MATEMATUKA  MATEMATUHYECKO OGEPA3OBAHUWE, 2026
MATHEMATICS AND EDUCATION IN MATHEMATICS, 2026
Proceedings of the Fifty-Fifth Spring Conference
of the Union of Bulgarian Mathematicians

Tryavna, Bulgaria, April 5-9, 2026

UKRAINIAN EXPERIENCE IN TEACHING HIGHER
MATHEMATICS IN ENGLISH: OUTCOMES AND
CHALLENGES
Nataliia Snizhko
Department of Higher Mathematics,

Zaporizhzhia Polytechnic National University, Zaporizhzhia, Ukraine
e-mail: snizhko.nataliia@gmail.com

This article examines the implementation and effectiveness of an English-medium math-
ematics course for engineering students at the National University “Zaporizhzhia Poly-
technic”. The study analyzes student attitudes, challenges, motivational factors, and aca-
demic outcomes among participants of EMI and traditional Ukrainian-language groups.
Quantitative results show no significant differences in final grades, confirming that foreign-
language instruction does not hinder students’ acquisition of mathematical content. Qual-
itative findings highlight the cognitive benefits of bilingual learning, including enhanced
attention to conceptual structures and improved professional language skills. The study
identifies the need for adapted teaching materials and emphasizes the importance of
methodological support for successful EMI implementation.
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CrartusiTa pasriiexk/ia BHEAPSBAHETO U e(PEKTUBHOCTTA HA KypPC IO BHCIIA MaTEMaTHKa,
Ha aHIVIMICKY €3WK 3a CTYAEHTH 10 WHXKEeHEPHHU crernuajHnoctu B Hanmmonasen yausepcn-
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¥ TPaJUIIMOHHATA TPyIa Ha YKPAWHCKU e3WK. KOoInJecTBEeHUST aHAIN3 MOKA3Ba JIMICA
Ha 3HAYMMa PA3J/INKa B KPAHUTE OIEHKH, KATO MOTBBbPKIABA, de 00yIEHUETO HA Ty KT
€3UK He Bb3IPEISITCTBA YCBOsIBAHETO HA MATEMATHYECKOTO ChbibpKanue. KauecrBenure
pe3yaTaTH IOAYepTaBAT KOIHUTHUBHUTE IOJI3U OT JABYE3UYHOTO OOydYEHUE, BKIIIOYUTEI-
HO 3aCHJIEHO BHMMAHME K'bM KOHIENITYAJHUTE CTPYKTYPHU U IMOJ00PEHN TPOMECUOHATHU
e3nKoBU yMeHusi. [[poyuBaHeTo M3TbKBa HEOOXOIUMOCTTA OT AJANTUPAHU MaTepUaId U
MeTOIMIeCKa MOJKPera 3a YCIeIHOTo npuiarane Ha EMI.

KuarouoBu gyMmu: BuCIla MaTEMaTHKA, JBYE3UIHO O0ydeHNe, 00y YeHNe Ype3 aHTJIMHCKI
esuk (EMI), nBye3swaHO MaTeMaTHIeCKO 0OpA30BAHUE, MTPEIMETHO-OPUEHTUPAHN MOJICIIN
3a IBYE3WIHO 00yHYeHME/IPENoIaBaHe

Introduction

The ongoing processes of globalization and the international integration of higher ed-
ucation systems require technical universities to reconsider their instructional strategies
and learning settings. As the dominant language of international communication, En-
glish has become an essential element of engineers’ professional skill sets. The Bologna
Process further promotes student mobility and enhances the competitiveness of gradu-
ates, motivating Ukrainian institutions to align their academic programs with European
educational frameworks.

Bilingual instruction (Ukrainian — English) presents a productive pathway for foster-
ing both intercultural awareness and professional competencies. Within such courses,
English functions not only as a language to be learned but also as the primary medium
through which subject knowledge is delivered (EMI — English Medium Instruction).
While EMI practices in technical disciplines are still evolving in Ukraine, their rele-
vance is steadily increasing, creating a clear need to adapt teaching methodologies to
national educational realities. Teaching mathematics in English is particularly justified,
as mathematical concepts and symbolic representations are universally shared across sci-
entific communities, making the discipline an ideal platform for developing professional
language proficiency without compromising conceptual understanding.

Theoretical background

Bilingual education is seen as the integration of content and language, where a foreign
language becomes a tool for acquiring specialized knowledge. Modern research highlights
various models of bilingual learning, but at the university level, the EMI model is consid-
ered the most effective. EMI involves teaching professional subjects in English without
formally focusing on language goals [12; 15]. EMI is used in Europe, Asia, and South
America, and experiences from some countries show that English is becoming the stan-
dard in many engineering programs [1; 7].

Language factors in mathematics learning are a special subject of research by scholars
[4]. In mathematics education, EMI offers additional advantages. First, the universality
of mathematical symbols helps students understand content even if their language skills
are limited. Second, mathematical terminology is highly precise, and equivalents in
different languages have clear meanings, which aids memory and natural vocabulary
acquisition. Third, switching to another language system promotes analytical and critical
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thinking, as students must rethink familiar concepts and focus on logical connections
instead of mechanically using formulas [2; 9; 11].

Ukrainian research on this topic is still fragmented and mostly focuses on specific
aspects of foreign language mathematical training for engineers. The lack of a com-
prehensive concept for bilingual mathematics (engineering) education, national teaching
methods, and didactic materials complicates the implementation of EMI courses [13; 14].
However, existing publications [3; 5] emphasize the urgent need to develop this area.

Organization of the EMI course and research methodology

At the National University “Zaporizhzhia Polytechnic”, a course in higher mathemat-
ics has been taught in English since 2016 for students majoring in Power Engineering,
Electrical Engineering, and Electrical Mechanics. This course is implemented as a full
component of the educational program. Students in the English-speaking group follow
the same curriculum as those in the Ukrainian-speaking groups. Groups are formed solely
based on students’ choice, and no selection based on language proficiency is applied. All
students simultaneously take a course in English for Specifics Purposes (ESP), which
ensures support for their language competencies.

During 2021-2024, 89 students participated in the study, including 29 enrolled in the
EMI course and 60 studying in Ukrainian. Data were collected through Google Forms sur-
veys and online questionnaires, which included various types of questions such as Likert
scales, open-ended, and multiple-choice items. Statistical analysis involved comparison of
final mathematics grades using the independent samples t-test. In addition, qualitative
analysis was used to interpret students’ motivations, challenges, and impressions.

The study is limited to a relatively small number of students from a single university.
This is partly due to the consequences of the pandemic and the introduction of martial law
in Ukraine. Nevertheless, the trend is clear, allowing us to assess the benefits, challenges,
and cognitive effects of bilingual higher mathematics education.

Results and discussion

Student attitudes and main challenges. The survey conducted at the beginning
of the course showed the following. The results demonstrated a high level of student
awareness of bilingual education (over 92% of respondents were familiar with the concept)
and a positive attitude toward the EMI mathematics course (about 84% supported the
idea of a bilingual mathematics course). The majority of respondents (76%) believed
that studying mathematical subjects in English broadens their professional prospects,
promotes academic mobility, and increases competitiveness in the labor market. At the
same time, only about one-third of students (38%) rated their initial English proficiency
as sufficient for participating in an EMI course. However, later most respondents noted
that language difficulties significantly decreased during the first few months.

Student motivation focuses on educational and professional opportunities (100% of
bilingual group respondents), the desire to improve foreign language proficiency (65%),
master subject-specific (mathematical) terminology (83%), and gain experience in inter-
cultural communication.

At the end of the course, students’ emotional feedback indicates that the English-
medium mathematics course is perceived as engaging and useful (nearly 90%). Students
highly value the opportunity to practice English-language mathematical discourse while
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solving problems, explaining methods, and participating in discussions

Alongside positive evaluations, students also note several challenges. The most fre-
quently mentioned issue is the lack of English-language textbooks and teaching materials
adapted to the Ukrainian mathematical tradition (82%). For example, the Ukrainian
and Western European traditions differ significantly in their approaches to teaching top-
ics related to function differentiation and the definite integral. Differences in notation,
structure, and problem types make it difficult to use foreign resources without addi-
tional adaptation. There are also differences in basic school mathematics. In Ukrainian
schools, considerable attention is devoted to studying solid geometry, logarithms, and
trigonometry, while noticeably less emphasis is placed on combinatorics, statistics, finan-
cial calculations, working with graphical information, and the ability to formalize real-life
problems (different balance between the theoretical and practical components). There-
fore, we believe that it is necessary to develop specialized teaching materials that take into
account the specifics of Ukrainian mathematical preparation while also meeting interna-
tional standards. Relying solely on foreign textbooks is insufficient and may complicate
the learning process. Thus, it is advisable to create adapted English-language manu-
als, glossaries, and online courses, at least during the initial stages of English-medium
instruction.

Another challenge is the slower pace of instruction in a foreign language and, as a
result, the possible lack of classroom hours needed to cover the mathematical material
(49%). In addition, at the initial stages of bilingual instruction the instructor often needs
to provide terminology in both languages and compile a glossary for each topic. As a
result, within the scheduled classroom hours for the higher mathematics course, students
in English-medium groups manage to cover a smaller amount of material than those
studying in their native language. This may affect the completion of the curriculum.
These reasons require the instructor to carefully select course materials. The issue of
insufficient classroom hours can be partially addressed through blended learning, more
intensive independent work, and the use of interactive platforms that help compensate
for the slower pace of classroom instruction.

A comprehensive analysis shows that the success of bilingual mathematics instruction
largely depends on the instructor’s pedagogical expertise. English does not pose a bar-
rier if the instructor possesses deep professional knowledge and can adapt the material
to the students’ pace and language characteristics. We agree with [8] and believe that a
high level of methodological and subject-matter competence in a mathematics instruc-
tor can, to some extent, compensate for possible limitations in their foreign language
proficiency. An important condition is collaboration between mathematics instructors
and ESP teachers, as effective bilingual education requires an integrated approach that
includes both mathematical and language components.

The impact of EMI instruction on the acquisition of mathematical content.
A central question of this study was whether delivering a higher mathematics course in a
foreign language has an impact on students’ comprehension and mastery of the subject
matter. Naturally, it is particularly important to ensure that students’ learning is not
adversely affected by instruction being delivered in a foreign language.

To address this question, we conducted a detailed analysis of students’ assessment
results in higher mathematics. The assessments were carried out at the end of the
course using a standardized 0-100 point scale. Two distinct groups were examined: the
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experimental group, which participated in the EMI mathematics course, and the control
group, which completed the traditional course in Ukrainian. To evaluate the potential
effect of the language of instruction, we tested the hypothesis of equality of means between
the two independent populations.

The experimental group consisted of 29 students who took the EMI course, while the
control group included 60 students who studied in Ukrainian. The sample means were
72.70 and 71.61, respectively, with standard deviations of 6.28 and 3.44.

Given the difference in sample sizes and the fact that the sample variances were not
substantially different (1/2 < S1/52 < 2), a two-sample t-test with a two-sided critical
region was applied. The empirical t-value (1.0545) was calculated using the Student’s
t-statistic. Since the p-value (0.3073) exceeds the significance level (o = 0.05), we have
no grounds to reject the null hypothesis that the means of the two groups are equal. This
indicates that any observed differences in the scores are likely due to random variation
rather than the language of instruction. The data do not contradict the null hypothesis
that the means of the two samples are equal.

Therefore, it can be concluded that teaching higher mathematics in English does
not adversely (negatively) affect students’ mastery of the subject content. This finding
aligns with previous research on the impact of bilingual programs on learning outcomes
[6] and supports evidence on the effectiveness of bilingual instruction for engineering and
technical students.

Thus, the results support the feasibility of implementing English-medium mathe-
matics courses in technical universities, provided that a sufficient level of mathematical
preparation is maintained and teaching materials are adapted to meet the needs of stu-
dents with varying levels of language proficiency.

Cognitive effects of bilingual instruction in higher mathematics. The com-
bination of the native language, English, and the language of mathematics creates a
unique cognitive space that activates higher-order thinking. Switching the linguistic en-
vironment while studying mathematical concepts requires students to pay closer attention
to the logical structure of the material, as familiar language patterns are no longer im-
mediately apparent. Learning terminology in English forms new semantic connections,
expands conceptual contexts, and deepens understanding by necessitating the integration
of symbolic, verbal, and logical elements.

Formulas learned in isolation, like memorized fragments of text, are often forgot-
ten, misunderstood, or altered by students. Learning through a foreign language forces
students to pay closer attention to formulas and to engage more deeply with their mean-
ing, since changing the language of instruction also changes the names and symbols of
mathematical objects.

A simple example is the Ukrainian formula for calculating the area of a rectangle:

S=a-b,
read as “dobymox cmopin npamoxymuura (a Ha b) (literal translation from Ukrainian:
the product of the sides of the rectangle (a times b)). However, the English version of
the same formula looks different, even though the concept remains unchanged:

A=1-w,
read as “length (1) times width (w)’. As we can see, both the sides of the rectangle
and its area are denoted by different letters in the two languages, and the formulas
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are therefore read differently. Other examples of formulas and notational conventions
can also be found, where the appearance and pronunciation differ between English and

Ukrainian.

Formulas,

notations, objects Ukrainian English

Hyperbolic sh, ch, th, cth, sinh, cosh, tanh, coth, sinh™!,
functions arsh, arch, arth, arcth cosh™, tanh™, coth™®

Newton-Leibniz
formula

Geometric series

Area (volume)
element in a
multiple integral;
region of
integration in a
definite multiple
integral

Taylor series term

(two variables)

Field theory
operators

Quadratic surfaces

b
/ f(z)dz = F(b) — F(a)

o0 1
n__~ 1
> q - lql <

j[;b/(f(r;y;z) d dy dz
//D f(z;y) dz dy

1 0 o\"
f(a;0)

grad f, divA, rotA, Vu,
rot grad f, div rotA

In formulas (in textbooks),

“verbal” operator notation is

used most often.
00HONOPOHCHUHHUTL
(deonopoorcrurnui)
rimepboJoin

[literal translation
“hyperboloid of one (two)
cavities”|

b
/f@M=WME
S 1

- L-
//O/f(w;y;Z) dA
//Af(:v;y) dA

Ir] <1

1 0 a\"
a |:<hax+kay) f:|(a;b)

Vf, V-A 'V xA (curl A),
V2u, V x (Vf), V-(V x A)
The formulas have an operator
form; “verbal” operator names
are used only in the text.
hyperboloid of one (two) sheets

Thus, using a foreign language in instruction prevents students from relying on mem-

orized symbolic patterns. Instead, they must focus on understanding the meaning behind
each symbol. This results in greater attention during classes and leads to a deeper com-
prehension of fundamental concepts.

In Ukrainian, the mathematical concepts “obuacmo snauens dynxyii”, “poamax (6u-

97 79

Gipru)”, “mouku, posmawosani na 00nil npamii”’; and “mmoocuna nokpummas” (in Bul-

79

garian “mmnoorcecmeo om cmotinocmu ma gyrryus”’, “pasmar (ha pascetsaremo)’, “mou-
Ku, npuradiescauy Ha edna npasa”, “noxpumue”) are expressed by different terms. How-
ever, in English all of these correspond to the single term “range”. There is no phonetic,

etymological, or visual connection between the respective Ukrainian words; as a result,
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the relationships among these concepts may appear formal, artificial, or even nonexistent
to students. When English is used as the language of instruction, students are more likely
to perceive these concepts as manifestations of a common underlying idea, facilitating
abstraction, transfer of knowledge, and the construction of more coherent mental models.
Studying higher mathematics in English can offer several cognitive advantages for
students, not only in terms of conceptual integration but also in terms of algorithmic
thinking. English mathematical discourse tends to favor concise, operator-based formu-
lations and standardized terminology, which often results in definitions and statements
that are more procedural and step-oriented. This stylistic tendency supports the devel-
opment of algorithmic thinking — an important cognitive skill for later work in numerical
methods, computational mathematics, and applied modeling, where problems are natu-
rally expressed as sequences of operations rather than purely symbolic manipulations.
As an example, let us consider the definition of the limit of a function of two variables.

Typical of Ukrainian textbooks Typical of American/British textbooks
@yukuis f(x;y) mae rpaauiio L npu Let f(z,y) be a function defined on a
(z;y) = (a;b), gKO Uit JOBUIBHOIO neighborhood of (a;b). We say that
qucia € > 0 icuye wmcno § > 0 Take, 1o lim(z;y) — (a;b)f(x;y) = L if for every
st Beix (3 y), 9Kl 38/10BOJIbHSIOTH € > 0 there exists § > 0 such that

0< \/(x—a)2+(y—b)2 <9, whenever 0 < \/(x—a)2+(y—b)2 <4 it
sukonyerves |f(z;y) — L] < e follows that |f(x;y) — L| <e

As we can see, the formulation in Ukrainian consists of a single long sentence with
a complex grammatical structure and several embedded conditions. A student needs to
decode the text in order to discern the algorithm for verifying the limit. In the English
version, the structure is clearly visible: “if ... then ...” / “whenever ... it follows that
...7. The operational sequence of actions is explicitly specified:

1

2

3

4

choose ¢;

find the corresponding §;
check the condition for (z;y);
verify that |f — L| < e.

— — ~— ~—

Experience in English-medium instruction strengthens students’ language competen-
cies through the systematic use of mathematical discourse, which is typically inaccessible
in traditional foreign-language courses. At the same time, mathematical symbolism acts
as a cognitive bridge between linguistic systems, enabling students to construct meaning
regardless of their level of English proficiency. Altogether, this fosters the development
of analytical thinking, the ability to articulate arguments, and the capacity to compare
and generalize mathematical approaches.

From a psychological perspective, bilingual instruction also shows a positive influence
on students’ mastery of mathematics. On the one hand, learners naturally experience
communication and learning barriers, including language-related difficulties that arise
when studying mathematics in a foreign language. However, when students overcome
these psychological obstacles — provided that appropriate didactic, organizational, and
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psychological conditions are created — they develop essential emotional and volitional
qualities needed for studying mathematics, such as readiness to face challenges, resilience
to stress, and the ability to understand and accept alternative viewpoints.

By employing diverse approaches, bilingual instruction creates a motivating environ-
ment for students [10]. Therefore, EMI can positively influence many students’ attitudes
toward mathematics.

Conclusions

The study confirms that implementing an English-medium mathematics course in
a technical university setting is both pedagogically feasible and academically effective.
Students demonstrate positive attitudes toward bilingual instruction and clearly recog-
nize its value for their professional development, mobility, and competitiveness. Despite
initial language-related challenges, most learners adapt quickly, and their mathematical
performance remains comparable to that of students studying in their native language.
Statistical analysis of assessment results shows no significant difference between the EMI
and non-EMI groups, indicating that learning mathematics through English does not
hinder content mastery.

At the same time, successful implementation of such courses requires careful consider-
ation of methodological and organizational factors. The lack of adapted English-language
materials aligned with the Ukrainian mathematical tradition remains a significant barrier,
highlighting the need for specialized textbooks, glossaries, and digital resources. Instruc-
tors’ methodological expertise and cooperation between mathematics and ESP teachers
are essential to maintaining a balanced pace of instruction and supporting students with
varying levels of language proficiency.

Overall, the results demonstrate that EMI-course in mathematics promotes deeper
cognitive engagement, enhances analytical and critical thinking, and enriches students’
mathematical and linguistic competencies. With appropriate didactic support, bilin-
gual mathematics instruction can become a valuable component of modern engineering
education in Ukraine.
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