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Abstract. The article explores the challenges of first-year STEM students” mathematical preparation
in Ukraine, framing them within the context of key Sustainable Development Goals (SDGs),
particularly SDG 4 (Quality Education), SDG 8 (Decent Work), SDG 9 (Innovation and
Infrastructure), and SDG 10 (Reduced Inequalities). The insufficient level of mathematical literacy
among school graduates, evidenced by both international assessments (PISA 2022) and the National
Multi-Subject Test (NMT), creates substantial difficulties for the transition to higher education. An
analysis of survey responses from 135 educators across 35 universities revealed widespread
challenges, including students’ inability to work with formulas, perform transformations, construct
and interpret graphs, carry out mathematical proofs, formulate conclusions, and apply
mathematical knowledge to practical tasks. Key problematic areas of the school curriculum are
functions, mathematical analysis, stochastics, and plane geometry. It is argued that these gaps
hinder the development of analytical, critical, and systems thinking — competencies crucial for
sustainable development. The study concludes that systemic changes are needed including revising
school curricula, implementing first-year adaptation programs, developing digital and interactive
learning formats, integrating interdisciplinary and contextual learning, placing greater emphasis on
the value-oriented dimension of education, and fostering educational partnerships between schools
and universities. The importance of cultivating motivation, autonomy, reflection, and a value-based
attitude toward mathematics is emphasized. The authors conclude that with adequate support,
mathematics can become not a barrier but a resource for developing key competencies for
sustainable development.

Keywords: mathematical preparation, STEM education, sustainable development goals, first-year
students, bridging courses, learning losses.

1. INTRODUCTION

Education is not only a key factor in achieving the Sustainable Development Goals (SDGs), but also a
driving force for the transformations needed to build a sustainable future. Numerous findings (Leal
Filho et al., 2018; Shulla et al., 2020) emphasize that educational institutions play a central role in shaping
a generation capable of implementing sustainable development objectives across various sectors of
society. High-quality mathematical education is particularly important in this process. Mathematics
forms the foundation for developing analytical reasoning, data processing skills, mathematical
modeling, and informed decision-making. These competencies are essential for advancing the SDGs.
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At the same time, challenges in mathematics education within the context of expanding STEM
education significantly affect the potential to achieve several Sustainable Development Goals. A low
level of mathematical preparedness among students (especially in their first year of higher education
institutions) limits their ability to effectively master other STEM subjects. This negatively impacts the
quality of education, as defined in SDG 4. In particular, gaps in basic mathematical knowledge hinder
students” adaptation to university curricula. This contradicts Target 4.3, which aims to ensure equal
access to quality higher education. As a result, graduates are not always prepared for successful
employment in high-tech sectors, which are the focus of SDG 9. This, in turn, slows down the
development of innovation, scientific research, and industry. It undermines the implementation of
Target 9.5, which seeks to enhance a country's research and industrial capacity (Kopeika & Zvirgzdina,
2020).

A low level of mathematical preparedness limits students” opportunities for professional growth. It
often leads to a loss of motivation to learn and, in some cases, to academic dropout. This hinders
progress toward Target 8.6 of SDG 8, which aims to reduce the share of youth who are not in education,
employment, or training. Universities, in turn, face the need to compensate for learning gaps. These gaps
are especially pronounced among students from diverse social and regional backgrounds. This issue is
closely related to SDG 10, which calls for reducing educational inequality.

In this context, providing high-quality mathematical education for students in STEM fields is a
critically important condition for the successful achievement of the Sustainable Development Goals
(Nugroho et al., 2022). At the same time, the low level of mathematical preparedness among school
graduates in Ukraine is evidenced by the results of the international PISA 2022 assessment. Ukraine
ranked 41st out of 47 participating countries, with an average score of 441. This is 31 points below the
OECD average of 472. This gap corresponds to a learning lag of approximately one and a half academic
years. Moreover, only 58% of Ukrainian students reached the baseline proficiency level in mathematical
literacy, which is significantly lower than the OECD average of 69% (Organisation for Economic Co-
operation and Development (OECD, 2023).

A similar trend is evident in the results of the National Multidisciplinary Test (NMT) 2024. Nearly
40% of Ukrainian test-takers demonstrated a low level of mathematical knowledge. About 47%
performed at the intermediate level, while only 13% achieved a high level (Ukrainian Center for
Educational Quality Assessment (UCEQA, 2024). These results highlight a sharp gap between the
requirements of school and university-level mathematics education. The transition to higher education
institutions is accompanied by increased academic workload, a greater volume of independent study,
and a higher level of abstraction in mathematics courses. Under these conditions, first-year students in
STEM programs often struggle to master the material. This, in turn, negatively affects their academic
performance and learning motivation.

These challenges underscore the need for a systematic investigation of the problems related to the
mathematical preparation of first-year students, viewed through the lens of sustainable societal
development. The aim of this article is to identify the key issues in the mathematical preparation of first-
year students enrolled in STEM programs, to analyse these issues in the context of the Sustainable
Development Goals, and to outline pathways for transforming educational approaches in light of global
and national educational trends.

2. THEORETICAL BACKGROUND

In the context of achieving the Sustainable Development Goals (SDGs), mathematics education plays
a dual role: it serves both as a tool for developing a society’s scientific and technological potential and as
a means of reducing social and educational inequalities. Mathematics is not only an integral part of
STEM education but also a foundation for building the competencies necessary to address the complex,
interdisciplinary challenges of sustainable development (Makramalla et al., 2025). Accordingly,
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strengthening the mathematical component in both school and higher education is considered a priority
area of educational policy in many countries (United Nations Educational, Scientific and Cultural
Organization (UNESCO, 2017). In this context, Ukraine has recognised the need for systemic changes to
improve the quality of mathematics education. One of the most important modern reforms is the
implementation of the specialized senior school model. This model allows students to study
mathematics in greater depth, especially those aiming for STEM fields. It is expected that this change
will support more informed choices in learning pathways, increase student motivation, and reduce the
gap between school and higher education levels (Ministry of Education and Science of Ukraine, 2024).

The findings emphasize that the transition from school to university-level mathematics education
presents significant challenges. These include a mismatch between the content and complexity of school
and university curricula, insufficient development of abstract thinking, and low academic motivation
among first-year students (Gueudet & Thomas, 2020). Researchers highlight the importance of
mathematical adaptation, defined as a first-year student’s ability to successfully engage with university-
level mathematics of high cognitive complexity. Studies show that the first year of study is critical for
developing students’” confidence in their mathematical abilities (Middleton et al., 2023).

An important aspect is the issue of inequality in mathematical preparation among students from
diverse educational and socio-economic backgrounds. For example, the OECD (2020) highlights
significant gaps in mathematics achievement between urban and rural students. These disparities
subsequently affect academic success in higher education institutions. Such gaps tend to deepen amid
ongoing transformations in the educational environment and the growing importance of independent
learning. At the same time, although the digitalization of mathematics education has the potential to
personalize learning and expand educational opportunities, it often exacerbates existing inequalities.
According to the PISA 2022 report (OECD, 2023), students from disadvantaged socio-economic
backgrounds are much less likely to have access to a computer with an internet connection at home. This
limits their opportunities for online learning and completing homework assignments. This situation is
especially critical for learning mathematics, which requires regular practice, access to interactive tools,
and timely feedback (Rudenko et al., 2025).

A distinct body of research focuses on pedagogical strategies aimed at bridging educational gaps in
mathematics. For example, Cancado et al. (2018) analyse the effectiveness of mathematics courses
designed for academic leveling. Other scholars emphasize the integration of digital resources and
adaptive learning to individualize mathematical instruction (Rincon-Flores et al., 2024). Studies on the
preparation of future STEM professionals also highlight the need to transform approaches to
mathematics teaching in higher education. In particular, they advocate for the implementation of
problem-based learning, the use of interdisciplinary tasks, and modeling activities that connect
mathematical content to real-world challenges of sustainable development (OECD, 2017).

Thus, contemporary scholarly sources emphasize the systemic nature of the challenges related to
mathematical preparation in the context of sustainable development. Addressing this issue requires not
only a revision of curriculum content and teaching methods but also the adaptation of the educational
environment to meet the needs of diverse groups of learners. It is within this framework that the results
of a study on university educators’ subjective assessments of first-year STEM students” mathematical
readiness in Ukraine should be considered.

3. METHODOLOGY AND DATA

To identify the current state of the problem concerning the mathematical preparation of STEM
students in Ukrainian universities, which hinders the successful mastery of professionally oriented
disciplines, an online survey of university educators was conducted in December 2024
(https://forms.gle/McySUq2qkLNCWxXNS8). The study employed both quantitative and qualitative data
collection methods, focusing on educators’ subjective assessments of first-year students” preparedness,
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identification of common knowledge gaps, and suggestions for possible solutions.

A total of 135 educators of STEM disciplines from 35 higher education institutions in Ukraine
participated in the study. The age distribution of respondents was as follows: 0.7% were aged 20-30, 23%
were 31-40, 31.9% were 41-50, 24.4% were 51-60, and 20% were over 61 years old. In terms of academic
rank, 20.7% were lecturers, 62.2% associate professors, and 17% full professors. Regarding teaching
experience, the vast majority (88.1%) had over 10 years of experience, 8.1% had between 6 and 10 years,
and only 3.7% had up to 5 years. Thus, the sample represents a highly experienced academic
community, providing a solid basis for a well-founded assessment of trends in students” mathematical
preparation.

The questionnaire, developed using Google Forms, included both closed and open-ended questions.
Among them were items related to: teaching subjects within STEM fields; subjective assessment of
students’ level of mathematical preparation; common gaps in knowledge and skills; the connection
between these problems and external factors (such as changes in school curricula, socio-economic
conditions, martial law, and features of the admissions process); the need for additional resources or
support; suggestions for improving mathematical preparation.

The open-ended questions allowed respondents to express their own views on the causes of
students” knowledge gaps, provide practical recommendations, and share personal experiences related
to students” adaptation to the demands of university-level mathematics courses.

The study was conducted in full compliance with the principles of academic ethics. Participation by
educators was entirely voluntary, with the right to withdraw at any stage or skip specific questions
without any consequences. Respondents” anonymity and the confidentiality of all responses were
ensured. Data collection, storage, and analysis were carried out in accordance with the provisions of the
European Union’s General Data Protection Regulation (GDPR, 2016/679) (European Parliament and
Council, 2016), the ethical principles outlined in Guidelines for the Ethics of Science and Technology
(UNESCO, 2005), and the Ethical Guidelines of the European Educational Research Association
(European Educational Research Association (EERA, 2011).

All collected data were aggregated for the purpose of trend analysis, with no possibility of
identifying individual respondents. The methodological approach enabled a systematic interpretation of
both general assessments and specific issues characteristic of particular educational contexts.

4. RESULTS

The survey results reveal systemic problems in students” mathematical preparation that significantly
affect the quality of learning in professionally oriented disciplines. The study confirmed that first-year
students face numerous difficulties, which include both basic skills and higher-order cognitive abilities
essential for successful learning in the context of modern university education.

4.1. Challenges in Acquiring Mathematical Skills

Respondents identified a range of difficulties faced by students, including: mathematical calculations
(56.3%), the use of formulas (55.5%), construction and interpretation of graphs, diagrams, and figures
(60%), understanding of basic mathematical concepts (57.7%), proving mathematical statements (68.8%),
accurate use of mathematical language (65.2%), building mathematical models (68.9%), critical reasoning
(65.9%), and establishing interdisciplinary connections (63%).

This wide spectrum of challenges indicates a lack of comprehensive school-level mathematical
preparation, encompassing both theoretical components (concepts, statements, models) and practical
skills (calculations, formulas, graphs). Of particular concern is the low level of mathematical language
and argumentation skills, which hampers students’ ability to communicate effectively in
interdisciplinary contexts.
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4.2. Problematic Topics in School Mathematics

Analysis of the survey results revealed that the content areas of greatest concern within the school
mathematics curriculum are the functional-content line (63.7%) and the mathematical analysis line
(64.4%). Significant difficulties arise with identity transformations of algebraic, exponential, logarithmic,
and trigonometric expressions (60%). The stochastic line is also problematic (56.3%), affecting students’
ability to work with data. Topics in plane geometry and basic numerical operations present challenges
for about half of the students (55.6% and 49%, respectively).

These findings confirm the existence of substantial gaps in school-level mathematical preparation,
which hinder a smooth transition to university-level mathematics. They also point to potential barriers
in achieving the Sustainable Development Goals, particularly SDG 4 (Quality Education), SDG 8 (Decent
Work), and SDG 9 (Industry, Innovation & Infrastructure).

4.3. Qualitative Analysis of Open-Ended Responses

The answers to the open-ended questions enabled the systematic organization of educators’
perspectives on the causes of educational difficulties and possible ways to overcome them. These
insights were categorized according to the Sustainable Development Goals (Fig. 1).

1. Ensuring Quality and Equitable Education (SDG 4, SDG 10). The vast majority of educators
emphasize the low level of school mathematics preparation as the main barrier to successful learning.
Students enter higher education institutions without a solid understanding of basic concepts. Their focus
is on passing standardized exams rather than developing logical and mathematical reasoning skills.
Educators suggest systemic changes for both schools and universities. For secondary education
institutions, they recommend revising school curricula; ensuring daily mathematics instruction in senior
secondary school; differentiating study profiles with a mathematical component; and raising standards
for teacher training and accountability. For higher education institutions, the proposals include
increasing classroom hours dedicated to mathematics; reducing group sizes for practical lessons; and
providing institutional support for students with low initial competency levels.

2. Promoting Innovation in Education (SDG 9). Educators highlight the need to transition to modern
teaching methods such as gamification, the use of digital simulators and platforms, and adaptive
learning. These tools not only enhance motivation but also enable consideration of individual student
learning trajectories. Particular attention in mathematical preparation should be given to data analysis
and modeling of real-world processes; interdisciplinary thematic projects; and emphasizing the
professional relevance of mathematical knowledge.

3. Addressing Educational Inequality (SDG 10). A significant number of respondents emphasize the
heterogeneity of students’ preparation levels. Therefore, they propose implementing adaptive learning
platforms; refresher modules for foundational topics; and case-based learning tailored to students” initial
competency levels.

4. Fostering Responsible Educatees (SDG 4, SDG 8). Some respondents highlight the need to develop
students’ learning autonomy, intrinsic motivation, and reflection. Accordingly, they propose problem-
based learning formats; encouragement of independent inquiry; and a redefinition of mathematics as a
tool for self-realization.

5. Educational Partnerships (SDG 17). Participants emphasize the need for horizontal integration
between educational institutions. They propose aligning curricula between schools and universities;
sharing analytical data; and establishing a system of leveling measures such as bridging courses,
consultations, support groups, and involving senior students as tutors.
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Fig. 1. Educators” Recommendations in the Context of SDG
Source: Own research
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The proposed recommendations for improving mathematics education in schools and universities
are based on the subjective assessments and practical experiences of the surveyed educators. While these
suggestions may spark discussions regarding their practical implementation or resource availability,
they reflect the views of educators identified in the study. They also highlight current directions for
educational development in the context of the Sustainable Development Goals. It is important to note
that these recommendations are not a universal solution. However, they can serve as a starting point for
further discussion and adaptation to specific educational contexts. They can also serve as guidance for
future experimental or pilot projects.

5. DISCUSSION

5.1. Mathematics and Sustainable Development: Conceptual Foundation

Mathematics education, as a component of STEM, plays a crucial role in achieving the Sustainable
Development Goals (SDGs). In particular, it contributes to SDG 4 (Quality Education), SDG 8 (Decent
Work and Economic Growth), SDG 9 (Industry, Innovation, and Infrastructure), and SDG 10 (Reduced
Inequalities). As noted by Loh et al. (2019), integrating STEM education with the context of sustainable
development helps shape a value-oriented perspective on scientific and technological progress. In this
context, mathematical training is not only a means of developing abstract reasoning. It also serves as a
tool that enables future professionals to make informed decisions in complex social, economic, and
environmental situations. Researchers also highlight the link between the level of mathematical
competence and the ability to carry out practical tasks related to sustainable development (Lafuente-
Lechuga et al.,, 2020). Mathematics, as a universal language of quantitative analysis and modeling,
allows specialists from various fields to identify deep interconnections between processes, forecast
outcomes, optimize resources, and assess risks. Therefore, the decline in students’ mathematical
preparedness threatens not only the quality of higher education but also the capacity of society to act
sustainably.

5.2. Conceptual Competencies: What Mathematics Offers for a Sustainable Future

The current philosophy of mathematics education in the context of sustainable development focuses
on building holistic competencies. These integrate knowledge, skills, values, and readiness for action.
Widiati and Juandi (2019) highlight several crucial components: critical reasoning, systems reasoning,
imagination, participation in decision-making, the capacity for interdisciplinary dialogue, and the ability
to live and work in conditions of complexity. These competencies are directly linked to mathematical
training. Mathematics fosters the ability to model, argue, analyse, search for patterns, and make
predictions. Cebridn and Junyent (2015) identify additional key elements of sustainability competencies:
future-oriented reasoning, contextualisation, reflection, interdisciplinary dialogue, and emotion
management. All these elements are embedded in contemporary mathematics education through
applied problems, project-based learning, instructional simulations, and interdisciplinary cases.
Including such components in university mathematics courses not only enhances learning outcomes. It
also cultivates a systemic and responsible attitude toward the profession and society.

5.3. International and National Trends in Students’ Mathematical Preparation

The issue of first-year students’” mathematical preparation is actively studied in the international
context, particularly in relation to the transition from school to university education. Research shows
that students often overestimate their level of mathematical knowledge, while university instructors
tend to assess it more critically (Wandel et al., 2015; Harrington et al., 2016). This discrepancy is
explained by the heterogeneity of the student population and the lack of unified approaches to
developing mathematical competencies in secondary education.

The impact of educational reforms on students” mathematical performance has been confirmed in
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findings by Aruvee et al. (2019). The introduction of new testing formats and changes in the structure of
school education can significantly affect the initial level of students” knowledge. Other statistically
significant factors influencing success in first-year mathematics courses include student motivation, class
attendance, and prior academic preparation (Li et al., 2013; Gupta et al., 2006). These courses are critical
for student retention in STEM (Donovan & Suresh-Menon, 2024).

Recent studies highlight a global trend of declining interest among young people in science and
mathematics subjects. This trend has led to a decrease in enrollment in these fields (Buturlina et al.,
2021). Before mathematics became a compulsory subject in 2021, Ukraine showed a negative trend in the
number of students choosing it for the national external assessment (ZNO), indicating systemic
challenges in mathematics education.

5.4. Ukrainian Realities: The Gap Between School and Higher Education

Data from a faculty survey conducted in December 2024 confirm the existence of significant gaps in
the mathematical preparation of first-year students. These findings are fully consistent with the results
of the National Multi-Subject Test (NMT) in 2023 and 2024. For example, only 44% of test-takers were
able to factor a quadratic expression. Just 25% correctly translated a function graph. At the same time,
60.9% of university educators reported that students struggle with understanding functions. More than
65% pointed to difficulties with mathematical proofs, modeling, and critical reasoning.

Knowledge in both plane and solid geometry also shows significant deficiencies. Only one-third of
students can successfully solve spatial problems. Meanwhile, 52.5% of educators rate students’
preparation in this area as critically low. This is further supported by reports on secondary education.
School teachers also express doubts about the quality of learning during periods of remote instruction.
According to Burda et al. (2023), only 55.3% of teachers are confident that students have mastered
algebra, and even fewer believe they have adequately learned geometry.

Such gaps between school and university preparation create a systemic barrier to students'
adaptation to academic-level expectations. This barrier is not only educational but also socio-economic,
as it hinders equal access to quality higher education (SDG 4 and SDG 10).

5.5. Interventions and Strategies to Support Mathematical Preparation

At the international level, a range of pedagogical interventions has been developed to address the
mathematical gaps between secondary school and university. Among the most common strategies are:
diagnostic entrance tests, targeted refresher courses covering foundational material, first-semester
bridging programs, tutoring support, and summer preparatory courses (Basitere & Ivala, 2015;
Abumandour, 2022). Such programs are often mandatory for students who perform poorly on entry-
level assessments.

Short-term intensive courses and bridge programs have also shown positive results. These initiatives
often incorporate elements of formative assessment, differentiation, and personalized learning
pathways. Harrington et al. (2016) report an increase in academic success rates of up to 80% among
participants of such programs. When combined with active instructional support, such as mentoring,
consultations, and workshops, these interventions significantly enhance students' academic
performance.

Innovative approaches now include the use of online resources, MOOCs, adaptive learning software,
and intelligent platforms that support students in working at their own pace and addressing individual
learning gaps. Preez et al. (2008) emphasize the importance of early diagnostics and targeted
intervention during the first weeks of study. The experience of Jacobs and Pretorius (2016) demonstrated
the effectiveness of workshops focused on developing soft skills, such as reflection, goal-setting, and
problem-solving, when integrated with mathematics modules.

An important way to address the identified problems is through ongoing changes in Ukrainian
educational policy. In particular, there is a transition to specialized senior secondary schools (Ministry of
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Education and Science of Ukraine, 2024). This reform aims to provide greater differentiation in learning
based on students” interests and abilities. It has the potential to strengthen the mathematical preparation
of future STEM students. Creating classes with an advanced focus on mathematics and natural sciences
allows students to concentrate on developing critical and systems thinking. It also enhances skills in data
handling and mathematical modeling. These are the competencies that educators have reported as
lacking. Therefore, implementing the concept of specialized schools can be seen as a key state
instrument for reducing the gap between school and university mathematics education. It can also
contribute to achieving SDG 4 (Quality Education) and SDG 10 (Reduced Inequalities).

5.6. Rethinking Approaches to Mathematical Preparation

Improving the quality of mathematical preparation requires a fundamental rethinking of
pedagogical approaches. In particular, it is essential to address the discrepancy between students” and
instructors’ perceptions of students” mathematical readiness (Wandel et al., 2015). This calls for work
with both groups: enhancing students’ self-reflection and increasing educators’ diagnostic sensitivity.

As early as the 1990s, Leitzel (1991) emphasized the need to strengthen the foundations of
mathematical preparation for pre-service teachers. In today’s context, this means not only reinforcing
subject-specific knowledge and skills but also actively integrating digital tools, interactive platforms,
and mathematics-oriented software (Colonna & Easley, 2011). The use of adaptive learning,
gamification, project-based activities, and modeling enables the transformation of mathematics from an
“abstract discipline” into a tool for personal and professional development.

5.7. Theoretical Generalizations and Connection to Research Findings

The conducted study confirmed the systemic nature of difficulties in the mathematical preparation
of first-year STEM students. These difficulties affect both academic success and students” ability to
actively participate in building a sustainable society. The problems identified by educators, such as
deficits in modeling skills, challenges in formulating mathematical statements, limited understanding of
functions and algebraic transformations, among others, align with the diagnostic results of the National
Multi-Subject Test (NMT) and international research findings (Bingolbali & Monaghan, 2008; Cook &
Fukawa-Connelly, 2016). Thus, the issue of mathematical preparedness is not solely a national challenge
but part of a global trend. This trend demands a systemic response at the levels of content, methodology,
organization, and culture of mathematical education. Implementing adaptive, interdisciplinary, and
value-oriented approaches to mathematics teaching allows for the integration of academic achievement
with the cultivation of responsible citizens capable of acting in the interest of sustainable societal
development. The integration of sustainable development competencies, such as systems reasoning,
critical analysis, decision-making, and interdisciplinarity, into the content and process of first-year
mathematics education can make this course not only preparatory and developmental but also
transformational. As research shows (Widiati & Juandi, 2019; Cebridn & Junyent, 2015), the combination
of conceptual and practical dimensions, along with logical and value-based approaches, forms the
foundation for a new paradigm of mathematics education in the 21st century.

The study’s results indicate that first-year mathematical preparation can serve either as a barrier or
an opportunity for achieving the Sustainable Development Goals, depending on how the educational
process is organized. The identified gaps in students” knowledge and skills call for a rethinking of
mathematics’ role within the education system and for the implementation of targeted support
measures. Therefore, first-year mathematics education is not only a means of addressing learning losses
but also a key tool for shaping competent, responsible, and action-ready citizens aligned with the
strategic goals of sustainable societal development.
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6. CONCLUSIONS

The conducted study provided a deeper understanding of the systemic problems in the
mathematical preparation of first-year STEM students within the context of achieving the Sustainable
Development Goals. The results justify the assertion that the insufficient level of mathematical
knowledge and skills, evident both in external assessments (PISA, NMT) and in instructors’
observations, represents a key barrier to realizing the principles of quality, equitable, and inclusive
education (SDG 4). It also hinders progress toward promoting decent work and economic growth (SDG
8), developing innovative industry (SDG 9), reducing educational inequalities (SDG 10), and
strengthening partnerships in education (SDG 17).

Mathematics serves both as a barrier and a potential resource. With appropriate transformation of
teaching approaches, it can become a powerful tool for developing systems reasoning, analytical skills,
mathematical literacy, and students” readiness to participate actively in building a sustainable society.
Currently, students face challenges ranging from basic mathematical knowledge (numbers, identity
transformations, functions) to higher-order skills (proving statements, mathematical modeling, critical
analysis, and proficient use of mathematical language). This situation reflects not only the fragmented
nature of mathematical preparation but also the lack of a holistic vision of mathematics as a tool for
understanding and action.

Educators unanimously emphasize the need to update both the school and university components of
mathematics education. The main directions for transformation include: revising school curricula to
focus on developing reasoning skills rather than solely preparing for standardized tests; implementing
adaptive and compensatory measures during the first year of higher education; increasing the role of
innovative and interactive teaching methods; differentiating learning pathways based on students’
initial proficiency levels; and establishing inter-institutional partnerships among schools, universities,
and other educational stakeholders.

A promising direction for future research is monitoring the effectiveness of educational reforms in
Ukraine. In particular, this includes the transition to specialized senior secondary schools and its impact
on the mathematical readiness of applicants for university studies. This systemic change has the
potential to deliberately strengthen the mathematical competencies of future STEM students.

Effectively addressing the challenges of mathematical preparation for STEM students will enable
mathematics to be viewed not as a barrier, but as a powerful tool for realizing students’ individual
potential in achieving global sustainable development goals.

7. LIMITATIONS

1. The study is based on expert evaluations from 135 STEM educators across 35 Ukrainian
universities. Although the sample is geographically broad within the Ukrainian context, it does not
encompass all stakeholders, which could provide a more comprehensive picture of the issues in
mathematical preparation.

2. The research focuses specifically on the preparation of STEM students; therefore, its results cannot
be directly extrapolated to humanities or socio-economic disciplines.

3. The educator survey involved subjective judgments regarding students’” mathematical
preparedness, which may reflect not only the actual state but also the respondents” expectations, biases,
or personal experiences.

4. Data from the National Multi-Subject Test (NMT) were used for comparison with survey results;
however, these data were not specifically adapted to assess readiness for studying STEM disciplines in
higher education institutions.

5. The study analyses the initial level of mathematical preparation of first-year students without
considering the dynamics of their development throughout their higher education studies.
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Apymask Mapuna, /lykamosa Tersana, Illamons Boaogumup, Cemenixina OzeHa. MatemMaTuka sK Gap’ep 4n
MO>KAUBICTB: TpaHCcPOpMaLisa MiaX0AiB A0 MiATOTOBKM ITePIIOKYPCHMUKIB 4451 AOCATHEHH:I 11iAel CTal0TO PO3BUTKY.
Kypnana Ipuxapnamcviozo yrisepcumemy imeni Bacuas Cmegarura, 13 (1) (2026), 115-128.

Y craTTi mpejcTaBAeHO pe3yAbTaTU AOCAiAKeHH: MpobaeMM MaTeMaTUYHOI IiATOTOBKM CTYAEHTIB IepIIoro
kypcy STEM-criertiaapHOCTe N B YKpaiHi Kpish mpusmy Kaiodosux Llizert craaoro possutky (LICP), soxpema LICP 4
(SIxicua ocsita), LICP 8 (I'iana nparys), LICP 9 (InnoBaii Ta indpacrpykrypa) ta LICP 10 (3MeHIIeHHS HEpiBHOCTI).
HeaocrarHil piBeHb MaTeMaTHMYHOI I'paMOTHOCTI cepe/, BUITYCKHMKIB IIIKiA, IigTBepAKEeHUI sK MiKHapOAHUMMU
oninoBaHHAMHU (PISA 2022), tak i Hartionaasuum myastunpeametrauM tectoM (HMT), ctBoproe cyTTeBi TpyaHOIITi
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HIpu IlepexoAi A0 HaBYaHH: Y 3aKJAalax BUIOI OcBiTH. AHaai3 Biamosigeit 135 Bukaasadis i3 35 yHiBepcuTeTiB
BUSABMB 3HauHi IpobaeMm, cepes sKMX: He3JATHICTh CTyJeHTIB mHparmjiosatu 3 ¢opMyalaMy, BMKOHyBaTHU
IepeTBOpeHHs, OyAyBatu it yuTaTy rpadiku, IPOBOAUTH MaTeMaTH4YHi AOBejeHHs, (pOPMyAIOBaTU BMCHOBKU i
3aCTOCOBYBaTM MaTeMaTW4Hi 3HaHHA A0 MPaKTUYHUX 3aBAaHb. [0 KAIOYOBUX IPOOAEMHUX PO34iaiB IIKiABHOTO
Kypcy MaTeMaTMKM HaJleXaTbh: (YHKIIiOHaAbHa 3MicTOBa AiHif, MaTeMaTHMYHMII aHaJi3, CTOXacTUKa Ta
naaHiMeTpisa. CTBepAXYE€ThCs, IO LI IPOTAAMHU II€PEeIIKOAKaIOTh PO3BUTKY aHAAITMYHOIO, KPUTUYHOIO Ta
CUCTEMHOTO MMCAEHHs, caMe TUX KOMIIeTEHTHOCTeN, sKi € KPUTUYHO BaXKAUBUMU AAS CTAaAOTO PO3BUTKY.
3po6.1eHO BUCHOBOK IIPO HEOOXiAHICTh CHCTEMHMX 3MiH Ha BCIX eTamax OCBiTH, 30KpeMa: Ieperas IIKiAbHUX
HaBYaABHMX IIPOTpaM, BIIPOBa/A’KeHH: aJalTaLlililHMX MporpaM AAs HMEePHIOKYPCHMKIB, PO3BUTOK LMPPOBUX Ta
iHTepakTuBHMX (popMaTiB HaBYaHHA, iHTEIpallil MiKAUCIUILAIHAPHOIO i KOHTEKCTHOTO HaBYaHHS, ITOCHU/AEHH:
LIIHHICHOTO acIleKTy OCBiTM Ta CIPUAHHS IIapTHEPCTBY MiXK 3aKdajaMM 3aralbHOI cepeJHBOI OCBITM Ta
yHiBepcuTteTamu. OcobAMBY yBary IpuAileHO pO3BUTKY MOTHMBAIIil, aBTOHOMII, pedpeKcii Ta I[iHHICHOTO CTaBAeHH:
A0 MaTeMaTVK!U. ABTOpU poOASATH BUCHOBOK, IIJO 3a HAsBHOCTI Ha/A€KHOI IIATPMMKM MaTeMaTlKa MOJKe CTaTu He
Gap’epoM, a pecypcoM 4451 PO3BUTKY KAIOYOBUX KOMIIETEHTHOCTEN, HEOOXiAHUX 4451 CTaZ0TO PO3BUTKY.

Karouosi caoBa: matemarnuHa miaroroska, STEM-ocBiTa, 11ii €Ta10ro po3BUTKY, CTYAEHTU-TIEPIITIOKYPCHUKI,
ajanTaLiliHi KypcH, OCBiTHI BTpaTu.
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