- ISSN 1813-1123 BECTHHK 7KY Ne2(111)/2024 -

UDC 303.42/49 https://www.doi.org/10.53355/ZHU.2024.111.2.013

DEVELOPMENT OF CHEMICAL THINKING BY SOLVING CHEMICAL
PROBLEMS IN CHEMISTRY LESSONS

Mamanova S.A. ‘Ybraimzhanova L.K.

Zhetysu University named after I. Zhansugurov, Taldykorgan, Kazakhstan
e-mail: Msalta81@mail.ru, ybraymzhanova@mail.ru

Learning to solve chemical problems has always been given great importance. The
programs that a teacher can follow include a systematic approach to learning how to solve
problems, the regular implementation of which allows students to form chemical thinking.
However, the small number of hours devoted to studying chemistry, the lack of internal motivation
for learning how to solve chemical problems in most schoolchildren, and a number of other
reasons do not make it possible to fully implement this approach.
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Introduction

Solving chemical problems in lessons, individual-group, practical and laboratory classes, carried
out in accordance with the curriculum, often leads to overload of students, without giving a guarantee
that they will acquire skills and develop skills in solving at least typical problems in chemistry. Having
not mastered and not sufficiently worked out one type of problem or the way to solve them, students are
forced to move on to learning another material. They perceive the next type of tasks as something
completely new and unrelated to the already known. As a result, a significant part of students do not form
a common approach to solving chemical problems and lack the ability to solve them.

The relevance of the study is the solution of calculated and qualitative problems develops
the creative independence of students, contributes to a deeper development of the subject. It is
through solving problems of various types and levels of complexity that the course of chemistry
can be effectively mastered.

Information technologies play an increasingly prominent role in organizing chemistry training
[1]. The use of information technologies for teaching the solution of chemical problems is one of the
possible options for overcoming this situation, allows expanding the horizons of students, provides
new opportunities for transmitting information, wider use of visual aids, interactive learning mode in
combination with individualization of learning and student activity [2].

Solving problems in teaching chemistry has always been considered important not in itself,
with the help of tasks, students master the basic concepts and laws of chemistry, get acquainted with
the notation system, comprehend the quantitative relationships between reacting substances, gain
experience and develop practical skills. Students develop chemical thinking, the ability to
independently achieve results in solving emerging problems, and an active life position is formed [3].

The purpose of the study is to determine the optimal methodology for solving problems in
inorganic chemistry, as an effective way to improve the quality of students' knowledge in the
process of teaching chemistry.

Solving problems takes an important place in chemistry. Firstly, this is one of the methods of
training, through which a deeper and complete assimilation of educational material in chemistry is
ensured and the ability to independently apply the acquired knowledge in practice is developed.
Secondly, it is an excellent way to carry out interdisciplinary and course connections and the connection
of chemical science with life. Successful solution of problems by students, therefore, is one of the final
stages in cognition itself. To learn chemistry, a systematic study of the known truths of chemical science
must be combined with an independent search for a solution to first small and then large problems [4].
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Research materials and methods

Training in solving chemical problems has always been of great importance. The programs
that can guide the teacher include a systematic approach to teaching to solve problems, the regular
implementation of which allows students to form chemical thinking [5,6]. However, the small
number of hours allotted for studying chemistry, the lack of internal motivation for learning to
solve chemical problems in most schoolchildren, and a number of other reasons do not make it
possible to fully implement this approach. Solving chemical problems in lessons, individual-group,
practical and laboratory classes, carried out in accordance with the curriculum, often leads to
overload of students, without giving a guarantee that they will acquire skills and develop skills in
solving at least typical problems in chemistry. Having not mastered and not sufficiently worked
out one type of problem or the way to solve them, students are forced to move on to learning
another material. They perceive the next type of tasks as something completely new and unrelated
to the already known. As a result, a significant part of students do not form a common approach
to solving chemical problems and lack the ability to solve them.

Main part

Innovative technologies are playing an increasingly prominent role in organizing chemistry
training. The use of innovative technologies for teaching to solve chemical problems is one of the
possible options for overcoming this situation, allows expanding the horizons of students, provides
new opportunities for transmitting information, wider use of visual aids, interactive learning mode
in combination with individualization of learning and student activity [7].

Solving problems in teaching chemistry has always been considered important not in itself,
with the help of tasks, students master the basic concepts and laws of chemistry, get acquainted with
the notation system, comprehend the quantitative relationships between reacting substances, gain
experience and develop practical skills. Students develop chemical thinking, the ability to
independently achieve results in solving emerging problems, and an active life position is formed [8].

In our research, we relied on works considering questions of the theory of developmental learning
by V.V. Davydov, D.B. El-konin, JI. V. Zankova, psychological works of JI. S. VVygotsky, P.Ya.Halperin,
N. F. Talyzina, for research by I. V. Robert, B. S. Gershunsky, T. A. Sergeeva, E.E.Nifantiev,
A.K.Akhlebinina. The problems of organizing the interactive interaction of training programs with the
user are considered in the works of Yu. N. Tikhomirov, O. K. Tikhomirov, E. I. Mashbitz.

Performing our research, we studied possible applications in the educational process and
for self-education of the teacher and the use of the development of the methodology will allow to
some extent to resolve the contradictions in the practice of training in solving chemical problems:

- a reduction in the number of teaching hours devoted to teaching chemistry and a high level of
requirements for the knowledge of students and the associated increase in their independent work;

- the presence of a large number of electronic publications for the study of chemistry and
the lack of functional capabilities in them for training in solving problems;

- the need for students to independently solve complex chemical problems and the lack of
their significant part of the ability to solve even the simplest problems;

- increasing possibilities of using EI for training in solving problems and insufficient
readiness of most teachers to use them in the educational process.

Tasks in inorganic chemistry, compiled and selected in this work, were used for control
and independent work in inorganic chemistry. Schoolchildren of the 9th grade named after Titov
(a total of 29 students) took part in the testing. Control work was carried out at the final lesson in
inorganic chemistry. Each task was evaluated on a 5-point system according to how fully the
solution was presented. The score for the control work as a whole was also given according to the
5-point system adopted in schools.

Practically all pupils coped with tasks (93.8%), including 61.8% on "well" and "perfectly"
(fig. 1). And it is valid, most of school students didn't experience difficulties in the solution of
tasks. Tasks in inorganic chemistry on a subject solutions were most successfully solved (66.7%
of school students, on gas laws — 61.5% completely solved, fig. 2).
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We analyzed the results of solving each type of problem. Many students did not receive
high marks for test work due to the fact that they did not receive the correct final answers. Indeed,
a fairly large part of the guys solved the problems "not completely." As a rule, such students gave
correct formulas for calculations, but found it difficult to substitute numerical values.

Specific, most common errors in solving problems are presented in Table 1.

Table 1 — Specific, most common errors in solving problems

Subject Control results
works, % Remarks
Decided Not Decided not
complet | solved completely
ely or with
mistakes

Calculations 46,2% | 12,8% 41% Errors are mainly associated with equations of

by chemical chemical reactions, students forget to arrange

formulas the coefficients.

Gas laws 51,3% 8% 30,7% Errors are associated with a misunderstanding
of the essence of the problem, as well as errors
associated with incorrect conversion of m3 to
liters, and with incorrect use of the mass of the
substance instead of the volume of the solution

c =2
in the formula \Y

law of 66,7% 7,7% 25,6% Errors are associated with incorrect finding of

definite mpr and mteor. In the formula, for example,

proportions when finding mpr, instead of the formula they
write, that is, students confuse the value of the
mass of mixtures with the mass of pure
substance.

Solutions 56,7% | 12,8% 30,2% Errors are associated with incorrect finding of
the equivalent of the element, concentration,
mass fraction of solutions.

The law of 61,5% 7.7% 30,8% Errors are associated with incorrect

conservation determination of the molecular weight of the

of mass of a substance, with incorrect determination
substance substance formulas

Common errors:

1. incorrect determination of the molecular weight of the substance.

2. not knowing the rules for rounding numerical values, which ultimately leads to incorrect
finding of the answer.

7,00
20,00 O not satisfactory
M satisfactory
Ogood
41,00 O excellent

Fig. 1 — Grades received by schoolchildren in chemistry test
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1. Calculation tasks by chemical formulas - 46.2%

2. Objectives for gas laws - 51.3%

3. Tasks for the law of constancy of composition - 66.7%
4. Solution objectives - 56.7%

5. Tasks for the law of conservation of mass of a substance - 61.5%
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Fig. 2 — The share of schoolchildren who completely solved problems on individual topics, 56.48%

Thus, testing of problems in inorganic chemistry among schoolchildren at control works
showed the need to repeat basic topics in chemistry (chemical Kinetics, thermodynamics,
electrochemistry, etc.) and mathematics (differentiation, integration, etc.) in the course of the basic
inorganic chemistry. A real help for self-study of this material, which is actually already well
known to students, can be the manual on applied chemistry "Problems on the theoretical
foundations of inorganic chemistry,” compiled from the materials of the presented work.

Conclusions

At the first stage of the study, scientific and methodological literature was studied and
analyzed on the topic of research, curricula and manuals for solving chemical problems, the use of
electronic educational means in the study of chemistry. The possibilities of using electronic
publications for teaching the solution of problems in chemistry have been studied, approaches to
solving the problem have been found. The resulting material made it possible to formulate a
research hypothesis, to determine the main goals and objectives. The definition of the educational
chemical task was clarified. A low level of skills in solving chemical problems by students was
revealed, which determined the relevance of the study.

At the second stage, approaches to the classification of problems were determined, their
classification was proposed, which allows students to form skills and skills in solving typical
problems in chemistry. The criteria for selecting tasks for learning to solve them using new
technologies were determined, its impact on the motivation of educational activities and the
emotional state of students was revealed. Based on the accumulated experience, methodological
recommendations have been developed on the application of new technologies in the educational
process and in independent training in solving problems [9].

At the third stage, the results of the study were summed up, statistical processing was
performed and the analysis of the obtained experimental data was completed.

The study was conducted in 2023 on the basis of the Titov secondary school with.
Karabulak of the Eskeldinsky district, when studying the disciplines of "Inorganic Chemistry™ in
lessons, individual group classes, during extracurricular activities, and when independently
working at home for individual students.
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1.The definition of a chemical training problem has been clarified, which is a model of a
specific problem situation that the student must solve with the means available to him. The main
goal is not the result of solving the problem itself, but the impact of the decision process on the
formation of students' chemical thinking.

2. From the analysis of educational, methodological and scientific literature, it follows that
the process of solving chemical problems is of great importance as a teaching method and a means
of control. At present, the importance of chemical tasks is increasing, remaining an important
method of learning, solving problems becomes leading for the formation of skills, skills and
personality development of students.

3. Analysis of existing classifications of chemical problems shows the lack of a unified
approach among most researchers.
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PAZBUTHUE XUMHNYECKOI'O MBIIVIEHUA PEHIEHUEM XUMHNYECKUX 3ATAY
HA YPOKAX XUMUHU

Mamanosa C.A., blopatimocanosa JLK.

HKemuwicyckuti ynusepcumem um. U. Kancyeyposa, Tanovikopean, Kazaxcman
e-mail: Msalta81@mail.ru, ybraymzhanova@mail.ru

Obyuenuio pewlenuio XumMuyeckux 3a0ay ece20a npuodasaiocv 6orvuioe 3HayeHue. B
APOCPAMMAX, KOMOPLIMU MONHCEM PYKOBOOCMBOBAMBCS YUUMENDb, 3AN0HCEH CUCTNEMHBLU N00X00
K 0OVUeHUI0 peuleHUur0 3a0ay, pe2yisipHoe BbINOJHEHUE KOMOPBIX NO360Jslem COopMUposams y
yuawuxcs xumuyeckoe muluinenue. OOHAKO HeOOIbUIOE KONUYECNBO UACO8, 0MEOOuUMoe Ol
UBYYEHUsL XUMUU, OMCYMCMEUe GHYMPEHHel MOMUSAyul K OOYYEHUI0 DEUleHUr0 XUMUYECKUX
3a0au y OONLUWUHCINGA WKOJILHUKOS U PO OPY2UX NPUHUH He OAI0M 803MOICHOCMU OCYeCm Uy
9Mom no0xX00 8 NOJHOU Mepe.

KiroueBble ci1oBa: 3adaua, ncuxono2o-nedazouieckue 0CHOBbl, XUMUYECKAs KUHeMmuKda,
MepMOOUHAMUKA, INeKMPOXUMUsL, 3AKOH COXPAHEHUs MACCbl 8elecmad.
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Xumusnelx ecenmepoi wieuly H#on0apblHa apKaAulaH yYiKkeH MaHee ue 6010bl. Myeanim
OacubLILIKKA anamvli 6a20apaamanapoa xcyieii mypoe opbiHOAIYbl OKYVUUBbLIAPObIY XUMUSLIbIK
OUIAYbIH KATILINMACMbIPY2a MYMKIHOIK Oepemin macenenepdi uieuiy2e OKblmyOblH JHCyieni maciii.
Anaiioa, xumusnel oKy2a O6niHeen cazammapobiy a30blebl, MEKMeEN OKYUbLIAPbIHbIH KONWITIZIHOe
XUMUATBIK ecenmepOi weutydi yipeHnyee iuKi MOmusayusiHoly O0IMayvl xcane backa oa bipkamap
cebenmep OY1 maciioi MOAbIK JHCy3e2e Acblpya MyMKIHOIK Oepmetioi.
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