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Abstract

This article focuses on the problem of Mathematics and English Integrated Learning by
future Mathematics teachers. Our literature review on the problem shows a variety of
aspects that scientists consider when studying the Mathematics and English Integrated
Learning model. However, previous researches did not consider the problem of
appropriate learning materials for Mathematics and English Integrated Learning in detail.
The paper shows the results of two conducted surveys of students majoring in
Mathematics and Secondary Education (Mathematics) in Ukraine (82 and 32
participants, respectively). They helped us to make a conclusion about: the importance of
the integrated learning for both mathematical and language students’ competence; the
importance of syllabus elements reflecting both the mathematical and linguistic
components of the goals, objectives, and the expected learning outcomes; the necessity
of the Mathematics and English Integrated Learning content to be consistent with the
current needs of students; the necessity of using different means of scaffolding, in
particular the opportunities of information and communication technologies.

Keywords
content and language integrated learning; Mathematics and Language Integrated
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Design instrucional de Aprendizagem Integrada de Matemética e Linguas (MLIL)
para futuros professores de Matematica

Resumo

Este artigo enfoca o problema da Aprendizagem Integrada de Matematica e Inglés por
futuros professores de Matematica. Esta revisdo de literatura sobre o problema mostra
uma variedade de aspectos que os cientistas consideram ao estudar o referido modelo.
No entanto, pesquisas anteriores ndo consideraram em detalhes o problema de materiais
de aprendizagem apropriados para a Aprendizagem Integrada de Matematica e Inglés. O
artigo mostra os resultados de duas pesquisas realizadas com estudantes de Matematica
e Ensino Secundario (Matematica) na Ucrania (82 e 32 participantes, respectivamente), os
guais ajudaram a tirar uma conclusédo sobre: a importancia da aprendizagem integrada
para a competéncia matematica e de idiomas dos alunos; a importancia dos elementos do
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programa que refletem os componentes matematicos e linguisticos das metas, objetivos e
resultados de aprendizagem esperados; a necessidade do conteldo de Aprendizagem
Integrada de Matematica e Inglés ser consistente com as necessidades atuais dos alunos;
a necessidade de usar diferentes meios de sustentacdo, em particular as oportunidades
das tecnologias da informacéo e comunicacao.

Palavras-chave

aprendizagem integrada de conteudos e linguas; Aprendizagem Integrada de
Matematica e Linguas; apoio educacional; materiais de aprendizagem; futuros
professores de Matematica.

Disefio instruccional de Aprendizaje Integrado de Matematicas y Lenguaje (MLIL)

para futuros profesores de Matematicas

Resumen

Este articulo se centra en la problematica del Aprendizaje Integrado de Matematicas e
Inglés por parte de los futuros profesores de Mateméticas. Esta revision de la literatura
sobre el problema muestra una variedad de aspectos que los cientificos consideran al
estudiar el modelo mencionado. Sin embargo, investigaciones previas no han
considerado en detalle el problema de los materiales didacticos apropiados para el
Aprendizaje Integrado de Matematicas e Inglés. El articulo muestra los resultados de
dos encuestas realizadas con estudiantes de Matematicas y Educacion Secundaria
(Matematicas) en Ucrania (82 y 32 participantes, respectivamente), que ayudaron a
extraer una conclusién sobre: la importancia del aprendizaje integrado para las
matematicas y los idiomas de los estudiantes; la importancia de los elementos del
programa que reflejen los componentes matematicos y linguisticos de las metas,
objetivos y resultados de aprendizaje esperados; la necesidad de que el contenido de
Aprendizaje Integrado de Matematicas e Inglés sea consistente con las necesidades
actuales de los estudiantes; la necesidad de utilizar diferentes medios de apoyo, en
particular las oportunidades de las tecnologias de la informacién y la comunicacion.

Palabras clave

aprendizaje integrado de contenidos y lenguas extranjeras; Aprendizaje Integrado de
Matematicas y Lenguas; apoyo educativo; aprendiendo materiales; futuros profesores de
Matematicas.

1 Introduction

Integration and globalization processes of the socio-economic sphere of Europe
and the world have a direct impact on changes in education. In recent decades,
educators have reviewed approaches to the educational process, updating methods and
techniques of teaching and learning, and looking for ways to improve the efficiency of the
education. The modern educational environment is characterized by innovative methods
of teaching and learning, aimed at cooperation between teacher and student, the

development of skills of the 215t century, the involvement of the latest information and
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communication technologies. The educators launch and implement the research projects
using innovative approaches in order to promote the development of students’
competence based on participation and inclusiveness (MARTIN; PEREZ; ESTEBAN,
2017). Studying the application of innovations in education, scientists also investigate the
role of a teacher in this process, teachers’ attitude to innovations in teaching and
learning, and the results of using innovative methods in education (HASANOVA, 2022).
One of the areas of innovation is Content and Language Integrated Learning (CLIL). It is
defined by Coyle (2007) as a dual-oriented educational approach, in which additional
language is used for learning and teaching content and language. This approach is
relevant both in general secondary education in Ukraine in order to form foreign language
communicative competence of students, and in training teachers, because they should
implement this objective in teaching their subjects (Mathematics, Physics, Geography,
Chemistry, etc.). We focus on some aspects of training Mathematics teachers in Ukraine
using the CLIL methodology.

1.1 Background of the study. Content and Language Integrated Learning (CLIL)

CLIL aims (MALJERS; MARSH; WOLFF, 2007; MEHISTO; MARSH; FRIGOLS,
2008) at improving the study of both the language and the discipline studied by a
foreign language. In this way, favourable conditions are created for the formation of
both subject and language competence of students. Researchers note that the CLIL
approaches are used in 30 European countries (CANADO, 2011). At the same time, the
CLIL approaches differ significantly (COYLE, 2007; WOLF, 2002) in different countries
due to the educational and linguistic characteristics of each country. Researchers
distinguish (CANADO, 2011) the following common features of different
implementations of the CLIL approach in higher education: the use of English as a
foreign language; combination of a foreign language with a regional language; the
scope of CLIL covering history, geography, natural and social sciences; the lack of the
evaluation of the CLIL application. Research on teachers’ attitude to the implementation
of the CLIL methodology (RISKHULOVA, 2021) shows that a significant number of
teachers see greater prospects for the application of this approach in higher education,

rather than secondary schools, and believe that the application of the CLIL approach
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has a positive effect on student motivation and learning outcomes in both subject and
foreign language. Characterizing the CLIL methodology, we note the common features
of CLIL with other approaches implemented in the modern educational paradigm. One
of the characteristic features of CLIL is student-centered learning, which is also typical
for task-based language learning (FROST; BRITISH COUNCIL, 2021; WILLIS, 1996).
Elements of CLIL can also be observed in cooperative learning. Project-based learning
technologies also comply with the basic principles of CLIL. The theoretical sources of
inquiry-based learning are also similar to the CLIL methodology (YANG, W.; YANG, L.,
2021). The common features of the above innovative approaches and CLIL prove the
integrated interdisciplinary nature of the goals of the modern education nowadays, its
focus on the development of student professional and social skills necessary for
successful career development in the 21st century.

Research describing the features, processes and results of the CLIL
implementation (CAPONE; SORBO; FIORI, 2017; FERNANDEZ; HALBACH, 2009;
PARSONS; CALDWELL, 2016) shows its positive influence. Scientific findings of
Japanese scientists (PARSONS; CALDWELL, 2016) argue that the combination of CLIL
with problem-based learning has a positive effect on students’ motivation to learn English
at university. A study by ltalian scientists (CAPONE; SORBO; FIORI, 2017) shows that
the combination of CLIL with flipped learning and project-based learning (FERNANDEZ;
HALBACH, 2009) has a positive effect on the quality of the acquired subject knowledge
of students.

1.2 Mathematics and Language Integrated Learning (MLIL)

The application of the CLIL approach in the study of Mathematics and a foreign
language (MLIL) has been studied (ABEDI, 2001; BARWELL, 2009; CLARKSON, 1992;
CLARKSON; DAWE, 1994; DALE; CUEVAS, 1987; ELLERTON; CLARKSON, 1996;
NEVILLE-BARTON; BARTON, 2005) in different countries in the context of different
problems: general pedagogical laws of construction of the educational process aimed at
mastering the mathematical content by means of English, features of planning and
designing teaching/learning, creating curricula and programs for teaching Mathematics by

means of English, policy of assessing learning outcomes and achievements of students
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(pupils), etc. The positive effect of the approach on improving the level of mathematical
competence of students in a relatively short period of time was found by Belgian
researchers (SURMONT et al., 2016). Czech researchers (NOVOTNA; HOFMANNOVA,
2021) focused on such aspects of integrated teaching of mathematical content and
English as: the interaction of three “languages” in teaching Mathematics (native
language, foreign language and language of Mathematics), as well as the advantages
and disadvantages of using CLIL in Mathematics.

We will start our work based on the conclusions reached by Czech researchers,
namely, that learners always join the perceived stimuli with the knowledge and skills they
have already stored in their mind. The perception process largely depends on the
context. Learning isolated vocabulary items is unacceptable. The cognitive strategies are
universal, not domain dependent. An analysis of the learning process of learning
Mathematics and complementary language (English) by researchers from the UK
(BARWELL, 2005) shows that a clearer reflexive model of the relationship between
content, language and learning is needed.

Some researchers (HINESTROZA, 2019, p. 187) point to shortcomings in the
implementation of MLIL and argue that:

Research on mathematics and language education in bilingual classrooms rarely
maintains the interdisciplinary and interconnected nature of this phenomenon.
Instead, research has tended to focus on language learning as a prerequisite for
mathematics learning. Moreover, each of these two bodies of work is
disseminated in its corresponding field, with few opportunities for interdisciplinary
analysis.

Our observations also reveal some difficulties and reservations in the integrated
teaching/learning Mathematics and foreign language. They are primarily related to the
fact that the laws of cognitive processes that lead to the acquisition and successful use of
language and mathematical content, being to some extent common, however, have their
own specifics related to the subject area, the degree of abstractness of learning objects
(mathematical and linguistic constructs). However, compliance with the laws of mastering
the elements of mathematical content (formation of mathematical concepts, work with
theorems and methods of mathematical activity) and elements of linguistic content
(foreign language vocabulary, grammar, etc.) should lead to better results along with their

coordination in learning and methodological support. To confirm this opinion, we rely on
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research (AKBAROV; GONEN; AYDOGAN, 2018) at the Kazakh National University,
which studied the experience of students in teaching Mathematics using the CLIL
approach. These studies (AKBAROV; GONEN; AYDOGAN, 2018) analyzed the
experience, results and opinions of students, their attitudes, preferences and perceptions
of the educational process aimed at content and language integrated learning. The
results of the study generally indicate an average level of satisfaction with this approach
in the educational process, but there is an increase in the level of foreign language
competence of students. At the same time, as the researchers (AKBAROV; GONEN;
AYDOGAN, 2018) note, a positive and significant correlation of the level of English
competence with the perception of Mathematics and other disciplines taught at the
university in English was found.

Discussing various aspects of integrated teaching/learning language and
Mathematics within the CLIL approach, the researchers point out the advantages of using
a foreign language as the language of teaching Mathematics, as well as the advantages
of using Mathematics as a means of teaching a foreign language. Possibilities of focusing
on the linguistic and mathematical component provide different variations of CLIL-lessons
(TEJKALOVA, 2013). Pointing to the advantages of the integrated learning of
Mathematics and foreign languages, scientists (MIQDADI; DINA AL-LAMAL, 2013)
emphasize that the main purpose of teaching mathematics is the formation of such
gualities of personal thinking as consistency of argumentation, provability, alternative
opinions (complete induction), system, structure, consistency in the process of
expressing ideas and solving problems. These characteristics of mathematical thinking,
according to experts, are enhanced if teaching Mathematics is combined with language
learning. We share this vision of scientists. For example, the proof of a theorem (verbal or
written) involves the construction of not only mathematical but also linguistic
constructions for the logical ordering of a chain of purely mathematical arguments and
conclusions. The logical action of defining mathematical concepts teaches students to
such a way of expressing an opinion, when it is necessary to indicate only the essential
properties of a certain class of objects, distinguishing them from insignificant ones.
Students’ thinking in this case is aimed at performing such mental operations as
comparison (in the form of comparison and opposition), analogy, classification,

generalization, etc. The results of these operations are crystallized in the form of a
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concept definition, which uses only the necessary and appropriate verbal constructions
(necessarily logically consistent, devoid of descriptiveness, inaccuracy, metaphor).
Studying the role of a foreign language in teaching Mathematics, Italian scholars
(FAVILLI; MAFFEI; PERONI, 2013) proceeded from a textual linguistic approach.
Distinguishing four main types of mathematical discourse, namely: dialogic, descriptive,
argumentative, and regulative-directive discourse (BENVENISTE, 1966; MACWHINNEY,
1995; SEARLE, 1969; WEINRICH, 2001) the researchers emphasize that the first three
types can be used to analyze mathematical discourse in the classroom and, at the same
time, represent the main linguistic aspects of communicative competence, namely:
dialogue, description, narration. For example, the reasoned language in mathematics
belongs to the category of narrative, but has its own mathematical specificity. The fourth
type of discourse, regulatory and directive, is associated with a certain algorithmization in
the formation and application of a certain method of mathematical activity (FAVILLI;
MAFFEI; PERONI, 2013). In our opinion, these aspects must be taken into account when
designing learning materials for MLIL. New Zealand researcher Latu (2006) studied the
processes of students’ comprehension of mathematical text, the influence of students’
language difficulties related to the English language acquisition on the level of
understanding and mastering mathematical content, the influence of language
competence on students’ mathematical competence in native language and foreign
language. The main conclusions reached by New Zealand scientists as a result of their
research are that students who use their native language alongside English, applying the
phenomenon of “switching” from language to language, show better learning outcomes in
learning Mathematics in English. The researchers emphasize the importance of teachers’
understanding that switching from language to language is a common practice of bilingual
students. The results of this study formed the basis for our scientific research and
practical development of educational support for integrated learning of Mathematics and
English. Iranian researcher Clarkson (2008) focuses also on the process of “switching”
students from one language to another while solving mathematical problems. The experts
believe that the reasons for the difficulties in switching, for example, are due to the fact
that earlier, students used the terms in their native language, and now they need to
spend some time and correlate these terms with English equivalents. The researchers

(CLARKSON, 2008) suggest that during the lesson, bilingual students will continue to use
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the translation of certain concepts while performing mathematical tasks in order to
understand them and better comprehend. Obviously, these problems are the basis for the
use of native language in the CLIL model, as a kind of scaffolding for students at the
stage of introducing new material or while proving the theorem.

The implementation of the MLIL model requires the provision of specific
prerequisites and careful preparation. The research (TARASENKOVA et al., 2020) shows
that MLIL in the professional training of the prospective Mathematics teachers should be
implemented in two stages: successive models of learning profession-oriented foreign
language (ESP) and, in fact, CLIL. The preparatory stages include the following steps:
1) determining the course for the application of this model; 2) selecting modules of the
course; 3) planning the expected results; 4) selecting organizational forms and methods;
5) developing educational support for MLIL.

We have argued that an appropriate choice is the content of “Theory of divisibility
in the ring of integers” and “Theory of congruence in the ring of integers” modules. It is
because of several reasons. First, students showed a keen interest in learning these
modules because of their widespread use in cryptology. An additional argument is that
some concepts and theorems (the remainder theorem, the Fermat’s little theorem — a
consequence of the Euler's theorem —, the prime number theorem, the divisibility
theorems) are represented in the advanced course of Mathematics in Ukrainian
secondary schools. Many Ukrainian schools also offer students both advanced learning
of Mathematics and English. Thus, the integrated teaching/learning of these modules
corresponds to the current domestic educational trends not only in higher mathematical
education, but also in secondary education. So, it is useful for future Mathematics
teachers, along with Bachelors of Mathematics, to gain an experience in integrated
teaching/learning of these topics. However, the question remains what should be the
educational support for students and educators for successful integrated
teaching/learning Mathematics and English.

Thus, the literature review on the problem of the article shows a variety of
aspects that scientists consider when studying the integrated learning of Mathematics
and English. However, previous research on MLIL did not consider the problem of
selection and design of appropriate educational support in detail, namely learning

materials (LM) for MLIL that would reconcile the patterns of acquisition of mathematical
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knowledge and skills and the formation of foreign language competence of students —

future mathematics teachers.

1.3 The purpose of the article

The purpose of the article is to identify the features of LM for MLIL on the
example of teaching/learning ,Mathematics in English (elements of divisibility theory and

congruence theory)” for prospective mathematics teachers.

2 Methodology

To achieve the goal, we conducted two surveys of university students majoring in
111 Mathematics and 014 Secondary Education (Mathematics) in Ukraine (82 and 32
participants in the survey, respectively). They were carried out by the group of
researchers from the Bohdan Khmelnytsky National University of Cherkasy. Standard
closed ended questionnaire was developed. The data were collected within one month.
Every participant filled in the questionnaire himself/herself. Each questionnaire took from
10 to 15 minutes to be filled out. The purpose of the study was explained to every
participant, and we ensured participants that the information was confidential and would

be used only for the purpose of the study.

3 Results and discussion

Our survey shows that 63.4% of respondents are interested in the integrated
learning of Mathematics and English (Fig. 1). We conclude that the integrated learning of
Mathematics and a foreign language is useful from the standpoint of both mathematical
and foreign language training of future Mathematics teachers. At the same time,
respondents prefer teaching/learning using MLIL technology while learning certain topics
of a particular module (70%) or certain content modules of an educational mathematical
discipline (61%). Therefore, we conclude that the content of MLIL (discipline
“‘Mathematics in a foreign language”) should be varied, so that it is consistent with the

current needs of students. It is important to note that almost 80% of respondents believe
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that the integrated learning of a particular Mathematics course and English requires
partial (59.4%) or complete (21.9%) support in their native language. 100% of surveyed
students consider it necessary to partially or completely duplicate the mathematical
content in their native language on the lectures. At the same time, 45.2% of the
respondents believe that the mathematical content should be partially duplicated in
Ukrainian at the lecture; and 54.8% expressed a wish that the entire mathematical
content should be duplicated.

Planning and development of LM for the integrated learning of the university
discipline “Mathematics in English (elements of divisibility theory and congruence theory)”
should: 1) ensure the implementation of different approaches to the introduction and
consideration of previously known and new (to students) mathematical concepts, facts
and methods; 2) take into account and combine the patterns of perception and
assimilation of mathematical content (concepts, facts and methods of mathematical
activities) and patterns of formation of foreign language competence through listening,
reading, speaking, and writing; 3) implement new trends in teaching/learning caused by
modern global processes and rapid changes in modern society, such as the spread of
distance, blended learning, development of new educational services, mathematical
software, etc. Elements of LM focus on the optimal planning and design of all stages of
teaching/learning and the relevant types of educational activities. One of the main
structures of LM for MLIL is a syllabus.

The syllabus reflects both the mathematical and linguistic components of the
goals and objectives, and the expected learning outcomes. It is the characteristic feature
of the MLIL syllabus in comparison with the syllabi of other disciplines. The syllabus
states that the course is aimed at the formation of general and special competencies of
specialists in relevant specialties, namely, the formation of the ability to operate with
concepts, mathematical facts and methods of mathematical activities, to make a proof in
different ways, to establish causal relationships, to demonstrate mastery of basic and
special mathematical methods while analyzing and studying the problems of number
theory in Ukrainian, and English. The linguistic component of the course is aimed at
students’ mastering oral and written communication skills in Ukrainian and English to
solve mathematical problems in number theory and the implementation of interpersonal

and intercultural interaction. The course consists of basic mathematical concepts, facts
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and methods related to the theory of divisibility and the theory of congruencies in the ring
of integers, and implemented in the following activities: listening, reading, reproducing
and applying orally and in writing in Ukrainian and English.

The program results, reflected in the syllabus, take into account the conclusions
reached by Czech scientists Novotna, Hofmannova (2021). They point out that students
must, on the one hand, freely operate in their native language with previously studied
mathematics concepts and facts (in our case thy are from the theory of divisibility in the
ring of integers and the theory of congruencies). On the other hand, they need to learn
English for professional purposes in advance.

The format of the university discipline “Mathematics in English (Elements of
Number Theory and Congruence Theory)” includes lectures (14 hours), practical classes
(16 hours), students’ independent work (30 hours), additional individual tasks (20 hours),
consultations (10 hours), modular tests. At each lesson, students implement both
mathematical activities (activities with previously studied concepts and facts and new
ones on the theory of divisibility in the ring of integers and the theory of congruencies)
and linguistic activities (on mastering the linguistic component of the content). The
preparation work and course of lectures and practical classes is determined by what type
of student activity (mathematical or linguistic) is leading in a particular lesson and what is
accompanying.

Although the priority of a certain type of student activity in the classroom is to
some extent conditional, we will consider the priority (leading) type of activity, as a result
of which students’ mastering new mathematical concepts, facts, methods or linguistic
knowledge and skills. If the subjects of study are familiar to students, and the activity is
aimed at their consolidation and application, then this type of activity will be treated as an
accompanying one.

Lectures in MLIL play an essential role due to their mathematical and linguistic
content, the ability to focus on general mathematical approaches in proving theorems and
constructing methods of mathematical activity for solving problems (method of
mathematical induction, method of complete induction, constructive proof, proof based on
contradiction, etc.). However, in our opinion, lectures in MLIL should have a familiar
mathematical content, so the leading type of students’ educational and cognitive activities

during lectures is an activity related to mastering the linguistic component of the course.
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The accompanying type of students’ activities is mathematical activity which is connected
with the repetition and application of the mathematical component of the LM. In this
context, we consider it appropriate to refer to the model of flipped learning (AKCAYIR, G.;
AKCAYIR, M., 2018; BHAGAT; CHANG, C. N.; CHANG, C. Y., 2016). We base on the
concept of flipped learning as a learning style when a teacher provides to students
learning materials in a video format or other supportive form to learn or review as their
homework, a student then uses them in the next class time for in-class activities and
problem-solving exercises (VELYCHKO et al.,, 2020). In designing and conducting
lectures we also rely on the results of research by Italian scientists (CAPONE; SORBO;
FIORI, 2017) who substantiated the combination of CLIL with flipped learning, as well as
scientists who prove measurable improvements in student and teacher motivation,
increased attendance in class, and better grades, as a result of using the flipped
approach (BISHOP; VERLEGER, 2013; DAVIES; DEAN; BALL, 2013; HAMDAN et al.,
2013). We offer mathematical content for students’ independent review, and mastering
the linguistic component occurs during lectures, because we provide activity of students
through active listening, speaking (listening, repetition), reading, discussion at the lecture.
When designing a lecture, we also take into account the wishes of students identified
during the survey.

Learning the linguistic component of the educational content during the lecture is
based on the previous students’ knowledge of general English and English for
professional purposes. It is provided by the perception of oral (listening) and written
speech (reading) during the lecture. Essential features of listening and reading are as
follows: 1) these are receptive types of speech activity that are aimed at the perception of
information implying the simultaneous perception and understanding of what is heard,
read, or written; 2) the form of course is internal, which is based on the formed ability to
understand what is heard read, or written; 3) the subject is someone else's opinion, which
is encoded in the written text or audiotext, which should be recognized; 4) the result is an
inference; 5) the result is listening comprehension or reading comprehension and one's
own lingual and non-lingual behaviour.

We can forecast the difficulties for students and choose ways of scaffolding, i.e.,
ways to support, help and facilitate the perception of mathematical content presented in

English, considering the properties of these types of speech activities. We take into
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account that success of the perception of mathematical material in English depends
primarily on the students, namely, on their listening comprehension skills, memory,
attention, interest, that is, on the students’ individual psychological characteristics.
Second, the success of perception and understanding depends on the mathematical text
(information) and the way it is presented if it is new to students. If the mathematical
content is familiar to students, then its perception depends on the level of their pre-
formed mathematical ideas, knowledge and skills.

Therefore, we consider that variations of scaffolding at this stage of formation and
development of listening and reading skills are obligatory. They will include: 1) prior
knowledge (to start the learning process with previous students’ linguistic knowledge and
use them as a basis for perception and understanding of new learning material); 2) pre-
teach vocabulary (introduction of new lexical units in a mathematical context); 3) visual
aids (use of formulas, graphs, diagrams that facilitate the perception and understanding
of new or familiar mathematical content); 4) pauses, questions, reviews (accompanying
the introduction of new mathematical content with pauses for comprehension, questions
to control comprehension, repetition to control perception).

We consider how these techniques have been implemented in the development
of educational support for the lecture “Divisibility in the ring of integers”. Students
previously repeat the basic concepts and properties of divisibility of integers known to
them. During the lecture, it is advisable to repeat them in the form of an interactive cloud
of words. The formulation of the division theorem with remainder deserves more
particular attention. At the same time, new lexical units of mathematical content are
introduced. The introduction of new lexical units involves the perception of oral (listening)
and written speech (reading). As a result of the introduction of new lexical units, students
consider and comment on a new interactive cloud of words, composed of well-known
mathematical terms given in English. In designing LM for lectures, it is necessary to
consider the possibilities of the latest educational technologies, the opportunities of
educational information and communication technologies (ICT) to support the educational
process, that have a significant impact on ensuring MLIL. They allow us to diversify ways
of participants’ (students, teachers and the modern educational environment) interaction.
The model of blended learning allows us to realize these possibilities of new modern ICT.

This model of teaching and learning allows us (VELYCHKO et al.,, 2020) to take an
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advantage of face-to-face learning and electronic educational resources through a
combination of distance and traditional communication in integrated learning activities.
The integration of traditional and computer-based learning will lead to a purposeful
acquiring knowledge, skills and abilities in the classroom and extracurricular learning
activities through the use of ICT. The existence of this form of learning is possible due to
the effective combination of different ways of presenting educational content, teaching
models and styles. It is based on the interaction between all participants of the
educational process. These aspects must be taken into account in the design and
development of LM for lectures of the course “Mathematics in a foreign language
(elements of number theory and congruence theory)” in MLIL. Therefore, we offer to
include interactive exercises created with the help of LearningApps. The next stage in the
formation and development of linguistic skills is to work with the text, in our case, with the
proof of the theorem on division with remainder. We offer for consideration a variant of
proof that differs from the previously studied in some aspects, although the general
method of proof (constructive proof) remains similar to that previously studied by
students. Organizational forms of this work include work in pairs (read and discuss), in
mini-groups and in a group (read and talk about the main idea of the certain step of the
proof). The exercise is used to control reading comprehension. At the same time, the
implementation of task 4 provides some assistance to students using the scaffolding
technique. It involves the application of the prior knowledge of students to prove the

theorem in their native language, using an interactive whiteboard Jamboard (Fig. 1).

Figure 1 — Using an interactive whiteboard to review previously learned material

At ' E

i 3) What other method was used in the process of the proof .
Fill in the blanks and correct the mistakesin the theorem proof
that we have learned before in Ukrainian,

- 15) Writethis proofin English
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The final stage of forming the ability to prove a theorem in English is task 5. It
involves writing a proof of the theorem in English, using proof in Ukrainian as a support.
Lexical material in English is used too to formulate students’ thoughts and conclusions.

To ensure the accompanying mathematical activities, we formulate tasks (Fig. 2)
in English in order to apply the obtained mathematical and linguistic knowledge in
practice. Tasks are performed by the students in the collective activity under the teacher’s
control and with the teacher’s help. The final stage of the lecture, in our opinion, involves
the transfer of acquired knowledge and skills of students into new conditions. For this
purpose, we offer creative work to students in pairs or mini-groups. It covers the
development of skills of clustering concepts and mathematical facts by means of English,
using the Brainstorm approach. In this way, the formation of flexibility as a necessary

quality of linguistic skill is ensured.

Figure 2 — Math and English in Practice

cormm § Dmdsty e S of Pigew sy ! Dresntyy v e Sy of rhages

1) Divide with the remainder; 2) For the given integers a and b, find the integer q that
- 4by13 brggach-(g+1):

- 530by 13 a) a=-3%.6=2 8 a=35b=2;

- [-530) by (-13) 6 a=-3b=-2; r) a=3b=-21

- 530by(-13) b 3) Write the general form of all the integers that:

- (-530)by 13 a) aredividedby3
b) whendivided by 5 give the remainder 2|
¢) arenot divided by (-7)
a d) arenotdividedby2and3

4 Final considerations

Thus, the integrated learning of mathematics and English contributes to both
mathematical and language training of future Mathematics teachers. The content of MLIL
should be consistent with the current needs of university students. LMs in MLIL are
intended to support students and teachers, to develop students’ content knowledge and
language skills. LM should include syllabus which reflects both the mathematical and
linguistic components of the goals and objectives, and the expected learning outcomes.

LMs in general promote students to comprehend, conceptualise, systematise, appreciate
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and contemplate mathematical concepts and theorems as well as the experiences in
speaking and writing in English. LMs for lectures in MLIL are grounded on a familiar
mathematical content, so the leading type of students’ educational and cognitive activities
during the lectures is an activity related to mastering the linguistic component of the
course. Learning the linguistic component of the educational content during the lecture is
based on the previous students’ content knowledge and knowledge of general English
and English for professional purposes. Different means of scaffolding are obligatory. They
will include: 1) prior knowledge; 2) pre-teach vocabulary; 3) visual aids; 4) pauses,
guestions, reviews. We ensure that it is necessary to partially duplicate the mathematical
content in the native language at the lectures. In designing LM for lectures in the MLIL
model, it is necessary to use the opportunities of ICT that have a significant impact on
ensuring MLIL. As far as the authors know, this article is one of the few articles
(MEHISTO, 2012; NEVILLE-BARTON; BARTON, 2005) that focuses on the problem of
MLIL in this context.

5 References

ABEDI, J. The language factor in mathematics tests. Applied Measurement in Education,
v. 14, n. 3, p. 219-335, 2001.

AKBAROV, A.; GONEN, K.; AYDOGAN, H., Content and (English) language integrated
learning (CLIL) applied to math lessons. Acta Didactica Napocensia, [S.l.], v. 11, n. 2,
p. 1-10, 2018.

AKCAYIR, G.; AKCAYIR, M. The flipped classroom: A review of its advantages and
challenges. Computers and Education, [S.l.], v. 126, p. 334-345, 2018.

BARWELL, R. Integrating Language and Content: Issues from the Mathematics
Classroom. Linguistics and Education. An International Research Journal, [S.l.], v. 16, n.
2, p. 205-218, 2005.

BARWELL, R. Multilingualism in Mathematics classrooms: global perspectives.
Clevedon: Multilingual Matters, 2009.

BENVENISTE, E. Problémes de linguistiqgue générale. Paris: Gallimard, 1966.
BHAGAT, K. K.; CHANG, C. N.; CHANG, C. Y. The impact of the flipped classroom on

mathematics concept learning in high school. Educational Technology & Society, [S.l.], v.
19, n. 3, p. 124-132, 2016.

Educ. Form., Fortaleza, v. 7, e8362, 2022
DOI: https://doi.org/10.25053/redufor.v7.e8362
https://revistas.uece.br/index.php/redufor/index
ISSN: 2448-3583

Esta obra esta licenciada com uma Licenga Creative Commaons
BY Atribuicdo 4.0 Internacional.




EDUCACAO & FORMACAO

ARTIGO Revista do Programa de Péds-Graduacdo em Educacao '\&‘2 REDUFUR

da Universidade Estadual do Ceara (UECE) REVISTA EDUCACAD & FORMAGAD

BISHOP, J.; VERLEGER, M. The flipped classroom: A survey of the research. ASEE
National Conference Proceedings, Atlanta, v. 30, n. 9, p. 1-18, 2013.

CANADO, M. L. P. CLIL research in Europe: Past, present, and future. International
Journal of Bilingual Education and Bilingualism, [S.l.], v. 15, n. 3, p. 1-27, 2011.

CAPONE, R.; SORBO, M. R.; FIORE, O. A flipped experience in physics education using
CLIL methodology. Eurasia Journal of Mathematics, Science and Technology Education,
[S.l.], v. 13, n. 10, p. 6579-6582, 2017.

CLARKSON, P. C. Language and Mathematics: A comparison of bilingual and
monolingual students of Mathematics. Educational Studies in Mathematics, [S.l.], v. 23, n.
4, p. 417-430, 1992.

CLARKSON, P. C.; DAWE, L. Problem solving in two languages: A longitudinal study of
bilingual students in Melbourne and Sydney. In: BELL, G. et al. (ed.). Challenges in
mathematics education: Constraints on construction. Sydney: Merga, 1994. p. 173-178.

CLARKSON, Z. P. Iranian bilingual students reported use of language switching when
doing mathematics. Mathematics Education Research Journal, [S.l.], v. 20, n. 1, p. 52-81,
2008.

COYLE, D. CLIL: Towards a Connected Research Agenda for CLIL Pedagogies.
International Journal of Bilingual Education and Bilingualism, [S.l.], v. 10, n. 5, p. 543-562,
2007.

DALE, D. C.; CUEVAS, G. J. Integrating language and mathematics learning. In: JOANN,
C. (ed.). ESL through content-area instruction. Regents: Prentice Hall, 1987. p. 9-23.

DAVIES, R.; DEAN, D.; BALL, N. Flipping the classroom and instructional technology
integration in a college-level information systems spreadsheet course. Educational
Technology Research and Development, [S.l.], v. 61, n. 4, p. 563-580, 2013.

ELLERTON, N. F.; CLARKSON, P. C. Language factors in mathematics teaching and
learning. In: BISHOP, A. J. et al. (ed.). International handbook of Mathematics education.
Dordrecht: Kluwer Academic, 1996. p. 987-1033.

FAVILLI, F.; MAFFEI, L.; PERONI, R. Teaching and Learning Mathematics in a Non-
native Language: Introduction of the CLIL Methodology in Italy. US-China Education
Review, [S.I.], v. 3, n. 6, p. 374-380, 2013.

FERNANDEZ, R. F.; HALBACH, A. Analysing the situation of teachers in the CAM
bilingual project after five years of implementation Conference: Symposium on Content
and Language Integrated Learning (CLIL). In: LAGASABASTER, D.; RUIZ DE ZAROBE,
Y. (ed). CLIL in Spain: Implementation, Results and Teacher Training. Chapter: From the
Classroom to University and Back: Teacher Training for CLIL in Spain at the Universidad
de Alcala. Edition: Cambridge Scholars, 2009.

Educ. Form., Fortaleza, v. 7, e8362, 2022
DOI: https://doi.org/10.25053/redufor.v7.e8362
https://revistas.uece.br/index.php/redufor/index
ISSN: 2448-3583

Esta obra esta licenciada com uma Licenga Creative Commaons
X Atribuicao 4.0 Internacional.




EDUCACAO & FORMACAO ':
ARTIGO Revista do Programa de Péds-Graduacdo em Educacao Q{ﬂ/ REDUFUR

da Universidade Estadual do Ceara (UECE) REVISTA EDUCACAD & FORMAGAD

FROST, R.; BRITISH COUNCIL. A Task-Based Approach. 2021. Available in:
https://www.teachingenglish.org.uk/article/a-task-based-approach. Accessed on: July 2,
2021.

HAMDAN, N. et al. Review of Flipped Learning. 2013. Available in:
http://www.flippedlearning.org/cms/lib07/VA01923
112/Centricity/Domain/41/LitReview_FlippedLearn ing.pdf. Accessed on: July 2, 2021.

HASANOVA, L. X. The main directions of the application of pedagogical innovations in
modern times and the role of teachers in this activity. Educacao & Formacéo, Fortaleza,
V. 6, n. 3, p. e5347, 2021. DOI: 10.25053/redufor.v6i3.5347. Available in:
https://revistas.uece.br/index.php/redufor/article/view/5347. Accessed on: June 30, 2022.

LATU, V. F. Language Factors that Affects Mathematics Teaching and Learning of
Pasifika Students. Semantic Scholar, 2006. Available in:
https://www.academia.edu/1593857/Language Factors that affect Mathematics Teachi

ng_and_Learning_of Pasifika Students. Accessed on: July 2, 2021.

MACWHINNEY, B. The CHILDES project: Tools for analysing talk. Hillsdale: Erlbaum,
1995.

MALJERS, A.; MARSH, D.; WOLFF, D. (ed.). Windows on CLIL: Content and Language
Integrated Learning in the Spotlight. The Hague: European Platform for Dutch Education,
2007.

MARTIN, L. D.; PEREZ, M. C. M.; ESTEBAN, M. C. L. Initial teacher training in
mathematics and its influence on educational improvement of students with special
needs. Educacao & Formacéo, Fortaleza, v. 2, n. 5, p. 3-19, 2017. DOI:
10.25053/edufor.v2i5.2173. Available in:
https://revistas.uece.br/index.php/redufor/article/view/133. Accessed on: June 30, 2022.

MEHISTO, P. Criteria for producing CLI learning material. Encuentro, [S.l.], v. 21, p. 15-
33, 2012.

MEHISTO, P.; MARSH, D.; FRIGOLS, M. J. Uncovering CLIL: Content and Language
Integrated Learning in Bilingual and Multilingual Education. Oxford: Macmillan, 2008.

MIQDADI, R.; AL-LAMAL, D. Difficulties in Content and Language Integrated Learning:
The Case of Math. Jordan Journal of Educational Sciences, [S.l.], v. 9, n. 4, p. 449-459,
2013.

NEVILLE-BARTON, P.; BARTON, B. The relationship between English language and
mathematics learning for non-native speakers. Final Report. Wellington. Teachers
learning & Research Initiative, [S.l.], 2005. Available in: http://www.tlri.org.nz/tlri-
research/research-completed/school-sector/relationship-between-english-language-and-
mathematics. Accessed on: July 2, 2021.

Educ. Form., Fortaleza, v. 7, e8362, 2022
DOI: https://doi.org/10.25053/redufor.v7.e8362
https://revistas.uece.br/index.php/redufor/index
ISSN: 2448-3583

Esta obra esta licenciada com uma Licenga Creative Commaons
By Atribuicdo 4.0 Internacional.



https://www.teachingenglish.org.uk/article/a-task-based-approach
http://www.flippedlearning.org/cms/lib07/VA01923%20112/Centricity/Domain/41/LitReview_FlippedLearn%20ing.pdf
http://www.flippedlearning.org/cms/lib07/VA01923%20112/Centricity/Domain/41/LitReview_FlippedLearn%20ing.pdf
https://revistas.uece.br/index.php/redufor/article/view/5347
https://www.academia.edu/1593857/Language_Factors_that_affect_Mathematics_Teaching_and_Learning_of_Pasifika_Students
https://www.academia.edu/1593857/Language_Factors_that_affect_Mathematics_Teaching_and_Learning_of_Pasifika_Students
https://revistas.uece.br/index.php/redufor/article/view/133
http://www.tlri.org.nz/tlri-research/research-completed/school-sector/relationship-between-english-language-and-mathematics
http://www.tlri.org.nz/tlri-research/research-completed/school-sector/relationship-between-english-language-and-mathematics
http://www.tlri.org.nz/tlri-research/research-completed/school-sector/relationship-between-english-language-and-mathematics

EDUCACAO & FORMACAO 2y
ARTIGO Revista do Programa de Péds-Graduacdo em Educacao Q}ﬁ/ REDUFUR

da Universidade Estadual do Ceara (UECE) REVISTA EDUCACAD & FORMAGAD

NOVOTNA, J.; HOFMANNOVA, M. Context-dependent learner comprehension strategies
Mathematics taught in English to Czech learners. 2021. Available in:
https://www.researchgate.net/publication/267830680 Context-

dependent learner_comprehension_strategies Mathematics taught in_English to Czec
h_learners. Accessed on: July 2, 2021.

PARSONS, M.; CALDWELL, M. Student attitudes to CLIL lessons utilising a problem-
based approach to English language education at university in Japan. The Hannan
Ronsyu, [S.l.], v. 51, n. 2, p. 31-47, 2016.

RISKHULOVA, D. A. Uzbek Teachers’ Attitude towards Implementation of CLIL
Methodology in Primary and Secondary Schools. Academic Research in Educational
Sciences, [S.I.], v. 2, n. 6, p. 405-408, 2021.

SEARLE, J. R. Speech acts: An essay in the philosophy of language. Cambridge:
Cambridge University, 1969.

SURMONT, J. et al. The effects of CLIL on mathematical content learning: A longitudinal
study. Studies in Second Language Learning and Teaching, [S.l.], v. 6, n. 2, p. 319-337,
2016.

TARASENKOVA, N. et al. Preconditions and Preparatory Steps of Implementing CLIL for
Future Mathematics Teachers. Universal Journal of Educational Research, [S.l.], v. 8,
n. 3, p. 971-982, 2020.

TEJKALOVA, L. P. Mathematics for language, language for Mathematics. European
Journal of Science and Mathematics Education, [S.L.], v. 1, n. 1, p. 23-28, 2013.

VELYCHKO, V. Y. et al. The support of the process of training pre-service mathematics
teachers by means of cloud services. Workshop Proceedings Cloud Technologies in
Education, [S.l.], 2020. Available in:
http://elibrary.kdpu.edu.ua/bitstream/123456789/4385/1/paperl7.pdf. Accessed on: July
2, 2021.

WEINRICH, H. Tempus: Besprochene und erzaehlte welt. Muenchen: Beck, 2001.

WILLIS, J. A Framework for Task-Based Learning. Longman: Longman Handbooks for
Language Teachers, 1996.

WOLFF, D. On the Importance of CLIL in the context of the debate on plurilingual
education in the European Union. In: MARSH, D. (ed.). CLIL/EMILE The European
Dimension: action, trends and foresight potential. Brussels: European Commission, 2002.
p. 47-48.

YANG, W.; YANG, L. Evaluating Learners’ Satisfaction with a Distance Online CLIL
Lesson During the Pandemic. English Teaching & Learning, [S.l.], 2021.

Educ. Form., Fortaleza, v. 7, e8362, 2022
DOI: https://doi.org/10.25053/redufor.v7.e8362
https://revistas.uece.br/index.php/redufor/index
ISSN: 2448-3583

Esta obra esta licenciada com uma Licenga Creative Commaons
BY Atribuicdo 4.0 Internacional.



https://www.researchgate.net/publication/267830680_Context-dependent_learner_comprehension_strategies_Mathematics_taught_in_English_to_Czech_learners
https://www.researchgate.net/publication/267830680_Context-dependent_learner_comprehension_strategies_Mathematics_taught_in_English_to_Czech_learners
https://www.researchgate.net/publication/267830680_Context-dependent_learner_comprehension_strategies_Mathematics_taught_in_English_to_Czech_learners
http://elibrary.kdpu.edu.ua/bitstream/123456789/4385/1/paper17.pdf

EDUCACAO & FORMACAO \
ARTIGO Revista do Programa de Péds-Graduacdo em Educacao Qﬁ/ REDUFUR

da Universidade Estadual do Ceara (UECE) REVISTA EDUCACAD & FORMAGAD

Nina Tarasenkova, Bohdan Khmelnytsky National University of Cherkasy, Department of
Mathematics and Methods of Teaching Mathematics

i 5http://orcid.org/0000-0002-6418-6380

Doctor of Science in Pedagogy, Professor, Head of the Department of Mathematics and Methods of
Teaching Mathematics of the Bohdan Khmelnytsky National University of Cherkasy, Cherkasy,
Ukraine.

Author's contribution: Project Administration, Formal Analysis, Conceptualization, Supervision.

E-mail: ntaras7@ukr.net

Iryna Akulenko, Bohdan Khmelnytsky National University of Cherkasy, Department of Automation and
Computer-Integrated Technologies

il%http://orcid.org/0000-0003-4603-409X

Doctor of Science in Pedagogy, Professor, Professor at the Department of Automation and Computer-
Integrated Technologies of the Bohdan Khmelnytsky National University of Cherkasy, Cherkasy,
Ukraine.

Author's contribution: Conceptualization, Investigation, Methodology, Data Curation.

E-mail: akulenkoira@ukr.net

Iryna Kulish, Bohdan Khmelnytsky National University of Cherkasy, Department of the Bohdan
Khmelnytsky National University of Cherkasy

il “http://orcid.org/0000-0002-5375-5429

PhD in Pedagogy, Associate Professor, Head of the Foreign Languages Department of the Bohdan
Khmelnytsky National University of Cherkasy, Cherkasy, Ukraine.

Author's contribution: Conceptualization, Data Curation, Writing — Original Draft, Writing — Review and
Editing.

E-mail: irinakulish@ukr.net

Iryna Nekoz, Bohdan Khmelnytsky National University of Cherkasy, Foreign Languages Department
viZhttp://orcid.org/0000-0001-7946-8463

PhD in Pedagogy, Associate Professor, Associate Professor of the Foreign Languages Department of
the Bohdan Khmelnytsky National University of Cherkasy, Cherkasy, Ukraine.

Author's contribution: Writing — Original Draft, Writing — Review and Editing, Investigation, Validation
and Visualization.

E-mail: nekoz@email.ua

Responsible editor: Lia Machado Fiuza Fialho

Ad hoc experts: Jodo Vicente and Paula Jurado

How to cite this article (ABNT):

TARASENKOVA, Nina; AKULENKO, Iryna; KULISH, Iryna; NEKOZ, Iryna. Instructional
design of Mathematics and Language Integrated Learning (MLIL) for future Mathematics
teachers. Educ. Form., Fortaleza, v. 7, e8362, 2022. Available in:
https://revistas.uece.br/index.php/redufor/article/view/8362

Educ. Form., Fortaleza, v. 7, e8362, 2022
DOI: https://doi.org/10.25053/redufor.v7.e8362
https://revistas.uece.br/index.php/redufor/index
ISSN: 2448-3583

Esta obra esta licenciada com uma Licenga Creative Commaons
By Atribuicdo 4.0 Internacional.



http://orcid.org/0000-0002-6418-6380
mailto:ntaras7@ukr.net
http://orcid.org/0000-0003-4603-409X
mailto:akulenkoira@ukr.net
http://orcid.org/0000-0002-5375-5429
mailto:irinakulish@ukr.net
http://orcid.org/0000-0001-7946-8463
mailto:nekoz@email.ua
https://revistas.uece.br/index.php/redufor/article/view/8362

EDUCACAO & FORMACAO \
ARTIGO Revista do Programa de Péds-Graduacdo em Educacao Qﬁ/ REDUFUR

da Universidade Estadual do Ceara (UECE) REVISTA EDUCACAD & FORMAGAD

Received on May 30, 2021.
Accepted on July 4, 2022.
Published on August 12, 2022.

Educ. Form., Fortaleza, v. 7, e8362, 2022
DOI: https://doi.org/10.25053/redufor.v7.e8362
https://revistas.uece.br/index.php/redufor/index
ISSN: 2448-3583

Esta obra esta licenciada com uma Licenga Creative Commaons
By Atribuicdo 4.0 Internacional.




