), social interaction (use
of internal methods of communication, for example, chat to communicate with class-
mates and the teacher, as well as the online mode, allows demonstrating achievements
to other participants in the learning process in real time, which will motivate others to
achieve better results).

Computer technology allows demonstrating reactions with explosive or toxic sub-
stances, rare or expensive reagents, processes that go too fast or too slow, which is
impossible to implement in a classroom environment. For example, when studying
electrochemical corrosion, students can see the mechanism of this extremely slow pro-
cess in a matter of minutes. Computer simulation turns out to be indispensable in the
study of chemical processes, direct observation of which is unrealistic or difficult. Such
an example is the consideration of the process of electrolytic dissociation, the study of
the ion exchange reaction, where the processes occurring in a solution between ions are
clearly shown in motion.

The use of visual aids (animation, video, dynamic figures, sound) will significantly
expand the learning opportunities, make the content of educational materials more vis-
ual, understandable and fun. For example, the section “Chemistry in the Service of
Man” brings information closer to reality. Where the teacher can clearly show the
chemical processes that students see every day, but do not know about them. The use
of computer technologies when teaching chemistry allows: visualising the processes
under study, hidden from direct observation, with the provision of the possibility of
their repetition; individualising and differentiating the learning process due to the pos-
sibility of learning at an individual pace of mastering the material; monitoring with
feedback, diagnosing errors and evaluating the results of educational activities; practic-
ing self-control and self-correction; conducting trainings in the process of mastering
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educational materials and self-education of students; popularising the manifestations of
student's creativity; contributing to the development of the information culture of future
specialists. Notably, the use of IT allows shifting the emphasis of teaching towards the
development of each student; a real transition from simple assimilation of knowledge
to developmental learning. This provides the development of the main skill of the stu-
dent — the ability to study independently, learning throughout life [35]. All this is pos-
sible provided that digital educational resources are carefully selected according to the
objectives and the lesson, and that the work is properly organised on one or more com-
puters in the classroom and at home.

With all the advantages of using computer technology, it is important to note some
of the disadvantages. Thus, the irrational, unjustified use of ICT can lead to the follow-
ing problems: the ability to develop the culture of speech in students is limited, the
ability to work with terms and writing skills are not actively developed [36]; there is an
excessive algorithmisation of the mental activity of students; the state of health of stu-
dents deteriorates when the permissible time for working at the computer is exceeded
(according to the standards, students in grades 9 can work at the computer for no more
than 30 minutes during the school day). Each teacher should carefully consider how,
where and when to use the computer during classes. Provided the deliberate use of
computer programmes for teaching requires constant feedback between students and
the teacher, including oral (dialogue) and written (notebook) feedback [37; 38].

Computerisation affects the development of not only the cognitive, but also the mo-
tivational, emotional sphere of the individual, their self-awareness. The problems that
the use of computers generates include the following: limitation of the field of creative
activity of a student (a sequence of actions is rigidly set, a given result, i.e., an algorithm
that narrows the space for making independent decisions by a student); imaginative
thinking (the starting point of creativity) is blocked; excessive individualisation of
teaching, that is, each student in the learning process carries out communication pro-
cesses mainly with himself; the development in students of the unreasonable confidence
in the unlimited possibilities of the computer, which border on the refusal of independ-
ent efforts; it is undesirable to use available information that harms the learning process
(for example, a student, instead of writing an essay on his own, finds a finished work
on the Internet or on a CD); a computer can be used not only for educational purposes,
its use can lead to computer addiction (addiction to computer games and Internet ad-
diction); health-related problems (an untrained user is recommended to continuously
engage in no more than 15-20 minutes due to the harmful effects of magnetic fields,
eye fatigue, etc.); expenses of additional time and labour of a teacher, since the use of
computers requires high qualifications; too bright colours that are used in games affect
the vision and psyche of the student, forms a distorted perception of reality, etc. Gam-
ification of the educational process detaches from the surrounding world, promotes
withdrawal into the virtual world, disrupts the development of abstract thinking, re-
duces or eliminates the need for reading, forms the “clipping consciousness” of a stu-
dent [39; 40].

However, there is no doubt that the use of IT in teaching contributes to better mem-
orisation of the material and meets the requirements of the modern world. Working
with multimedia technologies allows diversifying the forms of work in the classroom
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through the simultaneous use of illustrative, statistical, methodological, as well as audio
and video materials. Such work can be performed at different stages of the lesson: as a
way to create a problem situation; as a way to explain new material; as a form of learn-
ing; as a form of homework checking; as a way to test knowledge in the classroom.
These technologies not only support the structure of the general education cycle, fully
meet the requirements of the content standards, but also help to increase cognitive in-
terest in the topic, contribute to the improvement of students' academic performance in
the subject, allow students to try a new role, develop the skills of independent produc-
tion activities, contribute to the creation of a successful situation for each student. In-
formation and communication technologies work for a particular child. A student takes
as much as they can study, work with an optimal pace load. There is no doubt that ICT
is a new technology, and it should be more widely introduced into the educational pro-
cess [41; 42].

The use of ICT in the classroom gives the following advantages: saving time in the
classroom; the depth of immersion in the material; increased motivation to learn; inte-
grative approach to learning; the ability to simultaneously use audio, video, and multi-
media materials; the ability to form the communicative competence of students, since
they become active participants in the lesson at all its stages; involvement in various
types of activities aimed at an active position of students who have received a sufficient
level of knowledge in the subject for independent thinking, argumentation, reasoning
[43]. Nowadays, the educational space is filled with computer tutorials containing dif-
ferent types of presentations, which are of course a good teaching tool. They guide
students towards a slow pace of learning, an individual logic of learning. The signifi-
cance and positive result of the model of teaching information resources are as follows:
the student is in the centre of the teaching technology; cooperation is the centre of ed-
ucational activities; the student has the active position in the educational process; a
promising goal — to motivate students and develop their ability to individual study. To
implement a new approach to learning using IT, the teacher needs to know the possi-
bilities offered by the computer to improve the learning process at each stage [20; 44].

Thus, at the stage of preparation for the class, the computer provides the following
opportunities: create computer models to outline the lesson, topic, course as a whole;
systematise the material; provide additional information to the main material; select
and organise material, taking into account the characteristics of the class and individual
students. During the classes, the computer allows: saving time; increasing the emo-
tional, aesthetic and scientific reliability of teaching; optimising the learning process
through interaction with different analysers; individualising learning, focusing on the
most important problem of the lesson; returning to the studied material at any time;
independently use the educational materials by students. At the stage of methodological
verification of the didactic process, the teacher has additional opportunities: to accu-
mulate the joint efforts of teachers; to develop, modernise and improve electronic ma-
terials; to systematically collect material; to increase the motivation to teach and learn.
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4 Conclusions

At different stages of the development of computer-aided teaching, different prob-
lems come to the fore. Today, the main attention should be paid not to conventional
problems of psychology, such as the peculiarities of students' attention caused by the
use of computers, their assimilation of knowledge and skills, etc., but to the problems
of creating effective teaching system. Within such a system, the study of psychological
problems performs only an auxiliary function, i.e., allows clarifying the effectiveness
of a particular training system, and not the attention or thinking of students in the con-
text of computer-aided learning. Moreover, these features are largely determined by the
merits or demerits of the training system. Two main lines of computerisation can be
distinguished: ensuring universal computer literacy, in this case the computer is the
object of study; the use of a computer as a means of increasing the effectiveness of
learning. Although these areas are not mutually exclusive (for example, in the develop-
ment of computer literacy, a computer can be used as a teaching tool), nevertheless,
each of them has its own characteristics and requires the solution of various psycholog-
ical problems.

Modern IT training tools and electronic educational technologies allow more effi-
cient and effective use of previously developed methods without losing their methodo-
logical value. This symbiosis of new and classical methods increases the quality and
efficiency of the educational process through the implementation of the capabilities of
information technology. Information technology contributes to an increase in student
performance in the subject, creates a situation of success, develops the motivation and
creativity of students, and also prepares them for independent cognitive activity. The
use of information technologies in the educational process corresponds to the teaching
of chemistry in the context of the introduction of the federal components of state edu-
cational standards.
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