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ABSTRACT

This study investigates the development of students’ interpersonal interaction
skills in secondary school mathematics education. The relevance of the research is
determined by the growing need to enhance students’ communication, collaboration,
and mathematical discourse skills in accordance with contemporary educational
requirements. In mathematics lessons, students are expected not only to solve tasks
correctly, but also to explain their reasoning, justify their ideas, listen to peers, and
participate in meaningful discussion.

The purpose of the study was to identify effective pedagogical conditions for
developing interpersonal interaction skills among secondary school students in
mathematics education and to test their effectiveness experimentally on a sample of
seventh-grade students.

The research employed theoretical and empirical methods, including analysis
of pedagogical literature, classroom observation, questionnaires, pedagogical
experimentation, and qualitative analysis of the obtained results. A methodological
system based on dialogic teaching, collaborative learning, communicative tasks, and
psychotype-based group organization was developed and implemented.

The results of the study showed that the proposed methodology had a positive
impact on students’ communication, cooperation, active participation, confidence in
expressing ideas, and ability to use mathematical language during lessons. The
scientific novelty of the study lies in the development and experimental validation of
a psychotype-based model for organizing collaborative learning in mathematics
lessons. The practical significance of the research is associated with the possibility of
applying the proposed instructional strategies and communicative tasks in secondary
school mathematics education.

Keywords: interpersonal interaction, mathematics education, communication

skills, collaborative learning, dialogic teaching, psychotype-based grouping
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AHJIATIIA

Byn 3epTTey opTra MeKTeITe MaTeMaTHKAaHbI OKbITY 0apbIChIHA OKYIIbLIAP/bIH
TYIFaapasblK ©3apa oJpeKeTTeCy [JaF[blIapblH [aMbITy MICe/ieCiHe apHasFaH.
3epTTeyniy ©3eKTiJIirl OKYILLbLIapAbIH KOMMYHUKaTHBTIK  KabineTTepiH,
BIHTBIMAKTACTBIKTa >KYMbIC ICTey [Aar[blIapblH >K9He MaTeMaTHKaJIbIK AUCKYpPCKa
KaTbICy MYMKIHZJIKTepiH JKeTUIAipy KaXKeTTUIriMeH aHblKTanazbl. MartemaTHKa
cabakTapelH/ja OKYIIbIIap/laH TeK ecemnTep/li AYPhIC IIbIFapy FaHa emMecC, COHbIMEH
KaTap 63 OH-TIiKip/iepiH TYCiH/ipy, TYKbIPbIM/IApbIH [3J1e/i/ley, ChIHbIIITaCTapbIHbIH
MiKip/iepiH TbIHAAY XK9He TaJIKblIaysiapra.

3epTTeyAiH MakcaTbl — MaTeMaTUKaHbl OKBITY YJEpiCiHge MeKTerl
OKYLLbLIAPbIHBIH, ©3apa 9peKeTTecy Jar[blIapblH JaMbITyFa bIKIa/J eTeTiH TUIMZAL
refarorvkasiblK LIapTTapAbl aHbIKTAY JKOHE OJlapAblH, TUIMZUICIH  7-ChIHbII
OKYILIbLIaPbl KATBICKAH SKCIIEPUMEHTTIK 3ePTTey apKbLIbl TEKCEPY.

3epTTeyzie TEOPUSIBIK JKoHe IMITMPUKAJIBIK, 9/IiCTep KOIJaHbLIZbI, CAabaKTap/bl
Oakpllay, cayajqHamMa JKYpPri3y, MeJarorukanblK SKCIEPUMEHT >KoHe aJIbIHFaH
HOTIKeNep/i cananblK Tanzgay O6ap. [Iuanortik okwITyFa, Oip/ieckeH OKY opeKeTiHe,
KOMMYHHMKATHUBTIK TarlCbIpMajiapFa »9He OKYIIbIapAbl TICUXOTUNTEpi OOMBIHIIA
TOMTACThIPyFa HeTi3/ie/TeH J/licTeMeJliK )Kyie 33ip/ieHirn, ToKipubere eHri3iizi.

3epTTey HOTH)KeJIepi OKYLUbLIap/AblH KapbIM-KaThIHAC ’Kacay JaF[bliapbiHa, 63
OWapblH CeHiMZI TypJe JKeTKi3dyiHe J>KoHe MaTeMaThKa cabakTapbIHa
MaTeMaTUKa/bIK TiIAlI KOJMJaHy JaFdbllapblHA OH bIKIA/Jl eTKeHIH KOpCeTTl.
3epTTeyziH FbUILIMH >KAHAJIBIFBI MaTeMaTHKa cabakTapbiHJa Oip/iecKeH OKBITYbI
VUBIMIACTBIPY/IbIH, TICUXOTUIIKE OaFJap/aHfaH MOJETiH 93ip/ey J>KoHe OHBIH,
TUIMAUIITIH Heri3fieyMeH CuIiaTTajgajibl. 3epTTeyAiH TPaKTUKa/IbIK MaHbI3AbUIbIFbI
VYCBIHBUIFAH Tle/larOrvKasblK CTpaTerusiyiap MeH KOMMYHUKATUBTIK TariCblpMasiapzbl
OpTa MeKTeIlTeri MaTeMaTHka cabakTapblH/a KO/IlaHy MYMKiH/[iriMeH aiiKbIH/|aa/ibl.

TytiiHOi ce30ep: my/seaapanblK 63apa apekemmecy, MAMemMamuKanblk 6inim
bepy, KOMMyHUKamuemik 0azobliap, bipaeckeH oKbimy, Ouaa02mik OKbimy,
ncuxomun 60tlibIHWA MonMacmaIpy.
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AHHOTALISA

[laHHOe WCC/IeZloBaHUe TIOCBSIIIEHO PAa3BUTHUIO HABBIKOB MEX/IMYHOCTHOTO
B3aMMO/IEMCTBUS yuall[uXcsl B mpoljecce oOydyeHUs] MaTeMaTHKe B CpefiHeM IIKoJe.
AKTyanbHOCTh WCC/IeZIOBaHUS 00yC/OB/ieHa BO3pacTaroljeli HeoOXO0AMMOCThIO
COBEpIIIeHCTBOBAHUS KOMMYHHKATUBHBIX HABBIKOB YYAIlIMXCSA, UX CIIOCOOHOCTH K
coTpyaHuuecTBy. Ha ypokax MaTeMaTHKM OT ydaliuxcsi TpeOyeTcsi He TOJbKO
MpaBU/IbHOE peIlleHre 3a7iad, HO U yMeHHe OOBSICHSATb XOJ, CBOMX PaCCYKIEeHWH,
C/IyIaTh MHEHHE OJHOK/IAaCCHUKOB U YYaCTBOBATh B CO/lepyKaTeIbHBIX 00CY>KIEeHHUSIX.

Llenb  uccnefmoBaHWsS — 3aK/aiyanach B BbIABAeHUMM 3G (deKTUBHBIX
1eJJarOriUeCcKrX YCJIOBHM Pa3BUTHS HABBIKOB MEXK/TMUHOCTHOTO B3aMIMO/IEHICTBUS B
rpoiiecce  00yueHUsI ~MaTeMaTHKe W JSKCIIEPUMEHTATbHOM  TpOBEpKe  MX
3¢ (}eKTUBHOCTH yualuxcsi 7-X KIacCoB.

B uccnemoBaHUM MCIIO/B30BAMCh TEOPETUUECKHE U SMITUPUUECKHE METO/bI,
rejjaroruyeckoe Hab/it0/leHUe, aHKeTUPOBaHUe, Ile/laroTHYecKuii 3KCIepUMeHT U
KaueCTBeHHBIM aHa/IW3 TIOJIyYEHHBIX pe3y/bTaToB. bblna pa3paboTaHa M BHeZpeHa
MeTO/uecKasi CUCTeMa, COBMECTHOW yueOHOW JesiTeTlbHOCTH, KOMMYHUKATHUBHBIX
3a[]aHUSX ¥ OPTaHU3aI|M IPYIITIOBOM PabOThI C yUETOM TICUXOTHUIIOB yUall[UXCHl.

Pe3ybTaThl MCCEA0OBAHMS TI0Ka3alaM, UYTO IMpeJ/IoyKeHHas MeToJuKa OKa3asa
TO/IOYKUTEeTbHOE B/IMSIHME Ha Ppa3BUTHE KOMMYHUKATHUBHBIX HABBIKOB YUall[UXCs,
aKTUBHOMY y4YaCTHI0O B yueOHOM TIpoijecce, YBEePEeHHOCTH B BBbIpaXXeHUU
coOCTBEeHHBIX HIel Ha ypokax. HayuHasi nccieoBaHMs 3aK/Ii0UaeTcs B pa3paboTke u
9KCIIepUMeHTaTbHOM 060CcHOBaHUH TICUXOTUIT-OPUEHTUPOBAHHOMN MOZIe/TH
OpraHu3allid COBMECTHOro OOyueHMSI Ha YypOKaxX MaTeMaTWKu. I[IpakTudeckas
3HaUMMOCTb PabO0ThI OMpe/iensieTCsi BO3MOXXHOCTbIO TPUMEHEHMSs Tpe/|/I0)KeHHbIX
MeZIarorTMYecKuX CTpaTerMii 1 KOMMYHUKATHBHBIX 3a/laHHUN B TIpaKTUKe 00ydeHHs
MaTeMaTHKe B I1IKOJI€.

Knouesble cnoea: MexcAuyHOCMHOe 63aumoolelicmeue, mamemamuyecKkoe
obpazoeaHue, KOMMYyHUKAMUBHbIE HABbIKU, COBMeCmHoe obyueHue, duasno2uyeckoe

obyueHue, 2pynnupoeKa yuawjuxcsi no NCUXomundam.



1.INTRODUCTION

With the globalization aspect, education systems needs are changing
fundamentally. Education in the twenty first century is not only a process of
information transmission, but it is a system that guarantees personal, cognitive and
social development of the learner. In this light, the quality of education is not only
determined by the amount of the theoretical knowledge that students have acquired,
but also by whether they can apply this knowledge in practical life situations, think
critically, express their ideas in a justified manner and establish effective with other
people.

The main purpose of contemporary education is to make students not passive
receivers of ready knowledge, but persons who can independently construct, analyze
and apply knowledge. The specific focus on the evolution of communicative
competence of students is needed to reach this goal. The reason is that knowledge can
be more profoundly learned when it is interacted with, ideas exchanged, and
discussed.

New approach to the measurement of the quality of education is suggested by
international educational studies, such as the Programme for International Student
Assessment. In this context, the notion of mathematical literacy is not confined to the
skill of solving problems; in its broader sense, it constitutes the ability of a student to
interpret real-life situations mathematically and model them, analyze them, justify
their solutions, and explain them to others. That is to say that the students are not
only expected to find the correct answers, but also to explain how and why they do
SO.

The analysis of PISA results shows that although Kazakhstani students show
some level of proficiency in computational skills, they tend to be unable to explain
their reasoning, justify their solutions, and engage in mathematical discourse. This
implies that their learning is more likely to be superficial and formal but not deep and
conceptual. The lack of organization of in math classrooms is one of the primary

causes of this problem.



The updated content of education in the Republic of Kazakhstan is aimed at
addressing this issue. One of the key goals of the curriculum is the development of
communicative, social and cognitive competencies of students. Specifically, the
capacity to justify and state ideas, communicate, collaborate in groups, and make
collaborative decisions are delineated as the important learning outcomes. The above
requirements have necessitated application of teaching methods that are founded on
active student participation and interaction.

Nevertheless, these requirements are not always fully realized in terms of

school practice. The way many mathematics lessons are organized continues to be
traditional with the teacher explaining and the student carrying out. Under these
circumstances, interaction between students is minimal and students tend to become
passive receivers of knowledge. Consequently, their intellectual capabilities do not
develop fully and their knowledge tends to be mechanical in nature.
This problem is specially noticeable in the instruction of seventh-grade students.
During this level, students are changing their primary to lower secondary education;
the curriculum becomes more complicated and abstract ideas are introduced.
Meanwhile, classes based on the ability of the student will lead to mixed-ability
classrooms. In those environments, certain students quickly learn new content,
whereas others have challenges in comprehending new content.

In the mixed-ability classrooms, the conventional teaching methods are less
effective. Assigning students the same work does not consider the differences
between individual students. Students of high performance might finish the work in a
short period of time and lose interest, whereas students with low performance will
fail to comprehend the material thoroughly and they will become passive. This
decreases the effectiveness of the whole learning process and enhances gaps among
the students.

Student interaction is very important in this regard. The exchange of ideas
among students, explaining concepts to each other, and working together during the

lessons will allow students of different levels of ability to become actively involved



in the learning process. The students with high achievement further develop their
understanding by explaining the concepts to other students, whereas low-achieving
students gain a better understanding of concepts through peer support.

Practice demonstrates that, despite the high number of students who can
identify the correct answers to problems, they frequently have some problems with
describing their processes of finding the correct answers to the problems. They find it
difficult to articulate their thoughts logically, apply mathematical jargon correctly
and to back up their arguments. This implies that their language of mathematics is not
well developed.

Mathematical language is a vital element in mathematical knowledge. It is not
only being knowledgeable of terminology but it is also the acquisition of the ability to
explain concepts, build up arguments, demonstrate logical relationships and clearly
communicate ideas. Mathematical language development is directly connected with .
Unless students engage in expressing, discussing and explaining ideas during lessons,
their language of mathematics will not grow effectively.

Students’ interpersonal interaction is realized in various forms. In dialogic
teaching, students ask questions, make answers and exchange their ideas. They
perform group work where they collectively complete tasks and assist each other.
During discussion and debate, students will defend their positions and explore
different positions. They use peer explanation to explain concepts to one another and
in the process enhance their understanding. All these forms stimulate the learning
process and enhance the interest of students.

But practically these opportunities are not used to the full extent. Group work
in most instances is structured in a formal way without actual interaction occurring.
Some students are active whereas others are passive. Furthermore, the inadequate
preparatory methodological armaments of the teachers in planning successful
interaction also complicates the problem.

Some of the practical challenges are lack of instructional time, large classes,

dense curriculum, as well as a tendency towards traditional instructional practices.



Teachers tend to be preoccupied with getting through the curriculum and cannot
afford to spend enough time with the children. Moreover, the fear of making mistakes
and the unwillingness of the students to develop their ideas is another obstacle of the
communicative development.

Consequently, there is a clear paradox between theory and practice: even
though research has proven the significance of interaction in the learning process, it is
not implemented sufficiently in the school practice. This contradiction adds to the
topicality of the research problem.

The works of international and national scholars have discussed this issue.

Anna Sfard represents mathematical thinking as a process that is created by means of
, whereas Neil Mercer underlines the fact that cooperative talk is one of the most
important factors that contribute to the development of thinking in students. Jo Boaler
has shown how the interaction between the students has a great impact on the
academic success and the motivation towards learning.
National research has also tackled the issue. Abilgasymova A.E. discussed didactic
principles of learning mathematics and emphasized the role of interaction with a
student during a mathematics lesson. Nurmukhambetova Zh.S. explored the methods
of developing the communicative competence in mathematics lessons.

However, there are still gaps in the development of systematic methodological
approaches to developing interaction skills among the students in Grade 7 of general
secondary schools. That is why such a problem is nowadays topical as far as the
theory is concerned and also in practice.

Based on this, the propsedo research is based on Grade 7 classes of general
secondary schools in Kazakhstan and experimentally investigates the effectiveness of
methods aimed at developing the interaction skills of students enrolled in general
secondary schools in Kazakhstan.

The theme of this study is: “Improving the Interpersonal Skills of Students in

Teaching of Mathematics in Secondary School.



It can also be thoroughly discussed in terms of national pedagogical science.
Research into the theoretical basis of mathematics teaching methodology has been
widely conducted on how the learning process and the development of cognitive
activity in the students can be effectively organized. Specifically, the works of
Abilgasymova A.E. allow a profound analysis of the didactical principles of teaching
mathematics and offer a scientific explanation of the content and organization of the
teaching process.

The scholar stresses that teaching mathematics cannot be restricted to the
knowledge transfer but should focus more on the development of thinking processes
in students. In this regard, the quality of mathematical education is not defined by its
passive, ready-made information reception, but by the conscious awareness of the
students and their ability to use knowledge on their own. Student interaction is very
important in this process. Explaining, justifying and sharing ideas enable students to
gain a more profound comprehension of mathematical concepts. Therefore,
knowledge is not passed on in a complete form and it is made by interacting with the
environment and engaging in cooperative activities.

Moreover, the significance of teaching mathematical language is given special
prominence by Abilgasymova A.E. The author says that mathematical language is
not just a collection of terms; it is a very basic way of stating ideas in a precise,
compact and logical manner. To be able to master a mathematical concept, a student
must be not only able to understand a concept but also be able to represent it and
justify it, to analyze the perspectives of other people. These skills are developed by
having students interact.

The scholar also points the significance of the organization of active cognitive
activity of students in the learning process. In the active engagement, students posed
questions, required answers, hypothesized, and justified their hypotheses. These
activities are all based on . Unless such activities are systematizing during lessons,

the knowledge of the students will only be superficial and not deep.



Moreover, the current school practice is characterised by the fact that the
organization of interpersonal interaction of the students is characterised by a number
of objective and subjective challenges. To begin with, the predominant role of the
teacher is rather the basis of the teaching process, which does not allow the active
participation of students. Under these circumstances, students are kept as passive
consumers of information and fail to acquire skills to express their ideas freely or be
able to engage in meaningful dialogue.

Second, the high number of students in a class and lack of time to actively
engage all learners throughout lessons are some of the factors that make lesson
activities difficult to realize. The teachers have in most cases been busy with the
curriculum and have no time to devote towards student interaction development.
Subsequently, is likely to assume a formal and not a meaningful nature.

Third, students’ psychological characteristics also play an important role. A
great number of students fear not to make any mistakes, they are shy to discuss their
opinions and they have no confidence in defending their opinions. This lowers their
degree of engagement in classrooms and they are unable to fully engage in the
process.

Fourthly, the methodological readiness of the teacher in the organization of
interaction is not always adequate. Group work or dialogic teaching can be employed,
but they are usually carried out in a formal and not a deliberate manner. As a result,
rather than an actual discussion, students are only preoccupied with doing
assignments.

These issues indicate the intricacy of cultivating the interaction of students
with each other in mathematics classes. Thus, one of the significant tasks of the
contemporary system of education is the proposal of effective methodological
solutions in the given area.

The purpose of this research is to determine effective pedagogical conditions
and teaching strategies that aim to develop interpersonal skills of Grade 7

mathematics students in the secondary schools, to systematically apply them in the



process of education, and to scientifically prove their effectiveness using the
experimental research.

-to fully examine the psychological, pedagogical and methodological
underpinnings of how to develop interpersonal communication skills in students;

-to determine the content and specific features of organizing student interaction
in mathematics lessons;

- to choose and apply diagnostic techniques to identify the baseline level of
communication skills of Grade 7 students;

- to design a system of effective teaching strategies to help students improve
their interaction skills (dialogic teaching, group work, peer explanation and
discussion);

- to apply the suggested methodological system to the process of education and
to experiment with its effectiveness with the help of pedagogical experimentation;

- to interpret and compare the experimental results with qualitative and
quantitative methods and make scientific conclusions;

- to make methodological recommendations of the research findings.

The teaching mathematics in general secondary schools of the Republic of
Kazakhstan.

The direction of work on the development of interpersonal communication
skills of students in mathematics lessons and the methodological aspects of the
organization of this process.

Provided that the organization of interpersonal interaction of students in
mathematics lessons is planned based on the specially designed pedagogical
conditions, and methods, such as dialogic teaching, group work, explaining to peers,
and discussing are applied systematically, then the level of mathematical knowledge
acquisition by students, the development of the level of logical thinking among them,
and the formation of their communicative abilities will increase. The reason is that it
is during the process of interaction that knowledge acquisition is done in an even

deeper and more conscious manner.



The following set of methods was used in the study:

— study of scientific, pedagogical, psychological, and methodological
literature;

- observation (structured observation of lessons);

— questionnaires and surveys (to identify the level of communication of
students);

- testing (to determine the level of knowledge in the students);

- interviews and discussions (to determine the views of students and teachers);

- pedagogical experiment (to determine the effectiveness of the proposed
methodology);

- statistical processing and comparative analysis of the results obtained.
Scientific Novelty of the Research.

- a system of methodological processes to cultivate the interpersonal
communication skills of students in mathematics lessons has been scientifically
proven;

- the efficiency of instruction based on interaction in mixed-ability Grade 7
classes has been demonstrated as a result of experimental studies;

- the connection between the growth of mathematical language and the
communication with the students have been made clear;

- new methods of organizing active participation of students in mathematics
lessons has been offered.

Applied Significance of the Study.

It is recommended that the results of the study should be used in mathematics lessons
in general secondary schools. The suggested methodological procedures can assist
teachers to design the student interaction efficiently, enhance classroom interaction,
and improve the quality of the education. Secondly, the findings of the research could
be utilized in the creation of teaching resources, teacher training programs, and
teacher education systems. The activities and procedures that were created in the

course of the research could be directly applied to the field of practical teaching.



2.LITERATURE REVIEW

2.1 Theory Of Communication

The socio-cultural theory of the socio-cultural aspect of the concept of
cooperation in mathematics education holds a central position in explaining the
theoretical basis of interaction between students in mathematics education. The social
interaction is the main process of cognitive development, which is discussed in his
work Thought and Language. The author holds that the process of learning initially
takes place at the social level and it is only later that it becomes internalized, as an
individual psychological process (Vygotsky, 1978, 1986). This concept turns the very
essence of learning: the knowledge is not considered as something that is obtained by
an individual, but as a process that is created through the interaction of individuals.

The scientific explanation of the effectiveness of collaborative learning can be
explained by the concept of the zone of proximal development introduced by Lev
Vygotsky. In this theory, it is indicated that there is a zone between those tasks that a
learner can perform by himself or herself, and those tasks that can be achieved with
the help of other people. The place of learning is best in this zone. So, using the
communication, explanation and the collective activity, students are able to reach
results that have been out of their capability at this point. This interaction has been a
vital requirement of acquiring knowledge (Vygotsky, 1978).

Moreover, the scholar focuses on the strong interconnection of language and
thought. To him thinking is constituted and created by language and language is not
just a mere outward manifestation of thought but its very means. In this respect, the
cognitive development of students directly depends on the skill to formulate, defend,
and clarify their ideas. This concept is especially important in mathematics teaching,
because the ability to master mathematical concepts is closely related to the ability to
express the concept of mathematics verbally, through expression and justification

(Vygotsky, 1986).



The theory of Vygotsky shows that interaction between students is not a
peripheral component of the learning process but rather a major component of the
learning process. It is not merely the sharing of information, but it is through
collaborative discussion, through peer explanation and through exchange of ideas that
students do not simply share information, but they reconstruct their knowledge, gain
deeper understanding and learn to apply the information consciously. This highlights
the need to plan the learning process according to dialogic approach to learning and
collaborative approach to learning (Mercer, 2000; Mercer & Littleton, 2007).

Anna Sfard is one of the authors of one of the main works that develops the
communicative perspective in mathematics education. Thinking In her book Thinking
as Communicating, thinking is not regarded as an individual process of cognition but
a particular kind of communication. Presentation of the notion that thinking is equal
to communicating, the author tightly connects with the knowledge acquisition
process and the interaction that exists between people.

The discursive theory of Sfard is a specialized system of communication,
which is founded on certain rules, terminology and symbols. Mathematics is not
learned by the students in isolation; they learn mathematics through conversation,
discussion and collaborative activity. In this sense, mathematical knowledge is
considered a social phenomenon created with the help of the linguistic means.

The author recognizes the key elements of mathematical discourse: special
terminology, symbolic representation, rules, and methods of their implementation.
Learning to control these aspects, students obtain the language used by the
mathematical community. Thus, the level of fluency of mathematical language in a
student is a measure of the extent of his/her mathematical knowledge (Sfard, 2008).
In the works of Sfard, student interaction is considered as one of the major
knowledge construction mechanisms. By sharing ideas, reasoning out, explaining
ideas, and discussing ideas collaboratively, students gain a deeper insight into

mathematical concepts. This process forms and orders their thought, increases its
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logical consistency, and encourages high-order thinking. Furthermore, the interaction
enables students to re-evaluate their knowledge and fix the errors.

The author highlights the need to change classroom discourse in the learning
process. As long as students are engaged in speaking, sharing their ideas and
discussing them during the lessons, their mathematical thinking will evolve as well.
On the other hand, in one-sided instructional setting, where teacher explanation is the
only teaching method, the discursive development of students is not given the
opportunity to develop, which is unfavorable to the depth of the knowledge of these
students (Mercer, 2000).

So, the theory of Anna Sfard has a scientific basis to see the interaction of
students in mathematics classes as a necessary condition to construct knowledge.
This point of view indicates that the teaching process should be based on
communication and that the methods to develop mathematical discourse in students
should be emphasized.

Overall, the works of Lev Vygotsky and Anna Sfard indicate that the learning
process is social and communicative in nature, and that student interaction is one of
the mechanisms through which the learning process occurs. These theories are the
scientific background of the organization of student interaction during mathematics
classes, and the theoretical framework of the given study.

The learning process in the modern pedagogical studies is not considered as an
individual cognitive process, but as a process of collective thought. In this light,
communication is not only a tool of sharing information but also a basic mechanism
where students can think collectively, share ideas, and co-construct knowledge.

One of the key contributions in this field is presented in the works of Neil
Mercer. The scholar justifies student talk using the notion of interthinking. In his
opinion, the dialogue of students is not only the external manifestation of thought but
also a way in the course of which thought is an object of realization. That is, in the
process of interaction, students do not just share information they are building,

developing and re-developing their thinking.
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Mercer identifies various forms of classroom talk: cumulative talk,
disputational talk and exploratory talk. Of these the most successful is regarded as
exploratory talk, which involves the students justifying their ideas, analysing the
justifications of the other students, and working at arriving at a common ground. This
type of interaction stimulates the growth of logical thinking, the ability to argue, and
critical thinking.

This method is especially relevant in mathematics classes, where mathematical
knowledge is built up through justification, explanation, and discussion. When
students are confined to perceiving ready-made algorithms, their minds are left to
shallow thinking. But, by means of collective discussion, they discuss various
solution plans and learn to explain their arguments.

Merrilyn Goos is one of the scholars who have extensively studied the issue of
collaborative thinking. In her research study, she has demonstrated that,
metacognitive and communicative activities of students are closely interconnected
during collaborative problem-solving. That is, students do not only address problems
but also follow their thinking patterns, analyze them and align them with those of
others.

In the works of Goos, it is proved that during the process of collaborative
work, a system of shared regulation is developed. This process is achieved by the
students posing questions, explaining, correcting and guiding each other.
Consequently, the learning process turns out not only an individual process but a
group thinking process.

In addition, group thinking has a positive impact on the learning motivation of
students. In working in groups, the students will feel that their opinion is important
and they will be more engaged. Not only do they think and explain to the teacher, but
also to one another thus improving the quality of learning.

Nevertheless, this collaborative manner of thinking does not manifest itself
independently. It involves a carefully structured communicative educational setting

within the classroom. The teacher needs to not only guide the students to give
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answers but also necessitate the process of exchanging ideas, justification of
reasoning and discussion. It is then that communication can be made a means to joint
thinking.

Therefore, it is shown in the works of Neil Mercer and Merrilyn Goos that
interaction between students is not just a form of communication but the basis of
collaborative thinking. These theories emphasize the role of structuring the student
interaction during the mathematics lessons and also give a background on how to
identify effective pedagogical conditions that would support cognitive development
of students.

In the teaching process of mathematics, the interpersonal interaction of the
students is applied in the form of different organizational forms. The forms vary with
the content, goals of instruction and the cognitive level of students. The primary
forms of interaction that are considered in modern pedagogical research are dialogic
teaching, group work, discussion, and peer explanation. All these are intended to
make sure that the students are engaged and that their thinking capacities are
developed.

Dialogic teaching can be considered one of the most important types of
interaction with students. Learning in this method is not only performed through
question and answer, but also through discussing, explaining and exchanging of
ideas. Dialogic teaching, Neil Mercer believes, is a powerful instrument in trying to
organize the collaborative thinking of the students. During dialogue, students express
their opinions, listen to others, and reconsider their own viewpoints. This kind of
interaction improves their degree of comprehension and allows them to gain
knowledge in a much more conscious way.

Group work is a significant aspect of helping students to develop their
interaction skills. In this approach, students will collaborate in small groups,
complete assignments together, and explain to each other. Studies have revealed that
group work not only enhances the sense of responsibility among students, but also

provides them with the opportunity to learn together. It works best in the
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mixed-ability classroom where the high-achieving students can develop their
understanding of the material by helping the lower-achieving students.

Discussion (debate) is a type of interaction which enables students to justify
their ideas and become critical thinkers. In the discussions, students justify their
positions, critically examine other points of view, and argue. This process helps to
form logical reasoning, ability to argue, and speech as an academic. Discussion is
particularly effective in mathematics lessons discussing various strategies of solution
to a problem.

Another form of interaction that is significant is peer explanation. Here a
student is increasing his/her own knowledge by describing the topic to another
student. Studies show that one of the best methods of learning is to explain to others
the concepts that you have learned. Explanation helps students to organize their
thoughts, to make clearer the main ideas, and to develop logical relationships.

In addition, these types of interaction are strictly interrelated, and their
combination in the learning process is more effective. As an illustration, a dialogic
interaction is a natural consequence of group work and features of discussion boost
collaborative activity. This will make the learning more active, meaningful, and
productive.

Nevertheless, to be effective these types of interaction should be organized
accordingly. When group work is carried out in a formal way, when the discussions
are not structured, when the dialogue is limited to the simple question-answer
exchange, the desired outcomes will not be attained. Thus, the task of the teacher is
not just that of an observer, but rather of a facilitator and organizer of
communication.

Therefore, dialogic teaching, group work, discussion, and peer explanation are
major tools that can be used to develop the inter-personal interaction of students.
These strategies enhance the cognitive process of students and help them to develop

their thinking, reasoning, and communication skills in mathematics. Thus the
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systematic application of these types of interaction in mathematics lessons is a vital

precondition to enhancing the effectiveness of teaching.

2.2 Communication In Mathematics

2.2.1 The Concept Of Mathematical Discourse

Mathematical discourse is one of the most important concepts to understand
the communication in mathematics lessons. This notion is the collection of activities
that comprise speaking, explaining, reasoning, and exchanging ideas as part of the
learning process. It is not just a way to transmit knowledge; mathematical discourse
is regarded as a key that influences the way students think and that has an impact on
the level of their knowledge (Sfard, 2008).

Deborah Ball is one of the researchers who have done a lot of research on
mathematical discourse. In her work, classroom communication is referred to as a
prominent marker of effective teaching. The author believes that mathematical
knowledge is built by the active involvement of students, explanation of their ideas,
and discussion. In such a way, the learning process needs to be premised on the
explanations of the teacher, as well as the interaction of students (Ball, 1993).

Ball conceptualizes discourse in mathematics as a process of explaining,
justifying and reasoning about concepts. In this sense, the interaction of students has
a direct impact on the formation of mathematical thinking in students. Through
questioning, answering, elaborating, and communicating with one another, students
gain a better grasp of knowledge. This kind of interaction helps to promote logical
thinking and helps students internalize knowledge in a more conscious manner.

The scholar also presents the notion of the teacher talk and student talk and
examines their functions in the classroom. In conventional lessons, teacher talking is
more overpowering but in effective learning processes, student talking should be
more dominant. The reason is that only through active participation in
communication, the creation of his or her ideas, reconsideration, and analysis of the

views of others, students learn to develop their thinking (Ball, 1993; NCTM, 2014).
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The level of mathematical conversation directly influences the results of
learning. When students can give only short answers and repeat ready-made
algorithms, the depth of their understanding is superficial. Conversely, when students
are able to explain their solutions, justify their reasoning and engage in discussions,
then their learning becomes more profound and meaningful.

Moreover, mathematical discourse has a significant role in the development of
mathematical language of students. Learning to use special terminology, symbols and
definitions, students learn to create clear and precise sentences to express their ideas.
This does not only increase their problem solving skills but also builds their level of
justifying and defending their knowledge.

Accordingly, mathematical discourse is the main way of interacting with
students during mathematics classes. It guarantees active engagement, helps to
develop thinking, promotes profound understanding, and helps develop mathematical
language. Thus, the successful organization of mathematical discourse is one of the
main requirements in enhancing the quality of mathematics education (Ball, 1993;

Sfard, 2008).

2.2.2 Mathematical Understanding And Explanation

When it comes to teaching mathematics, one of the most important pointers of
how well students have comprehended knowledge is the level of their mathematical
understanding. In modern pedagogical studies, understanding is determined not only
by getting the right answers, but also a student can establish associations between
concepts, as well as explain them. In this sense, the process of explanation is viewed
as a powerful instrument of obtaining mathematical knowledge.

Douglas Hiebert is one of the scholars who have extensively studied
mathematical understanding. Understanding, in his work is defined as the capacity of
the student to create logical associations between components of knowledge. That is,
students are not to memorize the rules but to understand their meaning and to practise
them in different situations. This degree of comprehension can be achieved with

active participation and interaction.
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Hiebert lays its specific accent on the place of the explanation. In his opinion,
by explaining the concept to the others, the student rearranges his/her knowledge
system: he clarifies the main ideas, identifies the relations between concepts and
systematizes his/her understanding. This process enhances the thinking process of
students and makes them able to gain knowledge in a conscious manner. Thus,
explanation should not be understood as a means of transfer of information but as a
process of recreation of knowledge (Hiebert et al., 1997).

Moreover, the author indicates the shortcomings of the conventional model of
teaching as the traditional correct answer model. When all that the students are
expected to do is to provide answers to problems, the level of their understanding is
superficial. Their thinking however becomes more profound when they are expected
to elaborate on the processes of their solutions, to justify the reasons why they have
arrived at certain decisions and to compare various methods. This illustrates that
there is a necessity to change the paradigm of instruction to be an answer-giving
based model as opposed to being explanatory based learning.

The character of learning activities will also have a direct effect on the
formation of mathematical knowledge. Algorithms tasks as illustrated in the works of
Hiebert are more likely to restrict student interaction and fail to encourage deep
learning. Open-ended questions and multiple answer strategies, in contrast, get
students to support their reasoning and discuss and share ideas. When this happens,
interaction is automatically created, and forms a part of the learning process.

Students’ peer explanations have a positive impact on their academic
achievement. Offering explanations to others, students consider not only their own
knowledge but also the extent to which their peers understand the information, which
makes their thinking more flexible and thoughtful. Besides, by jointly explaining, the
students can correct their errors and recognize them.

Here, the teacher is also involved in playing an important role. The teacher must not
only teach the students to give answers, but also to elaborate their ideas, justify them

and give reasoning. Through questioning, the teacher not only arouses the thought
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process of students, but also structures the interaction process among students. With
this kind of learning environment, students will be active workers and not passive
listeners (Webb, 2009; Hattie, 2012).

In this way, the work of Douglas Hiebert proves that mathematical knowledge
is constructed with the help of interaction between students. Explanation,
justification, and discussion are some of the activities that can help students to gain
deeper insights, think logically, and apply their knowledge in a conscious manner.
Thus, the implementation of the explanation-based instructional methods in
mathematics classes is a key requirement to enhance the quality of education (Hiebert

et al., 1997; Webb, 2009).

2.2.3 Socio mathematical Norms And Argumentation

The socio mathematical norms that are created in the classroom are one of the

most important factors that determine the quality of communication and its content in
mathematics classes. This notion was proposed in writings of Erna Yackel and Paul
Cobb and is thought to be a valuable theoretical framework to explain the emergence
of mathematical thinking and communication (Yackel & Cobb, 1996).
These authors argue that interaction between students will not be random, depending
solely on teaching methods; instead, it will be controlled by a system of norms
developed in the classroom. These conventions define what is deemed to be a proper
response, what is considered to be sufficient explanation and how justification is to
be done. Communication is therefore not only a source of communication but also an
aspect that determines the level of knowledge.

The socio mathematical norms are not introduced in the form ready-made: they
are formed gradually when students interact. Students debate on various strategies of
solutions and explain why their choice is correct and finally they come to the
common ground. The result of this process is the creation of a certain mathematical
culture in the classroom where reasoning, justification, and logical thinking take

center stage.

18



Within this framework, argumentation (justification) is of particular
importance. It is not until students learn how to justify, support and defend their
solutions that their mathematical thinking is taken to a higher level. It is no longer
merely a matter of getting the right answer but knowing how and why that answer is
right. That is, the teaching model shifts to a right/wrong model, to a why is it correct
model. The change encourages the growth of critical and logical thinking in the
students.

The relation of socio mathematical norms to the development of student
autonomy is also quite close. Once justification, discussion, and sharing of ideas
become the order of the day in the classroom, students are bound to start thinking and
taking responsibility over their solutions. In this kind of environment, autonomy is
not imposed on one by the outside world but is acquired by the inner one.

It is important that the teacher plays a key role in this process. The teacher is
not only a deliverer of ready-made rules but an initiator who forms the culture of the
classroom interaction. The teacher invites to discuss the answers of the students,
demands justification and emphasizes the connections between various concepts. By
asking questions and giving feedback, the teacher encourages the students to think
more deeply and makes the process of interaction deeper and more meaningful.

Studies have established that students in a classroom where the socio
mathematical norms have become entrenched show greater levels of thinking. In this
kind of environment students not only get to solve problems but also justify their
answers, analyze alternative perspectives and learn to support their solutions.
Conversely, with the lack of such norms, student interaction is formal and their
degree of comprehension is usually shallow (Cobb, Wood, Yackel, & McNeal, 1992).

Therefore, the works of Erna Yackel and Paul Cobb prove that communication
within mathematics lessons is not an activity but a complex socio-cognitive process,
based on a system of norms. With successful established norms, interaction facilitates
in developing mathematical thinking, building of argumentation skills and profound

understanding. Thus, the establishment of socio mathematical norms during the
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mathematics lessons is a necessary condition to enhance effectiveness of teaching

(Yackel & Cobb, 1996).

2.3 The Role Of Communication In Mathematics Lessons

The interaction of students during mathematics lessons heavily depends on the

extent to which it is well structured. The works by Fernando Viseu are of especial
importance in this respect. His works regard the communication in mathematics
classes as an essential part of the teaching process and give a detailed analysis of the
role of a teacher in the organization of this process (Viseu & Oliveira, 2012).
Viseu argues that communication in mathematics lessons does not come out
spontaneously; it is the product of a carefully designed pedagogical action. Without
creating the conditions under which students can share ideas, communication is not
as extensive, and the learning process is one-sided. Thus, providing the environment
that will guarantee the active involvement of the students is one of the main tasks of
the teacher.

The significance of communicative role of the teacher is highlighted in the
research. The teacher does not just perform the role of a transmitter of information
but actually carries out the role of an organizer, facilitator and regulator of
conversation among students. The teacher promotes the discussion of the answers of
students, allows the comparison, justification and elaboration of the ideas. These
practices will encourage students to interact and think, as well.

Also, Fernando Viseu underlines the significance of questioning in the learning
process. The questions asked by the teacher need to stimulate the students to think,
analyze and justify their opinions. Open-ended questions enable students to bring up
variety of thoughts, whereas guiding questions assist students in narrowing their
thoughts. By doing so, questioning will become a resource to improve the quality of

communication (Viseu & Oliveira, 2012; Alexander, 2018).

Maths lessons that use effective communication are not only more likely to

make students more engaged but also positively affect the motivation to learn.
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Having the opportunity to share their ideas freely, students are more engaged in
lessons and develop confidence to apply their knowledge. This, however, makes them
more interested in the learning process (Boaler, 2016).

Furthermore, it is proved that teachers not only should assess the reactions of
students but also should elaborate them further. It is not enough to label answers as
being correct or incorrect but what is necessary is to discuss, elaborate and justify
those answers. This method further enhances student engagement and aids in the
systematic process of knowledge building (Mercer & Littleton, 2007).

In order to plan efficient communication during classes in mathematics
lessons, a teacher has to establish a trusting classroom atmosphere. Authentic
interaction can only take place when students feel free to make mistakes and to share
their ideas freely. This, in turn, enhances students’ cognitive engagement and
promotes the development of their mathematical thinking.

In this way, the works of Fernando Viseu prove that communication is one of
the main factors contributing to the enhancement of the effectiveness of mathematics
teaching. When teacher practices are well organized, they promote active interaction
of students, facilitate in-depth understanding and allow students to justify their ideas.
Thus, the deliberate arrangement of communication in mathematics classes is one of
the key requirements that can enhance the quality of education (Viseu & Oliveira,

2012; Alexander, 2018).

2.3.1 Dialogic Teaching

Dialogic teaching is one of the most effective ways of developing interpersonal
interaction of students in mathematics classes (Alexander, 2018). The method is
premised on the active involvement of students, sharing of ideas, and discussion
among students. In dialogic instruction, knowledge is not given out in a prepared
form; instead, it is created in the process of interaction between the students.

Theoretical basis of dialogic teaching is widely addressed in the writings by Jo
Boaler. The author also highlights the fact that the type of conversation among

students in mathematics classrooms has a direct effect on the form of thinking of
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students, their level of understanding, and their academic performance (Boaler,
2016). The research conducted by Boaler proves that an open-ended task which
involves discussing the topic results in students gaining a deeper understanding of
mathematics and developing an interest in the subject.

One of the key elements of dialogic teaching is “math talk.” It will allow the
learners to present their thoughts in a written form, explain their arguments, and
discuss the opinions of other students. This kind of interaction can help in not only
developing problem-solving skills, but also developing logical thinking and
communicative competence.

Kazemi E., is another scholar that has researched dialogic teaching. Her
findings indicate that the sharing of ideas by students contributes greatly to the
conceptual knowledge of students. The author adds that the students can only reach
higher levels of learning when they do not just provide answers, but they actively
engage in explaining and justifying their answers. This underscores the significance
of dialogic teaching in the learning process.

The role of the teacher is also modified in dialogic teaching. The teacher no
longer is simply some transmitter of information but a facilitator and organizer of an
interaction between students. Questioning the students also helps the teacher
stimulate the thinking of the students, encourage them to compare various points of
view, and lead them to justify their ideas. This kind of practice encourages active
engagement and substantial interaction among the students.

Moreover, dialogic teaching has a positive impact on students’ learning
motivation (Mercer, 2000; Boaler, 2016). Being able to freely express their ideas,
students become more involved in the lesson and gain confidence in their ability to
use their knowledge in practice. This makes them more involved and enhances the
standards of learning.

Nonetheless, dialogic teaching implementation involves some pedagogical
prerequisites. First, open-ended questions must be employed because they promote

students to think and share their opinion (Boaler, 2016). Secondly, one should
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establish a classroom atmosphere of trust, which will enable students to express their
ideas without fear. Third, it is not enough that teachers assess the responses of
students but in addition, direct discussion and further elaboration of these responses.
Therefore, dialogic teaching is one of the main techniques of developing
interpersonal interaction of students in mathematics classes. It improves thinking,
understanding and communicative abilities of students and allows them to learn more
deeply. Thus, one of the primary directions of enhancing the performance of

mathematics teaching is the systematic use of dialogic teaching.

2.3.2 Group Work And Collaborative Learning

Important approaches to the development of interpersonal interaction in
mathematics lessons in students include group work and collaborative learning.
Those strategies allow students to be actively involved in the process of interaction
with each other, exchange ideas, and co-construct knowledge. In group work,
students are not only doing tasks but also trying to justify their reasoning, analyzing
the views of others and striving to find a common solution.

Noreen Webb is one of the scholars that have been significantly involved in
studying the significance of interaction in group learning (Webb, 2009). Through her
research, it has been shown that the level of understanding is directly influenced by
the explanations made by students to their peers. Webb believes that students can
learn by explaining concepts to others and in the process, they organize their ideas,
identify logical connections and develop their own understanding.

The notion of peer interaction is a key point in the studies by Webb (Webb,
2009). This idea emphasizes on the effectiveness of learning by the interaction of the
students with one another. Specifically, the active role of questioning, explaining, and
feedbacking particular topics can greatly enhance cognitive activity of the students
and positively influence the learning process.

Gillies R. M. is another researcher who has conducted research on the
effectiveness of group work. In her work, it is evident that cooperative learning has a

positive impact not only on the academic performance of students but also on their
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social and communicative abilities (Gillies, 2007). Gillies stated that group work,
which is well organized, promotes mutual support, responsibility, and collaboration
among the students.

Peer learning is one of the main aspects of group work. This method works
particularly well with mixed-ability classrooms where students performing better
gain chances to learn even better. This makes all students be actively engaged in the
learning process.

In addition, group work is involved in not only mastering the content but also
developing the communication skills of students. Students get to know how to
express themselves, listen to others, come to an agreement and make a joint decision.
These are also skills that influence positively their personal development.

Nevertheless, group work requires some conditions to be fulfilled in order to
be effective. To begin with, the tasks must involve true student to student
cooperation, otherwise group work will only be formal. Secondly, one should make
sure that active involvement of all group members can be achieved. Third, the teacher
should monitor students’ interaction and provide guidance when necessary.

Therefore, group work and collaborative learning are viable approaches in
enhancing the interpersonal interaction of students in mathematics lessons (Johnson
& Johnson, 2009). These strategies not only maximize the cognitive involvement of
students, but also facilitate a greater level of understanding and promote the
emergence of communicative competence. Hence their systematic introduction into
the educational process is a significant orientation toward increasing the effectiveness

of teaching.

2.3.3 Social Interdependence Theory

The social interdependence theory is one of the major theoretical bases of
having students develop their interpersonal interaction. It is a theory which has been
widely developed in the works of Johnson D. W. and Johnson R. T. and which can be
considered as a basic scientific premise in the process of explaining the effectiveness

of group learning.
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The social interdependence theory states that the success of group members is
highly interdependence. This means that the success of one student will be based on
the actions of other students and the overall performance of the entire group will be
determined by the performance of each member. This underscores the essence of
collaboration, cooperation and mutual support and responsibility in the learning
process.

The authors determine the key aspects of this theory. The former is positive
interdependence, which implies that students have to collaborate to reach a shared
objective (Johnson & Johnson, 2009). Here, every student would play his part in
ensuring the success of the group and would realize the significance of his role. The
second aspect is personal responsibility where each student has a responsibility of his
or her contribution. The third one is face to face interaction, which involves face to
face communication between students (Johnson, Johnson, & Holubec, 2013).

Moreover, the theory underlines how social and collaborative skills are
important. The students should be able to learn how to communicate successfully,
listen to each other, share ideas and come to a conclusion. These are the skills that
can improve the quality of group work and will enable student interaction to be more
effective.

The theory of social interdependence proves that group work is not just an
organizational form but a complex pedagogical system and is based on a certain
structure. Once group work can be organized, based on the principles of this theory,
one can achieve the establishment of the genuine interaction between the students
and, as a result, the improvement of the learning outcomes.

This theory is especially effective when it is applied in mathematics lessons.
When engaging in collaborative problem solving, students justify their reasoning,
support each other and strive towards a shared solution. This will improve their
degree of mathematical understanding and will train their logical thinking.

Moreover, this theory has a positive impact on students’ learning motivation

(Johnson et al., 2013). In a group of students, it is important to them to realize the
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importance of their contributions in a group and this increases their engagement.
They not only put responsibility on their own performance but also the performance
of the group and this way they change their attitude towards learning.

Nevertheless, to provide successful work in groups, teachers should take into
account the principles of social interdependence. Unless the roles are clearly defined
and individual responsibility is ensured, group work can become formal and not yield
the desired results.

Therefore, the articles of Johnson D. W. and Johnson R. T. can be used as a
scientific basis of the application of group work in the development of interpersonal
interaction of students. The necessity of cooperation-based learning and identification
of the main pedagogical conditions which contribute to the effective acquisition of
knowledge through collaborative activity are substantiated by social interdependence

theory.

2.3.4 Inquiry-Based Learning

Inquiry-based learning is one of the effective methods to develop interpersonal
interaction of students in mathematics lessons (Hunter, 2017). The basis of this
approach lies not in what is being transmitted to students but instead to the
independent exploration, questioning, hypothesis formation, and justification by
students. In inquiry-based learning, students do not only play the role of learners, but
also researchers.

The characteristics of the inquiry-based learning are thoroughly discussed in
the research works of Ruth Hunter. The author establishes a close relationship
between interaction of the students in mathematics classrooms and their investigative
activity (Hunter, 2017). It is through the interactive discussion of issues, discussing
various solutions to the problems and justifying their ideas that students will have a
deeper understanding of mathematical knowledge.

A key aspect of this approach is questioning. Rather than providing ready-
made answers, the teacher poses questions that stimulate students’ thinking. These

types of questions promote the process of discussing, sharing ideas, and reasoning
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together (Alexander, 2018; Hunter, 2017). Consequently, the learning process turns
to be dialogic in character and the interaction of students is actively implemented.

In inquiry-based learning, students offer suggestions, challenge them, compare
alternative strategies and explain their rationale. This is the process that leads to
development of critical thinking, logical thinking and argumentation skills.
Meanwhile, students learn to listen to the opinion of other people, to evaluate it, and
to reconsider their own opinion. The activities also increase their communicative
competence.

Student interaction will occur naturally in an inquiry based environment.
Students answer questions to each other, explain, and discuss. This triggers the
learning process and makes it an active process (Hunter, 2017). In addition, this
strategy enhances the motivation of students and makes them more interested in the
course.

The role of the teacher also becomes different in this respect. The teacher is no
more a knowledge transmitter but it serves as a facilitator and organizer of the inquiry
process in the students. The teacher gives the guidance, helps students think, and
facilitates effective communication. This puts the learning process in a student-
centered approach.

But there are some conditions to the successful implementation of inquiry-
based learning. To begin with, tasks must be in the nature of investigations, where the
students are encouraged to think and consider various strategies of solutions. Second,
there is the need to develop an open and secure classroom atmosphere whereby
students are free to express their thoughts. Third, the teacher is expected to facilitate
the discussions of the students and to help them develop their ideas.

Therefore, inquiry-based learning is a promising approach towards the
development of interpersonal interaction of students in mathematics classes (Hunter,
2017). It increases the participation of the students, facilitates the process of learning

independently, encourages students to think logically and be able to justify the ideas

27



they have. Moreover, it reinforces the joint activity and transforms the
communication into the inseparable part of the learning process.

Generally, group work, dialogic teaching, social interdependence and inquiry-
based learning are interconnected processes. They can be successfully used together
to help develop students in terms of the interaction with each other during
mathematics lessons. These strategies result into an active, meaningful and
productive process of learning and facilitate the cognitive and communicative growth

of students.

2.4 Students’ Interaction In National Research

2.4.1 Didactic Foundations Of Teaching Mathematics

The didactic preconditions of the mathematics education are thoroughly
investigated in the national pedagogical science, and the works devoted to the
scientific substantiation of the content and structure of the teaching process
(Abilgasymova, 2013). One of the fundamental contributions in this field is reflected
in the works of Abilgasymova A.E.. The scholar sees mathematics education as not
only the formation of knowledge and skills but as a complicated pedagogical process,
whose goal is to develop the thinking of students.

The author writes that it is not enough to have students passively receive
ready-made information; students have to consciously understand knowledge and be
able to apply it in different situations. This involves organizing active cognitive
interaction in the process of learning. In the process of such active involvement, the
students pose questions, seek answers, develop hypotheses, and attempt to justify
their answers. Communication is used to conduct all these activities.

Abilgasymova A.E. underlines that the level of mathematical knowledge
depends on the level of students understanding the material and their ability to
independently apply the material. Student interaction is very important in this respect.

By explaining, justifying and sharing ideas, students get a better insight into
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mathematical concepts. Therefore, knowledge is not imparted in a complete form but
rather built upon through the process of interaction and collaborative action.

The scholar further points out the need to teach mathematical language.
Mathematical language in her work is not considered as a set of terms, but as a means
of conveying ideas in an accurate, concise and logical manner (Abilgasymova et al.,
2018). To master a mathematical concept, a student must not only learn the concept
but also be able to explain the concept, defend it and analyze the arguments of others.
Learning these skills is acquired in the process of student interaction.

Moreover, the author suggests methodological strategies to enhance cognitive
activity of students in the learning process. They involve, creating problem situations,
question and answer strategies, organizing discussions and assigning tasks on the
basis of collaborative activity. These techniques trigger the interaction of the students
and help to form their thinking.

The instructive principles of mathematics teaching also indicate the necessity
to balance personal and cooperative exercises (Abilgasymova et al., 2018). When the
teaching process is founded on personal work, communication skills of students are
not well-developed. Conversely, a teaching methodology founded on collaborative
activity would lead to a discussion between the students where they would have a
better understanding of the subject.

Therefore, scientifically the concept that student-interaction was an important
prerequisite to knowledge acquisition in mathematics lessons are scientifically
justified by the works of Abilgasymova A.E. These works also highlight the necessity
to structure the learning process in an active and communicative way and show how
important the interaction is in the process of developing the thinking of students.

Overall, didactic underpinnings of mathematics education underscore the
importance of perceiving the learning process as not just a process of transmitting
knowledge, but as an entire system that is supposed to help students develop their

thinking, speech, and communication. This point of view together with the theoretical
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basis of the study makes a further accent on the topicality of the development of

interpersonal communication skills in students.

2.4.2 Dialogic And Communicative Teaching

In national pedagogical research, a special focus is on the significance of
dialogic and communicative teaching approaches to the development of interpersonal
interaction of the students in the mathematics lessons. Research into this area
scientifically supports the view that the learning process must be underpinned by
active participation of students, sharing of ideas and collaborative activity
(Nazarbayev Intellectual Schools, 2020). This way allows the students not only to
learn but to know and put into practice what they know consciously.

The problem of the dialogic teaching is thoroughly discussed in the works of
Zhanlyuilova R.B.. The author sees dialogue as one of the key forms of the
organizational learning process, and illustrates its effect on the cognitive activity of
students and the quality of knowledge acquisition. Research results have shown that
when students engage in dialogue, their freedom to articulate their ideas, ask
questions, respond and share their opinions with each other, leads to a better
understanding of mathematical concepts.

In the works of Zhanlyuilova, dialogic teaching is considered not only as a
method of conducting the learning process but also as a factor that changes the
content of the learning process. With effective arrangement of dialogue in the
classroom, students will become not passive listeners but active participants. They
are not just given ready made information; they interpret it, develop their own
opinions and learn how to defend them. In its turn, this also facilitates the acquisition
of critical and logical thinking skills.

Dialogic teaching also involves a change in the structure of communication.
The information given by the teacher is the main source in the traditional lessons
whereas in the dialogic teaching, the students become the source of information. In

explaining, questioning and responding, students mutually build knowledge (Ministry
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of Education of the Republic of Kazakhstan, 2023). This is the social character of the
learning process and it increases the efficiency of the educational process.

The communicative methods of teaching or learning are widely covered in the
literature of Turlybekova G.A. The author substantiates the effectiveness of
systematically using communicative tasks in mathematics education. These kinds of
activities prompt the students to participate in a conversation, share their thoughts,
explain their logic and have a discussion. Consequently students do not only learn
mathematical knowledge, but also learn to use the latter in linguistic form.

The investigations of Turlybekova have a certain accent on the progress of the
mathematical speech. The author suggests that the level of understanding can be
identified by the fact that students can communicate fluently using mathematical
language. In this respect, students are to be provided with a chance to explain, defend
their point of view, and engage in discussions. Such activities assist in organizing
their thinking, and they can clearly and accurately express their ideas.

One of the peculiarities of communicative tasks is that they allow actively
involving students into the learning process. In this kind of work, students are not
simply solving the problems; they are describing their solutions, discussing the points
of view of others, and making conclusions with others. This increases their cognitive
processes and helps them to learn more.

The general trait of the dialogic and the communicative methods of teaching is
that these are student-centered approaches. In such methods, students do not
necessarily sit back and listen, but are the active participants in the learning process.
Interaction helps them to learn, systematize their thoughts and to learn how to defend
their thoughts. Simultaneously, these approaches also help to develop communicative
abilities of students.

Nonetheless, these methods must be properly implemented with some
pedagogical conditions. To begin with, open-ended questions and tasks that facilitate
discussion and sharing of ideas should be included in the lessons. Secondly, one

should establish a conducive and psychologically secure classroom setting because it
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would allow students to share their ideas. Third, teachers are not only to evaluate the
responses of the students, but also to elaborate them further, i.e. every response
should be discussed and elaborated.

In addition, it is imperative to implement dialogic and communicative
pedagogies in a systematic manner (Ministry of Education of the Republic of
Kazakhstan, 2023). When such methods are applied on a few occasions, their efficacy
will be limited. When however they are incorporated into the framework of the
lesson, they can greatly change the quality of the learning process.

Therefore, the works of Zhanlyuilova R.B. and Turlybekova G.A. present a
scientific explanation of a significant role of dialogic and communicative teaching
methods in the development of interpersonal interaction of students during math
lessons. Such methods make learning process active, meaningful and effective
allowing students to attain deep understanding and be able to justify their ideas
through justification and develop their language of mathematics.

Overall, dialogic and communicative teaching methods are useful tools that
can be utilized to develop the interaction of students in mathematics classes. Not only
do they contribute to the cognitive engagement of the students, but they also have a
positive impact on the personal development of the students and make the overall

quality of the education better.

2.4.3 Group Work And Collaboration

In modern educational activity, the shaping of interpersonal interaction of
students is strictly interconnected with the structuring of the collaborative activity.
Group work and collaboration-based strategies are known to be effective in
mathematics lessons in particular to ensure that students are actively involved in the
learning process (Johnson & Johnson, 2009). Under these circumstances, learning is
never an individual process but rather a group cognition process.

The efficiency of the group work in mathematics education is thoroughly
supported in the works by Esengazieva A.K.. The author notes that the cognitive

activity of students is greatly enhanced in the process of group work since students
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are not only performing but are also discussing, explaining and making decisions
together. This type of activity stimulates the thought process of the students and leads
to conscious learning (Ministry of Education of the Republic of Kazakhstan, 2023).

The quality of interaction between students in the context of group work
qualitatively changes (Nazarbayev Intellectual Schools, 2019). Whereas in the
traditional lessons students only interact with the teacher, in the case of group work,
students interact simultaneously with several other students. This expands the nature
of discussion and enables the comparison of various points of view. Consequently,
students learn to think of problems in multiplicity of perspectives instead of
depending on one solution.

Especially important is peer explanation. Students reorganize their knowledge
when explaining it to others: they simplify important ideas, identify logical
connections, and they try to explain their ideas logically. This process not only
increases their knowledge but also results in meaningful as opposed to mechanical
learning. Besides that, when listening to the opinions of other people, students re-
evaluate their own opinions and alter them accordingly.

The notion of teamwork is also discussed in the work by Baigozhanova A.S..
The author describes collaboration as mutually dependent activity that is meant to
accomplish a shared objective. The role of every student in such a situation is to
contribute to the success of the group in many respects, having a feeling of
responsibility and supporting one another.

In the context of collaborative learning, interaction does not only involve the
exchange of information, but also involves a process of collective thought. Students
pose questions, give explanations, and collaborate in finding common solutions. This
not only helps in their academic growth, but also helps in their communicative and
social development.

Also, group work assists in personal growth of students. Students are taught to

articulate their thoughts in a respectful manner, to listen to others, to come to
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agreements, and make joint decisions. Such skills are also fundamental aspects of
communicative competence that is greatly appreciated in the contemporary society.

Nevertheless, organization of group work cannot be done effectively without
following some principles of pedagogy. To begin with, the tasks ought to involve
actual cooperation, i.e. the tasks which can be performed separately, group work
turns into a mere formal activity. Second, the active engagement of each group
member should be ensured because passive engagement will not be effective. Third,
the teacher must be more than just an observer; he must also act as a facilitator who
organizes and directs student interaction.

The shallow application of group work is one of the frequent pitfalls in
practice. Even though students can be separated into groups, real communication
does not necessarily exist. In this scenario, group work does not serve its main
purpose (Webb, 2009). Thus, the specific emphasis should be made on the contents
and meaningful structure of group activities.

So, the investigations by Esengazieva A.K. and Baigozhanova A.S. prove that
group work and collaboration are the effective tools to develop interpersonal
interaction in mathematics lessons in students. By means of collaborative activity,
students do not only learn but comprehend, analyze and use it in conscious way.

Overall, group work and collaboration changes the learning process of
individual activity to collective activity. This naturally involves the interaction of the

students and allows the combined development of their cognitive and communicative

skills.

2.4.4 Interactive And Modern Methods

The successful structuring of the learning process in the modern education
system presupposes the use of modern methods aimed at providing students with
active participation in the learning process and the development of interaction with
each other (Nazarbayev Intellectual Schools, 2019). In this respect, interactive

methods are regarded as a significant source of increasing the level of cognitive
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engagement of students in mathematics lessons as well as the level of
communication.

The efficiency of interactive ways in teaching mathematics is justified in the
works of Smagulov E.Zh.. The author considers interactive teaching as a method that
guarantees the active student involvement in the learning process and proves the
benefits of this approach over the traditional teaching methods. Students do not sit
back and listen in an interactive learning environment but rather they actively
participate, and this increases their learning motivation.

When it comes to interactive teaching, it will alter the way the lesson is
structured. Students cooperate, share their ideas and make efforts to defend their
arguments. The process helps them interact more and create knowledge as a
collective. In addition, interactive techniques enable the students to contrast various
points of view and defend their own positions.

One of the key elements of interactive methods is peer assessment. This
problem is discussed in the publications of Iskakova M.S.. The author defines peer
assessment as a significant pedagogical instrument with the help of which students
learn to examine, to assess and to give feedback on the work of each other. Such
activities develop students’ critical thinking and increase their sense of responsibility.

In peer assessment, students not only tend to gauge results but also tend to
analyse the processes of solution, to detect mistakes and to suggest the means of
correcting those mistakes. This increases their degree of mathematical knowledge as
well as encouraging further learning. Also, through listening and judging the opinions
of the others, students will be building their communicative skills.

Students are more engaged through interactive approaches that are largely
effective in enhancing student engagement. Being able to actively participate in the
lesson process will increase the interest of the students in the learning process and
will also enhance the quality of the learning process. The involvement is not only a
measure of completing the tasks, but also a characteristic of the student being able to

express their ideas, ask questions and be involved in the discussion.
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Moreover, interactive techniques render the process of learning dynamic and
flexible. Students interact through different forms of activity and learn with
interaction. This facilitates the growth of their cognitive skills and assists them to be
adapted to the learning processes.

Nonetheless, interactive methods have to be properly implemented in certain
conditions. To begin with, tasks must involve active student involvement. Second,
there is need to create an open and accommodating communication atmosphere.
Third, the teacher is expected to direct the activities of the students and structure the
way students interact with each other.

Practically, interactive processes are occasionally implemented in form only
(Hattie, 2012). This is despite the fact that students might seem as being active but
the real process of discussing or exchanging ideas does not take place. Under these
circumstances, the interactive techniques do not have a chance to prove their
maximum efficiency. Hence, one should consider structuring these approaches in a
meaningful way.

Thus, the works of Smagulov E.Zh. and Iskakova M.S. highlight the important
role of interactive methods in developing students’ interaction in mathematics
lessons. These strategies enhance student involvement and allows more learning
through the collaborative activity.

Overall, interactive and contemporary teaching techniques can be discussed as
the effective means of the learning process improvement and development of the
interpersonal interaction of the students. They offer the terms of the overall

development of cognitive, communicative and social abilities of students.

2.4.5 Communicative Culture And Mathematical Language

The process of interpersonal interaction development of students during math
classes is highly connected with the process of shaping the communicative culture of
students. Mathematical language, in this regard, plays a central role, because it is the
main device which organizes the thinking of students and allows them to externalize

their thinking. Thus, the acquisition of mathematical knowledge is not only confined
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to mastering problem-solving skills but also it involves the ability to convey ideas
correctly and clearly (Abilgasymova, 2013).

The place of mathematical language is thoroughly discussed in the works by
Akhmetova G.K. The author says that mathematical language is not just a system of
terms and symbols; it is a tool that helps to organize the way in which students think
and enable them to express it in a way that is accurate and logical. In this respect
mathematical language is taken as a significant indicator of the cognitive
development of students.

To master the concepts of mathematics fully, a student must not only learn the
concepts but also be able to explain his or her ideas, reason behind his or her answers
and the arguments of other people. They are done by interacting with students.
Therefore, mathematical language is a not only a way of communicating but also a
basic way of creating knowledge.

The problem of communicative culture is a popular topic of research carried
out by Kaidasova G.N.. The author also underlines that a mathematical speech
culture of students is a necessary condition to develop logical thinking. It is only
when students can develop their ideas in a clear, systematic and accurate manner that
students reach a higher level of understanding.

The communicative culture involves interaction skills among the students, in
terms of being able to express ideas effectively, listen to others, offer arguments, and
defend the point of view. These abilities are important in learning mathematics as any
statement in mathematics should be supported and based on logic.

Also, the language of mathematics and thinking are inseparable. Students have
to be logically organized in order to be able to express ideas clearly and in a
systematized way. This helps them structure their thoughts and to make them more
organized. On the other hand, failure to express ideas can be a sign of lack of
knowledge.

The process of speech culture development in mathematics classes in students

is significantly changing the nature of interaction among students. Students ceasing to
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be the ones who give answers in any case, they also begin to justify their ideas,
engage in discussions, and reason. This makes them more involved in the learning
process and enhances understanding.

But in the real world the language of mathematics among the students is not
always developed properly. Students can locate the right answers but face some
problems in clarifying the answers in most cases. This means that they have not well
developed communication skills. Thus, special emphasis should be put on stimulating
students to speak, explain, and share ideas in the classroom.

The teacher is very instrumental in this process. The teacher is to lead students
to develop their ideas to the full extent, to justify their ideas and to use the language
of mathematics properly. By using thoroughly constructed questions and tasks, the
teacher can help the students become more actively involved in the verbal activity
and engage in the meaningful interaction.

Therefore, the works of Akhmetova G.K. and Kaidasova G.N. show the
significant role of mathematical language and communicative culture in the
development of interpersonal interaction of students. The structure of language in
mathematics shapes the way of thinking of students and makes it possible to express
oneself precisely, and the communicative culture creates the conditions under which
effective interaction is possible.

In general, the development of mathematical language and communicative
culture is one of the key conditions for fostering students’ interaction in mathematics
lessons. This direction of work is systematizing such that logical thinking,

communication skills, and conscious knowledge acquisition are formed.
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3. METHADOLOGY

3.1 A Model For Developing Interaction

The formation of the interpersonal communication skills of the students is one
of the most important priorities of the learning process in contemporary education
(OECD, 2023; UNESCO, 2021). This problem is especially topical in mathematics
classes, where the traditional method of teaching is often based on the work of a
single student, the mastery of algorithms, and the acceptance of ready-made
knowledge. Under these circumstances, the interaction of students is not as
developed, and their communicative abilities are not well-developed.

Another problem that is observed in practice is that in spite of being able to
find correct answers, students experience difficulties in explaining, justifying or
expressing their thinking. This signifies a shallow section of mathematical knowledge
and inadequately honed interpersonal abilities. In addition, students’ exchange of
ideas and discussion during lessons are often not systematically organized, which
leads to a one-sided learning process.

To overcome these issues, a model designed by an author which is supposed to
develop the interpersonal interaction of students in mathematics classes is offered.
The model will serve the purpose of systematically organizing the learning process,
and establishing conditions under which deep knowledge acquisition is possible
through collaborative activity.

One of the main peculiarities of the model is the fact that when creating
groups, the psychological peculiarities of the students (psychotypes) are taken into
account. It is predetermined by the model that students with various psychotypes can
belong to each of the groups. Particularly, both groups have students that are active,
initiative-oriented, analytical, calm and organized. Information about students’
psychotypes is obtained with the support of the class teacher and the school
psychologist.
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The efficiency of this method consists in the complementary character of
various types of psychology. Active students make the discussion more active,
analytical students justify that solutions are correct, and calm students assist in
organizing ideas. Consequently, natural dialogue is formed in a group, and the
interaction of students becomes more dynamic.

The model proposed is founded on the dialogic and collaborative learning
processes. The students learn by explaining to others what they know, asking
questions, exchanging ideas and making joint decisions with members of their groups
(Johnson & Johnson, 2009). The process not only improves their communicative
abilities but also their logical reasoning and the degree of their mathematical

knowledge (Webb, 2009; Gillies, 2007).

The practical orientation is another significant characteristic of the model. The
strategies suggested are modified to be applied in the real classroom and are logically
incorporated into the teaching process. During every lesson, the groups are formed
according to psychotypes, dialogic tasks are implemented, and the interaction

between the students is actively organized to promote communication.

In this way, the suggested model can be used to construct the purposeful and
systematic creation of interpersonal interaction between the students in the
mathematics lessons. The combination of the psychotype-based group work and
dialogic teaching strategies makes students more engaged and precondition the

comprehensive development of their communicative and cognitive skills.

3.2 Methods And Techniques

3.2.1 Organizing Group Work

The ability of students to develop effectively in terms of interpersonal
interaction during mathematics classes highly depends on the mode and manner in
which group work is executed (Webb, 2009; Gillies, 2007). In the present research,

one of the imperative conditions of organizing group activities is the psychological
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peculiarities of students when creating groups. This method would improve the
contact between students and would lead to more significant communication.

In the formation of groups, psychotypes of students are considered. To conduct
the study, we distinguish three uslovno categories: triangle, circle and square. These
labels become practical descriptive labels of the behavioral inclinations of students.
Data about the psychological profile of the students is gained by working together
with the class teacher and the school psychologist.

Triangle-type students are those that are active, i.e., iinitiatiave-oriented, and
leader-oriented. They tend to open up discussions, group processes and responsibility
in decision-making. The so-called circle type students are usually cooperative,
communicative and supportive and contribute to good group atmosphere and help in
interaction. Students of the type square are characterized by the ability to think
analytically and with precision; they are also typified by their logical thinking and
organization of thoughts in the way they solve problems.

The groups are carefully formed to have a representative of all the three types.
This kind of heterogeneous grouping enables students to compensate the other of the
two with his gains and naturally divides out roles in the group. Consequently, every
student will contribute in accordance with his or her capabilities, which will greatly
enhance the nature of interactions.

It is an important part of this process, which involves assigning roles in the
group (Johnson, Johnson, & Holubec, 2013). It is recommended that the following
roles be used: leader (coordinates the group), presenter (reports the results), analyst
(evaluates and justifies the solutions), and observer (monitors participation and
process). Sharing of roles fosters responsibility and help all the students to participate
actively.

Group work is structured in such way that it consists of a series of organized
processes. The first step involves presenting students with a task and allowing them
to discuss the material in groups. Then, they discuss potential solutions collectively

and reach a mutual solution. This is then succeeded by group presentations, where
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students give their findings and also answer the feedbacks of their fellow students.
Lastly, the results are presented together, and the conclusion is made.

In this context, the role of the teacher changes greatly. The teacher does not act
as a source of information, but becomes a facilitator who supports and guides
interaction (Gillies, 2007). The instructor keeps track of group dynamics, offers some
specific help when needed, and promotes meaningful interaction.

As the classroom observations show, the ability to group students according to
their psychological traits helps to enhance the level of engagement and facilitate more
successful interaction. Students learn how to be more responsible in their
contribution, and actively participate in collaborative learning, which helps to
develop their communicative competence (Webb, 2009).

Therefore, the group work with taking into account the psychological features
is a successful approach that will be used to promote the interaction of students
during mathematics classes. Through collaboration, this not only enhances
engagement, but also preconditions deeper and more meaningful learning through

collaboration.

3.2.2 Dialogic Teaching Techniques

In promoting interpersonal interaction among students in mathematics classes,
dialogic teaching will take center stage. It is not only that it is treated as a theoretical
construct in this study but rather it is a structured classroom practice which is
deliberate. It is mainly aimed at involving students into meaningful talk, helping
students develop their capacity to articulate ideas, and supporting knowledge building
by facilitating discussion (Alexander, 2018; Mercer & Littleton, 2007).

A key component in implementing dialogic teaching is a well-designed system
of questioning. Instead of making use of questions that only result in brief answers,
the teacher makes use of prompts that lead to a deep thought process and exchange of
ideas (Alexander, 2018). During the study, a number of type of questions were used.

The former can be called explanatory questions and they are as follows: How

did you get to this solution? or What is the reason why you have chosen this method?
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Such questions will make students explain their arguments and make the logic behind
their solutions transparent (Kazemi & Stipek, 2001).

The second group is the justification questions i.e. why do you think this is
correct? how can this be proved? These types of questions encourage the use of
rational thought and they also compel the students to support their responses (Yackel
& Cobb, 1996).

The third type is comprised of comparative questions, e.g.: Which method is
more effective? or What is the difference between these solutions? These prompts
promote critical thinking and allow students to consider alternative approaches.

The fourth category is expanding questions, e.g.: What other problems might
this approach be helpful with? or Can this approach be useful with other problems?
These questions are thought-provoking and will make students think harder
(Alexander, 2018).

Dialogic teaching is more than just questioning, and it is structured in a
systematic series of activities. The dialogic interaction was introduced in this study in
stages: students worked individually on a task and then discussed their ideas in pairs
and finally reached a common solution within their group. This development will
enable students to gain confidence gradually and will be able to convey their ideas
more clearly.

Lessons also included the use of the math discussion approach. In such format,
students share their solutions with the rest of the class, answer questions of their
peers and participate in a group discussion (Mercer, 2000; Boaler, 2016). These
activities enhance verbal activity and reinforce the interaction of the students.

In the dialogic teaching, the teacher plays a facilitative role. Instead of giving
ready-made solutions, the teacher gives the students the chance to think on their own.
The teacher assists by validating the responses of students, interrelating their
thoughts, and facilitating dialogue to help students extend their understanding and to

maintain meaningful dialogue.
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The classroom observations have shown that in case the dialogic teaching is
implemented in a systematic manner, verbal involvement of the students is enhanced
significantly. They feel more confident about their intentions to express their ideas,
ask questions, and engage in discussions. Simultaneously, their mathematical
capabilities also rise in extent because the knowledge is created during the process of
dialogue instead of being imprinted (Kazemi & Stipek, 2001; Boaler, 2016).

Therefore dialogic teaching is a good way of teaching students how to interact
with each other in mathematics classes. It encourages active learning, develops
thinking and communication, and aids in the establishment of collaborative learning

practices.

3.2.3 A System Of Communicative Tasks

The nature and design of activities in mathematics lessons has a decisive role
in developing interpersonal interaction of students. Conventional training exercises
are often aimed at implementing ready-made algorithms and, therefore, do not offer
the possibility to discuss and express ideas (Mercer, 2000; Hiebert et al., 1997). To
overcome this limitation, the study suggests a system of communicative tasks which
are aimed at stimulating explanation, dialogue, and collaborative reasoning.

It is also characteristic of communicative tasks, that they do not merely require
correct answers; they also involve the necessity of explaining, justifying and
comparing different solution strategies (Webb, 2009). These activities provoke an
active interaction, which develops not only mathematical reasoning but also
communicative competence.

The study put in place several types of communicative tasks. The former is the
open-ended tasks that will permit a variety of paths towards the solution, and will not
have an absolute correct answer. As an illustration, students can be requested to solve
a problem in various ways and discuss and compare their answers in a group. These
activities promote dialog and help in building argumentation skills (Boaler, 2016;

Hiebert et al., 1997).
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The second category is the type of tasks based on explanation; where students
must explain not only the result, but the process, which led to the result. The use of
prompts like: How did you solve this? or Why did you use this method? are used to
help students organize their thoughts and express them in the correct mathematical
language (Hiebert et al., 1997; Sfard, 2008).

The third type is multiple-solution tasks, where students find two or more
solutions to the same problem. They discuss the effectiveness of each method and
compare it with another. The process encourages the ability to think critically and
builds the interaction between students.

The fourth one involves analysis of errors. In such tasks students are shown
deliberately false solutions. Their work is to draw out the error, give the cause of the
error and to offer a correct answer. Analytical thinking, justification, and meaningful
discussion are all encouraged by such tasks.

Group work is an important element of the process of implementing
communicative tasks. Students do not only work individually but also collaboratively
by discussing their work, by arguing out their points, and working towards common
conclusions. This increases interaction and makes sure that communication becomes
meaningful instead of being superficial.

Moreover, the teacher facilitates the process with the help of guiding questions,
e.g.: Why is this right?”, Is there another way to do this? or How can this be justified?
Such prompts enrich the thinking of students, and encourage them to actively
participate in the discussion.

Practice in classrooms suggests that when the application of communicative
tasks takes a systematic approach, the verbal involvement of students in the
classroom can grow substantially. They also gain more confidence in sharing their
ideas, develop a better comprehension of mathematical concepts and learn to express
their knowledge in a justifiable and reasoned way.

Communicative tasks are therefore a good instrument in enhancing

interpersonal interaction among the students in mathematics classes. They render the

45



learning process more active, meaningful, and productive, and facilitated knowledge

construction with collaborative activity.

3.3 Sample Lesson Plans
The enhancement of the interpersonal interaction of students in mathematics

classes involves the practical application of the methods and techniques suggested in
the proposed approach in the actual classroom conditions. Based on this, a series of
sample lesson plans were created in this study as part of Grade 7 algebra course. The
lessons are oriented on the organization of collaborative activity, the promotion of
dialogic interaction, and the development of ability of students to communicate with
the usage of mathematical language.

The lesson plans include important topics in the unit about algebraic fractions,
such as properties of algebraic fractions, operations on algebraic fractions, and
equivalent transformations. The reason why these topics were chosen is that they
afford abundant possibilities in organizing a student-to-student explanation,
justification, and discussion.

The program uses a combination of instructional strategies to make sure that
there is active interaction among students. These include group work, dialogic
teaching, and interactive techniques such as Think—Pair—Share, math discussion, and
error analysis (Boaler, 2016). Combined, these strategies promote students to be
active, express their thoughts, and think collectively.

When organizing group work, students’ psychological characteristics are taken
into account. Both groups consist of learners of different profiles to encourage equal
participation and successful interaction. This organized gathering, not only improves
communication in the group but also leads to more meaningful work.

The activities that are included in the lesson plans are communicatively
oriented. Instead of them being expected to provide only correct answers, they are
expected to explain their thinking, justify their answers and compare various
solutions. Through such activities, verbal interactions with students are enhanced,

helping them to build mathematical thinking.
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Therefore, the lesson plans suggested herein are practical means of adopting
methods that are geared towards developing interpersonal interaction of students
during mathematics classes. The priority of creating conditions that can facilitate
active engagement, idea sharing, and shared learning is upheld in every lesson.

Lesson Topic: Fractions of Algebra and their basic property.
Grade: 7
Lesson Objectives:

To build students knowledge of the algebraic fractions, establish the domain of
the allowed values of variables, and improve the skills of the students to apply the
fundamental property of the algebraic fractions.

Expected Outcomes:

Students differentiate between algebraic fractions, learn how to simplify
fractions, explain how they do it, and engage in discussions within a group.
Throughout the lesson, a collection of strategies that would help to improve
interpersonal communication abilities of students was utilized. In particular, group
work, dialogic teaching, and communicative tasks were considered as the main
organizational forms of instruction.

In the organizational level, students have been grouped with consideration to
their psychological features. The groups contained the learners of various types,
which helped to increase the interaction between the learners. This type of group
composition establishes good environment on effective communication and
collaborative learning.

When introducing new material, the students were provided with tasks that
would allow them to independently discover the basic property of algebraic fractions.
Think-Pair-Share method was used where the students would first think individually
then discuss in pairs and groups. Thinking of the students was encouraged by the
teacher using guiding questions so that the students can make their own conclusions.

During the main part of the lesson, the communicative tasks were assigned to

the students. In task 1, they had to demonstrate an identity. Students shared their
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solutions in groups and were able to come to a common solution through the process
of explanation and justification. The second task was to provide a solution to a
problem in various ways, compare solutions, and determine the most efficient way to
solve the problem. In the third assignment, students simplified algebraic fractions,
and determined their values, giving full accounts of their rationale.

The error analysis technique was also used. The teacher deliberately gave a
wrong solution, and students revealed the error, how it came about, and what is the
correct answer. This approach helped in developing critical thinking and reasoning
abilities of students.

Students discussed their solutions to the class and presented them to the class
at the final stage of the lesson. The procedure of Math discussion was introduced,
which gives students the opportunity to discuss each other through questioning,
analyzing the answers of other students.

In the reflection stage, students were to assess their learning activities, identify
what they had learned, and speculate on challenges they had to face. This encouraged
self participation in the process of learning.

In this way, the techniques employed in the lesson were oriented at the
development of the interpersonal communication, mathematical thinking, and
communicative skills of students.

Lesson Topic: Operations involving Algebraic Fractions.

Grade: 7
Lesson Objectives:

To acquire skills in the students to perform addition, subtraction,
multiplication, division and exponentiation of algebraic fractions and to increase the
ability of the students to apply these operations in solving problems.

Expected Outcomes:
Students do operations with algebraic fractions, use different techniques,

justify their solutions, and take an active part in group discussions.
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During the lesson, the strategies that were used to develop interpersonal
communication of students were implemented such as the use of group work,
dialogic teaching, and communicative tasks.

In the organizational level, students were allocated in groups, depending on
their psychological traits, so that each group is diverse to encourage collaboration and
communication.

The activation of prior knowledge was done by the Magic Cells method at the
beginning of the lesson. The students remembered the material that was learned
before and discussed how the problems can be solved, which led to the development
of communication and sharing of ideas.

In the process of introducing new material, there was a presentation of rules in
the way to do operations with algebraic fractions. The guiding questions were also
employed by the teacher to actively engage students. Students talked about the
procedure involved in carrying out operations and explained to themselves how to do
so using peer explanation.

During the main section of the lesson, it was planned to provide
communicative tasks, which required not only the implementation of operations but
also an explanation and justification of the approach used. Students worked together
to solve problems, justify their answers, and discuss answers of their peers.

Also, tasks that could be solved in more than one way were given, so that
students could compare different methods, and decide which one is more efficient.
These activities facilitated critical thinking and interpersonal communication.

Dialogic teaching was also a major element as the teacher asked questions like:
Why did you choose this method?”, Is there another way to solve it? and Which
method is more efficient? to encourage the discussion and justification of ideas.

Students were required to provide their answers at the end of the lesson, and
discuss the problem in the classroom using the method of the Math discussion.In the

process of reflection, students examined their learning activities, what they had
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learned, the struggles they had faced, and the questions they had, all within the
context of helping them consciously engage in the process of learning.

In this way, the implemented techniques helped to develop the communication, the
mathematical thinking, and communicative competence of the students.

Lesson Title: Equivalent Transformations of Algebraic Expressions.

Grade: 7
Lesson Objectives:

To build the skills of students in making similar transformations of algebraic
expressions with fractions and to improve the ability of students to transfer their
skills to solving problems.

Expected Outcomes:

Students use the techniques of transformation, apply the order of operations,
explain their solutions and engage in group discussion.

A combination of strategies targeted at shaping the interpersonal
communication of the students was utilized during the lesson, such as group work,
dialogic teaching, and communicative tasks.

In the organizational stage, students were grouped in the context of their
psychological traits, with a variety of individuals in the groups to encourage
teamwork and communication.

During the first stage, previous knowledge was elicited by a series of questions
and answers. The method of Who is Faster? was applied to revise the past topics and
stimulate students to share their ideas as it could be done, making it more engaging.

During the introduction of new material, methods of equivalent transformation
of algebraic expressions were studied. Examples were analyzed and explained by
students to comprehend major concepts. The teacher applied guiding questions to
evoke thinking and make personal conclusions.

Communicative activities were offered in the main part of the lesson and they

were required not only to perform the operations but also to explain and justify
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solutions. Learners collaborated, shared their solutions and assessed the answers of
their peers.

It was also possible to introduce multi-step tasks with the ability to plan their
actions, determine the sequence of operations, and construct systematic solutions.
This helped to build logical thinking and communication skills.

The discussion and reasoning were stimulated by dialogic teaching and the
following questions: Which rule is this transformation based on? What steps did you
follow? Can this be solved differently?

In the last phase, students offered their solutions and discussed with each other
the answers, which contributed to the improvement of interaction and verbal activity.

In the reflection process, the methods of Success Ladder and One Minute were
employed. The students assessed their level, what they had learned and what
challenges they had faced.

Therefore, the procedures used throughout the lesson were designed to train the
students in terms of interpersonal communication, mathematical thinking, and

communicative skills.
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4. ANALYSIS AND RESULTS

4.1 Organization Of The Experiment

The experimental part of the study was supposed to empirically prove the
effectiveness of the offered methodological approaches and to define their influence
on the development of interpersonal communication skills of the students. The
experiment was carried out with the 7 th grade students of a general secondary
school. There were 20 students who took part in the process of study. The chosen
class was described by age peculiarities and the material of the curriculum, which is
in accordance with the aims of the research topic.

This experiment was planned within the bounds of six lessons, one of which
was held in the form of an open lesson. The course content included the algebra
lessons, which were: Properties of Algebraic Fractions, Operations with Algebraic
Fractions, and Equivalent Transformations. These areas were chosen based on their
content, which gives the chance to work with the skills of the students to explain,
reason and discuss.

When planning the experiment, the key principles of the proposed model were
considered. Instructional strategies that were focused on the development of the
interpersonal communication of the students were systematically applied in the
lessons. These featured group work, dialogic teaching, a system of communicative
tasks and active learning strategies such as: Think-Pair-Share, Math Discussion and
Error Analysis. These strategies were meant to encourage active participation by
students, promote the expression of ideas and enable the acquisition of knowledge
through active interaction.

The psychological peculiarities of students were also taken into account when
creating student groups. All the groups had students of different learning types and
abilities. This strategy allowed the communication between students to be effective,
the ideas to be exchanged and mutual support to be given. The introduction of certain

roles in groups made it possible to guarantee the active involvement of each student.
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The main goal of the experiment was to establish how effective the proposed
methodological approaches are in developing interpersonal communication skills of
students in mathematics lessons. With the aim of accomplishing this goal, it was
determined that the following tasks would be carried out:
to identify what will be the first level of the communication skills of the students;

- to stepwise introduce the suggested techniques into the lesson;

— to structure the interaction of students;

— to make a comparative analysis of the final results.

During the study, a system of indicators was created that assesses the degree of
the communication skills of the students. These indicators were the speech activity of
students, the ability of the students to make their ideas clear, the ability of the
students to reason, question, engage in discussions and the level of engagement of the
students working in a group. Such a system allowed assessing the communicative
competence of students comprehensively.

The experiment was conducted in a number of steps. The first stage included
initial diagnostics to establish the baseline level of communication skills of students.
At the second tier, the suggested procedures were implemented with the system in the
course of the lessons. The third stage was the final diagnostics and the results
obtained were compared and analyzed.

Therefore, the experimental work was structured in such a manner that it
guaranteed the implementation of the proposed methodological approaches in the
framework of the actual educational process, with the emphasis put on the
development of the interpersonal communication in students. The design and the
content of the experiment fully align with the research objectives and provide an

objective assessment of results obtained.

4.2 Initial Diagnostics

On the first stage of the research, a diagnostic study was carried out to identify
the baseline level of interpersonal communication skills of 7 th -grade secondary

school students during mathematics lessons. The research tool used was the
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questionnaire called: Identifying Communication and Attitudes in Mathematics
Lessons. A total of 22 students participated in the study.

The questionnaire was created according to the Likert scale (1-5 points). All
responses were transformed into a numerical value and the findings were
mathematically and statistically processed. The main measure employed was the
arithmetic mean (M) of each item. Besides this, qualitative interpretation of the
results was done in order to establish the degree of development of the

communication skills of the students.

Table 4.1.1.Average Result of Survey

M Ped ical
Indicators can Level ¢ agoglc:";l
(M) Interpretation
1 Confidence in learning 18 Above Internal confidence is
mathematics ' average formed
Ab Positi ttitude i
2 Teacher support 3.8 ove OSTHVE attitude 15
average observed
Psychological barri
3 Freedom in the lesson 2.9 Average SyCHo oglFa ArHers
exist
Above Cognitive motivation
4 | Importance of the subject | 3.5 Y & l, v et
average is present
5 Explaining to others 2.8 Average Low activity level
, , Communicative
6 Requesting assistance 2.9 Average ) )
msecurity
7 Group work 3.0 Average | Skills are insufficient
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M P ical
Indicators can Level edagoglc:';l
(M) Interpretation

8 Listening culture 3.1 Average Partially developed

9 | Teacher encouragement 3.3 Average | Motivation is present

Reflection i
10| Acceptance of mistakes 3.2 Average eLiection s

developing
1 Percept‘io? of subject )8 Average ElemenFs of
difficulty uncertainty
1 Dialogue with the 3.4 Average Communication is
teacher present

Effecti f
13 ec 1\.7eness © . 3.2 Average Awareness is formed
collaborative learning

14 Self-assessment 3.1 Average Unstable
15 Social trust 3.2 Average Moderate level
16 Expression of ideas 3.0 Average | Weak communication

The obtained results revealed an overall mean score of M % 3.1. This indicator
suggests that students’ interpersonal communication skills were developed at a
moderate level. Although students demonstrated certain communicative abilities,
these skills had not yet reached a stable, systematic, and advanced level of

development.
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The findings showed that students possessed a relatively high level of
confidence in learning mathematics and demonstrated a sufficient understanding of
the importance of the subject. These indicators suggest that their learning motivation
was developed to a satisfactory extent. However, the presence of learning motivation
did not necessarily translate into active communication during lessons. While
students showed an interest in mastering the subject content, they experienced
difficulties in explaining their ideas, justifying their reasoning, and engaging in
meaningful discussions.

The results also indicated that students’ sense of psychological comfort during
lessons was below the desired level. This suggests the presence of certain
psychological barriers that hinder effective communication. In particular, fear of
making mistakes, reluctance to speak in front of classmates, and a lack of confidence
in expressing personal opinions negatively affected students’ communicative activity.
Such factors limited the effectiveness of group interaction and collaborative learning.

The analysis further demonstrated that students’ communicative skills were
insufficiently developed. Difficulties were observed in explaining mathematical
ideas, providing clear arguments, seeking assistance when necessary, and
participating actively in peer discussions. These findings indicate that students tended
to assume a passive role in communication and that dialogic interaction was not yet
fully established in the classroom environment.

The indicators related to group work revealed that students generally
recognized the importance of collaborative learning. However, they encountered
difficulties in applying collaborative skills effectively in practice. These challenges
may be attributed to the insufficient organization of group work, the absence of
clearly defined roles within groups, and the limited use of tasks specifically designed
to promote cooperation and interaction.

The results associated with teacher—student interaction were comparatively
positive, indicating a relatively high level of trust toward the teacher. Nevertheless,

opportunities for open discussion remained limited, and students’ active participation
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was not always encouraged to the desired extent. This suggests that the teacher
continued to play the dominant role in the learning process, while students had not
yet fully developed as active participants in classroom communication.

The level-based analysis demonstrated that the majority of students were
classified within the medium and low levels of communicative skill development.
The absence of students at a high level of development highlights the need for
targeted pedagogical interventions aimed at enhancing interpersonal interaction and
communication skills.

The analysis identified several key pedagogical issues: insufficient
communicative activity, limited ability to express and justify ideas clearly,
underdeveloped group work skills, the presence of psychological barriers, and
inadequate use of mathematical language during communication.

Overall, the pre-experimental diagnostic results indicate that students’
interpersonal communication skills in mathematics lessons were not sufficiently
developed. These findings provide a strong rationale for introducing a specialized
methodological system aimed at fostering interpersonal interaction, collaborative

learning, and communicative competence within the educational process.

4.3 Research Results

To evaluate the effectiveness of the psychotype-based group work
methodology, the pre-test and post-test results of 22 students who participated in the
experiment were comparatively analyzed. The pre-test was conducted at the
diagnostic stage, while the post-test was carried out at the control stage of the
experimental work.

Students’ performance was assessed according to five criteria: communicative
activity, collaboration and cooperation, role performance in group work, empathy and
mutual reflection, and mathematical cognitive motivation. Each criterion was
evaluated on a five-point scale. Therefore, the maximum possible integral score for

each student was 25 points.
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The collected data were subjected to mathematical and statistical analysis in
order to determine the changes that occurred after the implementation of the proposed
methodology. The comparison of the pre-test and post-test results made it possible to
assess the effectiveness of psychotype-based collaborative learning in developing
students’ interpersonal interaction, communication skills, and active participation in

mathematics lessons.

Table 4.3.1.Score Difference of Pre and Post-Test

Student Pre-test Post-test Score Score Difference (d =

Score (X) (Y) Y - X)
1 11.42 21.00 9.58
2 13.58 19.50 5.92
3 15.25 22.20 6.95
4 12.92 18.40 5.48
5 13.08 20.20 7.12
6 12.33 19.80 7.47
7 14.58 23.00 8.42
8 12.33 18.00 5.67
9 14.08 21.50 7.42
10 13.58 22.50 8.92
11 13.33 19.00 5.67
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Pre-test Post-test Score Score Difference (d =

Student Score (X) (Y) Y - X)
12 12.33 20.50 8.17
13 12.33 18.80 6.47
14 12.58 20.00 7.42
15 12.08 18.40 6.32
16 12.33 20.50 8.17
17 12.08 17.20 5.12
18 14.08 21.50 7.42
19 12.21 19.40 7.19
20 14.58 21.20 6.62
21 12.08 18.80 6.72
22 14.33 21.80 7.47
Mean 13.07 20.15 7.08

The table presents the empirical data obtained from the experimental group (n
= 22) and the statistical indicators calculated from the pre-test and post-test results.
Prior to the implementation of the experimental methodology, the total pre-test score
was 287.49, with a mean value of M = 13.07 points. This result indicates that

students’ initial level of communication, cooperation, and interaction in mathematics
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lessons was below the expected level, representing approximately 52.3% of the
maximum possible score.

Following the implementation of the psychotype-based group work
methodology, the total post-test score increased to 443.20, with a mean value of M =
20.15 points. This result corresponds to approximately 80.6% of the maximum
possible score. The overall improvement was reflected in a total difference score of
155.71 points and an average increase of M = 7.08 points per student.

The obtained results demonstrate a substantial improvement in students’
communication and collaborative learning skills after the intervention. The consistent
increase in scores across the experimental group suggests that the psychotype-based
instructional approach contributed positively to the development of students’
interpersonal interaction, cooperation, and active participation in mathematics
lessons.

Figure 4.3.1. Initial Pre-Test Result

Descriptives
Descriptives
A
\ 22
Missing 0
Mean 13.1
Median 12.8
Standard deviation 1.04
Minimum 11.4
Maximum 15.3

To determine the initial level of students’ interaction, communication, learning
motivation, and teamwork skills in mathematics lessons, a descriptive statistical

analysis of the pre-test results was conducted using the Jamovi software package. The

60



study involved a sample of 22 seventh-grade students. The statistical parameters

obtained through data processing are presented in Table 3.2.

Figure 4.3.2. Initial Pre-Test Result in Diagram

Plots

density
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Measures of Central Tendency. The maximum possible integral score across
the five assessment criteria was 25 points. The analysis revealed a mean score of M =
13.1. This corresponds to approximately 52.3% of the maximum possible score and
indicates that students’ initial level of communication and collaborative learning
competencies was below the expected level at the beginning of the study. The median
value Md = 12.8 was slightly lower than the mean, which shows that more than half
of the participants were concentrated within the lower score range.

Measures of Variability. The standard deviation SD = 1.04 was relatively low,
demonstrating a high degree of homogeneity within the sample. This finding suggests
that there were no students with exceptionally high or extremely low scores, and that
the overall level of the assessed competencies was relatively uniform across the
group. The minimum score was 11.4, while the maximum score was 15.3.

Distribution Characteristics. The histogram and density curve generated in

Jamovi indicated a positively skewed distribution. The highest concentration of
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scores was observed within the lower score range, particularly around 12—13 points.
This suggests that the majority of students demonstrated relatively low levels of
communication, cooperation, and mathematical interaction during the initial stage of
the experiment.

Overall, the pre-test results revealed insufficient development of students’
communication and collaborative learning skills in mathematics lessons. These
findings provided empirical justification for the implementation of the proposed
psychotype-based grouping methodology, which involved assigning students to
groups according to three conditional psychogeometric learner profiles — Triangle,
Square, and Circle — and allocating specific functional roles within collaborative

learning activities during the formative stage of the experiment.

Figure 4.3.3. Initial Post-Test Result

Descriptives
Descriptives
A
N 22
Missing 0
Mean 20.1
Median 20.1
Standard deviation 1.57
Minimum 17.2
Maximum 23.0

Measures of Central Tendency. Following the completion of the formative
experiment, the mean score of the participants increased to M = 20.1, representing
approximately 80.4% of the maximum possible score of 25 points. This result
indicates a substantial improvement in students’ communication, collaboration, and
interaction skills compared to the initial stage of the study. The median value Md =
20.1 was identical to the mean, suggesting a relatively balanced distribution of scores

and a stable level of achievement across the experimental group.
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Figure 4.3.4. Initial Post-Test Result in Diagram
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Measures of Variability. The standard deviation SD = 1.57 indicates that
individual differences among students were maintained, while the overall
performance of the group improved considerably. The minimum post-test score was
17.2, and the maximum score was 23.0. Notably, the minimum post-test score
exceeded the maximum score recorded during the pre-test. This finding suggests that
even students who initially demonstrated lower levels of communication and
collaborative learning skills showed substantial progress by the end of the
intervention.

Distribution Characteristics. The histogram and density curve generated in
Jamovi showed that the majority of students’ scores were concentrated within the
higher score range, particularly between 19 and 22 points. This indicates that most
participants achieved relatively high levels of communication, teamwork, and
collaborative problem-solving skills after the implementation of the instructional
methodology. This pattern provides additional evidence of the positive impact of the
proposed psychotype-based group work approach.

To determine whether the observed changes were statistically significant,

inferential statistical procedures were applied. A paired-samples t-test was conducted
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using the Jamovi software package to compare students’ pre-test and post-test scores.
This statistical method was selected because the same group of students (n = 22) was
assessed at two different stages of the study: before and after the implementation of
the psychotype-based instructional methodology.

The use of the paired-samples t-test was appropriate for three reasons. First, the
study involved repeated measurements obtained from the same participants, creating
a dependent-samples design. Second, the assessment scores were represented as
continuous numerical variables derived from a five-point Likert scale and aggregated
into an integral score. Third, the purpose of the analysis was to determine whether the
observed differences between the pre-test and post-test results were statistically
significant rather than attributable to random variation.

All statistical analyses were performed using the Jamovi software package.
The level of statistical significance was set at p < 0.05. Therefore, a probability value
below this threshold was interpreted as evidence of a statistically significant
difference between the diagnostic and control stages of the experiment. The statistical
analysis provided an objective basis for evaluating the impact of psychotype-based
group work on the development of students’ communication and collaborative

learning skills in mathematics education.

Figure 4.3.5. Paired Samples T-Test

Paired Samples T-Test

statistic df p Mean difference  SE difference Effect Size
pre-test post-test  Student’s t -29.0 21.0 <.001 -7.08 0.244 Cohen's d -6.18
Note. H. W peasure 1 - Measure 2 # U
Descriptives
N Mean Median sD SE
pre-test 22 131 12.8 1.04 0.223
post-test 22 201 20.1 1.57 0.335
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Figure 4.3.6. Plots
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To evaluate the effectiveness of the psychotype-based grouping approach and
its impact on the development of students’ interaction skills, the empirical data
obtained during the experiment were analyzed using a paired-samples t-test in the
Jamovi statistical software package.

Changes in Mean Scores. The descriptive statistics revealed a substantial
improvement in students’ communication and cognitive engagement throughout the
experimental period. Prior to the intervention, the mean score was M = 13.1,
indicating a relatively low level of interpersonal interaction and collaborative
learning skills. Following the implementation of the psychotype-based instructional
methodology, the mean score increased to M = 20.1, corresponding to a high level of
performance. The average gain of approximately 7.08 points reflects a considerable
positive change in the assessed competencies. Similarly, the median score increased
from Md = 12.8 to Md = 20.1, indicating that the majority of students moved into a
higher performance category by the end of the experiment.

Statistical Significance of the Results. The paired-samples t-test yielded a
value of t(21) = -29.00, with a significance level of p < .001. Since the obtained

probability value was substantially lower than the conventional significance
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thresholds of 0.05 and 0.01, the difference between the pre-test and post-test results
can be considered statistically significant. The negative sign of the t-value reflects the
direction of subtraction in Jamovi and does not affect the interpretation of statistical
significance. These findings indicate that the observed improvements were not due to
random variation but were associated with the implementation of the proposed
instructional methodology. Consequently, the null hypothesis was rejected, and the
research hypothesis was supported.

Effect Size. The magnitude of the intervention effect was assessed using
Cohen’s d coefficient. The analysis produced an effect size of Cohen’s d = -6.18. The
sign of the coefficient indicates the direction of the comparison, while the absolute
value |d| = 6.18 is used for interpretation. This value greatly exceeds the benchmark
of 0.80, which is commonly interpreted as a large effect. Therefore, the obtained
result indicates a very strong practical impact of the psychotype-based grouping
methodology on students’ communication, collaboration, and participation in
mathematics learning activities.

Overall, the statistical analysis provides empirical support for the effectiveness
of the proposed instructional approach. The significant improvement in students’
scores, combined with the large effect size, demonstrates that psychotype-based
group work can serve as an effective strategy for enhancing interpersonal interaction
and collaborative learning in mathematics education.

Criteria-Based Assessment Framework

To assess and monitor the development of students’ interaction and
collaborative learning skills in mathematics, a criteria-based evaluation framework
was developed. The primary research instrument, a structured questionnaire, was
organized into five core assessment criteria. Each criterion represented a specific
dimension of students’ communication, cooperation, and cognitive engagement
within the mathematics classroom.

The questionnaire was designed to provide a comprehensive evaluation of

students’ interpersonal interaction skills and their ability to participate effectively in
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collaborative mathematical activities. The five assessment criteria included
communicative activity, collaboration and cooperation, role performance in
psychotype-based group work, empathy and mutual reflection, and mathematical
cognitive motivation. Together, these dimensions formed the basis for measuring the
overall level of students’ interaction and participation throughout the experimental
study.

The criteria-based framework enabled the systematic collection and analysis of
quantitative data, providing a reliable basis for evaluating changes in students’
communication and collaborative learning skills before and after the implementation

of the psychotype-based instructional methodology.

Table 4.3.2.Evaluation of Answers

.. Measured Associated Maximum
Criterion . ]
No ) i Competences and Questionnaire  Scale
Dimension . .
Behavioral Indicators Items Score
Ability to articulate
mathematical ideas,
. engage in
Communicative gag . .
1 . mathematical 1,2,3 5 points
Activity

discourse, and
exchange opinions
fluently.

Capacity to unite for a
shared academic
Collaboration and = objective, distribute

43 55 6 5 points
Cooperation tasks evenly, and pol
provide peer
assistance.
3 Psychogeometric ~ Execution of dynamic 7, 8,9 5 points
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Criterion
Dimension

Role Adoption

Empathy and
Mutual Reflection

Mathematical
5  Cognitive
Motivation

TOTAL
— INTEGRAL
SCORE

Associated
Questionnaire
Items

Measured
Competences and
Behavioral Indicators

roles aligned with
psychotypes
("Triangle" — strategic
leader, "Square" —
structural executioner,
"Circle" — harmonic
coordinator).

Active listening,
valuing peer input
during complex
problem-solving, and
joint mathematical

10, 11, 12

error analysis.

Increase in internal
locus of control and
intrinsic motivation
toward mathematics
via collaborative group
dynamics.

13, 14, 15,16

Comprehensive Level
of Student Peer
Interaction
Competence

1-16

Maximum
Scale
Score

5 points

5 points

25 points

The operationalized model of criteria-based question distribution corresponded

directly to the main pedagogical goals and the research hypothesis of the study.
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Measurement Scale. Each questionnaire item was scored using a standardized
five-point Likert scale, ranging from 1 — strongly disagree to 5 — strongly agree.
The items within each criterion block were aggregated to calculate the mean score for
that specific dimension. As a result, a cumulative integral score with a maximum
value of 25 points was obtained for each student. This integral score served as the
main quantitative indicator for comparing the pre-test and post-test results in Jamovi.

Role Performance in Psychotype-Based Group Work. The third criterion
represented one of the key methodological components of the study. It evaluated how
students adapted to functional roles within collaborative learning activities based on
three conditional psychogeometric learner profiles: Triangle, Square, and Circle.
Triangle-type students were associated with leadership, initiative, and strategic
direction; Square-type students were associated with analytical thinking, accuracy,
and systematic organization; Circle-type students were associated with cooperation,
peer support, and maintaining a positive communicative atmosphere. This criterion
made it possible to observe how effectively students interacted and contributed to
group problem-solving activities in mathematics lessons.

Stratification of Performance Levels. The total integral score was used to
classify students’ interpersonal and cooperative capacities into three performance
levels: Low Level — 5.00-13.00 points; Intermediate Level — 13.01-19.00 points;
and Advanced Level — 19.01-25.00 points. This classification made it possible to
compare students’ development before and after the implementation of the
psychotype-based group work methodology.

Statistical Verification of the Research Results

To determine whether the observed changes between the pre-test and post-test
results were statistically significant, a paired-samples t-test was conducted using the
Jamovi statistical software package. This statistical procedure was selected because
the same group of students (n = 22) was assessed at two different stages of the study:
before and after the implementation of the psychotype-based instructional

methodology.
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The paired-samples t-test is commonly used to evaluate differences between
two related measurements obtained from the same participants. In the present study,
it was applied to determine whether the changes in students’ communication,
collaboration, and interaction skills after the intervention were statistically
significant.

The analysis revealed a statistically significant difference between the pre-test
and post-test scores: t(21) = -29.00, p < .001. Since the obtained probability value
was substantially lower than the conventional significance level of p < 0.05, the null
hypothesis was rejected. The negative sign of the t-value reflects the direction of
subtraction in Jamovi and does not affect the interpretation of statistical significance.
These findings indicate that the improvement observed in students’ scores was not
the result of random variation, but was associated with the instructional intervention
implemented during the formative stage of the experiment.

Furthermore, the effect size analysis produced Cohen’s d = -6.18. The sign of
the coefficient indicates the direction of comparison, while the absolute value |d| =
6.18 is used for interpretation. This value considerably exceeds the benchmark of
0.80, which is commonly interpreted as a large effect. Therefore, the obtained result
suggests that the psychotype-based grouping methodology had a very strong practical
impact on the development of students’ communication, cooperation, and interaction
skills in mathematics lessons.

Overall, the statistical analysis provides empirical support for the research
hypothesis that psychotype-based group work contributes positively to the
development of students’ interpersonal interaction skills. The significant
improvement in students’ post-test results indicates that the proposed instructional
approach can be considered an effective strategy for enhancing communication,

cooperation, and collaborative learning in mathematics education.
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5.DISCUSSION AND CONCLUSION

This master’s thesis was devoted to the theoretical justification and
experimental verification of pedagogical conditions and effective methodological
approaches aimed at developing students’ interpersonal communication skills in
Grade 7 mathematics lessons in general secondary schools.

During the research, a comprehensive analysis of national and international
scientific and pedagogical literature was conducted, which made it possible to
identify the theoretical foundations for developing students’ interpersonal interaction.
The cultural-historical theory of Lev Vygotsky, Anna Sfard’s discourse theory, Neil
Mercer’s concept of interthinking, Douglas Hiebert’s theory of mathematical
understanding, and the works of other scholars provided the theoretical framework
for the study. The theoretical analysis demonstrated that the process of learning
mathematics is not only cognitive in nature but also represents a communicative and
social environment in which students construct knowledge through interaction.

As part of the study, a methodological system aimed at developing students’
interpersonal interaction in mathematics lessons was designed. The proposed system
was based on dialogic teaching, psychotype-based group work, a system of
communicative tasks, and active learning strategies such as Think—Pair—Share, Math
Discussion, and Error Analysis. While developing the methodology, a new approach
to organizing student groups was introduced by considering students’ psychological
characteristics. The integration of Triangle, Square, and Circle psychotypes within
the same group created favorable conditions for active communication and
meaningful collaboration.

The pedagogical experiment conducted in accordance with the research
objectives confirmed the effectiveness of the proposed methodology. Twenty-two
students participated in the experimental study. The results of the pre-test revealed
that the average level of students’ interpersonal communication skills was 13.07
points, representing 52.3% of the maximum possible score. Among the participants,
43% demonstrated a low level of development, while 57% were classified at the
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intermediate level. No students were identified at the advanced level. The diagnostic
stage indicated that students experienced difficulties in expressing their ideas,
participating in discussions, collaborating with peers, and using mathematical
language effectively.

During the formative stage, the proposed methodological system was
systematically implemented throughout six mathematics lessons. Students actively
participated in group discussions, peer explanations, argumentation activities, and
collaborative decision-making processes. As a result, the post-test mean score
increased to 20.15 points, corresponding to 80.6% of the maximum possible score.
The average improvement reached 7.08 points per student. Furthermore, the lowest
score recorded in the post-test exceeded the highest score obtained during the pre-
test, demonstrating that all students showed positive progress throughout the
experiment.

The experimental results were subjected to statistical analysis. A paired-
samples t-test revealed a statistically significant difference between the pre-test and
post-test results, t(21) = —29.00, p < .001. These findings indicate that the observed
improvements were not random but were associated with the implementation of the
proposed instructional intervention. In addition, the effect size coefficient was
calculated as Cohen’s d = 6.18, which represents an exceptionally large effect and
confirms the strong practical impact of the methodological system on students’
communication and interaction skills.

To obtain a deeper understanding of the experimental outcomes, four students
were selected for individual observation, and qualitative feedback was collected from
the mathematics teacher. The results of these observations complemented the
quantitative findings and provided additional evidence of the effectiveness of the
methodology.

The first student demonstrated strong academic performance but generally
preferred working independently and rarely participated in communication with

classmates. Following the implementation of group-based learning activities, the
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student became more willing to communicate with both peers and the teacher, began
asking questions when difficulties arose, and actively participated in collaborative
discussions.

The second student was initially very quiet, showed little initiative, and rarely
attempted to solve tasks independently. Throughout the experiment, participation in
group work gradually increased the student’s confidence and engagement. The
student became more involved in solving basic-level tasks, contributed to group
discussions, and demonstrated greater interest in classroom activities.

The third student also tended to remain passive and usually completed only
simple tasks. By the end of the experiment, the student showed greater participation
in classroom discussions, interacted more actively with peers, and demonstrated
increased confidence and responsibility in completing mathematical tasks.

The fourth student was not withdrawn but was characterized by low academic
achievement and difficulties maintaining concentration during lessons. Through
participation in structured group work, the student’s energy and activity were
redirected toward learning tasks. As a result, responsibility increased, academic
performance improved, and the student reached a level comparable to that of higher-
achieving classmates.

The qualitative observations demonstrated that the proposed methodological
system positively influenced students with different learning characteristics and
initial achievement levels. Significant improvements were observed in
communication, cooperation, self-expression, and learning motivation.

Therefore, all research objectives were successfully achieved, and the research
hypothesis was fully confirmed. The findings demonstrated that the systematic
integration of psychotype-based group work, dialogic teaching, and communicative
tasks in mathematics lessons contributes significantly to the development of students’
interpersonal communication skills, communicative competence, mathematical

language, and cognitive engagement.
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The results of the study may be applied in the practice of mathematics teachers
in general secondary schools, in the development of methodological materials, and in
teacher education and professional development programs. Future research may focus
on adapting the proposed methodology to other grade levels, extending its application
to different school subjects, and investigating the long-term effects of psychotype-

based grouping on students’ academic achievement and interpersonal development.
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6.LIMITATIONS

At the same time, the study has several limitations that should be taken into
account when interpreting the results. First, the pedagogical experiment was
conducted with one group of Grade 7 students, consisting of 22 participants.
Therefore, the findings reflect the results obtained within this particular classroom
context and should not be generalized to all secondary school students without further
research. Second, the experiment was implemented within a limited number of
mathematics lessons. Although the results showed positive changes in students’
communication and collaborative learning skills, a longer implementation period
would make it possible to examine the stability of these changes over time.

Third, the proposed methodology was tested mainly within the topic of
algebraic fractions and equivalent transformations of algebraic expressions.
Therefore, further research is needed to determine how effectively psychotype-based
group work, dialogic teaching, and communicative tasks can be applied to other
mathematical topics and grade levels. Fourth, the study did not include a separate
control group, which limits the possibility of making broad comparative conclusions.
However, the pre-test and post-test comparison, together with teacher feedback,
provided empirical support for the effectiveness of the proposed approach within the
scope of the conducted experiment.

Finally, students’ interpersonal communication skills were assessed through a
criteria-based questionnaire, teacher observation, and statistical comparison of pre-
test and post-test results. In future studies, the reliability of the findings could be
strengthened by using additional methods, such as classroom video analysis,
independent expert observation, student interviews, and long-term monitoring of

students’ mathematical achievement and classroom interaction.
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LIST OF APPENDICES

Appendix A. Lesson Plan

Cabak, >xocnapbl

ITeparoriyg Atsbl, Teri;
OKeciHiH aTbI (0ap 0os1raH

Onrap6ek AKykaH

JKaraanga):
ITan/ChinbIn: 7 cbIHbIM. KaTbiCcKaHaap caHsbl: 22
KaTsbicriaraHiap CaHbl:
KyHi:
Besim: KpicKama Kebeity ¢opmyianapsl
CabaKTbIH TaKbIPHIObI: EKi 6pHeKTiH KOChIHABICHIHBIH, KyObI KoHe

albIPMaChIHBIH KYOBI.

OKy Oarjap/iamMachbiHa CINKeC
OKBITY MaKCaThbl:

7.2.1.11
(a+b)3=a3+3a%b +3ab2+b3

KbICKaliia kebelTy dhopmynanapbiH 6imy
)K9He KOJJIaHy;

CabaKThIH MaKcaTTaphbl:

— Kpickaiiia kebeliTy GpopMynanapsiH Oineni
JKoHe KOJIZlaHa ajlafibl;

- KpICKaIlla KebelTy dhopmyJianapbiH
anreOpasbIK 6PHEKTEP/i bIKIIaM/ay Ke3iHe
KOJIJIaHa aiafibl
-Krpickariia kebety dhopmyJianapbiH
epHeKTep/li KeOeUTKilTepre XiKTey
Ke3iHJe KoJilaHa ajajpbl;

Cabak 0apbICchI:

Y K ITeparorTiy apekeTi OkyuwsbinbiH | bara | Pecy
ale dpekKeTi Jay | pcra
K|3 P
bl | e
T | H
bl | [

e

b

1
S5 |¥ Canemertcizgepme! AmaHpacaabl Okyn
M | 4 | byrin, EKi 6pHeKTiH KOCBIHABICHIHBIH, , cabakka BIK;
U | bl KyOBbI ykoHe alibIpMaChIHbIH, KyObl JlavibIHJanaz OKYy
H |M| TakKbIpblObIH KapacTbipambi3.ByriHri bl Kypa
y | A cabakTa MeHrepeTiHiHi3: ngap
T | a| - eKi 6PHEKTiH KOCBIH/IbICHIHBIH, KYOBI Cypakrapra bl;
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KyObI, MUHYC YIII ecejieHTeH OipiHii

C YKoHe albIpMaChIHbIH KyObI Kayart TaKTa
T dbopMynanapsbl. bepeni ;
bl | -€Ki OPHEKTiH KOCBIH/IbICHIHBIH KyObl cnau
p JK9He albIPMAChIHBIH, KyObl I;
y (opMyianapbIH Ko/iJjaHy.
Y¥ TancbIipMachiH TeKcepy. No5.73.
«CaliKecTeH/Iip» CTpaTerusichbl.
Cou )KaKTarbl 6DHEKTepre OH, )KaKTarbl «bar
OaraH/aFbl COMIKeC OPHEKTI Jlapiil
COMKeCTeHZIpY: aMm»
1 | x%-2xy+y? 1 | x2-y| ColikecTeHzi | apKpl
2 | x3-98 2 |x2+7 DpyTecr bl
3 | (x+y)(x2-xy+y?] 8 | y-x | opeHAaBL | Kanbl
4 | y2-x2 4 | (x-y nrac
5 | x%-4xy + 4y? 5 [ (x-y TBIPY
6 | (x-y)(x+vy) 6 | (x+1 o
7 | (x+y)2+2xy+1 7 | x3+) Gara
8 | - (x - y) 8 (x -2 nay
9 |(x+y)? 9 |(y-x
1K (a+b)3=a+3a’b + OKYJT
0la 3ab? + b3 dhopMyacel eKi 6PHEKTIH, BIK;
M | H | KOCBIHJBICBIHBIH KyObl (hOpMyachl fier TakpIpbIT OKY
u|a aTasiaJibl K9He eKi 6pHeKTIH GotibIHIIIapec Kypa
H|C KOCBIHJBICBIHBIH KyObI 6ipiHIIi ypcTap/bl Jigap
a | ©pHEeKTiH KyObl, IUTIOC YIII ece/ieHTeH Kapari, bl;
6 | GipiHmI epHeKTiH KBaZipaThl MeH €KiHII | TaHBICA/bI TaKTa
a OPHEKTIH Ke0eUTiHfici, TTroC yIiI ;
K | ecesieHreH OipiHIli 6pHEK IeH eKiHIIIi «Bar c1an
OPHEKTiH KBa/IpaThIHbIH, KOOEUTiHIICi, I,
TITFOC eKiHIIli 6pHeKTiH KyObIHa TeH, JeTl AapI
OKbL/I1a/Ibl. j;)w};;l
(a—b)*=a*-3a’ + . Okyn
3ab? — b® hopmymnackl eKi 6pHEKTIH Kabi bIK;
albIpMaChIHBIH, KyObl (hOpMyIachl fier 2). nrac | O%Y
aTasia/ibl K9He eKi 6pHeKTIH Ilewyi. Aiibt | Teipy Kypa
albIPMaChIHBIH, KyObI OipiHIIli 6pHEKTIH pMa e | 4P
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OPHEKTIH KBa/ipaTbl MEeH eKIHIILI1 KyOBIHBIH Oara | TakTa
OPHEKTIH KebeUTiHfici, TTroC il dbopmynaceH | Jiay ;
ecejieHreH OipiHIII epHeK IeH eKiHIIi KOJIJaHbIIT cnau
OPHEKTiH KBa/IpaThIHbIH K6OEUTiHIiCi, OPHEeKTI I;
MHUHYC €KiHIIli 6pHEKTiH KyOblHa TeH TYPJIEHID:
JIeTT OKBIIa/IbI. (—x—4y)*=(
1-Mbican. Kenmyiie TypiHge xa3: 2m +| —x)3-3-
3n)3. (—x)?- 4y +
ITewyi. KocbIH/bI KyOBIHBIH 3-(—x)-
dbopMynackIH KOJIZIAHbII, OepiireH (4y)? —
OPHEKTI TYpJeHIip: (4y)® = —x3 -
2m+3n)*=02m)3+3-(2m)>-3n+ | 12x%y — 48xy?
3-2m - (3n)? + (3n)® = 8m3 + 36m?n + — 64y3.
54mn? + 27n3.
2-mbIcan. Kenmyliie TypiHje »kas3:
(—x —4y)’.
1|b Nel. [Ipes
S|e OpHeKTI KernMmylie TypiHzae eHTa
M | K KepceTiHzep: Lus
vl i a)(x+2)3= Jeck | Crait
H|T 6) (3 - x)3 — OKymbiiap | pynr | g
s aGe e
T|T
a 2) (361 + Zb)3 = TancelpManga | -
o papr | Koc
¢ | Ne2. Kemmymue TypiHfie kepceTingep: | opsiHgaiigsl. | PHA
. a) (202 +362)3 bI
D 8) (10x*-6y?)3 HbIH, | e
" aubIp DHeT
a o Ne3. : : e pecy
c | Kenmyriieni exi OPHEKTIH KyObI TypiHze bI6H pcra
- KepceTiHzep: KyOBI Dbl
a) (8p°-27q*+54pq°-36p°q) dop
8) (x3y>+6x%y?+12xy+8) JKazputyer | MyJia
GoiibiHIIIa CbIH
OKy/IBbIKIIeH XyMbIC. No5.100. (opmynanap 6i{leﬂ
Bl 1.
OKy/IbIKIIeH )KYMBIC. JKaJIFacTbipa }
Nol. Kenmyiiie TypiHzie KepceTiHzep: Aabl (1) Ecen
a) (8x3-4y?)? KK® IIbIF
B) (0,2x°+0,5y?)3 aKbIpaTa apyna
anazabl (1) a
®opmynansl | AYPbI Okyn
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No2. KerMy1iieHi eKi 6pHeKTiH KyObI aybI3Ila C bIK;
TYpiHJe KepceTiHzep: TYKBIPDbIMZA | KOJJ, | OKY
a) x3+6x%y+12xy2+8y3 11 anazbl aHaJ | Kypa
B) 0,1252°+0,152°k*+0,06z3k8+0,008k 2 bl.(1) | ngap
bl;
Kb:« | TakTa
bac ;
b6apMm | cnait
aK» A
OkynbikTad | afici | Kapr
ecernrepai OuKa
LIbIFapabl. nap;7
CbIH
BITIKA
apHa
JIFaH
OKY/I
BbIK
[Ipes
eHTa
s
10 OKy/IbIKTaH ecenrep WIbIFApY: Tanceipman | OKy | OKyJ
0K bl IIbIH | BIK;
M|y ‘ Kenvmymwen: kebefiTingl TypiHie xa OpBIHIAM/IbI BbIH, OKY
nia 1) mj g ”: ) :f” y .:!rr?: % 3?:‘ 34.15. Opuexri| TakTa | Kypd
H | BI %} 1‘; + ¥ ': x* * »*3 : 4) a; - 1) 6(x + Jlarbl | J71ap
K, S)xt+ v -ty =yt 6) a' - 2) Sxix 6e]1(.; bl
II OpHekT! BIKIaMAangap  (34.13-34.1 3) (x + ] e.H,%[l TakKTa
e 4 )28 +9=2Aa+ 1)a* - a -‘1); 34.36. Texent JIT1H P
H 2)x(x +2)fx —-2)—(x = 3)x"+ 3x 4 1) x® = ( eu cauv
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Appendix B. Survey Questions

MaremaTHKa cabdarbIH/IaFbl KapbIM-KAaThIHAC MeH KO3KAPacThl aHBIKTAY
caya/lHaMachbl

KypmetTi okymbl! By cayasHama ceHiH MaTeMaTHKa cabarbIH/ja ©3iH/i Kaiait
ce3iHeTiHiH/Ii )K9He ChIHBINTaCTapbIHMEH Kaslaii apajiacaThbIHBIH/bI 0i/Ty MaKcaThIH/A
eTKi3isesi. JKayanrapbiH 6arara acep eTreii/ii >koHe KyMus caKTajaZibl. Op CYpPaKThl
MYKMUSIT OKBITI, 63iHe €H, )KaKbIH KeJIeTiH »KayarThl TaHa (1-1eH 5-Ke feilin).

JKayan 0epy mkasachl:

1 — MyngeMm kemnicriedMiH

2 — Kenicnieimin

3 — binmeliMiH / BeitTapanmnbiH
4 — KeniceMiH

5 — TonbIKTak KemaiceMiH

Z

Cypakrap (CeniH mikipiH) 1/23/4(5

MeH MaTeMaTHUKaHbI )KaKChl YAPEHIIT KeTe ajlaTbiIHbIMa CeHiM/iMiH.

MaTtematvka MyFajiiMi MeHiH cabaKTarbl KeTiCcTikTepiMe KeHia besefi.

MaTtematuika cabarbiHZa eceTl MIbIFapy Ke3iHze 63iM/li epKiH ce3iHeMiH.

MaTeMaTrKa 6o/aiiakTa MeH TaHAaluTbIH MaMaH/bIKKA MiHIETTi Typ/e
KaKeT 00J1a/bl.

ChbIHBINTaCTapbIMa eCEeNTIH, LIbIFapy »KOJIbIH TYCIHAIDY MaFaH YHaU/bI.

Ecern mibIFapa ajsiMai >katcam, ChbIHbIITaCTapbIMHAH KOMEK Cypay/laH
YS/TMaiMbIH.

=2 (H%] A (WIN

MaTemaTUKaZaH KAbIH eCcenTep/ii Ka/IFbI3 LIblFapFaHHaH Kepi, TOIIeH
Gipniecimn 1IbIFapFaH >KeHiTipek.

TonThIK )KYMBIC Ke3iH/le MeH 0acKa OKYIIIblIap/bIH MiKipiH COHbIHA
NeriH ThIHJalMbIH.

MyramiM MeHi MaTeMaTHKaHbI K60ipeK OKYyFa, i3eHyTre
bIHTa/IaHAbIPA/bI.

MaTemMaTrKa cabarbIH/ia KbI3/1ap /a, Y11ap /1a ecemnrTi Oipen »KakChl
IIbIFapa aiajpbl.

10

85



Z

Cypakrap (CeHiH mikipiH)

11

MaraH MaTeMaTHKa MyFaliMiMeH ecell TypaJibl HeMece MaMaH/[bIK,
TypaJsibl COMIeCKeH OHAM.

12

backa okylibL1apibiH, MEeHIH KaTeMe >KacaraH eCKepTyJiepiH AYPbIC
KaObUI1aliMbIH.

13

MeH yl111iH MaTemMaTHKa — €H KUbIH 9pi TYCiHiKci3 rmoH (Kepi cypak).

14

MeH MaHpBI3/jbl HOPCE CYparbIM KeJireH/ie, MyFaliM MeHi ThIHJau/bl Jemn
CeHeMiH.

15

Ecenri Gipirin mbirapradia, MeH >kaHa Hopcesep/i Te3ipek ylipeHeMiH.

16

MyfanimM MeHi MaTeMaTUKaJjaH »KaKChl OKYIIIbI [ieTl eCernTenTiHiH
ce3eMiH.
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	But in the real world the language of mathematics among the students is not always developed properly. Students can locate the right answers but face some problems in clarifying the answers in most cases. This means that they have not well developed communication skills. Thus, special emphasis should be put on stimulating students to speak, explain, and share ideas in the classroom.
	The teacher is very instrumental in this process. The teacher is to lead students to develop their ideas to the full extent, to justify their ideas and to use the language of mathematics properly. By using thoroughly constructed questions and tasks, the teacher can help the students become more actively involved in the verbal activity and engage in the meaningful interaction.
	Therefore, the works of Akhmetova G.K. and Kaidasova G.N. show the significant role of mathematical language and communicative culture in the development of interpersonal interaction of students. The structure of language in mathematics shapes the way of thinking of students and makes it possible to express oneself precisely, and the communicative culture creates the conditions under which effective interaction is possible.
	In general, the development of mathematical language and communicative culture is one of the key conditions for fostering students’ interaction in mathematics lessons. This direction of work is systematizing such that logical thinking, communication skills, and conscious knowledge acquisition are formed.


	3. METHADOLOGY
	3.1 A Model For Developing Interaction
	The formation of the interpersonal communication skills of the students is one of the most important priorities of the learning process in contemporary education (OECD, 2023; UNESCO, 2021). This problem is especially topical in mathematics classes, where the traditional method of teaching is often based on the work of a single student, the mastery of algorithms, and the acceptance of ready-made knowledge. Under these circumstances, the interaction of students is not as developed, and their communicative abilities are not well-developed.
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	The efficiency of this method consists in the complementary character of various types of psychology. Active students make the discussion more active, analytical students justify that solutions are correct, and calm students assist in organizing ideas. Consequently, natural dialogue is formed in a group, and the interaction of students becomes more dynamic.
	The model proposed is founded on the dialogic and collaborative learning processes. The students learn by explaining to others what they know, asking questions, exchanging ideas and making joint decisions with members of their groups (Johnson & Johnson, 2009). The process not only improves their communicative abilities but also their logical reasoning and the degree of their mathematical knowledge (Webb, 2009; Gillies, 2007).
	The practical orientation is another significant characteristic of the model. The strategies suggested are modified to be applied in the real classroom and are logically incorporated into the teaching process. During every lesson, the groups are formed according to psychotypes, dialogic tasks are implemented, and the interaction between the students is actively organized to promote communication.
	In this way, the suggested model can be used to construct the purposeful and systematic creation of interpersonal interaction between the students in the mathematics lessons. The combination of the psychotype-based group work and dialogic teaching strategies makes students more engaged and precondition the comprehensive development of their communicative and cognitive skills.

	3.2 Methods And Techniques
	3.2.1 Organizing Group Work
	The ability of students to develop effectively in terms of interpersonal interaction during mathematics classes highly depends on the mode and manner in which group work is executed (Webb, 2009; Gillies, 2007). In the present research, one of the imperative conditions of organizing group activities is the psychological peculiarities of students when creating groups. This method would improve the contact between students and would lead to more significant communication.
	In the formation of groups, psychotypes of students are considered. To conduct the study, we distinguish three uslovno categories: triangle, circle and square. These labels become practical descriptive labels of the behavioral inclinations of students. Data about the psychological profile of the students is gained by working together with the class teacher and the school psychologist.
	Triangle-type students are those that are active, i.e., iinitiatiave-oriented, and leader-oriented. They tend to open up discussions, group processes and responsibility in decision-making. The so-called circle type students are usually cooperative, communicative and supportive and contribute to good group atmosphere and help in interaction. Students of the type square are characterized by the ability to think analytically and with precision; they are also typified by their logical thinking and organization of thoughts in the way they solve problems.
	The groups are carefully formed to have a representative of all the three types. This kind of heterogeneous grouping enables students to compensate the other of the two with his gains and naturally divides out roles in the group. Consequently, every student will contribute in accordance with his or her capabilities, which will greatly enhance the nature of interactions.
	It is an important part of this process, which involves assigning roles in the group (Johnson, Johnson, & Holubec, 2013). It is recommended that the following roles be used: leader (coordinates the group), presenter (reports the results), analyst (evaluates and justifies the solutions), and observer (monitors participation and process). Sharing of roles fosters responsibility and help all the students to participate actively.
	Group work is structured in such way that it consists of a series of organized processes. The first step involves presenting students with a task and allowing them to discuss the material in groups. Then, they discuss potential solutions collectively and reach a mutual solution. This is then succeeded by group presentations, where students give their findings and also answer the feedbacks of their fellow students. Lastly, the results are presented together, and the conclusion is made.
	In this context, the role of the teacher changes greatly. The teacher does not act as a source of information, but becomes a facilitator who supports and guides interaction (Gillies, 2007). The instructor keeps track of group dynamics, offers some specific help when needed, and promotes meaningful interaction.
	As the classroom observations show, the ability to group students according to their psychological traits helps to enhance the level of engagement and facilitate more successful interaction. Students learn how to be more responsible in their contribution, and actively participate in collaborative learning, which helps to develop their communicative competence (Webb, 2009).
	Therefore, the group work with taking into account the psychological features is a successful approach that will be used to promote the interaction of students during mathematics classes. Through collaboration, this not only enhances engagement, but also preconditions deeper and more meaningful learning through collaboration.
	3.2.2 Dialogic Teaching Techniques
	In promoting interpersonal interaction among students in mathematics classes, dialogic teaching will take center stage. It is not only that it is treated as a theoretical construct in this study but rather it is a structured classroom practice which is deliberate. It is mainly aimed at involving students into meaningful talk, helping students develop their capacity to articulate ideas, and supporting knowledge building by facilitating discussion (Alexander, 2018; Mercer & Littleton, 2007).
	A key component in implementing dialogic teaching is a well-designed system of questioning. Instead of making use of questions that only result in brief answers, the teacher makes use of prompts that lead to a deep thought process and exchange of ideas (Alexander, 2018). During the study, a number of type of questions were used.
	The former can be called explanatory questions and they are as follows: How did you get to this solution? or What is the reason why you have chosen this method? Such questions will make students explain their arguments and make the logic behind their solutions transparent (Kazemi & Stipek, 2001).
	The second group is the justification questions i.e. why do you think this is correct? how can this be proved? These types of questions encourage the use of rational thought and they also compel the students to support their responses (Yackel & Cobb, 1996).
	The third type is comprised of comparative questions, e.g.: Which method is more effective? or What is the difference between these solutions? These prompts promote critical thinking and allow students to consider alternative approaches.
	The fourth category is expanding questions, e.g.: What other problems might this approach be helpful with? or Can this approach be useful with other problems? These questions are thought-provoking and will make students think harder (Alexander, 2018).
	Dialogic teaching is more than just questioning, and it is structured in a systematic series of activities. The dialogic interaction was introduced in this study in stages: students worked individually on a task and then discussed their ideas in pairs and finally reached a common solution within their group. This development will enable students to gain confidence gradually and will be able to convey their ideas more clearly.
	Lessons also included the use of the math discussion approach. In such format, students share their solutions with the rest of the class, answer questions of their peers and participate in a group discussion (Mercer, 2000; Boaler, 2016). These activities enhance verbal activity and reinforce the interaction of the students.
	In the dialogic teaching, the teacher plays a facilitative role. Instead of giving ready-made solutions, the teacher gives the students the chance to think on their own. The teacher assists by validating the responses of students, interrelating their thoughts, and facilitating dialogue to help students extend their understanding and to maintain meaningful dialogue.
	The classroom observations have shown that in case the dialogic teaching is implemented in a systematic manner, verbal involvement of the students is enhanced significantly. They feel more confident about their intentions to express their ideas, ask questions, and engage in discussions. Simultaneously, their mathematical capabilities also rise in extent because the knowledge is created during the process of dialogue instead of being imprinted (Kazemi & Stipek, 2001; Boaler, 2016).
	Therefore dialogic teaching is a good way of teaching students how to interact with each other in mathematics classes. It encourages active learning, develops thinking and communication, and aids in the establishment of collaborative learning practices.
	3.2.3 A System Of Communicative Tasks
	The nature and design of activities in mathematics lessons has a decisive role in developing interpersonal interaction of students. Conventional training exercises are often aimed at implementing ready-made algorithms and, therefore, do not offer the possibility to discuss and express ideas (Mercer, 2000; Hiebert et al., 1997). To overcome this limitation, the study suggests a system of communicative tasks which are aimed at stimulating explanation, dialogue, and collaborative reasoning.
	The study put in place several types of communicative tasks. The former is the open-ended tasks that will permit a variety of paths towards the solution, and will not have an absolute correct answer. As an illustration, students can be requested to solve a problem in various ways and discuss and compare their answers in a group. These activities promote dialog and help in building argumentation skills (Boaler, 2016; Hiebert et al., 1997).
	The second category is the type of tasks based on explanation; where students must explain not only the result, but the process, which led to the result. The use of prompts like: How did you solve this? or Why did you use this method? are used to help students organize their thoughts and express them in the correct mathematical language (Hiebert et al., 1997; Sfard, 2008).
	The third type is multiple-solution tasks, where students find two or more solutions to the same problem. They discuss the effectiveness of each method and compare it with another. The process encourages the ability to think critically and builds the interaction between students.
	The fourth one involves analysis of errors. In such tasks students are shown deliberately false solutions. Their work is to draw out the error, give the cause of the error and to offer a correct answer. Analytical thinking, justification, and meaningful discussion are all encouraged by such tasks.
	Group work is an important element of the process of implementing communicative tasks. Students do not only work individually but also collaboratively by discussing their work, by arguing out their points, and working towards common conclusions. This increases interaction and makes sure that communication becomes meaningful instead of being superficial.
	Moreover, the teacher facilitates the process with the help of guiding questions, e.g.: Why is this right?”, Is there another way to do this? or How can this be justified? Such prompts enrich the thinking of students, and encourage them to actively participate in the discussion.
	Practice in classrooms suggests that when the application of communicative tasks takes a systematic approach, the verbal involvement of students in the classroom can grow substantially. They also gain more confidence in sharing their ideas, develop a better comprehension of mathematical concepts and learn to express their knowledge in a justifiable and reasoned way.
	Communicative tasks are therefore a good instrument in enhancing interpersonal interaction among the students in mathematics classes. They render the learning process more active, meaningful, and productive, and facilitated knowledge construction with collaborative activity.

	3.3 Sample Lesson Plans
	The enhancement of the interpersonal interaction of students in mathematics classes involves the practical application of the methods and techniques suggested in the proposed approach in the actual classroom conditions. Based on this, a series of sample lesson plans were created in this study as part of Grade 7 algebra course. The lessons are oriented on the organization of collaborative activity, the promotion of dialogic interaction, and the development of ability of students to communicate with the usage of mathematical language.
	The lesson plans include important topics in the unit about algebraic fractions, such as properties of algebraic fractions, operations on algebraic fractions, and equivalent transformations. The reason why these topics were chosen is that they afford abundant possibilities in organizing a student-to-student explanation, justification, and discussion.
	The program uses a combination of instructional strategies to make sure that there is active interaction among students. These include group work, dialogic teaching, and interactive techniques such as Think–Pair–Share, math discussion, and error analysis (Boaler, 2016). Combined, these strategies promote students to be active, express their thoughts, and think collectively.
	When organizing group work, students’ psychological characteristics are taken into account. Both groups consist of learners of different profiles to encourage equal participation and successful interaction. This organized gathering, not only improves communication in the group but also leads to more meaningful work.
	The activities that are included in the lesson plans are communicatively oriented. Instead of them being expected to provide only correct answers, they are expected to explain their thinking, justify their answers and compare various solutions. Through such activities, verbal interactions with students are enhanced, helping them to build mathematical thinking.
	Therefore, the lesson plans suggested herein are practical means of adopting methods that are geared towards developing interpersonal interaction of students during mathematics classes. The priority of creating conditions that can facilitate active engagement, idea sharing, and shared learning is upheld in every lesson.
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