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INTRODUCTION

Abstract. The relevance of the study is determined as follows: insufficient
attention to the educational and research activities of students in the process
of learning various disciplines, in particular, chemistry; weak implementation
of the potential of scientific disciplines for the educational and research
activities of high school students; the need to develop the technology of
creating educational research environment for secondary school students
studying STEM subjects. In the conditions of constant development of
science and technology, computerisation of society, integration of education
and science, the requirements for graduates increase: with sufficient
theoretical knowledge, it is necessary to be able to apply them in various life
situations, predict possible consequences of decisions made, demonstrate
social activity, interest in scientific problems and initiatives. The purpose of
the study is to develop, theoretically substantiate, and experimentally test the
content and pedagogical conditions of educational activities of high school
students in chemistry classes. As a research method, a systematic approach
was used when considering the phenomena of current chemistry teaching
in the context of modern education, and a method of comparing chemistry
teaching in Kazakhstan and other countries. The result of the study was the
concept of a project method, which is based on a focus on the result that
can be obtained when solving a specific practical or theoretically significant
problem. To achieve such a result, it is necessary to teach children or adults
to think independently, find and solve problems, acquire knowledge from
various fields, be able to predict the results and possible consequences of
various decisions, and be able to determine the causes, relationships, and
consequences. It was concluded that the use of the project method increases
motivation, develops creative abilities, personal qualities, and improves the
learning material and knowledge of basic research methods

Keywords: chemical education, project implementation, child’s potential, research
activity, project method

One of the basic principles of didactics was and will remain
the principle of student activity in the educational process.
This principle assumes the quality of activity, characterised
by a high level of motivation, a conscious need to acquire
knowledge and skills, effectiveness and compliance with
social norms [1]. The teacher should turn the learning

process from boring and monotonous to interesting and
voluntarily complete [2]. One of the ways to achieve this
is through the variety of pedagogical technologies used
in the educational process. The main focus is on search,
design, and research activities that allow the use of a per-
sonality-oriented approach to learning [3]. The founder of
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the project methodology, W. Kilpatrick, defined its essence
as follows: “This is a method of purposeful activity related
to solving a school problem in a real situation” [2]. This
method involves the transition from listening and informa-
tion of passive perception to action and the acquisition of
new knowledge through the experience of a learning ex-
periment, from memorisation and simple reproduction of
educational material to a critical and creative understand-
ing of the environment, from the teacher’ instructions to
a conscious and natural organised cognitive search [4].
The main difference of this approach is innovation and
non-standard approach to problem solving, close connec-
tion with real-life practices and the development of special
skills and abilities [5].

E.V. Zelenskaya [6] suggests that the project method
offers the teacher the widest opportunities to change con-
ventional approaches, forms, and methods of educational
activity, and brings the entire system of teaching chemistry
to a qualitatively new level. It helps organise educational
activities, observing a reasonable balance between theory
and practice, ensures the development of independence
and activity, and unites children. P. Guo et al. [7] claim
that the activity of the educational project is focused on the
study of a completed academic subject or academic course.
It is based on the development of cognitive abilities of stu-
dents, the ability to independently project their knowledge,
navigate the information space, the development of logical
and creative thinking, and spatial imagination. According
to T.-T. Wu and Y.-T. Wu: “The project method is a way to
achieve a didactic goal through a detailed development of
a problem (technology), which should end with a very real,
tangible practical result, formulated in one way or another.
The project method is always focused on the independent
activity of students - individual, pair or group, which stu-
dents perform for a certain period of time” [8].

E.V. Tyaglova [9] is convinced that studying chem-
istry at school contributes to the development of students’
worldview and the general scientific world picture, students
gradually understand the need for chemical education to
solve everyday problems. While chemistry is being taught,
the competence of moral behaviour in the environment in-
creases. In the conditions of a sharp reduction in the time
allotted for studying chemistry while maintaining the vol-
ume of its content, the student’s interest in the subject de-
creases. T. Sasipraba et al. [10] suggest that it is necessary
to organise the learning process in such a way that school-
children accept chemistry as a necessary and in-demand
science in life, as part of world culture, necessary for every
educated person.

Thus, design and research methods are a tool that
creates prerequisites for a decisive and independent un-
derstanding of the new, stimulating natural curiosity and
a desire for the unknown. The result of such work is the
self-realisation of the child through the development of
abilities and the accumulation of individual experience.
These methods can be used at any stage of training, in
working with students of different age categories, and when
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studying materials of varying complexity, they adapt to any
academic subject, including chemistry. In this regard, one
of the main tasks of the new educational standard of gen-
eral education is to attract students to design and research.
The theoretical significance of the study is condi-
tioned by the fact that its results expand knowledge about
natural science education in the context of “educational
activities and research for secondary school students”, which
reinforces the concept of teaching and learning. The practical
significance of the study lies in the fact that its materials,
results, and conclusions can be used by teachers to conduct
research activities of students in the field of STEM subjects.
The purpose of the study is to develop, theoretically

substantiate, and experimentally test the content and peda-
gogical conditions of educational activities of high school
students in chemistry classes. To achieve the goal, it was
necessary to solve the following tasks:

— to study the main pedagogical characteristics of the
technology of design and research education;

— to investigate the main difficulties preventing the wide-
spread use of the project method in teaching school chemistry;

— to develop a conceptual model of using the project
method of teaching to eliminate the differences between the
requirement for updated educational content and limited
methods of implementing design and research activities in
the extracurricular system of chemical education.

MATERIALS AND METHODS

The study was conducted during the 2021 academic year at
Lyceum No. 8 for gifted children in the city of Pavlodar. The
study involved 94 students of grades 9-11 aged 14 to 16 years.
The methodological basis of the study consists of methods of
analysis, synthesis, comparison, observation, induction, de-
duction, and generalisation. A systematic approach was used
when considering the phenomena of the current teaching of
chemistry in the context of modern education.

Analysis was used to investigate scientific and meth-
odological literature. The synthesis was used to consider
the main pedagogical characteristics of the technology of
design and research education. The essence of the method
of pedagogical observation was the organised perception
of the pedagogical process in natural conditions. The ob-
servation was direct, indirect, and systematic. The methods
of induction and deduction interacted with each other as a
dialectical unity of cognition of the general and concrete.
The comparison was used in the study of the peculiarities
of teaching chemistry in Kazakhstan and other countries.
With the help of the generalisation, the advantages of the
methodology of setting mini-projects in the study of chemis-
try in a specialised school were discovered.

RESULTS AND DISCUSSION

In the concept of modernisation of the structure and content
of education, the design and research activities of students
are considered as advanced technology of practice-oriented
and industry-specific training. Education is important con-
tent because it helps students express themselves, as well as:
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o understand activities from a social, personal, and stra-
tegic perspective related to cognitive interests, life, and pro-
fessional projects;

o learn to set goals to achieve important results;

» master the techniques of self-education and self-or-
ganisation;

« develop the ability to aggregate, combine, and consol-
idate information from various sources;

o consider problems, make assumptions, and demon-
strate intellectual abilities;

« make choices and decisions.

The project method is based on the development of
the student’s cognitive skills, the ability to independently
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construct their knowledge and navigate the information
space, find and solve problems, attract knowledge of vari-
ous fields for this purpose, the ability to predict the results
and possible consequences of various decisions, the ability
to report on the causes and consequences of communi-
cation (Fig. 1). It allows solving the tasks of teaching and
developing various intellectual abilities, critical and cre-
ative thinking. The implementation of the project method
and the research method in practice leads to a change in
the position of the teacher. From a carrier of ready-made
knowledge, the teacher will turn into an organiser of the
cognitive activity of students, a teacher as a leader and an
instructor.

Structure of project activities

i
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Figure 1. Structure of project activities

Next, the study considers the main pedagogical
characteristics of the technology of design and research
education and the possibilities of its application in the in-
dustry-specific training of high school students. The main
purpose of specialised training in design technology:

1) to acquaint students with the subject and interdis-
ciplinary material with socially, scientifically and practically
significant problems characteristic of specialised education,
vocational training, and professional activity, and ways to
solve them;

2) to involve students in dynamic and real activities, in
experiencing real events and feelings, allowing students to
understand the social and personal significance of this ac-
tivity and its results, evaluate their preferences, and ability
to perform actions with characteristics for a certain profile;

3) stimulate students’ interest in solving problems in-
dependently:

o for the acquisition of knowledge from various fields
that can be used in life, in future professional activity, to
continue training in the chosen profile;

o achieve a real result that has social and personal significance;

o creative activity in the development of new objects.

It is possible to establish education at a sufficiently high
level only with a very small group of students, since this
requires certain capabilities and training. In addition, the

complexity of these works excludes the possibility of simul-
taneous execution of a large number of them. Therefore,
the research is usually conducted as an individual task; it is
not necessarily related to the subject of the school chemistry
or other individual tasks that are performed in parallel by
other students.

Applied topics can be divided into several categories.
First of all, these are tasks for the installation of visual aids,
exhibits, tests for use in lessons. In some cases, such work
may be performed by order. Their creative element is over-
coming the difficulties associated with the shortage of some
materials, replacing them with others, searching for opti-
mal modes for conducting experiments, etc. For example,
it is possible to simulate the catalytic synthesis of sulphuric
acid by selecting the presence of a catalyst from the available
test material, the optimal gas flow rate, etc.

In preparation for the topic “Dissociation of electro-
Iytes”, students will be able to demonstrate that the electrical
conductivity of the solution increases with the generation
of salts by choosing the optimal size and shape of the sub-
stance (acid, base), their concentration, indicator, and in-
strument during the neutralisation reaction. The second
category includes research tasks, the results of which have
minimal social significance and cannot be announced in
advance. For example, a teacher can ask students to develop
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a tool to measure the carbon dioxide content in the atmo-
sphere and monitor the composition of the air in the class-
room from one to six hours, or use another tool to system-
atically measure the oxygen concentration under the ice of
ariver in winter.

The third category includes tasks whose results may
have a practical result. These include work on drawing up
soil maps necessary for the proper use of fertilisers in the
fields, determining the concentration of pollutants in the
environment, analysing water from natural sources, etc.
Chemistry is an experimental science, attempts to study the
basics of chemistry without laboratory work are doomed to
failure. Therefore, purely literary versions of research are
much less effective than chemical experiments. Although
the literary version of a licensed work is widely distributed,
only in rare cases it can be classified as a research work.
Most often, when developing projects, these are fragments
of more or less successful information from several sites.

When organising research work, it is necessary to
consider that, as in a real study, the results may not meet
the expectations of the experimenter. The student should be
directed to such an opportunity from the very beginning.
Next, the study lists the main difficulties that prevent the
widespread use of the project method in teaching school
chemistry. Firstly, there is a shortage of teachers who are
able to effectively implement project science. It is clear that
the project manager must be highly qualified, have a good
chemical education, which is rare in the teaching environ-
ment. The project manager should be enthusiastic, because
project activities require a lot of time and energy. A signif-
icant part of the time is spent searching for reagents and
materials needed for testing and for literature.

The experience of teachers in the practice of imple-
menting group projects, when two or three people partic-
ipate in the project, shows that it is often difficult to assess
the real contribution of each participant. An objective dis-
advantage is an inequality in the assimilation of educational
material in comparison with the classical explanatory and
illustrative method of teaching: scientific sections directly
related to the topic of the project, and those that are far
from the project are usually not affected at all. Another ob-
jective problem is a noticeable decrease in the basic training
of schoolchildren, and hence students in the future. This is
especially true of creative research skills, which are clearly
explained by the growing formalisation of school subjects
and knowledge testing methods.

How can students be encouraged to implement tech-
nological projects in practice? The study suggests that it is ad-
visable to start with the application of competence-oriented
tasks. Their solution is possible in the classroom, during the
independent work of high school students. They are divided
into contextual tasks, situational tasks, and practice-oriented
tasks. A large number of definitions are given in the scientific
and methodological literature. Here are some of them.

“Contextual (context) task is a motivational task
of describing a specific life situation related to the exist-
ing socio-cultural experience of students (known data); a
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need-based (unresolved) task consisting in analysing, un-
derstanding and explaining the situation or actions in it,
and the result of solving the problem is an educational task
and awareness of its personal significance” [6]. Next, the
study considers an example of such a task that can be used
in the topic “Monatomic alcohols” in the 10* grade: “Todine
tincture or a 5% alcohol solution of iodine is used to treat
the skin around the lesion, such as wound. Calculate how
many grams of crystalline iodine and what volume of 100 ml
of alcohol with a density of 0.7893 g/ml should be taken to
prepare 200 g of solution?” Situational tasks are tasks fo-
cused on the step-by-step processing of mental actions in
the process of working with scientific material: familiarisa-
tion — understanding — application - analysis — synthesis -
evaluation. Here is an example of a problem we have con-
structed that can be applied in the 10" grade in the topic
“Haloalkanes”: “For the treatment of warehouses, as well as
grain, vegetables, and fruits in warehouses and holds, fumi-
gation with vapours of some organochlorine and organo-
bromine compounds, such as dichloroethane and methyl
bromide, was previously used. At the same time, dichlo-
roethane was widely used for treating empty warehouses,
and methyl bromide was widely used for treating fruits and
grains. Explain the benefits of methyl bromide.”

Practice-oriented tasks are tasks that develop stu-
dents’ practical skills and form an understanding of where,
how, and for what the acquired skills are used in life [11].
Practice-oriented tasks allow combining knowledge, en-
courage high school students to use additional sources of
knowledge, which increases motivation for learning in gen-
eral and ultimately affects the quality of learning [12]. Here
is an example of one of the tasks developed and used by us
in the topic “Aldehydes” of the 10th grade: “A gas weapon
is a self-defence weapon designed to temporarily neutralise
the enemy with the help of a gas or aerosol cloud. Such a
cloud has in its composition irritants that cause reactions
when they get on the mucous membrane or skin and affect
the respiratory tract:

1. Determine the formula of the substance that is part
of the gas cloud, if it is known that the mass fractions of
hydrogen, oxygen and carbon, respectively, are equal to
6.67%, 53.33%, 40%.

2. Specity the class to which this compound belongs, give
a trivial name and its name in accordance with the systematic
nomenclature, write its molecular and structural equation.

3. What properties can this substance have? Write down
the reaction equations”

The most difficult tasks for the teacher, which they
must develop and perform for the student, are prob-
lem-creative tasks of an experimental nature, close to
mini-projects [13]. Consistently using the above types
of tasks in chemistry lessons (applying them as students’
mental activity becomes more complicated), leads students
first to mini-projects, and then to research projects. After
studying the updated content of the chemistry subject in
high school, the following projects reflecting the current
problems of our time and the regional component are offered:
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“Plastic life: Formaldehyde and we” (10th grade, the topic
“Aldehydes”), “Koumiss: The secret of aliving drink” (10" grade,
the topic “Monatomic alcohols”), “Kazy-karta: A delicacy
of nomads” (10" grade, topic “Esters. Fats”), “Dietary sup-
plements: Excess or necessity?” (10" grade, topic “Carboxylic
acids”), etc. They can be used at the end of the study sections
or at the end of the study quarter.

Ultimately, a fairly wide range of reagents is usually
required to conduct a chemical experiment within the frame-
work of the project, and the school administration, insuring
against possible accidents, does not always participate both
in the purchase of reagents and in the experimental work
of students. This circumstance is another obstacle to the
organisation of student research directly at school. Mod-
ern Kazakh education is more focused on the use of project
technology in the extracurricular learning system. How-
ever, it is possible to use the main form of education - a
lesson, but there are very few such serious methodological
developments for the implementation of educational projects
in chemistry in the Kazakh literature.

According to P.A.S. Moreira and V.E. Lee [14], the
use of the project method allows changing priorities from
the assimilation of ready-made knowledge to the active and
independent cognitive activity of each student. In the pro-
cess of such work, not only the student, but also the teacher
acquires new experience and improves their skills. Accord-
ing to A.A. Gumusay and T.M. Bohne [15], it is very import-
ant that children learn to evaluate the results of their actions
and bring them to public discussion. The project method
always involves solving a problem, which includes, on the
one hand, the use of a set of methods and various learning
tools, and on the other hand, the need to integrate knowl-
edge and skills from different fields of science, technology,
and creative fields. S.G. Shcherbakova [16] suggests that the
chemistry course in environmental content projects allows:

1. To reveal the special role of chemical science in the
fight against environmental ignorance, which manifests it-
self in deep-rooted ideas that chemistry is “to blame” for the
current environmental situation.

2. To involve students in research work on the study of
the state of the natural environment.

3. To instill in students a sense of personal responsibility
for its preservation.

E. Polat [17] classifies projects according to their
content: intellectual, material, environmental, service, and
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complex; I.D. Chechel - by the nature of the dominant ac-
tivity in the project and by the subject and content indus-
try [18]. C. Macariu et al. [19] argue that the implementa-
tion of the project method is possible without destroying
the system of lessons. Using simple lessons in which people
listen and repeat what they hear, a teacher should try to
move the student into an active position: not only to mas-
ter what is already ready for them, but also to organise
educational activities independently or together with the
teacher, to receive and analyse information in various deci-
sion-making situations. For example, a teacher can declare
the purpose of the lesson. Then the students are passive.
However, if they explain the reason for looking at the phe-
nomenon under study and do not rush to set a goal, but ask
the children to do it, thereby transferring the trainees to an
active position, the development of a universal goal-setting
skill will begin [20].

CONCLUSIONS

Thus, as evidenced by practice, project activity contributes to
the development of a new type of student who has the skills
and abilities for independent constructive work, who has
collaboration and interaction with purposeful methods of
activity, equipped with self-education experience. Most im-
portantly, participation in the project allows the student to
get a unique experience that is impossible with other forms
of education. Participation in the creation of the project
has the greatest impact on those classes where students are
overloaded with unstable attention and low interest in the
subject. Project activity leads to a diverse and emotional co-
louring of educational activities, relieves fatigue, develops
attention, intelligence, mutual assistance, contributes to the
development of the ideological position of students.

A partial approbation of the methodology for setting
up mini-projects during chemistry classes at a specialised
school has already shown the advantages of this method:
the development of techniques for self-extraction of knowl-
edge, the ability to operate with knowledge from different
subject areas, the ability to construct small research papers.
Thus, using project technologies in modern schools when
teaching chemistry, it is possible to significantly develop
the key competencies of high school students. The purpose
of further study is to find the best ways to organise school
projects of various types that develop the educational and
research activities of students.
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Onbra CemeniBHa AukiHapse', CiTrana Onekcanppisaa Ilonomap', Jamian ITitt?, ®@inin Cang6epr’

'TTaBnogapchKNii NeAroriyHmil YHiBepCHUTET
140002, Byn. Mupy, 60, m. ITaBmogap, Pecny6nil<a Kasaxcran

’[TagyaHcpKuil yHiBepCcUTET
35122, Byn. 8 JIrororo, 2, M. ITagys, Itanmia

’JlyHpCcbKMit yHiBepCcUTET
22100, Byn. Conseratas, 16, M. JIynp, lIsemnia

OpraHi3auifa caMoCTiHOI Ni3HaBaNbHOI AiANIbHOCTI YYHIB NPOodiNIbHOT LLKONU
niZ, Yac BUBYEHHS XiMil Ha OCHOBI MeToAly MPOEKTIB

AHoTauifi. AKTyanbHICTb TeMN 3yMOBJIEHO HNM3KOK HAarajgbHUX IpoO/IeM: HefoCTaTHA yBara JO HaBYaabHOI Ta
TOCTiITHUIIBKOI [i/IbHOCTI Y4YHIB y IIpoljeci BUBYEHH:A PisHMUX AVICLIUIDIIH, 30KpeMa XiMii; c;rabka peasizanis noreHiamy
IVCUMIUIIH HAyKOBOTO LMKy IJIS HaBYa/JIbHO-JOCIiAHMIIBKOL [ifA/NbHOCTI CTapLIOK/IACHUKIB; HEOOXiITHICTD po3pobKu
TEXHOJIOTil CTBOPEHHS Ta PO3BUTKY HaBYajlbHO-JOCIiJHMIBKOIO OCBITHBOIO CEPEeJOBUINA J/IA YYHIB CEpPeHIiX LIKI,
AKi BUBYAIOTh HayKOBi OMKIM. B yMOBaxX IOCTifIHOTO PO3BUTKY HayKM Ta TE€XHOJIOTiil, KOMIDIOTepU3allii CyCITliTbCTBa,
inTerpanii ocBiTV Ta HayKM BUMOIM JO BUITYCKHMKIB 3pOCTAIOTh: BOJIOAII0UY JOCTATHIM 00CATOM T€OPeTUYHNX 3HaHb,

Scientific Bulletin of Mukachevo State University. Series “Pedagogy and Psychology”, Vol. 8, No. 3



Achkinadze et al.

OTPiOHO BMITY 3aCTOCOBYBATH iX Y Pi3HUX XKUTTEBUX CUTYALIiAX, IPOrHO3YBATI MOXUIVBI HACTIIKM YXBaJ/IeHNX pillleHb,
IeMOHCTPYBATH COLlia/IbHy aKTMBHICTD, JOC/TiHUIIBKIIL iHTepec ;0 HayKoBUX Ipo6eM, iHinjaTuBy. MeTa JOCTiIKeHHA —
PO3pOOUTH, TEOPETUYHO OOIPYHTYBATH Ta eKCIepUMEHTAIbHO allpoOyBaTy 3MiCT i Ilefjaroriydi yMoBU HaBYa/JIbHO-
TOCTiFHUIIBKOL NiZIbHOCTI YYHIB CTapIIMX KJIaciB OCBITHIX 3aK/IafiiB Iifi Yac BUBYEHHA XiMil. Ik MeTomu HOCTiKeHHA
BUKOPUCTAHO CUCTEMHMI IIJXif A1 pO3IVIANY SBUIL HUHIIIHBOIO BUK/IAJAHHA XiMil B KOHTEKCTi Cy4acHOI OCBIiTM Ta
METOJ TOPiBHAHHA MI0/I0 BUK/aJaHHA XiMii B Kasaxcrani Ta iHmmx kpainax. PesynbraToM 1oCilKeHHA CTa/ma KOHIETIIiA
IIPOEKTHOTO METOAY, B OCHOBI IKOTO — CIIPSMOBAHICTb HA Pe3ynbTaT, AKMII MOXKHA OTPUMATH BUPILIYIOYM KOHKPETHE
IIpaKTH4He a00 TeOpeTHYHO 3Hayylle 3aBHaHHA. [/ HOCATHEHHA TaKOTO pe3y/IbraTy HeoOXifHO HaBUMTY JiTell M
TOPOC/IMX CAMOCTIITHO MVIC/IUTH, BUSIBILATY Ta PO3B’A3yBaTy Ipo6IeMu, HaOyBaTy 3HaHb Y Pi3HUX ralyssx, epegdadaTu
Pe3y/IbTaTy Ta MO>K/IVBI HAC/ILIKY Pi3HMX pillleHb, BUSHAYATY IPUYMHY, B3AEMO3B A3KY Ta HAC/iKI. 3p06/IeHO BUCHOBOK,
1[0 BUKOPMCTAHH IPOEKTHOIO METOAY IIiIBUIIYE MOTVBAIIi0, PO3BIBA€E TBOPUi 34I0HOCTI Ta 0COOMUCTI AKOCTI, CrIpusie
KpalJOMY 3aCBOECHHIO HaBYa/IbHOI'O MaTepiasly, JOIoMarae OCBOITY OCHOBHI JOC/TIIPKEHHA
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