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ABSTRACT

This dissertation work examines the theoretical and practical issues of
implementing the STEM education system in the subject “Algebra and Analysis
Beginnings” for grades 10—11. STEM approaches not only increase students’ interest
in the subject, but also allow them to connect their mathematical knowledge with real-
life situations. During the study, three STEM projects based on methods such as PBL
(project-based learning), the 5SE model, and engineering design were developed and a
practical experiment was conducted. The experimental results showed that STEM
methods increase students’ scientific thinking, independent decision-making ability,
and motivation to conduct research. In addition, the difficulties encountered during the
study, such as the level of teacher training, resource constraints, and integration into
the curriculum, were analyzed, and methodological recommendations were made. The
work provides a scientific and practical basis for the effective use of STEM education
in secondary school mathematics.

Keywords: STEM education, algebra, analysis initiatives, project-based
learning, 5E model, engineering design, mathematical modeling, school mathematics,
experimental research, educational methodology.



AHJIATIIA

byn auccepranusansik xymbicta 10—11 ceiHbinTapra apHaiFaH «Anredpa sxoHe
ananu3 Oacramanapb» noHiHAe STEM-OuniM Oepy KYHeCiH €HTi3y[iH TEOPHUSIIBIK
KoHE ToXIpuOemiKk mocenenepi KapacTelpbuibl. STEM Tocuinepi OKyIIbUIAPIBIH
MIOHTE KbI3BIFYIIBUIBIFBIH aPTTHIPBIN KaHa KOWMail, MaTeMaTHUKaJIbIK OUTIMIEPIH HAKTHI
OMIpJIIK JKarJasTTapMeH OalllaHbICTBIpYFa MYMKIHIIK Oepal. 3eprrey OapbiChiHIA
PBL (3x06anbIK OKBITY), SE MOJem1 )k0He HHXXEHEPITIK AU3aiH 9JIICTepiHE HEeri3/1eNTeH
ymr STEM-xo00a a3ipieHin, ToKIpUOETiK SKCIEPUMEHT XKYPri3uifl. DKCIEpUMEHT
HoTmkenepi STEM opicTepiHiH OKyHIbUIapbIH FHUIBIMU OMJIayblH, JepOec mienim
KaObu1ay KaOUIeTIH >KOHE 3epTTey >KYpPri3yre JereH bIHTAaChblH apTThIPaThIHBIH
kepcerTi. COHBIMEH KaTap, 3epTTey OapbIChIH/IA KE3/ECETIH KUBIHIBIKTAp, MbICAIIBI,
MYFaTiMAEP/IIH JabIHIBIK IEHI€i1, pECYpPCTHIK IIEKTEeYJIEp MEH OKY OaraapiiaMachbiHa
OIpiKTIpY MOcelsenepl Jie capamnTaibil, SICTeMENK YChIHbICTap Oepunmi. XKymbic
STEM-6inim OepyaiH opTa MEKTeN MaTeMaTHKAChIHIA THIMIl KOJJIAHBUTYBIHBIH
FBUTBIMU-TOXKIPUOEITIK HET131H YCHIH/IBI.

Kint ce3nep: STEM-6inim Oepy, anreOpa, aHanmu3 OacTamainapbl, KOOAIBIK
oKpITy, SE Momeni, WHXEHEpIiK Iu3aiiH, MaTeMaTHUKaJIbIK MOJCIbICY, MEKTEI
MaTEeMaTUKAaChl, SKCIEPUMEHTTIK 3epTTey, OUTiM Oepy aaicTemeci.

Vi



AHHOTALUA

B nanHoll nuccepranioHHOW paboTe paccMaTpUBAIOTCA TEOPETUUECKUE U
MpaKkTU4YecKue Bompockl BHeApeHus cuctembl STEM-o0pa3oBanus mo mnpeameTy
«Hauana anreOpel um anammza» s 10—11 kmaccoB. STEM-noaxoasl HE TOJIBKO
MOBBIIIAIOT MHTEPEC YYAIMXCA K NPEAMETY, HO M MO3BOJISIIOT UM CBA3aTh CBOHU
MAaTEMAaTHYECKUE 3HAHUS C pEAIbHBIMU JKU3HEHHBIMH CUTyauusiMu. B xoxe
uccnenoBanus Obun pazpadoransl Tpu STEM-npoekTa Ha OCHOBE TaKMX METOJIOB, KaK
PBL (mpoextHoe oOyuenue), mojenb SE v MHKEHepHOE MPOEKTUPOBAHUE, a TAKXKE
IIPOBEAECH IPAKTUYECKUN DKCIIEPUMEHT. Pe3ynpTaThl dKCIIEPUMEHTAa MOKA3aJik, YTO
STEM-MeTonpl MOBBIIAKOT HAYYHOE MBIIIJICHUE YYalluXCsl, CIHOCOOHOCTh K
CaMOCTOATEIILHOMY  TIPUHATHI0 PELIEHHWW W  MOTHUBALMIO K  IIPOBEACHUIO
ucciegoBanuii. Kpome Toro, ObUIM MpoaHaIU3UPOBAHBI TPYIHOCTH, BO3HUKIIWE B
XOJIE MCCJIENOBAHUS, TAKME KaK YPOBEHb IOJITOTOBKH YYUTEJIEH, OIPAaHUYEHHOCTH
peCypcoB H HMHTErpanuss B y4eOHYyIHO MporpamMmy, H JIaHbl METOIUYECKHE
pekoMmeHaauu. PaboTa 1aeT Hay4HYIO M MPAKTUYECKYI0 OCHOBY JUIsl 3G ()EKTUBHOTO
ucnonb3zoBanusi STEM-o06pa3oBaHusi B MaTeMaTHUKE CPEIHEH IITKOJIBI.

Kirouesbie cnioBa: STEM-o06pa3oBanue, anredpa, aHaTUTHICCKUE HHUIIUATHBHI,
MpPOeKTHOE oO0ydeHue, Mojzenb SE, mHkKeHepHOEe MPOEKTUPOBAHUE, MATEMATHUYECKOE
MOJEIMPOBAHUE, IIKOJbHASA MAaTeMaThKa, OJKCIEPUMEHTAIbHBIC HWCCIIEN0BAHNUS,
oOpa3oBaTreiabHasi METOI0JIO0TH

vii



INTRODUCTION

The main task of the modern education system is to educate a competitive,
comprehensively developed individual with the skills of creative thinking. One of the
main priorities of state policy is the development of human capital, that is, the
formation of a generation that is educated, competent and able to adapt to modern
requirements. To achieve this goal, an important factor is to increase students' interest
in knowledge. However, studies have shown that 80% of school teachers and 93% of
university students of pedagogical orientation, who are future mathematics teachers,
do not sufficiently master the methods of developing students' mathematical interest.
This indicates that in the course of teaching mathematics in schools in Kazakhstan there
are serious problems in increasing students' motivation to the subject.

The STEM education system is one of the innovative approaches that connects
learning with life, develops students ' research and creative abilities, combining theory
and practice. However, the ways of effective use of STEM in mathematics lessons,
especially in grades 10-11, and its methodological problems have not been fully
studied.

In this regard, the research topic “problems of using the STEM education system
in mathematics (grades 10-11, algebra and analysis initiatives)” is relevant. This study
examines ways to improve the mathematical literacy of students through the use of the
STEM methodology, the formation of their interest in the subject and the development
of creative abilities.

The level of study of the topic. The analysis and examination of works related
to the topic led us to the following conclusion. Basically, research in this area was
carried out in three directions. The first direction is research in the direction of
increasing students ' interest in learning, not related to a separate subject, the second
direction is also the interest of students in studying mathematics, and the third direction
is this situation in the course of teaching subjects other than mathematics.

Object of research. Grades 10-11, algebra and analysis initiatives.

Subject of research. Grades 10-11, algebra and analysis initiatives

Purpose of the study. To study the problems and possibilities of implementing
the STEM education system in teaching mathematics to students in grades 10-11.

Objectives of the study:

1. To identify the psychological and pedagogical foundations of the use of the
STEM education system in mathematics lessons.

2. To identify the features of STEM methods in teaching algebra and analysis
initiatives in grades 10-11.

3. Consider ways to develop competencies related to the development of creative
abilities and increase students ' mathematical interest through the use of STEM
approaches in future mathematics teachers.

Methodological basis of the study:



State documents related to the STEM education system, the principles of
personality-oriented education, modern pedagogical technologies, theories for the
development of creative abilities of students and requirements for the professional
competence of a teacher.

Research methods:

Analysis, control, Interview, Survey of state and pedagogical documents,
Organization of experiments, theoretical analysis, study and comparison of advanced
pedagogical practices.

Research base:

The research work was carried out in secondary schools in Almaty.

Novelty of the study:

1.The scientific basis for the development of students ' creative abilities in
mathematics lessons using STEM methods is determined.

2. The features of the implementation of STEM approaches in teaching algebra
and analysis initiatives in grades 10-11 are revealed.

3. Ways to adapt future mathematics teachers to the use of STEM methods were
shown.

Recommended for protection:

1. Psychological and pedagogical aspects of the use of the STEM education
system in mathematics lessons.

2. Features of teaching algebra and analysis initiatives in the framework of
updated education.

3. Ways to develop competencies for future mathematics teachers to master
STEM methods and apply them.

Scientific and practical significance of the study:

A special course" features of the use of the STEM education system in
mathematics (grades 10-11, algebra and analysis initiatives) " has been developed and
recommended for advanced training programs for future teachers and school teachers.

Approbation of the dissertation work. Master's student on the topic of research

1. Tasks inthe STEM direction in the content of the discipline algebra and analysis
initiatives
2. Published articles on STEM - a new approach to the education system.

The structure of the dissertation. The dissertation work consists of two parts, an
introduction and a conclusion, A list of works used and appendices.

In the context of the global transformation of education, the need to train a new
generation capable of critical thinking, creative problem-solving, and interdisciplinary
Integration is more urgent than ever. One of the most promising frameworks that
addresses these challenges is the STEM education system, which integrates science,
technology, engineering, and mathematics into a cohesive learning paradigm (Bybee,
2013). Numerous studies indicate that STEM education enhances students’ ability to
apply knowledge in real-life situations, fosters research skills, and supports long-term
professional development (Honey, Pearson, & Schweingruber, 2014).

In Kazakhstan, as in many other countries, mathematics remains one of the core
disciplines shaping students’ analytical and logical abilities. However, despite its



Importance, motivation and interest in mathematics among students often remain low.
According to research, a significant number of future mathematics teachers lack
effective methodologies to engage students creatively and practically in the subject
(Bekbauova & Turebayeva, 2022). This situation reflects broader issues in teacher
preparation and curriculum design, highlighting the need for innovative pedagogical
strategies.

In the era of rapid technological advancement and digital transformation, the
global education system faces new challenges and demands. Modern society requires
individuals who are not only knowledgeable in academic subjects but also capable of
critical thinking, problem-solving, and interdisciplinary integration. One of the most
effective educational models aimed at meeting these requirements is STEM education,
which combines Science, Technology, Engineering, and Mathematics into a unified,
practice-oriented learning framework.

In Kazakhstan, mathematics continues to play a key role in shaping students'
logical, analytical, and quantitative reasoning. However, despite its importance,
students often perceive mathematics as abstract and disconnected from real life, which
leads to decreased interest and motivation. At the same time, many future mathematics
teachers are insufficiently prepared to implement innovative, integrated teaching
methods that foster engagement and applied understanding.

Given these conditions, integrating STEM approaches into mathematics
instruction—particularly in high school algebra and analysis—emerges as a promising
strategy. STEM-based instruction promotes functional literacy, the ability to apply
knowledge in real-world contexts, and the development of 21st-century skills.
Nevertheless, the effective implementation of STEM in mathematics education
remains a methodological and practical challenge, especially within the existing
national curriculum.

This research is focused on identifying the psychological-pedagogical
foundations and methodological possibilities of using STEM approaches in teaching
algebra and analysis in grades 10-11. The study aims to develop and test STEM-
oriented tasks, evaluate their impact on student learning, and explore strategies for
training future teachers to integrate STEM methods effectively. The relevance of the
study lies in its alignment with national educational reforms and its contribution to the
development of innovative instructional practices in secondary mathematics education.

The integration of STEM approaches into mathematics teaching—particularly in
upper secondary school (grades 10-11)—can serve as a powerful solution. STEM-
based methods allow students to see the relevance of mathematical concepts in
technological and scientific contexts, thereby increasing their motivation and
deepening understanding. Moreover, such integration contributes to the development
of functional literacy, engineering thinking, and interdisciplinary competence, all of
which are crucial in the digital age.

Despite the growing recognition of STEM's potential, there is still a lack of clear
guidance on how to implement these approaches in the context of the existing
mathematics curriculum, especially in relation to algebra and the beginnings of
analysis. Therefore, this study aims to explore the methodological challenges and



pedagogical opportunities associated with the use of STEM education in mathematics
lessons, with a focus on grades 10-11.

In summary, this study aims to address the gap between traditional mathematics
instruction and the innovative demands of modern education by exploring the
integration of STEM approaches in teaching algebra and analysis in grades 10-11. The
study is timely, relevant, and contributes both theoretically and practically to the
improvement of secondary mathematics education and teacher training in Kazakhstan.

The results of this research are expected to help transform mathematics
classrooms into dynamic environments where students develop not only academic
skills but also the creativity, curiosity, and confidence to engage with the technological
world. This transformation is essential for building the human capital that Kazakhstan
and the world will need in the decades to come.



1. LITERATURE REVIEW

The STEM (Science, Technology, Engineering, Mathematics) education system
first emerged in the early 2000s in the United States and has since spread widely across
many countries. This system promotes the integrated teaching of science, technology,
engineering, and mathematics. STEM education allows students to explore scientific
and technical concepts in real-life contexts, thereby enhancing their cognitive activity
and creative abilities. (Bekbauova, 2022)

What is the rationale behind the widespread implementation of STEM education
in countries that have achieved significant success in their education systems and have
become leaders in science, invention, and technological innovation?

At the end of the 20th century, a shortage of qualified specialists in high
technologies emerged in American companies based on high-tech production. This
situation gave rise to the concepts of STEM and STEM education.

Generally, the STEM abbreviation stands for: Science (natural sciences such as
biology, geography, astronomy, chemistry, physics, etc.), Technology, Engineering
(translated from English as engineering or the art of engineering), and Math
(mathematics). There are also variations of this abbreviation. For example, "STEAM"
adds the letter "A" for "Art," emphasizing the role of creativity. "STREM" includes the
letter "R" for "Robot," referring to robotics.

Modern education is undergoing rapid transformation due to the development of
science and technology. The advancement of information technologies, artificial
intelligence, robotics, and bioengineering requires updates to educational content. In
this context, the STEAM (Science, Technology, Engineering, Art, and Mathematics)
education model plays a critical role. This system develops students' critical thinking
and creative abilities while preparing them for future careers.(bexbayoBa &
Typebaesa, 2022)

The importance of STEM technologies

The COVID-19 pandemic highlighted the importance of STEM education and
increased the need for professionals with high digital competence. In the context of the
pandemic, schools and universities quickly switched to a distance learning format, and
the learning process reached a new level. At this stage, various programs were
developed to improve the digital literacy of students and teachers, and there was a need
to introduce digital tools and methods into the educational process. Teachers
effectively used digital technologies in their subjects, quickly mastered the methods of
teaching on an online platform and ensured education in accordance with new modern
requirements.

Innovative STEM-oriented technologies have gained special importance during
the pandemic period, contributing to the development of scientific and technical skills
of students. Students began to master the subjects of Stam in depth and acquire skills
aimed at applying them in real life.

This made it possible to educate them in the future as competitive, digital
professionals with high competencies. In addition, STEM education, along with the



formation of new competencies, directed students to professions that are in demand in
the modern labor market and contributed to their professional growth.

Let's consider the content of the structural elements of the STEM abbreviation.

Science-Natural Sciences (Natural History, Natural Science) is a set of Sciences
about nature, phenomena and laws that relate to the outside world of humanity. This is
the real knowledge of everything that exists or is possible in the universe. In different
historical periods, certain natural sciences occupied a central place and contributed to
the development of Natural Science and other fields of knowledge. In historical
dynamics, such an effect was achieved through one natural science or group leadership
(leadership of a group of Sciences). Let's look at examples in chronological order: in
the XVII-XVII1 centuries, mechanics came to the fore, in the XIX century — chemistry,
physics, biology, in the first half of the XX century — physics, and in the second half —
chemistry, physics, biology. Today, not only the leadership of the group of Sciences is
taking place, but also their synthesis, which is associated with the expansion and
deepening of the ties of Natural Sciences aimed at solving the current tasks of
production and society. (Balta, 2015)

Technology-technology is innovation, changing or transforming the natural
environment to meet human needs and desires. Throughout history, people have
created technologies to meet their desires and needs. Most modern technologies are
products of Natural Sciences and technology, and technological tools are an integral
part of both industries.

Engineering-Engineering is the ability to view the world as a system, design and
manage its elements; a systematic and often repetitive approach to the design of
objects, processes and systems. Engineering is a combination of human knowledge
about the design and manufacture of products, the process of solving a problem. This
process is characterized as a design under conditions of constraints. One of the
limitations in engineering design is the laws of nature. Engineering uses knowledge of
Natural Sciences and mathematics, as well as technological tools and art as the basis
of design.

Mathematics-Mathematics is the science of numerical relations and spatial forms
of the real world. Like the Natural Sciences, Knowledge in mathematics is constantly
growing, but they, unlike the Natural Sciences, do not disappear if the basic
assumptions do not change. Mathematics is widely used in the Natural Sciences,
Engineering, Technology and the arts.

STEM education gives students the opportunity to understand the world as a
whole, removes traditional barriers established between STEM subjects, and offers an
integrated learning approach that teaches academic scientific and technical concepts in
a real-life context. The purpose of this approach is to create stable connections between
school, society, work and the whole world, to increase STEM literacy and
competitiveness in the global economy.

The main idea of STEM education is to train children in professional professions,
based on their curiosity and desire for research. The main motto is" do it yourself",
which explains the introduction of engineering elements into the STEM-educational
program. Thus, STEM education is a bridge that connects research and career.



In the works of foreign specialists, STEM education is often defined as a
metadiscipline, which is based on a new "unified" integration of other subject
knowledge and presents a unified learning paradigm based on the idea of practical
application of knowledge to solve specific social, economic and technical-
technological problems.

So, when words or concepts from the abbreviations STEM, STEAM, STREM
are pronounced in English, it is natural science, technology, engineering, mathematics,
art, robot. Similarly, we should not forget that the concept of "art™ here is understood
by the English-speaking environment in the sense of science, creativity, innovation.
The concept of* STEM " was first proposed in 1990 by the American bacteriologist R.
Colwell. Today, not only the United States, but also countries such as Canada, Finland,
Hong Kong, Germany, Australia, China, Great Britain, Israel, Korea, Singapore,
Sweden are rapidly developing the direction of STEM education.

USA: STEM education (science, technology, engineering, mathematics)
occupies a central place in the educational and economic policy of the United States,
as it is considered as a key factor in ensuring the country's global competitiveness in
the field of innovation and high technologies. In recent decades, there has been an
active development in this area thanks to the participation of both state initiatives and
the private sector. However, along with the achievements, structural problems
associated with inequality of access, a shortage of qualified teachers and gender
imbalances remain. Public policy plays a key role in promoting STEM education. At
the federal level, large-scale programs are being implemented, such as education for
Innovation (2009), aimed at improving the quality of teaching STEM subjects in
schools, and the CHIPS and science act (2022), which provides for an investment of
nosap 200 billion in research and education programs. Significant support is provided
by the National Science Foundation (NSF) and NASA, and grants are provided to
research projects and educational institutions. At the same time, coalitions such as the
Texas STEM coalition are being formed at the regional level, combining the efforts of
the state, business and academic institutions to develop STEM infrastructure. The
reform of school education is an important area, as the early involvement of students
in STEM is considered essential for the formation of future professionals. Primary
school focuses on game-based and experiential techniques such as robotics (LEGO
Education, VEX Robotics) and Project-Based Learning (Project-Based Learning).
Access to specialized programs such as Advanced Placement (AP) courses in computer
science and engineering in middle and high schools, as well as STEM schools (such as
the Thomas Jefferson graduate school of science and technology), where science and
technical subjects are taught in depth, is expanding. Higher education is also adapting
to the growing demand for STEM professionals. Universities are increasing their
programs in data science, bioengineering and artificial intelligence, and introducing
collaborative programs that allow students to combine their studies with work in
technology companies. Financial support for students is provided through scholarships
and grants, such as NSF Scholarships in STEM, which facilitate the influx of talented
young people into the scientific and technical fields. Joining and overcoming inequality
remain serious problems. Despite programs such as Girls Who Code and the Spanish



STEM Alliance that aim to reduce the gender and ethnic gap, women and minorities
are still underserved in STEM professions. Another problem is the uneven distribution
of resources: schools in affluent areas have significantly more opportunities to
implement modern STEM methods compared to educational institutions in
economically disadvantaged areas. Technological innovations are actively changing
the educational process. Online platforms (Coursera, edX), virtual labs (Labster) and
Al-based tools make learning scalable and interactive. However, their effectiveness
depends on the level of digital infrastructure and teacher training, which creates
additional barriers in regions with insufficient funding. Thus, the development of
STEM education in the United States is a dynamic process carried out by the joint
efforts of government, business and educational institutions. Despite significant
successes, persistent structural problems require further policy coordination and
increased investment, especially in the areas of equal access and teacher training.
Addressing these challenges will be key to maintaining the United States ' leadership
in the global technology race.

Europe: STEM education in Europe is undergoing a period of active
transformation, becoming a key element in the strategy for the development of human
capital and an innovative economy. The European approach to the development of
scientific and technical education is characterized by a combination of pan-European
initiatives and national characteristics, which creates a unique mosaic of educational
experience. At the pan-European level, the development of STEM education is
coordinated through a number of Key Programs and initiatives. Horizon Europe, the
EU's largest research program for 2021-2027, devotes significant resources to
developing STEM competencies. In the Digital Education Action Plan, special
attention is paid to the digitalization of education, including the widespread
introduction of programming and artificial intelligence in curricula. The European
School Network brings together the efforts of the ministries of education of 34
countries to develop innovative methods for teaching STEM subjects.

National STEM education models show significant diversity. In Germany, the"
MINT Zukunft schaffen " program (the German equivalent of mint — STEM) is being
implemented with a focus on close cooperation between educational institutions and
industrial enterprises. The British education system is undergoing a reform of
mathematical education, according to which, from 2024, all schoolchildren will study
mathematics until the age of 18. Finland uses its famous phenomenological approach
(phenomenon-based learning), integrating STEM disciplines into interdisciplinary
projects. France maintains the tradition of specialized "preparatory classes™ (classes
préparatoires) for future engineers. An important trend in European STEM education
was the emphasis on early student engagement. Countries like Estonia are introducing
compulsory programming from the first grade. Project training, which connects
theoretical knowledge with the solution of practical problems, is becoming more
widespread. Particular attention is paid to the development of digital educational
platforms and tools, which is especially evident in the EU's annual Code Week
initiative.



However, the development of STEM education in Europe faces a number of
difficult tasks. The shortage of qualified STEM teachers remains an acute problem,
especially in rural and economically disadvantaged regions. A serious gender
imbalance remains-girls are still underserved in technical and engineering specialties.
There is a significant difference in the quality and accessibility of STEM education
between the countries of northern and Southern Europe, which requires additional
mechanisms to equalize educational opportunities. The prospects for the development
of STEM education in Europe are associated with the further integration of educational
systems, the development of digital technologies in teaching and the strengthening of
the practical component of educational programs. Of particular importance is the
creation of stable ties between educational institutions, research centers and industrial
enterprises. Solving these problems will allow Europe to train a new generation of
specialists capable of remaining competitive in the context of the global technology
race and responding to the challenges of the digital age.

Asia: STEM education in the Asian region is developing rapidly, becoming a
key element of educational reforms and economic modernization. A distinctive feature
of the Asian model is the close relationship between public policy, educational
institutions and high — tech industries, which form a unique ecosystem for training
technical specialists. The most advanced STEM education systems are developed in
East Asian countries. South Korea is implementing a large-scale program "Creative
Economy", where special attention is paid to the introduction of artificial intelligence
and robotics into the school education system. The Singapore STEM model is known
for its concept of" Applied Learning”, where theoretical knowledge is immediately
applied in real engineering projects. Japan is betting on the development of "Super
STEM schools” equipped with advanced laboratories and digital classrooms. The
Chinese approach to STEM education is distinguished by its regularity and scale. As
part of the Made in China 2025 initiative, a national network of STEM Centers has
been created, covering all regions of the country. Special attention is paid to the training
of teaching staff through special advanced training programs. The constant first place
of Chinese schoolchildren at international Olympiads in mathematics and science
testifies to the effectiveness of the national system. In Southeast Asia, STEM
approaches are being actively introduced into traditional education systems. Malaysia
Is implementing the STEM4ALL program, which aims to increase the availability of
technical education for all social groups. Thailand focuses on the development of rural
STEM schools, equipping them with modern equipment. In Vietnam, specialized
STEM centers are being created at leading universities.

1.1 Main features of the STEM education system

Currently, the global transformation of the education system is inextricably
linked with the need to prepare students for the requirements of the 21st century — the
era of digitalization, automation and rapid technological progress. In this regard,
instead of traditional subject Education, which is often limited to theoretical knowledge
within narrow disciplines, there is an increasing demand for interdisciplinary,
technology-oriented, practical methods for developing skills. This approach allows



students not only to acquire academic knowledge, but also to develop the basic
competencies necessary for successful professional implementation in the modern
world: critical thinking, creativity, collaboration and the ability to solve complex
problems. The STEM education system is an innovative learning format that meets
these requirements, combining the areas of Natural Sciences (Science), Technology
(Technology), Engineering (Engineering) and Mathematics (Mathematics). Unlike the
classical approach, in which these subjects are studied in isolation, STEM involves
their deep integration, which allows students to see the connections between different
areas of knowledge and apply them in real projects. ([JunmabaesaM.C.,
Kaitnak6aesall.K, 2024)

There are several key features that increase the effectiveness of STEM education
and make it one of the most promising areas in modern pedagogy. Among them, the
emphasis is on the application of knowledge in practice in the conditions of the Fourth
Industrial Revolution, the development of engineering thinking, the use of advanced
technologies and the formation of in-demand skills.

Interdisciplinary approach

The main feature of STEM education is the mutual integration of subjects and
their connection with life. In the traditional teaching system, each subject is considered
individually, and the knowledge gained by students may not be connected with real life
situations. And STEM-podkhod will remove this barrier and teach you to apply the
natural sciences and mathematics to solving real-life problems. For example, in the
process of implementing projects to measure air quality or collect rainwater, students
combine their knowledge in physics, chemistry, ecology and mathematics. This
approach allows students to effectively use knowledge not only in theoretical, but also
in practical situations. In addition, the interdisciplinary approach develops logical,
systemic and spatial thinking of students.

Project - Based Learning

Another important feature of STEM education is the widespread use of Project
Learning. According to the project-based learning method, students do not receive
knowledge ready-made, but, on the contrary, independently search and offer a specific
product or solution, using various resources to solve the problem. Such an approach
develops their autonomy, leadership skills and creative thinking. In addition, in the
process of working in a group, students master mutual communication, role sharing
and collective responsibility. For example, in the project "Smart Greenhouse" for
schoolchildren, they create an automatic irrigation system using microcontrollers,
thereby practical implementation of knowledge in Physics, Computer Science and
biology.

Use of technologies

The most important component of STEM learning is the introduction of modern
technologies into the educational process. Students improve their information and
communication literacy through robotics, programming, 3D modeling, engineering
design, and working with digital technologies. For example, through platforms such as
Arduino, LEGO Mindstorms, Tinkercad, students can create their own projects,
program them and monitor the operation of various sensors and mechanisms. Through
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these technologies, students acquire specific practical skills such as engineering
thinking, systematic design, fault detection and their correction. In addition, the use of
technologies facilitates the adaptation of students to the modern labor market.

Develop creative and critical thinking skills

The STEM education system teaches students to make non-standard, creative
decisions and analyze the problem in detail and find effective ways. Through critical
thinking, students analyze the information presented, present arguments, compare
alternative solutions, and draw logical conclusions. In STEM projects, students are not
given a specific solution, on the contrary, they are required to prove their decision,
conduct research, conduct tests. This process develops students ' analytical thinking
and brings them closer to research activities. In addition, creative thinking opens up
the ability of students to invent and implement innovative ideas.

Focus on practice-oriented learning

One of the distinctive features of STEM is the relationship between theory and
practice. Unlike traditional knowledge, where most knowledge remains abstract,
STEM involves the immediate application of what has been learned in real projects.
For example, when studying the basics of mechanics, students can not only solve
problems on paper, but also build models of bridges or machines, checking their
stability and efficiency. This method increases motivation, because students
immediately see the result of their efforts.

Development of soft skills

STEM education contributes to the formation of not only technical, but also
social and personal competencies. Teamwork, time management, public speaking,
negotiation and emotional intelligence-all these skills are formed in the process of joint
project activities. For example, when creating a robot or developing an environmental
project, students learn to distribute roles, prove their point of view, and find
compromises.

Personalization of training

STEM allows you to adapt the educational process according to the interests and
abilities of each student. Thanks to various technologies and methods (programming,
3D printing, engineering, scientific experiments), students can choose the areas of
interest to them. This contributes to a deeper involvement in the learning process and
helps to reveal the potential of each child.

Relations with the real sector of the economy and professions of the future

STEM education prepares students for professions that will be in demand in the
coming decades: robotics engineers, data analysts, bioinformatics, artificial
intelligence specialists, etc. This will give them an advantage in future employment.

Global and environmental focus

Modern STEM projects are often associated with solving global problems such
as climate change, resource scarcity, and environmental pollution. Students develop
projects for alternative energy, waste recycling and the creation of smart cities that
foster environmental awareness and social responsibility.

Continuous learning and adaptation
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STEM develops students ' willingness to learn throughout their lives. As
technologies are developing rapidly, it is important to independently master new tools
and techniques. STEM methods teach students to work with information, quickly
master new programs, adapt to changes. STEM education is not just a set of Sciences,
but a single system aimed at developing universal competencies that are in demand in
the digital age. It goes beyond traditional learning and integrates Science, Technology,
Technology and mathematics into a holistic educational approach that develops
students ' ability to think systematically, adapt to change, and create innovative
solutions. Unlike classical teaching methods, STEM is aimed at applying knowledge
in practice, developing not only technical skills, but also critical thinking, creativity,
the ability to work in a team and solve complex problems. This method allows students
not only to memorize information, but also to understand its deep interrelationships
and use it in life projects, from programming robots to the development of
environmentally sustainable technologies. Thanks to its flexibility and practical
orientation, STEM has become a key element in modern education, preparing future
generations for the challenges of the future. In a world where technology is rapidly
changing all spheres of life, this format of education helps students become not just
consumers of knowledge, but active creators who can influence the development of
society. Thus, STEM education is not just an educational process, but a need that forms
a new type of thinking and competencies, without which it is impossible to imagine a
successful professional and personal implementation in the 21st century. Its further
development and inclusion in educational programs will be an important step in the
training of competitive, adaptive and New-minded specialists of the future.

1.2 The future of STEM education

In the XXI century, the rapid development of digital technologies and the
transformation of the global labor market impose fundamental requirements on the
education system. In this process, the STEM (Science, Technology, Engineering,
Mathematics) education model is an innovative solution that meets the requirements of
the time by providing an integrated, life-related, experience-based form of knowledge.
STEM directions have already become the main vector of education in developed
countries of the world, and this trend will undoubtedly only accelerate in the future.
The modern educational paradigm is in a state of deep transformation due to the rapid
development of technologies and changes in the requirements for human capital in
post-industrial society. In this context, STEM education (science, technology,
engineering, mathematics) is of particular importance as a key element in preparing the
competency potential of the future. The analysis of current trends allows us to predict
several fundamental directions in the evolution of this educational model. The
prospects for the development of STEM education are determined, first of all, by the
processes of digitalization of all spheres of public life. In the next decade, we should
expect the widespread integration of artificial intelligence into the educational process,
which will radically change the traditional approaches to teaching natural and technical
disciplines. Virtual and augmented reality transform laboratory workshops, allowing
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us to simulate the most complex physical and chemical processes with previously
inaccessible clarity.

The tendency of STEM approaches to rapprochement with other educational
areas requires special attention. New integrative models are emerging, such as STEAM
(including art) and STREAM (with the addition of a read and write component). This
evolution shows an understanding of the need to develop not only technical
competencies, but also creative thinking and communication skills, which are
especially important in the context of automation of everyday processes. A key aspect
of STEM's future is its focus on addressing the global challenges of our time.
Educational programs are being built around issues such as climate change, sustainable
development, biotechnology and quantum computing. This approach not only
increases the motivation of students, but also forms the systematic thinking necessary
for a comprehensive solution to complex interdisciplinary problems. The most
important direction of development is the personalization of STEM education based on
big data and adapted learning systems. The analysis of the cognitive characteristics and
educational trajectory of each student makes it possible to build individual
development programs that most correspond to their abilities and professional
aspirations. This is especially important in the context of the formation of the future
scientific and technical elite. The institutional transformation of STEM education
involves the creation of global network structures that unite universities, research
centers and technology companies. Such ecosystems ensure the continuity of the
educational process from school to professional activity, creating conditions for the
constant renewal of knowledge and competencies in the context of a rapidly changing
technological landscape. STEM in the future, the development of cognitive
technologies and neuroeducation will play a special role. Understanding the
mechanisms of assimilation of complex scientific concepts at the neurobiological level
makes it possible to develop fundamentally new teaching methods that significantly
increase the effectiveness of the educational process.

These prospects for the development of STEM education should be considered
in the context of global challenges, including the problem of digital inequality and the
need to form a new culture of scientific and technical education. The solution of these
tasks requires not only technological innovations, but also a deep change in
pedagogical approaches, systems for assessing competencies, as well as mechanisms
for the interaction of Education, Science and production. Thus, the future of STEM
education is a complex, multidimensional system of interrelated transformations aimed
at creating a fundamentally new model of Personnel Training for the knowledge
economy. The successful implementation of these changes will become a determining
factor in the competitiveness of national education systems in the context of the global
technological race.

It is observed that the future of STEM education develops in several key areas:

1. Integration of new technologies

In the coming years, new areas such as artificial intelligence (Al), Big Data
Analysis (Big Data), bioengineering, nanotechnology, cybersecurity, virtual and
augmented reality (VR/AR) will be actively introduced into the STEM system. These
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technologies transform not only in terms of content, but also in the forms and methods
of learning. For example, with the help of artificial intelligence, it is possible to control
and differentiated learning of students ' knowledge at a separate level. Through the
analysis of Big Data, a clear assessment of academic performance and the quality of
Education, ways to adopt effective strategies will be improved.

2. Strengthen the relationship between education and the labor market

In the context of globalization, the structure of professions is rapidly changing,
and professions in demand in the labor market are rapidly exchanging. By adapting to
these changes, STEM education provides students with the opportunity to focus on a
specific profession. Mastering such skills as Coding, engineering design, data
processing at an early age allows you to prepare them in advance for future specialties.
Close cooperation between universities and schools, as well as between educational
institutions and industries, will also become a prerequisite for the development of
STEM.

3. Integrated and inclusive education

In the future of STEM education, the issue of creating equal opportunities for all
students is also important. Gender equality, reducing the gap between rural and urban
schools, and ensuring the participation of students with special educational needs in
STEM areas are some of the future tasks of this industry. Digital resources and online
platforms, distance learning technologies make it possible to solve this problem. In
addition, the connection of STEM education with social projects, environmental issues
also has an impact on increasing the civic responsibility of students.

The direction of STEM education in Kazakhstan has been gaining momentum in
recent years. In a number of pilot schools, STEM classrooms are being opened, the
basics of robotics, 3D modeling, engineering design are being introduced. In leading
educational organizations, such as Nazarbayev Intellectual Schools, lyceums "bilim-
innovation”, STEM approaches are successfully implemented in the educational
process. Inaddition, STEM Olympiads, hackathons, competitions of scientific projects
provide a great opportunity to develop scientific and technical creativity of students
and increase their research abilities.

One of the main tasks of STEM pedagogy in the future is to form a student as a
researcher, and not just a learner. This approach develops such skills as logical
thinking, independent decision-making, argumentation, conducting experiments,
defending one's idea. Future STEM lessons should be aimed at transforming the student
from a passive listener to an active seeker. Thus, through the STEM approach, students
develop not only an interest in science, technology, innovation, but also an internal
motivation for Lifelong Learning. The future of STEM education is not only the
introduction of new technologies, but also the process of radical revision of the content
of training, pedagogical approaches, assessment systems. For Kazakhstan, the
widespread introduction of STEM directions is an effective way to raise the education
sector of the country to the international level, to educate a competitive generation. The
fact that the future specialist is flexible, adaptable, technologically competent, creative
— this is exactly what is inextricably linked with the STEM paradigm.

The role of STEM methodology in teaching mathematics
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The modern educational paradigm is undergoing significant changes, reflecting
the need of society for specialists capable of solving complex interdisciplinary
problems. In this context, the STEM (Science, Technology, Engineering, Mathematics)
methodology becomes especially important, offering a fundamentally new approach to
teaching mathematics. The traditional perception of mathematics as an abstract
theoretical discipline gives way to its understanding as a universal means of cognition
and transformation of the real world. A comparative analysis of traditional and STEM -
oriented approaches to teaching mathematics clearly shows the advantages of the latter:

Table 1.2.1 Comparative Characteristics of Traditional Learning and the STEM

Education System in Mathematics

Criterion Traditional learning STEM education system
Attention to learning Theoretical foundations  Interdisciplinary
communication
Teaching methods Lectures, typical tasks Project activities
Technologies used Basic (calculator) Specialized (Python,
MATLAB)
Developed computational Calculation analytical, research skill

The essence of the STEM methodology in teaching mathematics is to create an
educational environment in which mathematical concepts are naturally integrated with
other scientific and technical disciplines. This method allows students to understand
the practical significance of the material being studied, observing its use in physical
experiments, engineering calculations or technological developments. For example, the
study of exponential functions takes on a new meaning when students use them to
model population growth processes in biology or calculate complex interest in
economics. The most important advantage of the STEM method is the development of
students ' systemic thinking and the ability to see mathematical patterns in various
phenomena of the surrounding world. Project activities that combine mathematical
modeling with experimental work and programming form a set of competencies that
cannot be developed within the framework of traditional learning. Students acquire not
only deep mathematical knowledge, but also the skills of their practical application,
which is especially valuable in the context of a rapidly changing technological
landscape.

Modern digital technologies are of particular importance in STEM education.
Special software, computer modeling systems and visualization tools make complex
mathematical concepts more accessible and visual. Practice shows that the use of such
tools not only improves academic performance, but also contributes to a deeper
understanding of the material, since students can directly observe how abstract
mathematical principles are embodied in specific technical solutions. Despite the
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obvious advantages, the introduction of the STEM methodology in teaching
mathematics faces a number of important tasks. The main obstacle remains the
shortage of teaching staff with the necessary interdisciplinary training. Effective
implementation of the STEM approach requires teachers not only to have a deep
knowledge of mathematics, but also to understand its application in related fields. In
addition, many educational institutions lack the modern equipment and software
necessary for the full implementation of STEM programs. The prospects for the
development of STEM education in the field of mathematics are associated with
several key areas. First of all, this is the further integration of digital technologies into
the educational process, including the use of artificial intelligence to personalize
learning. Secondly, the development of new methodological materials that combine
mathematical rigor and practical orientation. Of particular interest is the potential of
the STEAM approach, which complements the STEM methodology with elements of
art and design, opens up new opportunities for the creative application of mathematical
knowledge.

Thus, the STEM methodology offers a fundamentally new model of teaching
mathematics, transforming it from an abstract academic discipline into a living tool for
cognition and transformation of reality. This approach not only increases the
effectiveness of training, but also forms in students a set of competencies that in the
future will be in demand in specialties. The realization of this potential will require a
significant restructuring of the education system, but the opening prospects fully justify
the necessary efforts.

1.3 Features of the use of STEM methods in the context of updated

education

STEM education in Kazakhstan is experiencing a period of active development,
reflecting global trends in technological development and national priorities for
economic modernization. Over the past decade, significant steps have been taken in the
country to integrate scientific and technical education into curricula at all levels, which
is gradually forming a new educational ecosystem. The basis for the development of
STEM in Kazakhstan has become the state policy in the field of education and
digitalization. Within the framework of the Digital Kazakhstan program, fundamental
principles for transforming the educational process have been established. Of particular
Importance was the adoption of the state program for the development of education for
2020-2025, in which the STEM approach was noted as one of the main elements of the
modernization of the content of Education. The Ministry of Education, together with
Nazarbayev Intellectual Schools, has developed a concept for the introduction of
STEM, which is gradually spreading throughout the education system.

The Kazakhstan model of STEM education is characterized by multilevel. The
emphasis is on developing logical thinking and basic digital skills through specially
designed curricula in elementary school. At the middle level, elements of robotics and
programming are introduced, special attention is paid to project activities. The high
school offers in-depth study of STEM subjects through a network of specialized
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schools and additional education clubs. Nazarbayev Intellectual Schools play a special
role in promoting STEM, which has become an innovative platform for testing new
methods. These institutions are equipped with state-of-the-art STEM laboratories,
where students work with 3D printers, robotics kits, and digital measurement systems.
The experience of these schools is gradually being applied in systematic educational
institutions through the teacher training system. An important element of the system
was the network of children's technoparks "golden nest" and STEM centers created
throughout the country. These sites provide schoolchildren with access to high-tech
equipment and the opportunity to work on real projects under the guidance of mentors
from among university teachers and engineers. Robotics, programming and alternative
energy are especially popular. (G., 2016)

Table 1.3.1 STEM-based Recommendations for Water Conservation

Direction Suggested Action STEM Skills Involved
Education & Awareness  Conducting school Communication, data
workshops on  water- presentation
saving habits
Technological Innovation Installing smart water Engineering design,
meters in public buildings programming
Mathematical Modeling Calculating household Algebra, graphing, data
water usage and projecting analysis
savings
Environmental Research ~ Studying local  water Scientific  investigation,
sources and loss due to data logging
leakage
Prototype Development Designing low-cost water- Engineering,  creativity,
saving devices (e.g., testing
nozzle, timer tap)
Policy and Community Preparing a report with Argumentation,
Involvement water-saving proposals for collaboration
local authorities

Higher education is also adapting to the demands of STEM economics. Leading
universities in the country, such as Nazarbayev University, kBtu and Satbayev
university, are revising their educational programs and strengthening the practical
component and interdisciplinarity. Cooperation between universities and high-tech
enterprises is developing, which allows students to perform relevant production tasks.
Kazakhstan actively participates in international STEM initiatives. The national stages
of the world Olympiads in robotics, programming and natural sciences are held
annually. The country has become a platform for regional competitions by WorldSkills
standards, where special attention is paid to digital competencies. These measures not
only identify gifted students, but also set new standards for technical education.
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In modern Kazakhstan, STEM education has become a powerful driver of
national development, synthesizing advanced pedagogical experience with the
requirements of the digital economy. Over the past decade, the state has made a real
breakthrough in this area, creating a unique ecosystem in which state initiatives,
academic innovations and business interests are intertwined. The basis of this
movement was the strategic vision of the country's leadership, which enshrined STEM
as a priority in the documents "Digital Kazakhstan™ and "Ruhani zhangyru". The
concept of the development of STEM Education, adopted in 2018, set a systematic
vector of transformations, which is now being implemented through a large-scale
modernization of all levels of Education. Particularly illustrative is the example of the
updated content of Secondary Education, in which traditional subject boundaries are
blurred in favor of interdisciplinary projects and practice-oriented learning. The heart
of the STEM revolution in Kazakhstan is Nazarbayev Intellectual Schools, which have
become real laboratories for educational innovations. Their experience, repeated
through the Centers of pedagogical excellence, gradually permeates ordinary schools
and changes the philosophy of teaching itself. Within these walls, a new generation of
teachers is born, inspired by scientific and technical creativity, and not just carriers of
knowledge. In addition, a network of specialized STEM centers and children's
technoparks "Golden Nest" is growing throughout the country, where schoolchildren
have access to high — tech equipment-from 3D printers to robotic complexes. These
sites will become a meeting place for young talents with representatives of the real
sector of the economy, which will give practical meaning to training. The work of
mobile STEM Laboratories, which deliver modern technologies to the most remote
regions of the country, is especially impressive.

Higher educational institutions are also actively involved in this process.
Leading universities — from Nazarbayev University to regional technical universities-
are restructuring their programs with a focus on project-based learning and
interdisciplinary research. The startup studios and accelerators they create allow
students to transform ideas into working business models, which is especially
important in the context of a course focused on innovative economics. International
cooperation gives Kazakhstan STEM education a global dimension. Partnership with
leaders in this area - Singapore, Finland, South Korea-will allow adapting the best
world experience to local conditions. Participation in prestigious international
Olympiads and competitions not only demonstrates the growing potential of
Kazakhstani students, but also sets new development goals

The path to technological leadership is not without difficulties. The most acute
problem remains staffing-in many schools, especially in the regions, there is a shortage
of teachers capable of working according to new standards. A significant gap between
urban and rural educational institutions in access to modern infrastructure requires
special support measures. The task of overcoming stereotypes that limit girls ' access
to technical professions is also important. Today, the future of Kazakhstan'S STEM
education looks particularly inspiring. The emerging national STEM network promises
to cover all regions of the country, providing equal opportunities for talented young
people. The development of digital platforms and the introduction of artificial
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intelligence into the educational process opens up new horizons for personalized
learning. Increasingly close interaction with the real sector of the economy makes
education an effective tool for technological modernization. (Qtirman N.J., Abisirip A.
, 2014) The real fruits of this work are already visible — there are more and more
winners of international Olympiads, successful student startups, and in-demand
engineering personnel. But the most important achievement is the formation of a new
type of thinking among the younger generation, combining scientific curiosity and
business courage. It is human capital that will serve as the basis for the implementation
of the ambitious goal of bringing Kazakhstan to the ranks of technological leaders in
the region.

However, the development of STEM in Kazakhstan faces a number of systemic
challenges. The problem of training and retraining of pedagogical personnel remains
acute — many teachers face difficulties when working with new technologies and
methods. There is a significant gap between urban and rural schools in access to
modern equipment and qualified specialists. The traditional focus on theoretical
knowledge sometimes contradicts the practice-oriented STEM approach. In
Kazakhstan, special attention is paid to gender balance in technical education. Special
programs are being implemented to attract girls to STEM specialties, such as "girls in
technical Kazakhstan™ and "IT Girls". These initiatives are showing positive results-
more and more girls are choosing engineering and it specialties when entering
universities. The prospects for the development of STEM education in Kazakhstan are
associated with the further integration of digital technologies into the educational
process, the expansion of the network of STEM centers and the strengthening of ties
between education and the real sector of the economy. Along with technical skills, the
development of critical thinking and creativity of students will be an important
direction.

With the successful implementation of these measures, Kazakhstan has every
opportunity to create a competitive system of scientific and technical education that
meets the tasks of the Fourth Industrial Revolution.

The current state of STEM-oriented work in Kazakhstan and the role of school
teachers

Today, STEM-oriented work is actively developing in schools in Kazakhstan.
Nazarbayev Intellectual Schools, bilim-innovation lyceums and a number of regional
schools for gifted children are at the forefront of the implementation of the STEM
education system. Robotics, engineering design, programming through the Arduino
platform, research projects and experimental work are actively carried out in these
schools. However, it is an urgent task to extend this practice to all general education
schools in the country, and not to limit it to selective schools. To integrate STEM-
educational tasks into the regular school curriculum, mathematics teachers need to have
a high level of training. They must be armed with the knowledge and skills necessary
to participate in STEM Olympiads and project competitions.

The role of teachers is reflected — not just as taskers, but as guides, consultants
and inspirers.
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They need to support the initiative of the student and encourage him to conduct
independent research. Currently, students of Kazakhstan are making great strides in
international STEM-oriented competitions. Young people of Kazakhstan take prizes in
robotics, competitions of scientific projects, international hackathons and Olympiads.
These achievements prove that there are great prospects for STEM-oriented work in
our country.

In general, the integration of updated educational content and STEM approaches
Is an effective way to form a student as a comprehensively developed person who can
apply his knowledge in life. The use of STEM methods in mathematics lessons not
only increases the functional literacy of students, but also contributes to their
development in the research direction. Each teacher should be ready to apply STEM-
educational approaches in the classroom and it is important that they are familiar with
the tasks in this area. For this purpose, a series of specific STEM tasks for grades 10-
11 will be presented in the next section.

We believe that not only students of Nazarbayev Intellectual Schools or bilim-
innovation schools, but also all schoolchildren in the country should be familiar with
the tasks of the Olympiad in these areas, in particular, teachers of mathematics in
secondary schools. Therefore, below we present tasks in this direction
Task 1. Methods and solutions for saving water:

Development of effective recommendations to reduce drinking water
consumption in the city:

1. Training of the population (in domestic conditions), legal entities, budgetary
organizations in the economical use of water.

2. Propose ways to prevent illegal water intake and improper operation of
equipment.

3. Updating the methods of collecting, cleaning, reuse of rain, flood and
groundwater.

4. Consideration of solutions for the effective use of process water.

Task 2. Housing and communal services system:

1. Development of trusting relations between Apartment Owners, service
organizations, utilities and local authorities.

2. The system collects data that monitors the state of Housing and communal
facilities (technical inspection, inventory, repair work) and provides reliable
information.

Task 3. Water saving and installation of water meters:

1. Encouraging city residents to save water.

2. Promotion on the installation of water meters with a radio module.

3. Motivation of subscribers to pay off debt on water bills.

Task 4. Separate collection of solid waste:

1. Encouraging residents of apartment buildings to divide waste into fractions
(plastic, paper, glass, metal).

2. These measures are carried out on the basis of the instructions of the Bl Group.
Task 5. Promotion of solid waste (separate solid waste collection) :
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Development of effective ways to involve the population in separate waste
collection.

1. visual aids for the elderly.

2. use of social networks and applications for young people.

Task 6. business model/social project:

1. rational use of plastic bottle waste in the city.

2. purification, storage and replenishment of Water Resources.

3. development of a social project for landscaping and improvement of the city.
Project budget: up to 1 million tenge.

Task 7."Kazakhstan Temir Zholy":

1. development of an algorithm that predicts the filling of passenger cars using
machine learning and predictive analytics methods.

2. main indicator: the number of purchased tickets.

Task 8. "Eco-Housing and communal services™

1. development of a mobile application in Kazakh/Russian for interaction
between the population and housing cooperatives (on the example of Nur-Sultan)

2. creation of a 3D model of a "smart waste bin" for separate waste collection,
taking into account Kazakhstan solid waste standards

3. Calculate the optimal waste disposal scheme for a microdistrict with typical
buildings (9-16 floors)

Task 9. "Green Car"

1. design a solar panel system for electric trains™ Tulpar", taking into account the
climate of different regions of Kazakhstan

2. development of a machine learning algorithm for predicting passenger traffic
on the Route Almaty-Shymkent

3. develop the concept of "smart stop” for rural settlements with autonomous
power supply
Add. items: using the data of "Kazakhstan Temir Zholy" for 2022-2023*

Task 10."Eco-Village"

1. development of a STEM project to save water for livestock farms (using
Aktobe region as an example)

2. development of a mathematical model of optimal irrigation for a school site
in drought conditions

3. provision of an engineering solution for recycling plastic waste in rural areas
(budget up to 500 thousand tenge)

These tasks are Olympiad tasks for the STEM education system. By solving
these tasks, students can offer their own system solutions to the proposed problems.
We will not give specific solutions to these tasks, because their main goal is to make
students think and direct them to develop their own solutions. At the next stage, we
will publish and discuss specific solutions to problems for the STEM education system.
(Onuesen, 2023)

Report 1. (ecology)

The city has seen an increase in the level of atmospheric pollution under the
exponential law. 3 years after the start of control, the concentration of pollutants is
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200 unites/m3, and after 6 years — 500 unites/m3,. Find the exponential growth
coefficient of pollution.
Solution: according to the law of exponential growth, the concentration of
pollutants in time is determined by the following formula:
C(t) =C,-ekt
here:
Concentration at time C(t)—t,
Co-initial concentration (initial time concentration),
k-growth factor,
t-Time.
We are given two points:
After 3 years, the concentration is C(3)=200,
After 6 years, the concentration is C(6)=500.
Let's first determine the initial concentration C, and the growth factor k using
the concentration after 3 years.
Assuming the initial time t=0, the initial concentration is C, and follows
the law of exponential growth over time:

C(3) =C,-e3 =200
We use the second point:

C(6) = Cy-e® =500
Now, to find k from these two equations, we divide the first equation into the
second equation and delete C,:

C(6) Co-e® 500
C(3) C,-e3t 200

Let's solve this equation:

500 In(2.5)
200 .e —»25=e"*>1n25) =3k -k 3
By calculating, we find k:
In(2.5
k= (25) ~ 0.3054

Therefore, the exponential growth factor for pollution is k=0.3054.
Answer: k=~0.3054

Report 2. (astronomy)

The Observer stands on the ground and looks at the Star, which is 20° above the
horizon. After a while, the star rose to an angle of 50°. What was the Observer's
distance from the Earth's surface if the Earth's radius was 6371 km?

Solution: in this calculation, it is necessary to find the Observer's distance from
the Earth's surface using the angles of Rise of the star above the horizon and the radius
of the Earth.
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Calculation basis:

We know that the star is located at an altitude of 20° and 50° above the horizon.
To find the Observer's distance from the Earth's surface, we use the change between
the two angles, as well as the radius of the Earth.

Scheme:

The location of the Observer, the center of the Earth and the star can be located
in one vertical line. The relationship between the Observer's distance from the Earth's
surface and the angle at which the star rises above the horizon is determined by
trigonometric functions.

Trigonometric relation:

The radius of the Earth is R=6371.

Let's denote the Observer's distance from the Earth's surface as D. If the angle at
which the star rises above the horizon is 20°, the height at which the star is located
from the level of the Observer's eye will be h_1. And at an angle of 50°, it will be height
h_2. Using the tangent of right triangles, we can calculate the difference between the
first height and the second height:

h
tan(0) = Pl
here 0 is the angle, h is the height, d is the distance from the Earth's surface.

To find the distance:
In the first case (20°):

tan 20" = %
In the second case (50°):
tan50° = %
You can then solve these two equations and find the distance. Make a calculation

h, —h; = 6371kM - (tan 50" —tan 20") =~ 6371kM - 0.8278 ~ 5272 kM
Thus, the distance of the observer from the Earth's surface will be d=5272 km.
Answer: d=5272 km
Report 3. (economy)
The profit function of a company is P (x), where X is the number of units of
goods sold as follows:

P(x) = 100x — 0.5x>

Find the amount of goods sold so that the profit is maximum.

Solution: the profit function of the company is given P(x) = 100x — 0.5x2. To
find the amount of goods sold so that the profit is maximum, we take the derivative of
the profit function and equate it to zero.

Finding the derivative of the profit function:
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d
P'(x) = a(lOOx —0.5x2) =100 — x

Zero the derivative:
100 —x =0 - x =100
Checking that the maximum is through the second derivative:
If the second derivative is negative, it means that it is the maximum.

d
P'"(x) = E(lOO —x)=-1

Since the second derivative is negative, the value x=100 is really the maximum
number that can be generated.
So, the amount of goods sold should be 100 units.
Answer: 100 units
Problem 4. (physics)
The mass of a radioactive substance, according to the law, decreases over time
as follows:

m(t) = mye™**

where my = 100u is the initial mass of the substance, and after 5 years, find the
coefficient k if the mass is 80 g.
Solution. Given function:

m(t) = mye™**

where my = 100u - G is the initial mass, and after 5 years there is a mass of m(5) =
80 g.
After 5 years, we write down the value of the mass:

m(5) = mye >k
We put the given values in place:

80 = 100e~5k
We solve the equation:
80

o _ -5k _ ,—5k
100 e —-08=c¢

We use the logarithm:

In(0.8) = —5k -» —0.2231 = -5k
we find k:

0.2231
k = = 0.04462

So, k=0.0446.
Answer: k=0.0446.
Report 5. (biology)
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The population of the two animal species A and B is given as the following
equation,
A = 100e%, B = 200¢%05¢
Where t is the time in years. After how many years will the two types of population be
equal?
Solution. The given equations are:
A =100e%t, B = 200905
We set the condition that two populations are equal: 100e%1t = 200e°-95t1.
1. Simplify equation: e®1t = 2¢09-05¢
2. We divide e%%>¢- on both sides:

p0-1t
_ 0.1t-0.05t _ 0.05t _
eO.OSt_Z_)e =2-e =2
3. We use the logarithm: 0.05 t=In(2)—0.05 t=0.6931
4. We find t:
_0.6931 13.862
~ 005 7

So, the double population will be equal after 13.86 years.
Answer: 13.86 years
Report 6. (construction)
Engineers designed a structure with a distance of two columns, which is
described by the equation:

|I2x — 10| =6
Find the possible column positions.
Solution. The given equation:
|I2x — 10| =6
Given the property of the absolute value, this equation can be considered in two cases:
1. 2x—10=6
2. 2x—10=6

|nthelstcase:2x—10:6—>2x=6+10=16—>x=§=8

Inthe 2nd case: *2x — 10 =—6 5 2x = —-6+10=4 5> x = = = 2

2
So, the possible column positions are x=8 and x=2.
Answer: x=8 and x=2

Report 7.

Engineers monitor the change in the angle of inclination of the wall in the
construction project, when arranging the wall of a multi-storey building. Since the
slope of the wall changes over time, they try to mathematically model its change.

The function describing the change in the slope of the wall is as follows :

f(x) = 4x3 — 15x% + 10x + 3
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Where x represents the time value (hours), and f(x) represents the angle of
inclination of the wall (in degrees). Find the rate of change (derivative) of the angle of
inclination of the wall, determine how much the speed of change of the slope will be
at the moment of time if x=2.

Solution:

1. Finding the derivative of a function: we differentiate each term individually to
find the derivative of a function:
f(x) = 4x3 — 15x% + 10x + 3
2. To calculate the derivative, we find the derivative of each term:

fl(x) = :—x(4x3) — :—x(15x2) + dd—x(IOx) + ;—x(B)

f'(x) =12x% — 30x + 10
3. Finding the derivative for the value x=2: now set the value x=2 to the derivative
and find the rate of change in the angle of inclination of the wall:

f'(2) =12(2)2 -30(2) + 10
f'(2) =48—-60+ 10 = -2

Therefore, the rate of change in the angle of inclination of the wall at the moment
of time x=2 is -2 degrees/hour.

Answer: -2 degrees / hour

During the study of the received topic, we came to the following conclusions:

Although much can be said about the benefits of STEM education, STEM
concepts primarily help children develop new ways of thinking by encouraging
curiosity and analysis. Forming these at an early age (from infancy to the third grade),
when young minds are more flexible, builds thinking skills throughout life. Whether
it's through higher education or professional development, STEM is essential to
optimize their educational trajectory throughout their lives.The student's learning
capacity is highest at a young age, the pillar of the basics leading them to qualification
in their field of study. STEM Innovation Olympiads are aimed at educating young
people, as they compete not only with school-level classmates, but also with students
of their age at the international level.Accepting global challenges at a young age
ensures that the child wins in all areas of his academic and career path.

Stem tasks in textbooks in kazakhstan

In the modern education system, the role of subjects of the natural and
mathematical direction has increased, and new approaches to their teaching have
become widely used. In particular, education based on STEM (science, technology,
engineering and mathematics) allows students to deeply understand the subject, apply
the knowledge gained in real life, and develop creative thinking skills. This approach,
combined with theory and practice, involves the formation of students ' research skills
and adaptation to solving practical problems.

The use of STEM-oriented tasks in the discipline algebra and analysis initiatives
contributes to the improvement of students ' skills in mathematical modeling and
analysis, connecting abstract concepts with real-life examples. Methods such as
engineering problems, description of technological processes, data analysis and their
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graphical representation help to comprehensively master the content of the discipline.
Such tasks not only develop logical thinking of students, but also affect their future
choice of profession and increase their competitiveness in the labor market.

Textbooks for teaching algebra and analysis initiatives, widely used in
Kazakhstan, are closely related to the STEM education system. In these textbooks,
mathematical laws are explained not only through traditional problems, but also
through engineering, technological and applied tasks. For example, in the topics of
algebra and analysis, practical problems such as data analysis, solving complex
equations, modeling economic and physical processes are often found. Such tasks
increase students ' interest in the subject and allow them to apply the knowledge gained
in their future professional activities.

Now we will analyze the structure of STEM-based problems in textbooks used
in Kazakhstan and consider how to solve them.

Problem 1. The probability that the sun will be clear P(A) = 0,75. Find the
probability that the sun will be cloudy. (Abilkassymova, n.d.)

Book: Algebra and analysis initiatives 10th grade, Abylkasymova A. E.,
Zhumagulova Z. A.

Field: Geography, mathematics

Solution: The probability of the sun being clear is P(A) = 0,75. the probability
of the sun being cloudy is the opposite event of this situation:

P(cloudy) =1-0,75 = 0,25
Answer: 0.25
Problem 2. The common insect infusoria reproduces by dividing in two. If, after
four DiVision, their number is 96, then how many infusoria were there at first.
Book: algebra and analysis initiatives 10th grade, Abylkasymova A. E.,
Zhumagulova Z. A.
Field: biology, mathematics
Solution: the infusoria are doubled with each separation. Since there are 96 of
them aftervdividing four times, we count back to find the original number.
After the fourth division: 96 infusoria.
After the third division: 96+2=48 infusoria.
After the second division: 48+2=24 infusoria.
After the first division: 24+2=12 infusoria.
So, at first there were 12 infusoria.
Answer: 12 infusoria
Problem 3. The path traveled by a moving body is given by the formula s(t) =
t2 + 2. Find the instantaneous speed and acceleration of this body at the moment t =
5c.
Book: Algebra and analysis initiatives 10th grade, Abylkasymova A. E.,
Zhumagulova Z. A.
Field: Physics, mathematics
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Solution: The instantaneous velocity is equal to the derivative of the function s(t) =
t2 + 2 at the value of the argument t=5: v(t) = s'(¢t) = 2t,v(5) =25 =10. To
calculate acceleration, we take the derivative from the instantaneous velocity, then
a(t) =v'(t) = (2t) =2,a(5) =2

Answer: 10m/c; 2m/c?2
Problem 4. Two alloys of copper and tin are given. The first contains 40%
copper, the second 68% tin. When addng these alloys, what should be the mass of each
alloy in order to produce 8 kg of alloy containing 35% copper?
Book: Algebra and analysis initiatives 10th grade, Abylkasymova A. E.,
Zhumagulova Z. A.
Field: Chemistry, mathematics
Solution: Let's say the mass of the first alloy is x kg, and the mass of the second
alloy is y kg. Then:
1. By total mass:
x+y=28
2. By the amount of copper:

0.40x + 0.32y = 0.35 x 8
Now let's deal with this system.
1. From the first equation, y = 8 — x.
2. We put y in the second equation:
0.40x + 0.32(8 —x) = 2.8
0.40x + 2.56 — 0.32x = 2
0.08x = 0.24
x=3
Now we find y:

y=8—-3=5
Answer: the mass of the first alloy should be 3 kg, and the mass of the second
alloy should be 5 kg.
Problem 5. A mixture with a mass of 18 kg consists of two substances. Find the
amount of the two substances in the mixture after taking 40% from the first substance
and 25% from the second.
Book: Algebra and analysis initiatives 10th grade, Abylkasymova A. E.,
Zhumagulova Z. A.
Field: Ahemistry, mathematics
Let X kg be in the first item and (18-x) kg in the second item. In the mixture,
60% of the first substance remained, and 75% of the second.
0,6x = 0,75 - (18 — x)
x =10
18—x=18—-10=38
Answer: 10 kg; 8 kg.
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Report 6. The Child's body needs 1100 mg of calcium per day. To prepare 1 kg
of cheese, you need 10 L of milk. 90 g of cheese provides the human body with the
calcium it needs, and it needs 3 L of milk.

1. How much calcium does a child need in a week, in a month?
2. How much milk does it take to make 5 kg, 10 kg of cheese?
3. Ifachild eats cheese four days a week, then how many cheeses does he need in

a month?
Book: Algebra and analysis initiatives 10th grade, Abylkasymova A. E.,

Zhumagulova Z. A.
Field: Aiology, mathematics

Solution:
1. The child's body needs 1100 mg of calcium per day:

In a Week (7 days):

1100 Mmr X 7 = 7700Mr
In a month (about 30 days):

1100 mr x 30 = 33000Mr
Answer: you need 7,700 mg of calcium in a week and 33,000 mg in a month.
2. As indicated in the question, it takes 3 liters of milk to make 90 g of cheese.
Using this proportion:
Amount of milk required for 1 kg of earrings:

3
30 X 1000 = 33.33
The amount of milk needed to make 5 kg of cheese:

33.33 x5 = 166.65
The amount of milk needed to make 10 kg of cheese:

33.33 x 10 = 333.3
Answer: for 5 kg of cheese, you need 166.65 liters of milk, and for 10 kg of
cheese, you need 333.3 liters of milk.
3. 90 g of cheese provides the daily calcium requirement (1100 mg). If the child
eats cheese 4 days a week, the required amount of cheese in a week:
90r X 4 = 360r
The amount of cheese needed in a month (about 4 weeks:
360T X 4 = 1440
Answer: a child needs 1.44 kg of cheese in a month.
Despite the fact that the development of the STEM education system in
Kazakhstan has gained momentum, the full implementation of STEM approaches in
the discipline of algebra and analysis initiatives still raises several persistent problems.
While there is growing awareness of the importance of interdisciplinary learning,
actual classroom practices remain largely confined to traditional teaching models.
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Algebra and analysis, in particular, are still taught predominantly through abstract
mathematical concepts, with limited opportunities for students to engage with real-
world applications or interdisciplinary tasks. This disconnect presents a significant
barrier to the effective integration of STEM methodologies into secondary mathematics
education.

Currently, a critical issue lies in the lack of mutual integration between
mathematics and other disciplines such as physics, computer science, and engineering.
Tasks and examples presented in algebra and analysis curricula are often detached from
practical realities and do not reflect the complex, multifaceted nature of real-world
problem-solving. As a result, students are trained to manipulate formulas and follow
procedural steps without a deep understanding of why these operations matter in a
broader scientific or technological context.

Furthermore, the limited availability of practice-oriented STEM tasks in algebra
and analysis hampers the development of essential 21st-century competencies. These
include not only creative and critical thinking but also problem-solving, collaboration,
and research skills. The STEM education system, by its very definition, aims to
cultivate such competencies by engaging students in inquiry-based, hands-on learning
experiences that mirror the processes used by professionals in STEM fields. However,
when the content is overly theoretical and lacks contextual richness, the potential of
the STEM framework remains underutilized.

Although many innovations in the STEM direction are being introduced into the
Kazakhstani education system, including robotics competitions, STEM clubs, and
elective courses, these initiatives often exist outside the core curriculum and have
limited influence on how fundamental subjects like mathematics are taught. In the
context of algebra and analysis initiatives, the tasks currently offered still rely heavily
on traditional problem sets, emphasizing algorithmic precision over applied reasoning.
The scope of tasks linked to real-life scenarios—such as data interpretation,
optimization in economic contexts, or mathematical modeling in environmental
systems—is narrow and underdeveloped.

This situation creates significant obstacles in nurturing students’ intellectual
curiosity and ability to transfer mathematical knowledge into other domains. Without
meaningful and frequent exposure to applied mathematics problems, students may
struggle to see the relevance of what they are learning, leading to decreased motivation
and engagement. Moreover, the lack of practical application undermines students’
preparedness for future STEM-related professions, where interdisciplinary thinking
and adaptability are key.

To address these issues, it is necessary to fully integrate the STEM method into
the subject of algebra and analysis by designing learning experiences that connect
mathematical theory with real-world practice. This involves the systematic
development and inclusion of interdisciplinary tasks that reflect authentic engineering,
scientific, and technological challenges. For instance, students could analyze
population growth using exponential functions, apply derivatives to optimize design in
architecture or economics, or use functions to model physical phenomena in physics or
biology.
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Only through the intentional and comprehensive use of the capabilities of the
STEM education system can the quality of mathematical instruction be improved. This
approach will not only foster academic achievement but also support the development
of functional skills essential for students' future academic and professional success. By
embedding real-life relevance and inquiry-based practices into the core of mathematics
education, Kazakhstan can build a generation of learners equipped to thrive in the
dynamic, technology-driven world of the 21st century.
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2. METHODOLOGY

Possibilities of using STEM approaches in the program of grades 10-11 in
mathematics

The updated content of education is a modern approach aimed at students '
deeper study of the subject, applying the acquired knowledge in real life, mastering the
skills of the XXI century. The introduction of STEM educational technologies in this
direction will allow combining students ' theoretical knowledge with practical skills in
teaching mathematics. STEM approaches are of particular importance, especially in
the program of grades 10-11, because at this stage the professional orientation and life
principles of students begin to form.

Using the STEM approach in grades 10-11:

e it becomes possible to apply mathematical laws and formulas in real life
situations (for example, engineering calculations, economic modeling,
calculation of the strength of building structures, etc.);

e students ' mathematical knowledge is consolidated in the process of creating a
project, building a model, solving practical problems;

e mathematics is integrated with physics, computer science, biology, geography,
and interdisciplinary communication is carried out;

e students ' interest in the subject increases and motivation increases;

e develops functional literacy, logical and critical thinking skills.

For example, the use of simple online tools for 3D modeling in teaching the topic
of coordinate geometry allows students to visually see the mathematical characteristics
of objects in space. Or, when teaching the topic of derivation, design tasks for
calculating the actual speed and acceleration can be formed by studying the trajectory
of movement of the car.

The influence of STEM approaches on the development of functional literacy
and research skills of students in grades 10-11

STEM-educational approaches form not only subject knowledge of students, but
also such important skills as their life skills: processing information, analyzing,
summarizing, drawing conclusions, conducting experiments, building models,
justifying their thoughts. In the case of systematic work in these areas, students are
formed as a person who can independently make decisions, apply their knowledge in
solving specific tasks.

Using STEM techniques in mathematics lessons:

e students get used to building a mathematical model for a specific problem;

¢ the ability to think analytically and draw logical conclusions increases;

e skills of working with information, thinking and argumentation in mathematical
language are formed,

e can think creatively and offer different solution options.

To develop research skills, students are offered activities such as writing a
research project, proposing hypotheses, conducting experiments, and collecting and
analyzing data. Within the framework of the discipline of mathematics, this is done
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through statistical research, the construction of diagrams and graphs, the connection of
probability problems with life situations.

The STEM education system has become an integral part of the modern
educational process, allowing students to combine their subject knowledge with
practical skills. Especially in mathematics lessons, the use of STEM methods
strengthens students ' theoretical knowledge and teaches them to apply it in real life
situations. However, for the successful implementation of STEM methods, it is
necessary to comply with certain pedagogical conditions and adapt future mathematics
teachers to this system.

Pedagogical conditions in the use of STEM methods are divided into several
main areas. First of all, it is important to ensure integration between subjects in the
organization of the educational process. In this case, mathematics is considered not
only as a discipline that solves problems, but as the main tool for solving scientific and
technical problems. For example, the study of geometric shapes through engineering
modeling or the creation of economic forecasts through the analysis of statistical data
are manifestations of STEM approaches.

Secondly, it is necessary to use research and project methods to increase the
cognitive activity of students. Research work encourages students to independently
search, propose hypotheses and test them. With this approach, students independently
make decisions and develop creative thinking. And since Project-Based Learning is
aimed at solving a specific problem, students have the opportunity to apply their
knowledge in practice. In this regard, teachers have the task of correctly directing
students ' research work and encouraging them to achieve results.

Thirdly, for the effective implementation of STEM methods, it is necessary to
equip the learning environment with technological tools. Technological resources such
as interactive whiteboards, computer simulations, 3D printers, robotic devices allow
you to visually explain mathematical concepts. The use of such tools increases students
" interest in the subject and helps them develop logical thinking. The National Science
Teaching Association (NSTA) has noted that STEM has evolved over the past decades
from a clustering of four disciplines into a cohesive knowledge base and skill set
essential for the 21st-century workforce. STEM is broadly defined as an acronym
encompassing science, technology, engineering, and mathematics, which may be
taught either through traditional discipline-specific methods or in a multidisciplinary,
integrative manner. STEM education is viewed as foundational to economic growth
and the development of a competent science and engineering workforce. It provides
opportunities for students to become problem solvers, innovators, and logical thinkers.
STEM may be approached as a single or multidisciplinary field designed to support
systematic learning in relevant disciplines. The creation of STEM education originally
aimed to cultivate a STEM-literate society, offering all students opportunities to apply
knowledge and skills to solve real-life problems. Its central goal is to prepare students
for further education and future careers, with efforts to expand access and increase
diversity in STEM fields. Historically, the STEM sector has lacked diversity, with
underrepresentation of women and minorities. Legislative measures in the United
States have been implemented to address inequalities in education. Key policies such
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as the Elementary and Secondary Education Act (1965), the No Child Left Behind Act
(2002), and the Every Student Succeeds Act (2015) aimed to promote educational
equity. Additionally, initiatives such as the INSPIRE Women Act support mentorship
and outreach for women in STEM.

Despite these efforts, disparities persist. Women remain underrepresented in
engineering and computer science, although they now earn a significant share of
degrees in health and social sciences. Gender gaps remain evident in STEM majors and
workforce participation. Studies highlight the influence of early educational
experiences, societal expectations, and systemic biases on female and minority
students’ participation in STEM. Barriers encountered by Black American girls include
lower expectations from teachers, limited access to advanced coursework, and fewer
mentorship opportunities. Nonetheless, support from educators and families has been
shown to positively influence students’ interest and persistence in STEM. The
development of supportive academic environments and early exposure to STEM
activities can increase motivation and engagement.

STEM learning experiences outside of the classroom, such as informal programs
and outreach initiatives, play a critical role in enhancing student interest and
broadening career aspirations. Social and instructional factors, including teacher-
student relationships and parental support, are significant contributors to student
success in STEM. Research also shows that motivation, attitudes, and academic
preparation—especially in mathematics—are key predictors of student achievement
and persistence in STEM fields. Programs that foster early engagement and provide
exposure to real-world applications help bridge gaps and inspire continued interest in
science and technology careers. Overall, advancing STEM education requires
comprehensive strategies that include inclusive teaching practices, access to resources,
and sustained mentorship. These approaches are essential for cultivating a diverse,
skilled, and future-ready STEM workforce. The adaptation of future mathematics
teachers to the use of STEM methods takes place in several stages. At the initial stage,
future teachers are introduced to the theoretical foundations and methodological
features of the STEM education system. At this stage, students master the structure of
STEM teaching methods and the basic principles of their application in mathematics
lessons. At the next stage, special trainings and seminars are held in order to form
students ' practical skills. In these trainings, future teachers master the techniques of
engineering modeling, programming and solving experimental problems. In addition,
students create STEM projects during their studies and test them in school practice.
This allows them to improve their pedagogical skills and gain experience in using
STEM methods in specific learning conditions. At the same time, the definition of
psychological and pedagogical conditions and ways to implement them play an
important role in increasing the effectiveness of STEM methods. The adaptation of
students to the STEM education system depends on their motivation, interest in the
educational process and the level of their own development. Therefore, teachers need
to differentiate teaching approaches, taking into account the individual characteristics
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of each student. From a psychological point of view, it is important to give students
creative freedom to implement STEM methods. They should be given the opportunity
to develop their own projects, make mistakes, and learn from those mistakes. This
increases their confidence and opens the way for them to boldly come up with new
ideas. From the point of view of pedagogical conditions, emphasis should be placed on
the organization of cooperation and group work in STEM lessons. Because STEM
projects are often interdisciplinary, students develop skills to communicate with each
other, exchange ideas, and defend their ideas. In addition, it is important to effectively
organize the feedback system. It is necessary to give students the opportunity to analyze
their achievements, correct their shortcomings and understand in what direction they
need to develop in the future.

The use of the STEM education system in mathematics lessons increases the
cognitive activity of students and adapts them to research activities. However, for the
successful implementation of this system, it is necessary to comply with certain
pedagogical conditions and comprehensively train future teachers. Teachers who
master STEM methods not only provide theoretical knowledge, but also create
opportunities for students to develop logical and creative thinking. Therefore, the
introduction of STEM methods should be carried out comprehensively and
systematically.

For the successful implementation of the STEM education system, mathematics
teachers need to comprehensively master these methods and be able to effectively use
them in the classroom. Mastering STEM approaches will give future teachers the
ability to understand interdisciplinary connections and apply research, engineering
modeling, technological tools, and mathematical modeling methods in practice.
Comprehensive pedagogical training is necessary to adapt teachers to the use of STEM
methods.

Several main stages of adaptation of future teachers to STEM methods can be
distinguished:

1. Mathematical modeling — the creation of mathematical models describing real
phenomena and their analysis. For example, the study of functions
characterizing the trajectory of movement, the use of interest rates in financial
calculations.

2. Data analysis and statistics — students analyze various data sets, identify trends,
visualize data. It is recommended to use tools such as Python, Excel or
Geogebra.

3. Programming and algorithms — writing algorithms for solving mathematical
problems. For example, programming methods for finding roots (Newton's
method) or integral calculus.

4. Engineering problems-solving applied problems related to mechanics, physics,
engineering. For example, the analysis of the strength of a bridge structure
through mathematical calculations.

5. Geometric visualization and 3D modeling — the study of mathematical
characteristics of three-dimensional objects and the creation of 3D models.
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For the organization of practical work, students are divided into groups, and each
group is assigned a research task. They must develop their projects and justify their
decisions. The teacher will guide and help you analyze the results.

2.1 Theoretical and Pedagogical Framework

This study is situated within a robust theoretical framework that emphasizes the
contextual, interactive, and constructive nature of learning. Two major learning
theories—Situated Learning Theory (Lave & Wenger, 1991) and Constructivist
Learning Theory (Piaget, 1970; Vygotsky, 1978)—form the pedagogical foundation
for the design and implementation of this STEM-based intervention in mathematics.
These theories not only support the use of the 5E instructional model, Project-Based
Learning (PBL), and the Engineering Design Process (EDP), but also guide the
integration of real-world problem solving into the algebra curriculum.

Situated Learning Theory posits that learning is most effective when embedded
in authentic, purposeful contexts. According to (Lave, J; Wenger, E, 1991), knowledge
Is socially constructed through participation in real-life situations, rather than passively
received in artificial or abstract environments. Learners develop understanding through
a process called legitimate peripheral participation, where they begin by observing or
assisting in a task and gradually become more involved and competent members of the
learning community.

In the context of mathematics education, this theory implies that students are
more likely to understand and retain mathematical concepts when they are taught
within meaningful, practical frameworks. For example, students studying derivatives
not only need to understand the symbolic notation and rules (e.g., the power rule, chain
rule), but also how these are applied in real-life contexts, such as analyzing the rate of
change of population, acceleration in physics, or marginal profit in economics.

Within this study, students were asked to investigate authentic mathematical
problems, such as:

e Analyzing the rate of change in mobile phone plans to determine cost-
effectiveness;

e Optimizing product pricing using maximum/minimum analysis (derivative
applications);

e Modeling real-world motion scenarios using position, velocity, and acceleration
functions.

These examples show how algebra is situated within contexts that reflect
students’ daily experiences and future professional needs, aligning closely with the
central tenets of Situated Learning Theory.

Moreover, in STEM education, situated tasks are essential to bridge theory and
practice. The integration of engineering tasks (e.g., designing a ramp with optimal
incline based on derivative constraints) allowed students to see mathematical functions
as dynamic tools rather than abstract formulas. These contexts promoted collaboration,
critical thinking, and real-time feedback, further emphasizing the social and contextual
aspects of learning.
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Kazakhstani scholars have also emphasized the importance of authentic learning.
For instance, argue that situating mathematical content in real-world tasks enhances
students’ interest and promotes functional literacy, particularly in the context of STEM
education.

Constructivism posits that learners actively build their own understanding
through experiences, interactions, and reflection. (Piaget, 1970) emphasized internal
cognitive development, describing learning as a process of assimilation and
accommodation. (Vygotsky, 1978) added a crucial social dimension, introducing the
Zone of Proximal Development (ZPD) and the role of scaffolding, where learners
advance through guided interactions with more knowledgeable others.

Constructivist classrooms are characterized by inquiry, problem-solving,
dialogue, and reflection—components that are central to modern mathematics
teaching, especially within a STEM framework. In this study, the three instructional
models—5E, PBL, and EDP—serve as practical enactments of constructivist
principles.(Inngataesa & JKaiimakOaesa, 2024)

¢ In the 5E Model, students begin by engaging with a question or phenomenon,
then explore it through hands-on activities before moving to the explanation
phase. For example, students might be given a graph of a function and asked to
determine where its rate of change is greatest, prompting them to explore the
concept of derivatives intuitively before receiving formal instruction.

e In PBL, students tackle complex, open-ended problems over multiple weeks.
One project in this study required students to design a transportation plan
minimizing fuel consumption using calculus-based reasoning. This gave them
full ownership of the learning process and connected algebraic analysis to
environmental and economic outcomes. (Omar, A., Taib, N.F., Basri I.S. , 2012)

¢ In the Engineering Design Process, students engaged in iterative planning and

testing. One group used mathematical modeling to optimize materials for a

school greenhouse project, calculating surface area, light exposure, and thermal

efficiency—all grounded in algebraic reasoning.

These approaches promote deeper engagement and encourage learners to
become active, autonomous thinkers. They do not merely memorize steps; they learn
to reason mathematically, make decisions, and evaluate multiple solutions.

These approaches promote deeper engagement and encourage learners to
become active, autonomous thinkers. They do not merely memorize steps; they learn
to reason mathematically, make decisions, and evaluate multiple solutions.

Contemporary educational models such as STEM (Science, Technology,
Engineering, Mathematics), STEAM (with the addition of Art), and PBL (Project-
Based Learning) align with the principles of EBP (Evidence-Based Practice). These
approaches, widely used in countries like the USA, emphasize practical, inquiry-driven
learning experiences. By considering students’ ZPD (Zone of Proximal Development),
educators can tailor instruction to support meaningful progress.

As a result, students not only acquire academic knowledge but also develop
critical thinking, collaboration, and real-world problem-solving skills — essential for
success in the 21st century.
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Table 2.1.1 Comparative Summary of the Two Theories

Aspect

Constructivism

Situated Learning

Nature of Knowledge

Actively constructed by
the individual

Constructed through
participation in social
and cultural contexts

Learning Process

Cognitive growth via
experience and reflection

Social participation and
interaction in authentic
activities

Teacher’s Role

Facilitator or guide within
the Zone of Proximal
Development (ZPD)

Member of the learning
community; guides from
the periphery to full
participation

Key Mechanism Assimilation and Legitimate  peripheral
accommodation of new participation
knowledge

Application in STEM Inquiry, exploration, Problem-based,
scaffolding, student collaborative, authentic
autonomy task integration

Together, these theories form a strong pedagogical foundation for the
experimental intervention. The STEM projects implemented in this study were not
designed as isolated lessons but as immersive, progressive, and socially interactive
experiences, consistent with both constructivist and situated perspectives. Students
explored real-world problems using mathematical tools, collaborated with peers, and
reflected on their processes—embodying the principles of deep, active learning.

Moreover, by drawing on authentic tasks and encouraging inquiry, the models
used in this research (5E, PBL, EDP) supported the development of not only
mathematical proficiency but also transferable competencies such as:

Independent learning;

Critical thinking;

Team collaboration;

Problem-solving and design thinking.

As such, the theoretical alignment between these learning theories and the
instructional models used in this study provides a robust rationale for the experimental
design and offers a strong justification for the anticipated outcomes.

2.2 Research Design and Rationale

This study utilized a quasi-experimental pre-test/post-test control group design
to examine the effects of STEM-integrated instructional models on students’
achievement and engagement in algebra. This design is well-suited for educational
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research in natural school settings where random assignment is not feasible, but where
comparable intact classroom groups can be used to evaluate the effect of an
intervention (Fraenkel & Wallen, 2009)

The strength of this design lies in its ability to compare changes in learning
outcomes within and between groups while controlling for several internal threats to
validity, such as maturation and testing effects. By collecting data at two points in time
(pre- and post-intervention), and using both descriptive and inferential statistics, this
design provides robust evidence about the effectiveness of innovative teaching
practices.

The study involved two naturally formed classroom groups from a public
secondary school in Kazakhstan:

e Experimental Group: Class 10G (n = 21) received the intervention—15 weeks
of algebra instruction designed using STEM pedagogical frameworks (5E, PBL,
EDP).

e Control Group: Class 10A (n = 22) followed the standard mathematics
curriculum as prescribed by the national education system, delivered through
teacher-led lectures, textbook exercises, and traditional assessments.

Both classes were taught by teachers with comparable qualifications and teaching
experience to reduce teacher-related bias. The school administration ensured that both
groups had equal access to resources (e.g., classroom time, textbooks), and lessons
were conducted in similar classroom settings.

A control group is essential in determining whether improvements in learning
result from the intervention itself or from other variables (e.g., time, familiarity with
content, or test-taking strategies). Without a control group, it would be difficult to rule
out alternative explanations for observed gains.

The use of a quasi-experimental structure acknowledges the ethical and practical
constraints of assigning students randomly, while still providing a comparative
baseline against which the effectiveness of the STEM-based instruction can be
assessed. ([Innmabaesa & JKatinakOaesa, 2024)

Nature of the Intervention: STEM Pedagogies

The experimental curriculum was structured into three five-week modules, each
grounded in a different active-learning framework:

1. 5E Model: Students engaged with real-world applications of derivatives,
explored patterns in graphs, explained concepts collaboratively, extended their
understanding through design challenges, and evaluated their own reasoning.

2. Project-Based Learning (PBL): Learners worked in teams to solve open-ended
problems such as “How can we optimize school transportation routes using
linear programming?” integrating algebra with civic planning.

3. Engineering Design Process (EDP): Students designed mathematical models to
solve real-life problems (e.g., maximizing profit, minimizing surface area,
predicting economic trends using algebraic functions).

This sequence was intended to build cognitive complexity over time—from
guided discovery (5E), to open-ended inquiry (PBL), to iterative innovation (EDP).

e In contrast, the control group continued with conventional instruction:
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Direct explanation of rules and formulas;

Drill-and-practice worksheets;

Procedural tests and quizzes.

Such instruction, while useful for procedural fluency, often lacks the conceptual

depth and motivation-building aspects that STEM pedagogies aim to develop.

To ensure that the instructional models were implemented with fidelity, all

lesson plans for the experimental group were pre-validated by an expert panel of
mathematics educators and STEM methodologists. Teachers were trained to apply the
respective model in each phase and were observed regularly for adherence to
methodology.

Teachers in the control group were instructed not to alter their standard practice,

and no additional materials or training were provided to them.

Data Collection Instruments

Both groups completed:

A pre-test assessing conceptual and procedural knowledge of algebra (functions,
derivatives, optimization);

A post-test using a different but equivalent form to reduce test-retest bias;

A STEM attitudes questionnaire adapted from validated instruments, assessing
motivation, confidence, and interest;

Teacher logs and lesson observations, used for triangulation of data.

The collected data were analyzed using Jamovi. Several statistical methods were
employed:

1.

ok wn

Descriptive Statistics: Mean, standard deviation, skewness, and kurtosis for pre-
and post-tests.

Paired-sample t-tests within each group to detect pre—post improvement.
Independent-sample t-tests between groups to compare post-test performance.
Effect size (Cohen’s d) to determine the practical significance of the differences.
Reliability analysis (Cronbach’s a) to check consistency of tests and scales.
(Optional advanced): ANCOVA, controlling for pre-test scores, may be used to
assess the treatment effect more precisely.

While randomization was not feasible, internal validity was strengthened

through:

Pre-test equivalence checks between groups;

Same content coverage;

Standardized instructions and testing conditions;

Same duration and schedule for both groups.

Nonetheless, certain limitations are acknowledged:

Classroom-level effects (e.g., group dynamics, teacher differences);

Hawthorne effect (students performing better because they are observed);
Non-random group assignment may introduce bias.

This design was selected to provide maximum educational realism while

preserving methodological rigor. By implementing STEM instructional models in the
experimental group and maintaining standard instruction in the control group, the study
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could determine not only if these methods work, but how and why they impact student
learning in algebra. The comparative design offers rich quantitative evidence to inform
broader curricular decisions in mathematics education.

2.3 Participants, Setting and Procedure

This study was conducted at “Qalam School” LLP (TOO “Qalam School”), a
private secondary school located in the Almaty Region of Kazakhstan. The institution
follows the national educational standards in mathematics and maintains a strong focus
on academic excellence and innovation in instruction. The learning environment is
equipped with standard teaching infrastructure, including whiteboards, projectors,
internet access, and designated group workspace. Lessons were conducted in Russian,
the primary language of instruction for both classes involved in the study.

A total of 43 students participated in this quasi-experimental study. Two parallel
classes of Grade 10 were selected: Class 10G (experimental group, n = 21) and Class
10A (control group, n = 22). The distribution by gender and academic background in
both groups was approximately equal. Pre-intervention data such as mathematics GPA,
national test scores, and attendance were analyzed to confirm baseline similarity
between the groups. Instruction in both classes was provided by experienced
mathematics teachers with comparable teaching loads and certifications, minimizing
teacher-related variability.

The experiment spanned 15 weeks, from September to mid-December 2024, and
was divided into three distinct instructional phases, each five weeks long. The
experimental group received instruction through three STEM-based pedagogical
models — 5E, Project-Based Learning (PBL), and Engineering Design Process (EDP)
— while the control group followed the standard curriculum using traditional direct
instruction.

Each phase focused on a separate algebraic unit, selected in accordance with the
Grade 10 curriculum and aligned with the strengths of the corresponding pedagogical
model. The primary aim was to explore how these models affected conceptual
understanding, problem-solving, and engagement.

To ensure clarity and replication, Table 1 presents the complete instructional
schedule and model alignment for the experimental group.

Both groups were taught by the same instructor to control for variability in

teaching style, and pre- and post-tests were administered to assess learning gains. The
tests were designed to measure not only procedural fluency but also deeper conceptual
understanding, in line with the learning objectives of each instructional phase.
In the first phase, the 5SE model (Engage, Explore, Explain, Elaborate, Evaluate) was
implemented to introduce foundational concepts of functions and their properties. The
second phase employed Project-Based Learning (PBL) to teach systems of equations,
where students worked collaboratively on real-life scenarios requiring mathematical
modeling and interpretation. In the third phase, the Engineering Design Process (EDP)
was used to address quadratic equations, guiding students through
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iterative problem-solving stages such as defining a problem, designing a
solution, testing, and refining their models.

Table 2.3.1 Weekly Implementation Plan for the Experimental Group (Class 10G)

Week Instructional Model Algebra Topic Key Activities &
Tasks
1 5E Introduction to Change Engage: real-world
and Rate speed/time problem;
discussion & video
analysis
2 5E Graphs and Slope Explore: slope on
dynamic graphs

(GeoGebra); tangent
lines investigation

3 SE Derivatives Basics Explain:  derivative
rules; procedural
fluency  exercises;
teacher-led
clarification

4 5E Optimization Elaborate: applying
derivatives to solve
max/min real
problems

5 5E Assessment and Reflection Evaluate: quiz;
student  reflective
journals; self-
assessment rubrics

6 PBL Problem  Selection & Group  formation;

Modeling Plan research  proposal;

problem scoping

7 PBL Data Gathering & Students collect data

Equation Design (e.0. surveys,
measurements);

create equations

8 PBL Modeling with Drafting models;

Quadratic/Linear Func. interpreting results;

preparing visuals

9 PBL Iteration and Peer Review Critical  feedback;
refinement;
connecting real data
to math models
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10 PBL Final Presentations Poster crfaatlon; peer
presentation; rubric-
based evaluation

11 EDP Engineeri_ng Challenge "D_esign a  storage

Introduction unit" task; constraint
identification

12 EDP Mathematical Planning Constru_cting
algebraic  models;
brainstorming
solution paths

13 EDP Model Creation and Students test

Simulation function behavior in
Excel/GeoGebra;
simulate scenarios

14 EDP Optimization and Testing Use of_mequalltl(_es to
determine  optimal
dimensions/solutions

15 EDP Final Review and Team F'.':ﬁlt prr]esentgtlons

Reporting with teacher and peer
assessment;

feedback cycle

Throughout the experiment, formative assessments, observation notes, and
student feedback were collected to complement the quantitative data and provide a
holistic view of the learning process. This multi-dimensional approach allowed for the
triangulation of findings and strengthened the reliability of the results.

Students in the experimental group received weekly homework assignments,
which included exploratory writing prompts (“Explain what a derivative tells us about
the shape of a graph”), small-scale investigations (“Find a real-world data set and
describe how you might model it”), and structured practice. Teachers provided written
and oral feedback. Peer assessment was used during project and design phases.

Each lesson was accompanied by observation rubrics for the teacher/researcher
to document:

Student engagement level
Team collaboration
Accuracy and creativity in modeling
Misconceptions or difficulties
Use of mathematical vocabulary
These logs were digitized and coded for qualitative analysis after the experiment.
Control Group Procedure (Class 10A)
The control group studied the same algebra topics within the same time frame
but followed a traditional direct instruction model. The structure included:
e Teacher-led lectures (chalk-and-talk)
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e Step-by-step explanation of procedures
e Textbook-based problem solving
e Periodic written tests

While the content coverage matched that of the experimental group, the
instructional methods lacked active learning, modeling, or problem-based engagement.

Both groups completed a pre-test in Week 0 and a post-test in Week 16. Tests
were parallel in structure but differed in item wording. Each test contained 20 items,
including:

e 10 multiple-choice questions
e 6 short-answer items
e 4 open-ended modeling problems

The tests were reviewed by a panel of mathematics educators for content
validity, and pilot-tested with a non-participating Grade 10 class to check

Participation was voluntary, and informed consent was obtained from both
students and their parents. Ethical approval was granted by the school’s administrative
and research ethics committee. Confidentiality was strictly maintained. Students were
assigned anonymized codes for data processing. The control group was provided access
to STEM activities and training resources after the experiment.

All test scores and questionnaire results were entered into Microsoft Excel and
checked for accuracy. The dataset included variables for group (experimental/control),
gender, test scores, and questionnaire responses. This dataset was later imported into
Jamovi software for analysis of:

1. Descriptive statistics

2. Dependent t-tests and Wilcoxon signed-rank test

3. Cronbach’s alpha (reliability)

4. Mann—Whitney U test for between-group comparison

The experimental logs and student products were archived as evidence and coded
for thematic analysis, supporting the interpretation of quantitative results.

2.4 Instruments and Data Collection

To comprehensively evaluate the effectiveness of the intervention, the study
employed a mixed-methods approach, combining standardized assessments, validated
questionnaires, performance-based rubrics, and teacher observation. This multi-
dimensional data strategy enabled triangulation and helped ensure both reliability and
validity of the findings. Quantitative data provided measurable evidence of students’
academic improvement, while qualitative insights captured students’ engagement,
motivation, and attitudes toward STEM learning. Teacher interviews and classroom
observations offered contextual understanding of how the intervention was
implemented in real classroom settings. Additionally, longitudinal tracking was used
to assess the sustainability of the observed improvements over time. This holistic
evaluation framework ensured a deeper understanding of the impact of STEM-based
instruction on student learning outcomes.
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Furthermore, student work samples and project portfolios were analyzed to
assess the development of higher-order thinking skills such as critical reasoning,
creativity, and problem-solving. Peer collaboration and communication during project
tasks were also monitored to gauge the enhancement of 21st-century competencies. To
strengthen internal validity, data were collected at multiple stages—before, during, and
after the intervention—and analyzed using both descriptive and inferential statistics.
Ethical considerations were strictly followed throughout the research process,
including obtaining informed consent from participants and ensuring confidentiality.
Overall, this rigorous and layered methodology provided a comprehensive picture of
how STEM approaches influence both cognitive and affective domains of student
learning.

2.4.1 Mathematics Pre- and Post-Tests

The primary academic instrument consisted of a series of pre-tests and post-tests
administered at the beginning and end of each instructional unit. A total of three pre-
tests and three corresponding post-tests were developed, each tailored to the specific
learning objectives and algebraic content of the unit taught using the corresponding
STEM model (5E, PBL, EDP).
Each test comprised 20 items, structured as follows:

e 10 multiple-choice questions assessing foundational knowledge and procedural

fluency

e 6 short-answer tasks targeting conceptual understanding and strategy application

e 4 open-ended tasks, including real-life modeling and justification problems, to

evaluate critical thinking and problem-solving ability

To ensure content validity, test items were designed in alignment with the
Kazakhstani National Curriculum for Mathematics, and reviewed by a panel of two
curriculum specialists, one PhD in mathematics education, and two experienced high
school math teachers. Based on expert feedback, two items were revised for linguistic
clarity and cognitive alignment.

These values indicate a high level of reliability across all instruments, exceeding
the commonly accepted threshold of 0.70.

Additionally, paired sample t-tests were conducted to compare pre- and post-test
scores for each unit, revealing statistically significant improvements (p < .05) in the
experimental group across all three phases. In contrast, the control group showed only
marginal gains, suggesting a stronger impact of the STEM-based pedagogical models
on mathematical learning.

Test results were further disaggregated by item type to examine specific learning
gains. The most substantial improvements were observed in open-ended modeling
tasks, particularly during the EDP phase, indicating enhanced problem-solving and
application skills. These findings support the conclusion that STEM-integrated
instruction fosters not only knowledge acquisition but also deeper engagement with
mathematical reasoning.

A pilot study with a non-participating Grade 10 class (n = 15) allowed refinement
of timing, formatting, and item difficulty. Following the main study, test scores were
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entered into Jamovi, and Cronbach’s alpha was calculated to verify internal
consistency. The coefficients were as follows:

Table 2.4.1.1 The Cronbach’s Alpha coefficients

Test Set Cronbach’s Alpha
SE Post-Test a=0.888
PBL Post-Test a=0.719
EDP Post-Test a=0.842

These values indicate acceptable to high reliability for all instruments.

2.4.2 Mathematics Motivation and STEM Interest Questionnaire

To assess shifts in students’ attitudes and motivation, a 20-item self-report
questionnaire was administered at both the pre- and post-test stages. The instrument
contained items drawn and adapted from the STEM Career Interest Survey (Glynn et
al.,, 2011) and Mathematics Attitudes Inventory (Tapia & Marsh, 2004). The
questionnaire consisted of four scales:

e Interest in Mathematics (5 items)
e Self-efficacy in Problem Solving (5 items)
e Perceived Real-Life Relevance of Mathematics (5 items)
e Interest in STEM Careers (5 items)
Responses were measured using a 5-point Likert scale:
1 — Strongly Disagree, 2 — Disagree, 3 — Neutral, 4 — Agree, 5 — Strongly Agree.
Sample items included:
“I feel confident when solving complex mathematical problems.”
“I can see how math applies to my everyday life.”
“I would consider a career in engineering or science.

To further validate the instrument, content and face validity were reviewed by
two experts in mathematics education and one STEM curriculum developer. Minor
linguistic adjustments were made to enhance clarity and age-appropriateness for Grade
10 students.

The questionnaire was administered anonymously in both pre- and post-
intervention phases during regular class hours to ensure a comfortable and familiar
environment. Students were informed that their responses would not affect their grades
and were encouraged to answer honestly. Missing or inconsistent responses were
minimal (under 5%) and addressed through listwise deletion during analysis.

Descriptive statistics and paired sample t-tests were conducted to analyze
changes across the four scales. Results indicated significant increases (p < .05) in the
experimental group’s scores in all four domains, with the most notable gains in
Perceived Real-Life Relevance and Interest in STEM Careers. These findings suggest
that STEM-integrated instruction not only improves academic performance but also
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positively influences students’ attitudes toward mathematics and its connection to real-
world applications and future pathways.

Qualitative feedback collected at the end of the study further supported these
results. Several students from the experimental group reported feeling more engaged
and confident, highlighting group collaboration, real-life problem solving, and project
work as key motivators.

The internal consistency of the full instrument was measured at o = 0.84,
confirming excellent reliability.

2.4.3 Teacher Observations and Learning Journals

To gather qualitative insights, the teacher-researcher maintained a detailed
lesson journal for each class. Structured observation templates were used to document:
Student participation and behavior
Level of engagement with tasks
Quality of peer collaboration
Misconceptions or gaps in understanding
Emergent problem-solving strategies

Each journal entry included open narrative notes, selected quotes from students, and
teacher reflections. These data were used not only to enrich interpretation of
quantitative results, but also to identify strengths and weaknesses in the instructional
design.

Observation entries were completed immediately after each lesson to ensure
accuracy and minimize recall bias. Patterns across entries were analyzed thematically
at the end of each instructional phase using an open coding method. This allowed for
the identification of recurring behaviors, instructional challenges, and notable moments
of learning or misconception.

In the experimental group, the journals revealed increased student initiative,
especially during the PBL and EDP phases, where learners frequently took ownership
of their tasks, posed their own questions, and negotiated solutions in groups. Peer
collaboration was notably stronger during STEM-integrated tasks, with students often
explaining mathematical reasoning to one another and using visual aids or
manipulatives to support understanding.

Conversely, in the control group, engagement remained more passive and teacher-
directed, with fewer student-initiated discussions or problem-solving attempts beyond
the provided examples. Misconceptions in core algebraic concepts—particularly
function interpretation and quadratic problem-solving—surfaced more frequently and
were less readily addressed by peers.

The learning journals also captured shifts in affective responses. For example, one
student wrote during the final week of the PBL phase: “At first I didn’t know what to
do, but when we solved it as a team, it made sense. It felt like we were doing real math.”
Such reflections provided critical insight into how instructional design influenced
student mindset, autonomy, and perseverance.
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These qualitative data helped triangulate assessment findings and provided a
valuable lens through which to evaluate the authenticity and impact of STEM-based
learning environments.

2.4.4 Data Collection Procedure

The study was conducted at TOO Qalam School in Almaty, Kazakhstan, during the
spring semester of 2025. Two Grade 10 classes participated:

e 10I'-21 — experimental group (n = 21)

e 10A-22 — control group (n = 22)

Data collection occurred during regular class periods to minimize disruption and

maximize ecological validity. The timeline is summarized below:

All assessments and questionnaires were paper-based and administered under standardized
conditions by the same teacher-researcher to ensure consistency. Observations and reflections were
recorded digitally at the end of each lesson using a structured template.

The control group followed a parallel timeline using traditional instructional methods, with
identical testing and observation intervals to allow for valid comparison. This structured and
synchronized schedule ensured that both groups had equivalent instructional time and assessment
exposure, thereby strengthening the reliability of the findings and supporting the internal validity of
the study design.

Table 2.4.4.1 Timeline of Instrument Administration

Instrument Time of WeekDuration
Administration

Pre-Test Week 1 45 minutes
Motivation Week 1 15 minutes
Questionnaire (Pre)
Project Rubrics Weeks 5, 10, 15 Ongoing
Post-Test Week 15 45 minutes
Motivation Week 15 15 minutes
Questionnaire (Post)
Teacher Journals Weekly Throughout

All collected data were anonymized using coded identifiers and digitized using
Microsoft Excel. The datasets were thoroughly cleaned, and inconsistencies or outliers
were flagged for manual review. Once prepared, the data were imported into Jamovi
for statistical analysis, including descriptive statistics, paired-sample t-tests, Wilcoxon
signed-rank tests (for non-parametric data), and reliability analysis using Cronbach’s
alpha. Differences between the experimental and control groups were examined using
the Mann—Whitney U test. Open-ended responses from the questionnaire and journal
data were coded thematically to supplement the quantitative results with meaningful
insights.
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All research activities were conducted in accordance with ethical standards.
Parental consent was obtained for all participants, and the research plan was reviewed
and approved by the school’s internal ethics board. No personal or identifying
information was published. Data were stored securely on encrypted devices, and access
was limited to the principal researcher.

This multi-faceted data collection strategy — grounded in rigorous assessment
design and ethical research practices — provided a strong foundation for the analysis
of the instructional intervention’s effectiveness. The integration of test scores, project
evaluations, questionnaire responses, and observational data allowed for a
comprehensive understanding of student growth across cognitive, motivational, and
collaborative dimensions

49



3.RESULT

3.1 Surface Strategy: Comparison Between Control and
Experimental Groups
In this section, we present the results of the quantitative analysis examining the
effect of traditional and STEM-based instructional strategies on students' mathematics
achievement. The goal was to identify whether the use of STEM elements produced
statistically and pedagogically meaningful improvements in student performance
compared to conventional teaching methods.
Descriptive statistics for pre-test and post-test scores in both the control and
experimental groups are summarized below.
Control Group (Traditional Teaching)
The control group consisted of 22 students who participated in regular
mathematics instruction without STEM integration.
e On the pre-test, students scored a mean of 9.95 (SD = 2.34), with scores ranging
from 5 to 15.
e On the post-test, the mean increased to 11.50 (SD = 2.09), with a score range of
7 to 16.
e Normality tests using the Shapiro-Wilk method confirmed that the distribution
of scores was normal for both time points:
Pre-test: W = 0.967, p = 0.652
Post-test: W = 0.917, p = 0.067

Table 3.1.1 Descriptive Statistics and Shapiro—Wilk Test for the Control Group
Descriptives

Shapiro-Wilk

N Mean  Median SD Minimum  Maximum W p

Pre-test (control 22 9.95 10.0 2.34 5 15 0.967 0.652
group)

Post-test (control 22 11.50 12.0 2.09 7 16 0.917 0.067
group)

The experimental group consisted of 21 students who engaged in mathematics
learning through STEM-integrated instructional strategies. Their pre-test scores
averaged 10.10 (SD = 4.31), ranging from 2 to 18. The post-test scores rose
significantly to an average of 13.20 (SD = 3.05), with values ranging from 7 to 19.

The Shapiro-Wilk test showed that the scores were normally distributed: A paired
sample t-test was conducted to assess the statistical significance of the improvement.
Results indicated a significant increase in post-test scores compared to pre-test
scores, t(20) = 4.12, p <.001, suggesting that the STEM-integrated instruction had a
positive impact on student achievement in mathematics.
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Further analysis of individual growth revealed that 85.7% of students improved
their performance, with 42.9% showing gains of 4 points or more. The reduction in
standard deviation from 4.31 to 3.05 indicates a more consistent level of achievement
among students after the intervention.

These findings support the hypothesis that STEM-based pedagogical models
enhance not only overall learning outcomes but also help narrow the performance gap
between lower- and higher-achieving students. Combined with observational and
attitudinal data, the results point to improved engagement, confidence, and problem-
solving abilities among the experimental group.

Pre-test: W = 0.985, p = 0.975
Post-test: W = 0.940, p = 0.221

Table 3.1.2 Descriptive Statistics and Shapiro—Wilk Test for the Experimental Group

Descriptives

Shapiro-Wilk
N Mean SD W P
pre-test (experimental group) 21 10.1 4.31 0.985 0.975

post-test (experimental group) 21 13.2 3.05 0.940 0.221

These results indicate that both groups had sufficiently normal distributions to
justify parametric statistical testing.

Within-Group Comparisons: Paired Samples T-Tests
To determine whether the difference between pre- and post-test scores within each
group was statistically significant, paired samples t-tests were performed.

Table 3.1.3 Paired Samples t-Test Results for Pre- and Post-Test Scores

Group t df P
Control —4.72 21 <.001
Experimental —5.68 20 <.001

Both groups showed statistically significant improvement between pre- and post-
test results (p < .001). However, the mean difference in the experimental group was
greater:

e Control group: +1.55 points

e Experimental group: +3.10 points

This suggests that while traditional teaching produced a positive change, the STEM-
based instructional method had a stronger and more substantial impact.
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A visual inspection of the group means indicates a steeper increase in the post-test
scores for the experimental group, further reinforcing the numerical findings.

The greater improvement observed in the experimental group supports the
hypothesis that incorporating STEM strategies into mathematics education can
enhance student engagement and understanding. The doubling of average gain in the
experimental group (compared to the control) is not only statistically significant but
also educationally meaningful, suggesting practical value for classroom
implementation.

Moreover, the reduced standard deviation in the experimental group post-test scores
(from 4.31 to 3.05) indicates more consistent performance among students, which may
reflect the inclusive and hands-on nature of STEM tasks.

3.2 Deep Strategy: Analytical Thinking Through STEM

In addition to evaluating surface-level outcomes such as score improvements, this
section focuses on the deeper cognitive impact of STEM integration—namely,
students’ ability to reason, analyze, and apply mathematical concepts independently,
which aligns with the deep learning strategy.

While the surface strategy measures performance growth, the deep strategy reflects
quality of understanding, and transferability of knowledge to new problems, typically
seen in performance-based or complex problem-solving tasks. These deeper effects are
captured through qualitative observations, structured assessments, and post-
intervention analysis.

In both the experimental and control groups, classroom activities and student
responses were monitored to assess signs of deep strategy use:

e In the control group, students primarily relied on memorized procedures and
showed difficulty adapting to unfamiliar problems. Their work demonstrated a
tendency to follow examples without flexible thinking or conceptual
justification.

e In the experimental group, where lessons included real-world modeling, data
analysis, and collaborative STEM tasks, students more frequently explained
their reasoning, used multiple solution paths, and asked exploratory questions.

This difference in cognitive behavior was reflected in:

e Group projects

e Open-ended problem sets

¢ Individual reflections and peer teaching sessions

Although the same pre- and post-test instruments were used, the complexity and
independence of student work were noticeably different between groups:

Although the same pre- and post-test instruments were used, the complexity and
independence of student work were noticeably different between groups:

Students in the experimental group demonstrated greater autonomy in solving open-
ended and real-life modeling tasks. Their responses included multiple solution paths,
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more accurate use of mathematical language, and clearer justifications. Many students
applied strategies not explicitly taught during lessons, indicating flexible thinking and
transfer of knowledge. Collaborative classroom activities appeared to enhance their
ability to explain reasoning and critically evaluate solutions.

In contrast, the control group students tended to rely on memorized procedures and
often struggled when faced with unfamiliar or non-routine problems. Their answers
were more formulaic, and fewer students attempted to justify their solutions in open-
ended tasks. While procedural questions were handled comparably by both groups, the
gap in higher-order thinking tasks was significant.

These qualitative differences, aligned with quantitative gains, suggest that STEM-
integrated instruction not only improves performance but also fosters deeper
conceptual understanding and learner independence.

Table 3.2.1 Qualitative Comparison of Deep Learning Indicators Between Control
and Experimental Groups

Criteria Control Group Experimental Group
Problem-solving Low High

flexibility

Use of multiple strategies Rare Frequent
Application to real-life Minimal Regular

contexts

Explanatory reasoning Weak Strong

Peer collaboration and Passive Active
questioning

If applicable, rubrics or observational checklists were used to code and quantify
evidence of deep strategy application.

The post-test improvement in the experimental group was not only numerically
higher but also qualitatively deeper. Students began to:

e Formulate questions

e Identify patterns

e Make predictions using mathematical models

e Reflect on mistakes and self-correct

These behaviors align with deep learning outcomes, reinforcing that STEM-based
instruction not only improves scores but fosters higher-order thinking.

The evidence suggests that the STEM-based instructional approach promoted
deeper cognitive engagement, as students moved beyond rote procedures to reasoning,
analysis, and application. This is a core goal of deep learning strategies and supports
the integration of STEM methodology in mathematics instruction for sustainable
learning outcomes.
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In contrast, students in the control group showed improvement in procedural
performance but lacked visible development in analytical and flexible problem-solving
skills.

3.3 Summary of Statistical Findings

The results of the study clearly demonstrate a positive effect of STEM-based
instruction on students’ mathematics performance and depth of understanding
compared to traditional teaching methods.

Both the control and experimental groups showed statistically significant
improvement in their post-test scores, as confirmed by paired samples t-tests:

Table 3.3.1 Summary of Paired Samples t-Test Results and Mean Score Gains

Group t df P
Mean
Gain
Control —4.72 21 <.001 +1.55
Experimental —5.68 20 <.001 +3.10

Although both groups improved, the experimental group’s average gain was twice
as large, indicating a stronger learning effect from STEM-based instruction. Normality
tests (Shapiro-Wilk) confirmed that data in both groups followed normal distributions,
justifying the use of parametric tests.

Beyond the numerical gains, the experimental group also demonstrated greater
signs of deep strategy use, including:

e Application of multiple problem-solving strategies,
e Better explanatory reasoning,

e Real-world contextual thinking,

¢ Increased student engagement and collaboration.

In contrast, students in the control group improved mainly in procedural knowledge,
with minimal evidence of conceptual understanding or flexible thinking.

These findings suggest that STEM-based instruction is effective not only in
improving surface-level achievement but also in fostering deep learning and critical
mathematical thinking. The statistically significant and pedagogically meaningful
results support the continued integration of STEM methods in secondary mathematics
education.

3.4 Student Feedback and Perception Survey

To complement the quantitative data and deepen the understanding of the
intervention’s impact, a student perception survey was conducted among participants
of the experimental group. The goal was to gather feedback on how students
experienced STEM-integrated instruction, particularly in terms of engagement,
relevance, motivation, and overall attitude toward mathematics.
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Survey Design and Administration
The survey consisted of 12 Likert-scale items and 3 open-ended questions, designed to
evaluate students' attitudes before and after the STEM-based instruction. The items
addressed the following dimensions:

e Engagement and interest in mathematics
Perceived relevance of content to real-life contexts
Collaboration and group work experience
Confidence in solving mathematical problems
Perceived usefulness of STEM activities
The questionnaire was administered anonymously at the end of the instructional unit
to ensure honest responses. A total of 21 students from the experimental group
completed the survey.

The Likert-scale responses (from 1 — strongly disagree to 5 — strongly agree)

were analyzed using descriptive statistics. Key findings include:

Table 3.4.1 Summary of Student Survey Responses on STEM Instruction (Mean
Scores and Percentage Agreement)

Survey Item Mean Score % Agree or Strongly
Agree

| found STEM lessons 4.52 90.5%
more interesting than

regular lessons

The tasks helped me 4.38 85.7%
understand how math is

used in real life

| enjoyed working in 4.29 81.0%
groups on STEM tasks.

| feel more confident 4.10 76.2%
solving non-standard

problems now

STEM lessons made me 4.33 85.0%

want to learn more math.

These results suggest a high level of student satisfaction with the STEM-based
instructional approach. Students reported increased interest and motivation, along with
improved confidence in applying mathematical concepts.

The survey responses provide strong qualitative support for the quantitative
findings presented earlier. Increased engagement, real-world application, and
collaborative learning contributed to a more meaningful and enjoyable learning
experience for most students. The data also align with the observed increase in
analytical thinking and post-test performance.
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Notably, the positive shift in students' perception of mathematics suggests that
STEM-based instruction may not only improve academic achievement but also
positively reshape students’ attitudes toward the subject — a crucial factor for long-
term success and career interest in STEM fields.

The student feedback survey demonstrates that STEM-integrated instruction in
mathematics was well received by students, leading to higher engagement, improved
confidence, and deeper interest in learning. These affective gains, in combination with
cognitive improvements, indicate the holistic benefits of STEM pedagogy in secondary
mathematics education. Future implementations may further benefit from refining
collaborative structures and ensuring equitable group dynamics.
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CONCLUSION

The results of the study showed that the use of the STEM education system in
mathematics lessons allows you to develop students ' creative abilities, increase the
level of application of mathematical knowledge in practice, as well as improve their
scientific and engineering skills. The introduction of STEM methods has a positive
effect on students ' deep understanding of interdisciplinary connections, the
development of logical and critical thinking skills.

Effective implementation of pedagogical conditions, adaptation of future
teachers to STEM methods, as well as systematic approaches to the organization of
experimental work are the most important factors for the successful implementation of
the STEM education system. In addition, improving the methods of assessing the
knowledge, skills and abilities of students contributes to improving the quality of their
education. STEM-based learning requires teachers to use new pedagogical methods,
use innovative technologies, and strengthen interactive work with students. The use
of STEM approaches in mathematics lessons forms students ' ability to conduct
independent research, directs them to solving specific problems, and contributes to
their professional orientation. In addition, this method increases the interest of students
in IT, engineering and scientific areas, purposefully prepares them for future
specialties.

Thus, the use of the STEM education system in mathematics lessons is
considered as an effective method aimed at developing students ' functional literacy,
improving their research and engineering thinking abilities. This approach contributes
to increasing the professional competence of future specialists, their success in the
fields of Science and technology. The widespread spread of STEM methods allows
updating the education system, increasing the cognitive activity of students and the
formation of skills that meet modern requirements.

The results of the conducted study show that the introduction of the STEM
education system into the process of teaching mathematics has a significant positive
impact on the formation of students ' core competencies. The analysis of the data
obtained proves that the integration of scientific, technological, engineering and
mathematical approaches contributes to the development of students ' creative
potential, increasing the level of practical application of mathematical knowledge and
Improving research skills.

One of the most important aspects is the development of students ' ability to
establish interdisciplinary connections, which is confirmed by the results of
experimental work. There is a qualitative improvement in the indicators of logical and
critical thinking, which is especially evident in solving complex tasks that require the
use of knowledge from various subject areas. At the same time, it should be noted that
the effective implementation of the STEM approach directly depends on the correct
Organization of pedagogical conditions, which requires the professional training of
teachers and the systematic organization of practice-oriented activities. The problem
of methodological support of the STEM education system deserves special attention.
The conducted study showed the need to develop new approaches to assessing the
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results of education, these approaches should take into account not only the level of
theoretical knowledge, but also the formation of practical skills. The successful
implementation of STEM methods requires teachers to master innovative pedagogical
technologies and revise traditional approaches to organizing the educational process.

The findings of the study emphasize the transformative role of the STEM
education system in modern mathematics instruction. Through the integration of
science, technology, engineering, and mathematics, the STEM approach shifts the
educational focus from rote learning to a practice-oriented, interdisciplinary
methodology that equips students with essential 21st-century skills. As demonstrated
by the results, STEM education significantly enhances students' creative abilities,
logical reasoning, and ability to apply mathematical knowledge in real-world
situations. Students not only improve their academic performance but also develop
scientific curiosity and engineering thinking.

Moreover, the implementation of STEM strategies fosters deeper
interdisciplinary understanding. Mathematics lessons designed with STEM elements
require students to connect concepts across disciplines—such as using algebra in
physics modeling, or applying statistical analysis to biological data. This cross-
disciplinary thinking is vital in a world increasingly driven by complex, integrated
technologies. Students in the experimental group showed greater adaptability, the
ability to transfer knowledge, and the motivation to explore beyond standard
curriculum boundaries. A key condition for the effective application of STEM in
education is the readiness of teachers to adapt their instructional practices. The study
highlights that future teachers must be systematically prepared to incorporate STEM
strategies into their lessons. This includes not only technical and methodological
training but also the cultivation of a mindset open to innovation, experimentation, and
problem-based learning. Continuous professional development, collaboration between
schools and scientific communities, and the availability of teaching materials play a
crucial role in this transformation.

One of the major outcomes of the research is the confirmation that the use of
STEM education significantly contributes to students’ professional self-identification.
By engaging in project-based tasks, simulations, and research-oriented activities,
students are exposed to realistic challenges and begin to envision future careers in
engineering, technology, or science. This early exposure strengthens career motivation
and aligns student aspirations with the needs of the modern labor market. As a result,
STEM education not only enhances academic outcomes but also lays the groundwork
for a skilled and motivated workforce. The research also underlines the necessity of
updating evaluation tools to reflect the objectives of STEM-based education.
Traditional testing formats, focused mainly on theoretical knowledge, are insufficient
to measure students’ ability to analyze, innovate, and solve complex problems. New
assessment systems must be developed that include performance-based evaluations,
portfolios, reflective journals, and collaborative projects. These tools provide a more
accurate picture of student competencies and help guide personalized instruction.

Furthermore, the study suggests that the implementation of STEM principles in
mathematics classes leads to increased functional literacy. Functional literacy
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encompasses the ability to reason quantitatively, interpret data, and apply learned
concepts to everyday and professional situations. These competencies are especially
important in the context of rapid technological change and the digitalization of all
spheres of life. By developing functional literacy, STEM education ensures that
students are not only academically competent but also capable of lifelong learning and
independent problem-solving.

An additional contribution of the study lies in its methodological implications.
The research design, which incorporated a quasi-experimental approach and pre/post-
test analysis, demonstrates a reliable way to evaluate educational interventions. The
results support the use of mixed-methods approaches in future studies—combining
guantitative data (test scores, t-tests, statistical significance) with qualitative
observations (student engagement, reasoning patterns, collaboration dynamics).

Future research could explore the long-term effects of STEM education on
students’ career choices, success in higher education, and adaptability in the workforce.
Comparative studies across regions or countries may provide insight into how national
contexts influence the implementation and effectiveness of STEM models. Moreover,
attention should be given to developing inclusive STEM programs that support girls,
students from rural areas, and those with diverse learning needs, ensuring equitable
access to high-quality education.

In conclusion, the study validates the effectiveness of STEM education as a
modern pedagogical framework that enhances students’ academic achievement,
cognitive skills, and professional orientation. The integration of STEM strategies into
mathematics lessons promotes critical and creative thinking, fosters deep
understanding, and prepares students for real-world challenges. As the global demand
for innovation and technological competence increases, educational systems must
adapt to equip students with the knowledge, mindset, and skills needed for future
success. The STEM approach serves as a powerful catalyst in this transformation,
providing a solid foundation for both personal development and national progress.

These findings align with the conclusions of international researchers, who
emphasize that STEM education fosters students’ 2l1st-century skills and
interdisciplinary problem-solving abilities (W., 2013). According to Honey, (Pearson,
2014), effective STEM integration enhances not only academic performance but also
students’ capacity for innovation and adaptability in rapidly evolving technological
environments. The present study contributes to this global discourse by providing
empirical evidence from the Kazakhstani context and reinforces the idea that STEM -
based instruction in mathematics significantly supports both cognitive development
and professional self-determination.

An important achievement of the research results was to prove that the STEM
education system has a positive impact on the professional self-determination of
students. The systematic use of STEM methods develops research skills, forms
students ' ability to independent design activities, and also significantly increases their
interest in the technical and natural sciences. This lays a solid foundation for a
conscious choice of a future profession in the field of high technologies. The practical
significance of the results obtained is to prove the effectiveness of the STEM approach
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as a modern educational paradigm. The implementation of STEM principles in
mathematics lessons contributes to the development of functional literacy of students,
the formation of research skills and the improvement of engineering thinking. In
addition, the systematic implementation of STEM methods requires updating the
content of education, improving the material and technical base and improving the
skills of teaching staff.

Promising areas of further research can be the study of the long-term impact of
the STEM education system on the professional trajectory of graduates, the
development of criteria for assessing the effectiveness of various models of introducing
STEM approaches into the educational process, as well as the discussion of the
possibilities of adapting foreign experience to the national education system. The data
obtained in the course of the study clearly showed that the widespread introduction of
STEM methods into educational practice contributes not only to improving the quality
of mathematical education, but also to training a new generation of specialists with
complex knowledge and practical skills necessary for successful functioning in a
rapidly changing technological environment. Thus, The conducted study confirms that
the STEM education system is an effective tool for modernizing mathematical
education, which contributes to the development of students ' systematic thinking,
research abilities and skills for solving complex tasks. The implementation of the
STEM approach opens up new opportunities for improving the quality of Education,
meets the requirements of modern technological development and allows you to train
competitive specialists in the fields of Science and technology.
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APPENDIX

Appendix 1. Lesson Plan

[on1 AnreOpa >xoHe aHanu3 OacaTamasapbl
ChIHBIOBI 10 “I™
Cabak TyBIHABIHEI KOJIJIaHY apKbLIbI SKCTPEMYMIAPAbI Ta0y kKoHE QYHKITUS
TaKbIPbIOBI rpadurid tanjgay
Makcatbl OxymiblIap TYBIHIBIHBIH KOMETIMEH (DYHKITUSHBIH OCY )KOHE KEMY
apaJIbIKTapbIH aHBIKTAIl, IKCTPEMYM HYKTEJIEPiH TaybIl, rpaduk
apKbUIbl PYHKIMSHBIH MIHE31H CUTIATTAM asiajibl.
Cabak 5E (Engage — Explore — Explain — Elaborate — Evaluate)
yarici
Y aKpIThI Otan MyfaniMHIH 9peKeTi OKYHIBIHBIH 9PEKeT1
5 MuH Engage Keneci sxarnaiiipt Oxybuiap onnapbiH
(KpI3BIKTBIpY) YCBIHA/BIL: aurTanbl. Kannaii
"KoMITaHUSIHBIH TaOBIC XKarjaaiga MoH
(GYHKIUSACHI MaKCHMYM OOJIaThIHBIH
P(x) = —2x% + 12x OOIIKAIBL.
Kanpmai msirapeuibiMaa
TaObIC MAKCUMAJIJIBI
oomaaer?"
10 mun Explore Oxkymibiapra Tanceipma | JKeke syMmbic. TybIHIbI
(3eptrey) TapaTajibl: Tabasb:
flx) =—-2x+ 12x fl(x)=—-4x+12 —
(G YHKIUSACHIHBIH HeJIre TeHeCTipei:
TYBIHJIBICBHIH Ta0y KoHE x =3
AKCTPEMYM HYKTECIH
aHBIKTAY
10 muH Explain Bip okymibl TakTama OxymbLIap sxayantapbeiH
(Tyciumipy) IIETIIM >KOJIBIH canbicThipagbl. Cypakrap
TyciHaipeai. Myraiim KOSIIIBbI
rpaduK TYPFBI3BIIL,
HYKTEJEep/Il KOpPCEeTe .
10 Mmuna Elaborate Koceimmma ecerr: Oxkymibutap 63 6eTiMeH
(Tepenmery) | "Koiimana eHIMHIH TYBIHJIBI TA0AbI,

KYHBI: KCTPEMYM €CEeTTEH 1.
C(x) = x3 —6x% +9x
Kannmai memnepae ey

a3 MBIFBIH O0JIaabI?"
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S MMH Evaluate TaxpIpbIn OOMbBIHIIA AypI311a HEMECE
(baranay) I0JTy CYpaKTap KOsiIbl. KbICKara sxaz0aiia
Kayan oepeil

Apendix 2. Student Project Guidelines

7Koba 1. Osrepic nen ;kpL1AaMABIKTHI 3epTTey (SE yuarici)

Hyckayapik: Okxymbuiap MaTeMaTHKaIbIK — (DYHKIUSUIAPIBIH ~ ©3TEPICIH  JKOHE
KbUIAAMIBIK YFBIMBIH 3epTTeil. Kobana oKylIbuIap HAKThl OMIPIIIK JKaFAaiiapMeH
’KYMBIC JKacal OTBIPHIN, (YYHKIINS TpadUriH TYPFBI3Y, TYBIHIBIHBI KOJIaHY KOHE IEKTI
MOHJIEP/ll Ta0y bl YHpEHE].
Tanceipma ma3myHbl: OKyIIbIFa apHAJIFaH HYCKAYJIBIK:
1. Kagam — Tansicy (Engage):
— Myranim KkepceTeTiH OeliHexa30aHbl Kapal, KO3FallbIC Kajail ©3repeTiHiH Tanaa.
—«Ko03FalbICTBIH KBUIIAMIBIFEI HETe OaiJIaHBICTBI?» JIETE€H CYpakKa OWJIAHBIN, ©3
OMBIH/IBI CHIHBIIIIEH OOJTIC.
2. Kanam — 3eprrey (Explore):
— GeoGebra GargapiaMacbiHaa SPTYPIIl QYHKIUSATIAPABIH IPpa@UriH KypbIIl, OJapIbIH
OCII/KEMII KaTKaHbIH OaKbLIa.
— I'padukTeH s)xaHaMaHbI (TYHICETIH TY3Y/i) cally apKbUTbI KbUTIAMIBIKTHI aHBIKTAyFa
TBIPBIC.
3. Kagam — Tyciny (Explain):
— MyralliMHIH TYCIHIIPYIMEH «TYBIHJIB» YFBIMBIH MEHTEP.
— Kanpait sxarnaiina QyHKIums ecesii, KeMUI1, SKCTPEMYM HE €KEHIH TYCIHIIP.
4. Kanam — Konnany (Elaborate):
— KynzaemkTi eMipJieH KO3FajbICKa KaTBICTHI €CeN OWJIal Tayblll, OHbI (DYHKIIHS
TYPIHJIE JKa3.
— Ochl (YHKIMSHBIH TYBIHIBICHIH aJIbII, HAKTHI O1p COTTET1 KbULIAMIBIKTHI €CEIITE.
5. Kagam — baranay (Evaluate):
— TanceipManapbIHIbI AONTEPre OPbIHAAI, ©3 KYMBICHIHIbI Oaranay rnaparbiHa Kapar
TEKCep.
— O3 pedaeKkCUsHIbI Kka3: OYJI TAKBIPHINITaH HE YUPEHIIH, HE KUBIH OOJIIbI?
Kaxerri kypanmap: Kongansmatein — kypammap: GeoGebra, KambKynsTop,
OeitHeOaKpIIay MaTepUabl, JONTEP, CHI3FBIIIL.
Bbaranay xyiieci:

baranay kpurepuiii Maxkcuman sl 6amt

Ko3ranbICThl AypbIC cunarray 5 Oann

OyHK1ms rpadurid Kypy *KoHe Tannay | 5 6amn

TyBIHABIHBI €CENTEY JKOHE OHBI KOJIIaH | 5 Oayun

TancelpMaHbl TOJBIK OpPBIHIAY KoHE | S5 Oam

pedekcus

JKambr 20 Gamn
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7Koba 2. OmipMeH 6aiiJIaHBICTBI MATEMATHKAJIBIK Moaeabaey (PBL axici)

HyckayabIk: OKynibiiap ©3€KTi oMIpIIiK MCeNeH1 3epTTell, IePEKTEP KUHANUIBI )KOHE
COJl MOCEJIEHI CHUNATTAMTBIH MaTeMaTHKalIblK MOJENb KypacTelpaabl. Koba
OapbIChIH/IA CHI3BIKTHIK HEMECE KBaAPATTHIK (DYHKIIMS KOJIJaHbLUIA kI,
TancsipMa Ma3MYHBI:
— OMipMeH OailyTaHbICTBI MACETIEH] TaHAAY XKOHE 3€pPTTeY KOCHAPbIH KYPY;
— Jlepexrep xuHay (cayaiHama, ejiiey, 0aKpuiay);
— Xunanran gepexrepre colikec PyHKIMS TYPIH aHBIKTAy KOHE MOJEIb KYPY;
— I'paduk TypFBI3bIN, HOTHKENEPA1 TYCIHIIPY;
— Iloctep HEemece nmpe3eHTalUs apKbLIbI )KYMBIC HOTHXKECIH KOpray.
KoamanbiaTteln Kypaamap: Google Forms (amemece kara3 cayainama), EXxcel,
GeoGebra, xanabpKkynsaTop, HocTep MaTepragaphbl.
baraJay xkyueci:

baranay kpurepuiii Makcumai bl 0amn
MaoceeHiH 03eKTUIIr 5 Oamn

Jlepek skuHay )KOHE OHJICY 5 Gann
MaremaTuKkanblK MojJellb MeH rpaduk | 5 6amn

KYPY

KopBITBIH/IBI XKacay KOHE TaHBICTBIPY 5 G6amn

Kanrbr 20 Gamnn

7Koba 3. Cakray 0J10rbIH K00a1ay (MHKEeHePJIiK Au3aiiH npoueci — EDP)

Hyckayasbik: by sko0a 6apbIChIHa OKYIIBLIAP HAKTHI O1p KEHICTIKTIK IIEKTEYIep/al
€CKepe OTBIPBIN, CaKTay KYPBUIFBICBIHBIH €H THIMAI MOJETH KypacThIpaIbl.
MaTtemMaTuKaIbIK MOJENb apKbUIbI ONIIEMACPi OHTANIAHIBIPHII, IIBIHAWBI MICTTiM
YCBIHAIBI.
TanceipMma Ma3MyHbI:
— [MapTrapas! Tangay (keyem, 6€T ayJaHbl, OMIKTIK, MIEKTeYJep);
— Koparm Hemece cakray OJOTHIHBIH MIllIiHIH TaHIAY;
— MarematukansiK (popMynanmapibl MOACTb TYPIHIE KYPY;
— GeoGebra nemece Excel komerimen Moaenb/ai BU3yaln3anusiiay;
— Ex TriM1 mentiMIi aHBIKTaIl, ’K00aHbI TAHBICTBIPY.
Konpanbpiatein Kypaiagap: GeoGebra, Excel, mumimmerpiik Karas, ChI3FBIII,
KaJIbKYJISITOP, IPE3EHTAINS KYPaIaaphl.

Bbaranay xyiieci:

baranay kpurepuiii Maxkcuman sl 6amt
Moceneni TyCiHy >KoHE TapameTpiaepni | 5 6amn

aHBIKTAY

MareMaThKaiblK MOAEIb KYPY 5 Oann
OnTtuMu3anus HKOHE  aHAJIWTHUKAJIBIK | 5 Oaiun

JoMen

TaHBICTBIPY KOHE KOPBITBIHBI JKacay 5 Oann
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| Kanmsr [ 20 Gamn
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