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FEATURES OF THE DEVELOPMENT OF PROGRAMMED CHEMISTRY LESSONS
FOR STUDENTS OF THE 9TH GRADE OF SECONDARY SCHOOL

Abstract

One of the main directions for improving the training of teachers in a modern educational institution is the
introduction of interactive forms of education. The coronavirus pandemic has clearly shown the world that in the field
of education, means are needed to advance to the first stage of a person's ability to self-study without the presence of a
subject of learning (teacher, coach, supervisor, tutor, etc.) at any distance from the educational institution. The training
programmes must be user-friendly and simple for understanding for both the teacher, who created the program's
content, and any student. The purpose of our work is to develop programmed chemistry lessons, as well as to test their
effectiveness. As part of our research, chemistry lessons were conducted on the topics: «Nitrogen», «Properties of
ammonia, preparation and applicationy, «Nitric acid», «Specific properties of nitric acid and nitrates», «Phosphorus and
its compounds». The study involved two ninth grades, which were divided into control and experimental classes.
According to the results of the study, it can be concluded that the use of programmed teaching methods can contribute
to a more effective assimilation of educational material and improve student academic performance. The results of the
survey provide information about the degree of reflection of students, which can help in the development of effective
strategies and teaching methods.

Keywords: interactive methods, programmed learning, computer program, chemistry, software simulator,
secondary school.
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MaKcaTbI-XUMUSZaH OaFmapiiaMaanFaH cabakTapIbl d3ipjey, COHBIMEH KaTap OJIapAblH THIMIIIITIH Tekcepy. bizmig
3epTTeyiMizae «A30T», « AMMHUAKTBIH KaCHETTEPl, allbIHYbI J)KOHE KOJIJAHBUTYBI», «A30T KBIIKBUIEL", «A30T KBILIIKBLIBI
MEH HHUTPATTapAblH epekie Kacuerrepi», «Dochop >koHe OHBIH KOCBHUIBICTAPHD» TAKBIPHIITAPHI OOMBIHIIA XHMHSA
cabakTapbl OTKi3unmi. 3eprreyre Oakpliay >KOHE DKCIIEPUMEHTTIK CBHIHBINTApFa OOJIHI'CH TOFBI3BIHIIBI €Ki CBHIHBII
KAaTBICTBL.

3epTTey HoTHXKEJepl OOMbIHIIA OaFiapiIaMallaHFaH OKbITY SAICTEPiH KOJIaHy OKY MaTepUallblH THIMIIPEK Urepyre
JKOHE OKYIUBUIAPJBIH YJrepiMiH apTThIpyFa BIKNAN €Tyl MYMKIH JIeTeH KOPBITBIHABI jkacayra Oomanpl. CayanHama
HOTHOKENEPi OKYLIBUIAPIBIH pedIIeKCHs TopeKeci Typalibl akmapar Oepeai, OyJ1 OKBITYIbIH THIM/I CTpaTerusapbl MeH
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OCOBEHHOCTH PA3PABOTKH NIPOI'PAMMHUPOBAHHBIX YPOKOB
1O XUMHH JIA YHAIIIUXCS 9-bIX KJIACCOB CPEJHEU HIKOJIbI

Annomayus

OfHUM ¥3 OCHOBHBIX HAMpPaBJICHUIH COBEPIICHCTBOBAHMs IOJTOTOBKU II€arOrOB B COBPEMEHHOM YYEOHOM
3aBEJICHUHU SIBJIICTCS BHEIPCHUE MHTCPAKTHBHBIX (QopM oOydenwus. [lanmemus kopoHaBHpyca 4ETKO MOKa3ajia MUPY,
9T0 B cepe oOpa3oBaHHS HEOOXOOMMBI CPEICTBA, IMO3BOJIIONIME BBIIBUHYTh Ha MEPBYIO CTYIIEHB CIOCOOHOCTH
YeNoBeKa caMo0o0ydaThCs 0e3 MPUCYTCTBHS CYOBeKTa 00yUeHHUs (YUUTENA, TpeHepa, pyKOBOAUTENS, ThIOTOpa U T.I) Ha
mMOO0OM pacCTOSHHH OT YydeOHoro 3aBefmeHHA. [lpu TOM BakHO, YTOOBI MpOrpaMMBl I OOy4eHHs ObLTH
WHTYUTHBHBIMH, TOHSATHBIMH KakK Ui JIFOOOTO TIONB30BaTens (yUeHWKa), TaK W IS pa3padOT4MKa COAep KaHWUsI
nporpammbl (memarora). Llempio Hamrelf pa®oThl sBIsAEeTCSA pa3paboTka IMPOTPaMMHUPOBAHHBIX YPOKOB IO XMMHH, a
TakXKe MpOBepKa MX IPPEKTHBHOCTH. B paMKax HaIero WcciIeJOoBaHUS MPOBOAMINCH YPOKH IO XHMHUH IO TeMaM
«A30T», «CBOIiCTBA aMMHaKa, MOJy4YCHHE U MPUMEHEHHEY, «A30THAs KUCIOTay, «Crenu(puuecKue CBOUCTBA a30THON
KHUCIIOTBI M HUTPATOBY», «Pochop M ero coequHeHHUs». B HccienoBaHWM NMPUHSUIM ydacTHe J[Ba JEBITHIX KJlacca,
KOTOpbIe ObUIM pa3/eieHbl Ha KOHTPOJIbHBIN M DKCIEPUMEHTaIbHBINA Kiacchl. [1o pe3yabTaTM HCCIIEIOBAHMS, MOXKHO
cJieNaTh BBIBOJ O TOM, YTO MCIOJIb30BAHHME MPOTPAMMHUPOBAHHBIX METOJ0B OOYYEHHS] MOXKET CIIOCOOCTBOBATH OoJee
3¢ (GEKTHBHOMY YCBOCHHIO YU4€OHOTO MaTepHalia M MOBBIIICHUIO YCIICBAEMOCTH y4aluXcs. Pe3ybTaThl aHKETUPOBAHUS
MPEIOCTABIIAIOT MHGOPMAIIAIO O CTEMECHU PEe(ICKCHH YYEHHKOB, YTO MOXKET MOMOYb B pa3paborke 3((EKTHBHBIX
CTpaTeruii ¥ METOAUK O0yUCHHS.

KawueBple ci10Ba: HHTEpAKTUBHBIC METOMBI, IPOTPaMMHUPOBAHHOE OOYYCHHE, KOMITBIOTEpHAS MpOTrpamMma,
XAMUS, IPOTPAMMHEBII TpeHAXep, CPETHS [ITKOTIA.

Basic provisions. The Republic of Kazakhstan is actively developing programmed learning and
introducing interactive lessons into the educational process. In 2018, the Ministry of Education and
Science of the Republic of Kazakhstan launched the project "Unified Educational Information
Environment”, the purpose of which is to create a nationwide e-education system. This project
included the development of interactive programmed classes in a variety of areas, including
computer science and programming. The online platform "Adaptive Learning” established in
Kazakhstan is one of the most popular interactive learning systems. It gives students access to
interactive lectures as well as adaptive tests that help measure knowledge and determine an
individual learning path [1].

In this article, we will focus on the consideration of programmed learning as one of the more
important teaching methods, especially after the pandemic. The principle of programmed learning is
founded on the idea of organising the educational process such that students can autonomously
acquire new information, skills, and abilities using specially designed didactic materials. Many
studies have studied programmed learning, which is frequently produced spontaneously in an
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attempt to modify traditional teaching techniques and ideas. The study's findings revealed that using
programmed learning can help students assimilate instructional content more effectively and
perform better academically.

Introduction. Programmed learning originated in the early 50s of the XX century, when the
American psychologist B. Skinner proposed to improve the efficiency of management, and
assimilation of material, building it as a consistent program for providing information and
monitoring their assimilation. B. Skinner's notion of programmed learning suggests the use of
machines to assist teachers in the classroom. The terms of behaviourism, such as stimulus, reaction,
feedback, and reinforcement, serve as the foundation of this system. An incentive is a question or
assignment that pupils must complete. The stimulus-response is a solution to the problem, which
provides feedback that allows you to recognise the outcome of this step of learning [2; p. 155].

In the years thereafter, a truly huge amount of effort has been made in the field of information
exchange concerning specific notions of programmed learning, as well as the results of studies.
These objectives have been achieved via congresses, conferences, and congresses of specialists
involved in programmed learning research, both within and outside the framework of particular
states. For example, in England (1966, 1968, 1976) or Poland (1968, 1969), and internationally, in
Czechoslovakia (1965, 1967, 1970), the Soviet Union (1964, 1961, 1968), the Federal Republic of
Germany (annual congresses since 1963), and a UNESCO conference attended by representatives
from 20 countries (Varna, 1968), including Poland. During these discussions, the earliest notions of
programmed learning were critically evaluated. Discussions were held on the topic of the role of
this training in the didactic system of modern schools, the fundamentals of so-called didactic
programming were analysed, methodological principles of research conducted in this area were
worked out, and in short, attempts were made to clarify the role of new learning technology in the
holistic system of educational influences on students. Particular emphasis was placed on the notion
that programmed learning is not limited to the classroom; it can also be applied in the military,
industry, and other settings. In support of this assertion, the results of previous studies were
presented, demonstrating the numerous benefits of adopting a "new technology" or "scientific
organisation of the educational process" in this field. [3; p. 133].

Most modern textbooks and books are built on the premise of step-by-step knowledge
presentation, with control and self-control built in through questions, activities, and exercises. The
programmed printed guides allow students to navigate to different pages of the manual based on the
correctness of their responses to the control questions. However, the logic of the subject may be
violated in some programmed guides [3; p. 136]. According to B. Skinner, the training programme
should be simple to use and free of obstacles for students. To do this, the programme is divided into
discrete functions that allow for frequent feedback and reinforcement. At the same time, the proper
answer to the problem should bring the learner satisfaction and happiness, which is reinforcement.

Programmed learning is defined as learning according to a pre-planned programme of actions
that includes the actions of both students and the teacher. Programmed learning is defined in
modern didactics as the controlled consumption of programmed educational content with the
assistance of training equipment (computer, programmed textbook, movie trainer, etc.). Working in
a programmed learning system gives the following results [4; p. 55]:

« individualization of learning and activation of students' independent work;

* constant self-examination, respectively, introspection;

» dividing tasks into small "steps" that are better assimilated;

* the program's tasks can be opened in any format: electronic or printed media, whichever is
more convenient for the student.

There are currently three main models of programmed learning:

1. B.Skinner, an American psychologist created a linear approach to programmed learning in
the early 1960s. based on the behavioural direction in psychology. He sees the main disadvantages
of the classroom-based learning system in students' low activity, the lack of optimal rates of
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academic work for each student, and the teacher and students' lack of awareness of the correct
understanding and assimilation of the studied educational material. According to this system,
students go through all the steps of the training program sequentially, in the order in which they are
given in the program. The tasks in each step consist of filling in a gap in the information text with
one or more words. After that, the learner must verify his decision with the correct one, which was
previously closed in some way [5; p. 61]. If the student’'s answer was accurate, he must move on to
the next step; if his answer did not match the correct one, he must repeat the procedure. Thus, the
linear system of programmed learning is based on the learning principle, assuming error-free task
execution. Therefore, the steps of the program and tasks are designed for the weakest student [6; p.
204].

2. The founder of the branched program of programmed learning is an American teacher N.
Crowder. In these increasingly popular programmes, in addition to the primary programme
developed for advanced students, other programmes (auxiliary branches) are available, to which a
student is directed in the event of difficulty. Individualization (adaptation) of training is provided by
branched programmes not only according to the rate of progress but also according to the level of
difficulty. Furthermore, these programmes provide more opportunities for the development of
rational types of cognitive activity than linear ones, which confine cognitive activity primarily to
perception and memory [7; p. 90].

3. Mixed (Sheffield) approach to programmed learning. Teaching is only a complicated
activity. As a result, opponents of the stated programming alternatives argue that it cannot be
classified as "teaching through writing” or "teaching through guessing.” It would be far more
beneficial to incorporate both types of student reactions into a single whole, resulting in a more
reasonable programme that is closer to the true process of educating people. This perspective is
expressed in the effort to ensure the internal consistency of programmed learning with problem-
based learning. The aim to combine linear branching programmes resulted in the development of
mixed programming by British psychologists from the University of Sheffield. It is distinguished by
the following characteristics:

* The training material is divided into parts of different volumes (portions, steps). The decisive
grounds for separation for this are the didactic goal, which should be achieved through the study of
this fragment of the programmed text, taking into account the age of students and the characteristic
features of the topic. If, for example, a program was needed that is the only source of knowledge on
this topic, then it should be broader than if it performs only a control or correctional function. In a
program developed for elementary school students, the scope of the framework will usually be less
than in texts for students. Finally, the meaningful and logical connections that exist between
individual blocks of information determine a certain thematically closed set, the integral transmitted
information, which also affects the scope of the framework in a mixed program.

* The learner responds by selecting them and filling in the spaces in the text. The didactic aim
that the author of the programme seeks to achieve is the major factor determining which of the
studied choices will be executed (i.e., the choosing of an answer or filling in the gaps). The Skinner
principle of answer selection, for example, is primarily utilised in a corrective framework to help
students accurately master the content they face again. Crowder's answer-choice approach is applied
in the so-called basic framework, which encloses the most relevant information.

* The student cannot proceed to the following level, or step until he has thoroughly grasped the
previous one's topic. This feature is shared by all didactic programming variations, but it is given
extra weight in mixed programming since the creators of mixed programs allow for both individual
and group interaction with the programmed material. According to the authors, the success of the
latter is even more dependent on rigorous adherence to the provision in question than the success of
individual work.
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* The content of the separate frameworks is differentiated based on the student's abilities as well
as their level of progress in learning this topic. With this provision in mind, a mixed programme is
similar to a branching one, in which both the content and the pace of learning can be customised.

* The principle of differentiation of obstacles and the strength of knowledge obtained by pupils
operates in mixed programming, as it does in linear and branching programming. Sheffield
programming, for example, pays great emphasis to the notion of efficiency of students'
understanding, as well as blending theory and practice in instruction [8; p. 128].

Several programming methods, as well as numerous learning machines and gadgets, were
developed throughout the 1960s and 1970s when there was a significant deal of interest in
programmed learning. Although not all of these concerns are valid, they do have a certain basis.
Therefore, interest in programmed learning in the 70-80s of the twentieth century began to decline
and its revival has occurred in recent years based on the use of new generations of computer
technology [9; p. 16]. Modern technologies enable nearly complete automation of the learning
process, resulting in an interactive dialogue between the learning system and the student. In this
environment, the task of teachers is reduced to developing, adjusting, correcting, and improving the
training programme, as well as implementing particular learning aspects that cannot be automated
[10; p. 4].

The systematic review of Sadykov etal [11; p.20] showed the following advantages of
programmed learning:

« useful and satisfying than traditional educational techniques;

» proved the favourable effects of indirect behavioural processes work (response induction,
stimulus generalisation) on behaviour development;

+ extremely effective in the process of motor activity learning;

» a significant improvement in test scores for students in undergraduate and secondary
education;

* increased pupils’ interest;

« suitability for junior school;

» provided helpful features for students and teachers to use in lectures, exercises, or at home;

* positive effects and evidence that a combination of lab experiments.

In recent years, the issue of such principles of selection of material for programmed learning as
scientific, accessibility, consistency, and connection with life, that is, the principles of selection of
material for any educational program, has been discussed in detail. To increase the effectiveness of
teaching through programmed learning tasks, the question of the selection of educational material
for these very tasks should be put in the first place. We find a discussion of the selection of
educational content in the works of V.P. Bespalko [12; p. 183], S. G. Shapovalenko [13; p.12.],
Guta-Kubiszewska and Wieczorek [14; p. 74], Mukadam et.al [15. p. 145]. However, when
choosing a material for programmed learning, you should pay attention not only to the logic of the
text but above all to the planned assimilation. It should be formed in simple language and at the
same time prove the assimilation of the material read [16; p. 155].

Various concepts of programmed learning supported by scientists have common features that
characterize this form of organizational activity of a teacher in programmed learning:

e programmed learning is a type of independent work on tasks that form a program;

e the programs are created by teams of teachers under the guidance of scientists and are
designed to teach different age groups in different academic subjects;

e the program largely replaces the teacher but does not completely exclude his participation in
the educational process;

e to guarantee maximum control over the student's autonomous work, the programme should
be composed of logically related steps, each of which includes a control question, the correct
answer to which demonstrates comprehension and assimilation of the step's content. This provides
feedback and allows you to proceed with only the correct response;
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e the program can be delivered in the form of printed textbooks or teaching machines that
transfer material to students.

It is critical to consider the following factors while organising and giving these lessons:

* The instructor must have extensive knowledge and skills in the methodology of these sessions.

* A teacher's capacity to diagnose students' knowledge levels, select relevant content, and
develop a didactic process corresponding to a non-standard lesson is critical.

There are the following types of organizational activities in programmed learning:

1. Development of a programme of instruction is the process of creating a learning system,
which includes planning, analysis of students' needs, material selection and structuring,
development of teaching methods and technologies, and the creation of tasks and exercises that take
into account subject area specifics and learning goals.

2. The process of integrating the designed programmed course into the educational process,
including training organisation, method and form selection, and course adaption to unique learning
situations, is referred to as course introduction.

3. Pedagogical support of training is the process of monitoring, supporting, and stimulating
students' learning while using a training programme, which includes selecting methods and forms of
work with students, analysing intermediate results, adjusting the educational process, and assessing
the level of achievement of educational goals.

4. Didactic analysis of the effectiveness of the training course is the process of evaluating the
achievement of educational goals and the effectiveness of the training course's use, which includes
comparing actual learning outcomes to planned ones, analysing the causes of deviations, and
making recommendations for further development and improvement of the training course [17; p.
177].

It is worth noting that several companies, universities and startups have been created in
Kazakhstan, which are engaged in the development of programmed lessons and educational games
[18]:

1. The Bilimland educational ecosystem was established in 2011 to develop multiple online
learning platforms for children of all ages within the frameworks of preschool, school, and
additional education. This ecosystem is built around a collection of digital teachings in the form of
captivating videos and summaries, simulators and simulators, and interactive exercises of different
complexity. More than 40,000 interactive lessons based on the school curriculum are available in
the library. There are educational resources in Kazakh, Russian, and English. Virtual laboratories
are available in physics, mathematics, chemistry, biology, and geography.

2. Edtech Kazakhstan™ is a company that creates programs and applications for education in
English for children and adults.

3. Astana IT University is a university that develops software for education based on artificial
intelligence. They create intelligent systems to automate the learning process and adapt learning
materials to the individual needs of each student.

4. EdCrunch is a company that develops software for education and creates online courses.
They offer a wide range of services, from concept development to the creation of a finished product.
One of their developments is the educational platform "iStudy".

5. Astana Hub is an international IT startup technopark that has been dubbed the home
equivalent of the famous American Silicon Valley. Here, ideal conditions for the development of
breakthrough technologies and businesses under the brand "Made in Kazakhstan™ have been
created. The Technopark is the heart and locomotive of Kazakhstan's innovation ecosystem
development.

Based on many years of experience and research, it is apparent that programmed learning,
particularly computer-based learning, contributes to achieving a high level of learning and
development in students. It arouses unflagging interest because it allows students to actively interact
with the material, adapt it to their needs and learn at their own pace. This leads to a deeper
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assimilation of knowledge and the development of critical thinking. Therefore, the purpose of our
work is to develop programmed chemistry lessons, as well as to test their effectiveness.

Materials and methods. The starting point for creating programmed lessons for the school
level of education is a thorough analysis of the content and methods of the current chemistry
curriculum. The analysis of the works of the above authors significantly contributed to the
compilation of materials with the subsequent entry of data into the information database.

As part of the study, chemistry lessons were conducted on the presented topics from the section
"15 groups of chemical elements”. Calendar and thematic planning of programmed chemistry
lessons are presented in Table 1.

Table 1. Calendar and thematic planning of programmed chemistry lessons

Lesson topics

Lesson objectives

Nitrogen.
Laboratory experi-ment
"Nitrogen molecule model”

- explain the properties of nitrogen and the nitrogen cycle in nature.

Ammonia.
Laboratory experiment "Model
of an ammonia molecule”

-explain the molecular, electronic and structural formulas of ammonia.

Properties of ammonia,
preparation and application.
Practical work "Obtaining am-

-explain the production, properties and use of ammonia;
-be able to obtain ammonia by reacting an ammonium salt solution with an alkali
solution and investigate the properties of gaseous ammonia and its solution;

monia and  studying its | -describe the ammonia production process.

properties".

Ammonia production

Nitric acid. -know the molecular formula of nitric acid and explain the formation of chemical

Laboratory experience "Proper-
ties of nitric acid common with
other acids"

bonds between atoms;
-to make up the equations of reactions for obtaining nitric acid from nitrogen;
-to investigate the properties of nitric acid, common with other acids.

Specific properties of nitric acid

-describe the specificity of the interaction of dilute and concentrated nitric acid

and nitrates with metals and be able to compose reaction equations;

-explain the features of the thermal decomposition of nitrates, make equations.

Phosphorus and its compounds | -compare allotropic modifications of phosphorus;
-to name the deposits of phosphorus compounds in Kazakhstan;

-explain the general chemical properties of phosphorus and its compounds.

The study included two ninth grade classes, which were divided into two groups: 9 "B" was a
control class, while 9 "A" was an experimental class.The study and approbation of new material in
the control grade 9 "B™ was done in the traditional format (without the use of programmed lessons);
learning in the experimental grade 9 "A" was done using programmed lessons.

The goal of the work was to produce a simple non-procedural language that could be used by
anyone, even those with no programming experience. As a result, the SQL programming language
was chosen to construct a programmable chemical simulator that can be simply utilised by any
teacher who is familiar with databases like Microsoft Access or even a non-relational Microsoft
Excel database

SQLite is a relational database that saves data in a local file on your computer. It is small, fast,
and dependable. It is widely used in web applications, desktop applications, and other fields, and is
one of the most popular databases for mobile devices and integrated systems. There are numerous
benefits to using SQL.ite when developing interactive programmed lessons for teachers:

For starters, SQLite has a fast reading and writing performance, allowing you to quickly
retrieve and analyse massive volumes of data. This is especially critical when building interactive
lessons with graphs, charts, tables, and other visualisation elements.
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Second, SQLite is highly reliable and secure. In the event of a program failure, the database
may automatically build data backups and preserve data integrity. This is especially true when
employing interactive classes that may contain a considerable quantity of user data, such as test
answers, grades, and so on.

Third, SQLite provides a large range of methods that can be utilised for developing interactive
lessons, such as running SQL queries to get data, defining relationships between tables, using
transactions, and so on.

Finally, the use of SQLite provides easy integration of the database with other technologies,
such as Python, JavaScript and others, which can simplify the development and support of
interactive lessons [19; p. 667].

To create a new SQLite database, you need to enter the "Database — Add Database™ menu. To
create a table, the menu opens (Figure 1) "Structure — Create a table™. The structure window
appears. Then you need to enter the name of the structure. After that, the fields appear (Figure 2),
where the compiled material for the lesson is entered.

# 50LiteStudio (3.1.7] - [Cotpyarven (B10)]
| basapgannerx  Crpyerypa  Bug  WHotpymedtsr  Cnpaeka
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&qﬁ OrkntounTecA oT Baskl AaHHBIX

I_?é JobBaenTe Gasy gaHHbIx Ctrl+0

<|£ |18

PepaktunnraTh BATY NAHHRY
Figure 1. Adding a new database to SQLite studio
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Figure 2. Example of a new SQLite studio table

It is necessary to use extreme caution when numbering and populating links in the SQLite
database graph. The following algorithm creates the record's logic: For each question with two
possible answers, three lines ("Chapter™) are required in the "Text" column, with the first line being
the text of the question itself, the second being an incorrect answer with explanations, the third
being correct, which will redirect to the next question and, accordingly, the fourth line (Figure 3).
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Chapter Text
1 Hau4mHaemM HoBLIA pasaen «3neMeHThl 15 (VA) rpynnbix AsoT W dochop!
2 OTBET HEBEPHBIA. MOYEMY UMEHHO TPOIHERA CBASb W M3 YEM0 OHa COCTOMT? HAMOMHMM, YTO Y KSHAOro aTOMa ...
3 OTBET BEpHblid.Mbl YNOMAHYNM, HTO ANNOTPOMHEIX MOAWMMKALMIT B30T HE MMEET. MOBTOPMM, YTO e TaKOoe «3...

'y

ETHUECK. ..
| MpasuTe copepxumoe ? X

5

6 JEHMA, B...
7| [ 3xauenme Nul LiMO3. ...
8

TekcT LecTHaAUATEpMHHOE ‘f:

[BOIAHOIN CBAZLIO

11 Truﬁnuﬁ CBAZHIO
3 CHET Er...

14 MK pa..
15

16 OpOB a...
19 fLEH. .
18

9 0Ch, HT...
20

:12 — EACTBNT ...
23 'UTEET HEBEHEI:

Figure 3. The logic of entering one question with two possible
answers into the rows of the SQLite studio table

It is required to register links after each answer in order for the programme to route the test
taker to the answers. As demonstrated in the examples (Figures 4-5), the first row of the "Answers"
column has links to the second and third rows of the "Text" column, respectively, and the second
row (incorrect answer) contains a link to the first row of the "Text" column. Anyone with no
programming skills or understanding of programming languages can easily design their own
interactive test using this algorithm.

Chepter Tt Brswers
1 Mo ol snen BneveTe 15 (1) myrne, Asor i ochap!
1 e el oLy HNesO TOHER (BR300 COTONT? HEnOoR, 470 Y KGRADTO 700G . I
3 76T kMot YR, 0 GO KORACHRALIA 30T e TKBTOD, WTORETaK0E @, CYWECTROBaHIE N8 D0 MOOCTel BLLECTS OUHOTD 1 TOND HE WIEEKDFO 0EHEH..

Figure 4. Example of filling in the "Answers" column of the SQLite studio table
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a30THOW KUCNOTEI, aMMUaKa U a30THLIX yAoBpeHUN.
BeibepiTe ypaBHeHWe peakuun NonyyeHna aMM1aka:

Breibop oTBETE

(O N2 +3H2 = 2NH3

(ON2 +02 =2ND

Figure 5. Example of a question with two possible answers

The following reasons justify utilising the proposed methodology to create a system of
programmed training tasks:

1. Question logical sequence: The scenario is built on a network of logically consistent
questions, which contributes to the task's progressive complexity. This method allows students to
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gradually deepen their knowledge and skills, beginning with simple principles and progressing to
more complicated features.

2. Textbook-based methodology: The methodology is based on the text of the textbook being
studied. This enables you to connect activities to finished training material, resulting in a deeper
comprehension and mastery of the subject.

3. Variability of answers: Selecting the correct answer advances you to the next section, whilst
selecting the erroneous response returns you to the previous section, where the explanation for the
error is given. This provides a feedback loop, allowing pupils to learn from their mistakes and
expand their knowledge.

It should be emphasised that the use of programmed tests with two response possibilities allows
students to access the content using cell phones or other electronic resources while they are not
connected to the internet. This allows students to have more flexible access to information and the
ability to repeat tests to solidify knowledge. Because each student can choose a convenient time and
location for completing the test, autonomy also adds to the individualization of learning. In general,
the proposed methodology, which employs a network of logically consistent questions with a range
of responses and the feedback principle, provides structured and interactive learning, promoting
deep knowledge and active assimilation of instructional material.

Result and Discussion. The entrance testing was participated in by 28 students from the 9th
"A" (experimental) class and 26 students from the 9th "B" (control) class. The same entrance test
was designed for all classes.

Based on the results of the experimental class's entrance testing: 1-4 points were received by 8
students, which is 28% of the total number of students in the class, 5-6 points were received by 4
students, which is 14%, and 16 students received 7-10 points, which is 57%. The average
percentage of assimilation of learning content is 61%.

As a result of the entrance testing in the control class, the following results were revealed: 6
students received from 1 to 4 points, which corresponds to a low level of assimilation of educational
material and accounts for 23% of the total number of students in the class. 7 students scored 5-6
points, which is 27%. 16 students demonstrated a high level of academic performance, receiving
from 7 to 10 points, which is 50%. The average rate of assimilation of educational material was
62.3%.

The developed programmed lessons on the topics: «Nitrogen», «Properties of ammonia,
preparation and application», «Nitric acid», «Specific properties of nitric acid and nitratesy,
«Phosphorus and its compounds» were conducted in an experimental classroom.

The same final test was designed for all classes. After that, 28 students from the 9th "A"
(experimental) class and 26 students from the 9th "B" (control) class participated in the final testing
(diagram 1).

M experimental class control class
80,00%
60,00% -+
40,00% +
62,30% E
20,00% T
0,00% +
entrance testing final testing

Diagram 1. Results of entrance and final testing in experimental and control classes
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According to the results of the final testing in the experimental class, the following results were
obtained: 3 students received an assessment level of 1-4 points, which corresponds to insufficient
assimilation of educational material and is 10% of the total number of students in the class. A score
of 5-6 points was received by 6 students, which is 21%. Great success was demonstrated by 19
students who received a score of 7-10 points, which is 57%. The average value of learning material
assimilation was 73%.

The final testing in the control class revealed the following results: 2 students received an
assessment level of 1-4 points, which corresponds to low assimilation of educational material and is
8% of the total number of students in the class. 9 students received a score of 5-6 points, which is
34%. Significant success was demonstrated by 15 students who received a score of 7-10 points,
which is 58%. The average rate of assimilation of educational material was 65%.

The test results demonstrate the dynamics of academic achievement growth. The results clearly
show the effectiveness of using the recommended programmed lessons. Pay attention to the data in
diagram 1; there is a 12% increase in the average value of assimilation of educational material,
particularly in the experimental class. The findings clearly show that programmed lessons help to
improve the quality of students' learning by making classes more meaningful, visual, and
accessible. These classes not only give pupils new knowledge, skills, and talents but also help them
fix them. They cause students to become interested in studying subjects, and develop their
analytical, synthetic, generalizing, comparing and classifying abilities, thereby stimulating their
cognitive activity in the classroom.

Survey results. Following the completion of the final testing, a questionnaire was conducted in
the experimental grade 9 "A". According to the study [20; p. 110], we have developed our
questionnaire to study the students’ opinions based on programmed instruction during six chemistry
lessons. The questionnaire used in this research consisted of ten closed-ended questions:

1. Do you like lessons using programmed tasks?

2. Do you think that programmed lessons are more interesting than traditional lessons?

3. Was the explanation in the lesson clear enough to understand the topic well?

4. Do you think that the knowledge gained in chemistry lessons will be useful to you in life?

5. Have the knowledge gained in a programmed chemistry lesson been applied in real life?

6. Would you like such lessons to be held more often?

7. Were you interested in solving problems using a mobile phone or tablet?

8. Do you think that solving problems in this way is more interesting than the traditional
method?

9. Would you like such programmed problems in chemistry to be solved more often?

10. Do you feel that programmed chemistry lessons help to memorize and assimilate new
concepts and concepts?

A three-level rating scale from 1 to 3 (1 - Agree, 2 - Neutral, 3 — Disagree) was chosen as the
most appropriate for measuring participants’ opinions (diagram 2).

100,00%

80,00%

60,00%

40,00%

20,00% I III

0000 Hllm Bllm = .I I = [ | m Dl
1 2 3 4 5 6 7 8 9 10

mYes ®mNeutral mNo

Diagram 2. Results of the survey in the experimental 9" "A" class
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Question 1: 25 students (about 89%) answered «Yes», 2 students (about 7%) found it difficult
to answer, and 1 student (about 4%) answered «No». This suggests that most students like lessons
using programmed tasks.

Question 2: Once again, 25 students (about 89%) answered «Yes», 2 students (approximately
7%) found it difficult «neutral», and 1 student (approximately 4%) answered «No». This suggests
that most students prefer programmed classes to traditional ones.

Question 3: 27 students (about 96%) answered "Yes", and 1 student (about 4%) answered
«No». This suggests that most students believe that the explanation in the programmed lesson was
clear enough for a good understanding of the topic.

Question 4: The students' answers differ slightly here. 20 students (about 71%) said «Yes», 3
students (around 11%) said it was «neutral», and 5 students (roughly 18%) said «No». This could
imply that some students do not see or have difficulties applying the knowledge learned from
programmed chemical lessons in real life.

Question 5: There is a greater divergence of opinion here. 7 students (about 25%) answered
«Yesy», 15 students (about 54%) found it difficult to answer, and 6 students (about 21%) answered
«No». This suggests that a significant part of the students doubt whether the knowledge gained in
chemistry lessons will be useful in their lives.

Question 6: 27 students (about 96%) replied «Yes», whereas 1 student (approximately 4%)
answered «No». This suggests that the majority of students would prefer to attend the programmed
lessons more often.

Question 7: All 28 students (100%) answered «Yes», which indicates that they were interested
in solving problems using a mobile phone or tablet.

Question 8: Here the results are more diverse. 10 students (about 36%) answered «Yes», 10
students (about 36%) found it «neutral», and 8 students (about 29%) answered «No». This indicates
that the student's opinion that solving problems using a mobile phone or tablet is more interesting
than the traditional method is distributed more evenly.

Questions 9-10: 25 students (about 89%) answered «Yesy», 2 students (about 7%) found it
difficult to answer, and 1 student (about 4%) answered «No». This suggests that most students
would like chemistry problems to be solved more often.

According to the survey findings, students in the 9th "A" class found programmed chemistry
lessons utilising computer and mobile devices to be fascinating and beneficial. The majority of
students appreciated the clarity of the explanations in the lessons and expressed a wish to have more
programmed classes and solve difficulties using new technology.

Conclusion. Programming instruction has several undeniable advantages: small doses are
easily absorbed, the pace of assimilation is chosen by the student, high results are provided, rational
ways of mental actions are developed, and the ability to think logically is brought up.

The study of the outcomes of the application of programmed chemistry lessons in the
experimental class indicated a significant increase in the average value of educational content
assimilation by 12% (in comparison to the input testing). This finding emphasises the fact that the
pedagogical technique of programmed learning allows you to transform regular chemistry lessons
into educational ones. This improvement in the assimilation of educational material can be
attributed to the active participation of students through interactive teaching methods and
technology tools that boost interest and motivate them to learn.

The results of the survey provide information about the degree of reflection of students, which
can help in the development of effective strategies and teaching methods. It follows from the results
of the survey that the majority of students (about 89%) positively assess the programmed chemistry
lessons and consider them more interesting compared to traditional teaching methods. They also
believe that the explanations in such lessons were understandable (about 96%). The majority of
students expressed a desire to conduct programmed lessons and solve problems using modern
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technologies (about 89%). These results indicate a positive attitude of students toward programmed
chemistry lessons.

Our experience with the use of programmed learning technology in chemistry classrooms has
shown that this strategy produces positive outcomes and stimulates the growth of student
involvement. Non-standard lessons allow students to put themselves to the test, and check and
evaluate themselves independently, all of which help to the development of cognitive activity in
chemistry courses. We propose to use programmed learning methods more widely when studying
chemistry courses: to increase the efficiency of their use in studying general laws of chemistry, the
use of substances, and the genetic relationship between different classes of inorganic compounds; to
study the properties and patterns of individual classes of substances, which will contribute to faster
memorization and assimilation; and to clarify the structure of substances, which allows a deeper
understanding of the relationship between the composition and properties of various classes of
organic and inorganic compounds.

The results of our work confirm the importance of integrating modern educational technologies
into the educational process and allow us to conclude that the use of programmed teaching methods
can contribute to a more effective assimilation of educational material and improve student
academic performance. It should be mentioned that larger research with a greater number of
students and consideration of other elements that may affect the learning process is recommended
for more generalised and accurate conclusions.

However, programming training has several drawbacks, including:

« it takes a long time;

« it is only applicable to algorithmically solvable cognitive tasks;

* excessive algorithmization of learning hinders the formation of productive cognitive activity.

To solve these shortcomings, we consider it necessary to fulfil the following requirements:

1. When teaching, the learner must follow a well-designed and placed sequence of steps.

2. Training should be designed in such a way that the student is "busy" all of the time so that he
not only perceives but also operates with the instructional information.

3. Before continuing to the next material, the learner must thoroughly master the previous one.

4. The student should be assisted by dividing the educational material into short pieces
including information, clues, and rewards.

5. Each correct answer of the student should be reinforced, utilising feedback not only to clarify
the student's level of knowledge but also to retain enthusiasm for learning.
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AUGMENTED REALITY AS AWAY TO PRESENT
EDUCATIONAL CONTENT IN THE MOBILE APPS

Abstract

This article deals with the issue of implementing the capabilities of augmented reality in learning mobile
applications, which is very topical for modern education. The aim of the article is to consider the application of
augmented reality in the learning content of mobile applications. This article is devoted to the main aspects of the
educational mobile technologies and practical application of the research results in the educational process of the
general education institutions. The article deals with the application of the educational content of the mobile application
module with the application of augmented reality on the example of teaching the subjects “Informatics” and “Digital
literacy” in the secondary general education schools of the Republic of Kazakhstan. The basic definitions associated
with educational mobile applications and augmented reality technology are given, an analysis of the subject area is
carried out. The international experience of applying this technology in the educational process is considered. The
stages of studying the subjects “Informatics” and “Digital Literacy” using mobile technologies of educational direction,
such as mobile applications for the organization of the learning process and assessment of knowledge, skills and
abilities of students are described. As a result of the experiment, the mobile application was practically realized and the
adapted author's program “Application of mobile technologies at the lessons of informatics and digital literacy” was
developed. The received results of application of mobile technologies in studying of a school course of computer
science and digital literacy confirm the relevance of the carried out research.
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MOBUJIbAI KOCBIMIIAJIAPIA BIJIIM BEPY MA3SMYHBIH YCBIHY
TOCLJII PETIHAE TOJIBIKTBIPBIJIFAH IIBIH/IBIK

AHxoamna
byn makananma xa3ipri 3amaHfbl OiniM Oepy yIIiH MOOMIIBAI KOCHIMITIANIAPFA TOJIBIKTBIPBUIFAH IIBIHABIK MYMKiH-
JIKTepiH €Hri3y Moceneci KapacThIpeluansl. MakamaHBIH MakcaThl MOOWIBIAI KOCBHIMIIAJIApABIH OKY Ma3MYyHBIHJA
TONBIKTHIPBIIFAH IIBIHIBIKTEl KOJJAaHY MOCENeciH KapacTeipy Oonbim TaObutagel. JKymeic Oimim Gepynmeri MoOWibIi
TEXHOJIOTUSUTAPBIHBIH HETI3T1 acleKTiJepiH XoHe J>Kalmbl OuTiM OepeTiH MeKeMelepJiH OKy YJAepiciHae 3epTrey
HOTIDKEJIEPIH TIPaKTHKAJIBIK KOJIAaHYJIBl KapacThIpyFa apHanFaH. Makamaga 3epTrey OapbIChIHAA o3ipJICHTeH
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