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Abstract

The trigonometric heritage of al-Farabi, the great thinker of the Middle Ages, who made an invaluable
contribution to the development of world science and civilization, is of enormous theoretical and practical
value. It offers unique algorithms for finding the sin 1 degrees and constructing trigonometric tables necessary
for solving various practice problems. Their inclusion in modern computer and mathematical education will
not only popularize the legacy of the great scientist, but will also enrich the content of teaching trigonometry,
strengthening its applied orientation, expand the system of subject knowledge of students, and contribute to
the development of skills that determine the essence of computational thinking, which is one of the important
goals of modern education. Al-Farabi's trigonometry training should be focused on achieving the specified
results. Adequate to the goals and objectives of teaching al-Farabi trigonometry to schoolchildren, it is
advisable to determine its subject-thematic content. Purpose of the study: to determine the structure and content
of teaching al-Farabi trigonometry, aimed at developing students’ computational thinking skills. Results: the
basic principles and methods for selecting content are determined, on the basis of which a model of the concept
system is built, the structure and content of teaching al-Farabi trigonometry in the context of education
digitalization focused on the development of students’ computational thinking are determined.

Keywords: computational thinking, Al-Farabi trigonometry, block-modular structure, model, learning
content.
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KOF APBI CBIHBIITI OKYHIBIJIAPBIHBIH ECEIITIK OMJIAYBIH JAMBITYTA
BATBITTAJIFAH 9JI-®APABUAIH TPUTTOHOMETPUSCBIH OKbBITY MA3SMYHbBI MEH
KY¥PbBLJIBIMbI

Anoamna

OJeMAIK FBUIBIM MEH OpPKEHHUETTiH JaMyblHa Oara >KETIEC YJeC KOCKAaH OPTaFachIpibIK AQYIpAiH YJIbI
OHIIBLIB A1-PapaduiiH TPUTOHOMETPHUSITBIK MYPAChl OpacaH 30p TEOPHSUIBIK KOHE MPAKTHKAIBIK KYH/IBUIBIK
Oonbin TaObuTaABl. OHa Oip TpamycTarbl CHHYCTHI TaOY/ABIH JKOHE NpaKTHKaIarbl 9PTYpPJl Macenenepi
HIeHIyre KaKeTTi TPUIOHOMETPHSUIBIK KecTenepli KypylIblH Oipered anropurmzaepi yceiHbUIFaH. Onapabl
3aMaHayl MH(OpMATHKA-MaTEMaTUKAIIBIK Oi1iMre KOCY YJIbl FaJbIMHBIH MYpPachlH HACHUXaTTal KaHa KoiMai,
TPUTOHOMETPUSHBI ~ OKBITYABIH Ma3MyHBIH OaWbITaabl, OHBIH KOJJaHOANbl OaFbITBIH  KYLISWUTe,
OKYIIBLIAP/IbIH OHIIK OLIIM JKYHECIH KeHewTe i, Ka3ipri Oi1iM Oepy *KyHeCiHIH MaHbI3Ibl MaKCaTTapbIHBIH
Oipi OonbIN TaOBUIATHIH €CENTIK OMJIayAbIH MOHIH aHBIKTAMTBHIH iCKEpIIKTEp MEH AaFAbUlapbl JaMbITYFa
BIKMan ereni. On-DapabujiH TPUTOHOMETPHUSCHIH OKBITY KOPCETUITEH HOTHXKEIepre KON JKETKi3yre
OarpiTTaysl THic. OKkymbiiapabl on-PapabujiH TPUTOHOMETPHUSICHIHA OKBITYJBIH MakcaTrTapbl MeEH
MiH/IETTEpiHE COMKEC OHBIH MOHIIK-TAKBIPHINTHIK MAa3MYHBIH aHBIKTaFaH *XeH. 3epTTey MakKcaTbl: MEKTEeI
OKYLIBUIAPBIHBIH €CENTIK OHJIay JaFAbUIapblH AaMBITyFa OarbITTanfaH on-PapaOuiiH TPUTOHOMETPHUSCHIH
OKBITY Ma3MyHbl MEH KYpbUIbIM aHbIKTay. HoTmkenepi: TyXbIpbIMIaManap >KYHECiHiH MOJeNi KypbUIFaH
Ma3MYH/IbI TaHIayIbIH HET13T1 MPUHIMITEPI MEH SiCTeP] aHBIKTAJIBI )KOHE OKYIIBLIAPBIH €CENTIK OMIayblH
JaMbITyFa OarbpITTanFaH OiniM Oepyni nudpianaplpy skarmaiblHAarsl an-DapaOuaiH TPUTOHOMETPHUSICHIH
OKBITY/IBIH Ma3MYHBI MEH KYPbUTBIMbI aHBIKTAIIIBL.
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CTPYKTYPA U COAEPKXAHUE OBYUEHUSA CTAPIIEKJIACCHUKOB TPUTOHOMETPUH
AJIb-PAPABHU, OPUEHTHUPOBAHHBIE HA PA3BBUTHE UX BBIYUC/IMTEJBHOI' O
MbIIIJIEHUA

Annomayus

Tpuronomerpudeckoe Hacienue anb-Oapadu — BEIUKOTO MBICIUTENS 3MOXH CPEIHEBEKOBBS, BHECIIETO
HEOIICHUMBIN BKJIA]] B pa3BUTHE MUPOBOU HAYKH U LUBUIIU3ALINU, IPECTABISET OTPOMHYIO TEOPETHUECKYIO
Y TMPAKTUYECKYI0 IEHHOCTh. B HeM mpemiararoTcsi YHUKAIbHBIE alTOPUTMBI HaXOXKISHHS CHHYCa OIHOTO
rpagyca W TIOCTPOCHHS TPUTOHOMETPHUYECKUX TaONHIl, HEOOXOIMMBIX /IS PEIIeHUs Pa3NuyHBIX 3ajad
MPaKTUKHU. BKIIOYeHHE X B COBPEMEHHOE HH(POPMATHKO-MaTeMaTHIeCKOE 00pa30BaHKE MTO3BOJIMT HE TOJIBKO
MOMYJISIPU3UPOBATh HACJICIUE BEJIMKOTO0 YYCHOTO, HO U 000TaTUT COJEp)KaHHE OO0YUYCHHS TPUTOHOMETPUH,
YCHIIMBas €T0 MPUKIIATHYIO HAIIPABIEHHOCTh, PACIIUPUT CUCTEMY MTPEeIMETHBIX 3HAHUI 00yJaronuxcs, OyaeT
CHOCOOCTBOBAaTh Pa3BUTHIO YMEHUU W HABBIKOB, ONPEACIISIONIMX CYIIHOCTh BBIYMCIUTEIBLHOIO MBIIIICHHUS,
YTO SIBJIACTCS OJHOM M3 BYKHBIX IIEJICH COBpEeMEHHOT0 00pazoBanus. O0ydueHHe TpuroHoMerpun anb-Oapadu
JOJDKHO OBITh OPUEHTHPOBAHO HAa JIOCTIDKEHHE YKa3aHHBIX PE3yNbTaTOB. AJEKBAaTHO IENSAM W 3aJadam
o0ydeHHUs] MIKOJHHUKOB TPUTOHOMETpHH aibh-Papalbu 1enecoo0pa3Ho ONpeneinTh €ero IMpeaMeTHO-
TeMaTU4ecKoe cojepxanue. llenp wHcciaemoBaHMs: ONPEACIUTh CTPYKTYPY W COJEp)KaHUE OO0YYCHHS
TpuroHoMeTpun anb-Dapabu, OpPUEHTHUPOBAHHBIX HA PA3BUTHE HABHIKOB BBIUYMCIHUTEIHHOTO MEBIIIICHHS
ydamuxcs. Pe3ynbrarhl: ompeneneHpl OCHOBHBIE NMPWHIUIBI U METOABI OTOOpa coaepikaHWs, Ha OCHOBE
KOTOPBIX TIOCTPOSHA MOEIb CHCTEMbI IOHSATHHA, OMpEACICHBl CTPYKTypa M COACPXKAHUS OOyUCHHUS
TPUrOHOMETpUU anb-Dapabu B ycinoBUAX HUGPOBU3ANUK OOpA30BaHUS, OPUCHTUPOBAHHBIC HA PAa3BUTHE
BBEIYHCIATEIHFHOTO MBIIUICHUS YIaITUXCA.

Knrouesvie cnoea: BBIYUCIUTEILHOE MBbIIUICHUE, TpUroHoMmerpust Aub-dapabu, OI0YHO-MOAYIIbHAS
CTPYKTYpa, MOJIEJb, COJICPKaHUE O0yUEHUSI.

Introduction

Digital technologies are rapidly entering the life of modern society and have a great impact on the
daily lives of people and the development of the national economy of any country. The expansion of
the sphere of digitalization and the use of advanced technologies not only leaves its mark on the
organization of knowledge in the modern picture of the world, but also determines the thinking style
of modern man. Computer science does indeed have great potential for developing the computational
thinking of school children. Its specificity plays a crucial role in honing their computational thinking
skills by fostering logical problem-solving, algorithmic thinking, and the ability to understand and
devise computational solutions to various real-world problems. Today, the development of students’
computational thinking is one of the important tasks of general education in the field of computer
science [1-6]. Special attention is paid to teaching schoolchildren trigonometry, developed by the
great scientist of the early Middle Ages Al-Farabi in connection with the use of mathematical methods
to solve various problems of mathematical astronomy and geography. Interest in the trigonometric
heritage of Al-Farabi today causes not only respect for the great scientist and the desire to promote
his works, but also has great didactic possibilities and worthy research in the training of mathematics
and computer science teachers for both modern school and pedagogical universities. At the same
time, its educational aspects and problems of implementation in the educational process have not been
considered and reviewed as the separate subject of the study by any reseachers. Its relevance,
pedagogical significance and insufficient scientific development were the reasons for choosing the
research topic. The purpose of the study is to determine the content and structure of al-Farabi’s
trigonometry training aimed at developing students’ computational thinking.
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Research methodology

The following set of methods was used during the research: theoretical analysis of scientific and
methodological literature to determine the degree of research on the issue under consideration, taking
into account criteria and methods, a model of the conceptual system of the course “al-Farabi
trigonometry in the context of digitalization of education” and determining the structure of the content
of education.

Results of the study

We consider the methodical system of teaching al-Farabi trigonometry as a pedagogical structure
according to A.M. Pyshkalo, the main components of which are the goals, content, methods, forms
and means of teaching. The result of training will depend on all these elements, which some leading
methodologists call a methodical system of training.

The following principles are based on the construction of goals system for teaching al-Farabi
trigonometry to high school students:

1. Correspondence of the goals and objectives of teaching trigonometry to al-Farabi with the
current state of science in the field of trigonometry, computer science and informatization of
education.

2. Correspondence of the goals and objectives of teaching al-Farabi trigonometry with the state
educational standard.

3. Correspondence of the goals for teaching al-Farabi trigonometry with modern processes of
modernization and unification of education.

In accordance with these principles, the following goals are set:

1. Enrichment and deepening of the basic knowledge system of students in trigonometry,
algorithmization and programming using the algorithmic approach typical for a scientist to solving
problems considered by al-Farabi in their learning system;

2. To develop high school students' computational thinking skills necessary for life and self-
development in the modern digital world by solving problems from the trigonometric heritage of al-
Farabi. This is an important goal of the course and depends on the development strategy of modern
society based on knowledge and high-performance technologies.

To achieve the set goals in determining the content of teaching trigonometry al-Farabi, it is
necessary to establish a balance between fundamental knowledge of trigonometry and knowledge of
algorithmization and programming in a computer science course, structure the teaching material in
such a way as to facilitate its understanding by students taking into account its intra-subject and
interdisciplinary connections, determine the practice-oriented nature of al-Farabi's legacy and solve
all in it, the vision tasks are to implement them on a computer using modern software.

One of the options for presenting educational material may be a block-modular structure that meets
modern requirements for the presentation of educational material and the organization of the
educational process due to the limited number of hours allocated for classroom training. This
approach ensures the transparency of the course allows you to change its content and, with appropriate
adjustments, can be used not only in teaching students, but also in the system of training future
teachers of computer science and mathematics [7-8].

The block-modular approach to teaching aims to enhance independent activity and provides the
following opportunities:

Enhance the effectiveness of learning;

Form creative abilities of students;

Improve the quality of the acquired knowledge;

Form the ability to self-assessment, self-management and self-education.

Moreover, the application of the block-modular approach in teaching will allow:

- to implement differentiation and individualization in teaching depending on the level of students’
knowledge and skills and ensure the progress growth through the program;
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-provides flexibility in the content of training through the organization of educational and
cognitive activities according to an individual curriculum, adaptation to the individual needs of the
individual and the level of its basic training, allows you to study more educational material, despite
the reduction in the time allotted for classroom classes.

The theory of modular learning, like any didactic theory, is based on didactic principles that
determine its general orientation, purpose, content, ways of organizing and managing the cognitive
activity of students. According to the definition of the modern didactician V. I. Zagvyazinsky, "The
principle of learning is knowledge of the essence, content and structure of learning in the form of
norms of activity, instructions, rules, its laws and patterns.” Analyzing the work in the field of
modular training, we can highlight the following principles of its organization: modularity,
structuring, dynamism, activity, problematic, variability, adaptability, flexibility, continuity,
implementation of feedback, conscious perspective and parity [9].

1. The principle of modularity. This determines the modular approach to training, which is
reflected in the content, organizational forms and teaching methods. According to this principle,
training is built on individual “functional units” - modules designed to achieve specific didactic goals.
The module is the main tool for modular learning, it is a complete block of information, and includes
a teaching aid that ensures the achievement of didactic tasks set by the target program of activities.
In this regard, the content of the module must meet the requirements of consistency, integrity,
compactness and independence.

2. The principle of structuring the content of education into separate elements ensures the hierarchy
of didactic goals, the consistency and integrity of the report, the logical completeness and
independence of the modules, the problematic nature of the content, and the clarity of the appearance
of the module. This principle means that the educational material within the module can be considered
not only as a single whole, aimed at solving a complex didactic goal, but also as a specific structure
consisting of individual elements.

3. The principle of dynamism ensures free change in the content of modules, taking into account
the dynamics of the social order. In this form, the module should present its elements in such a way
that they can be easily replaced.

4. The principle of flexibility requires the creation of such modules so that the content of learning
and the way it is taught can be easily adapted to the individual needs of students. At the same time, it
is necessary to ensure control and self-control after achieving a specific training goal.

5. The principle of conscious perspective. This principle requires students to understand future
learning prospects. This principle has a broad content. Strict management of students' activities
deprives them of initiative and independence, and reduces the role of an independent educational
process.

6. The principle of comprehensive methodological consultation. This principle presupposes
sufficient provision of professionalism in the cognitive activity of the student and the pedagogical
activity of the teacher.

The principles of modular learning are closely related to each other, they all reflect the features of
creating educational content.

Traditional teaching emphasizes general didactic principles for the formation of learning content.
These include:

- the principle of conformity of the content of education with the needs of social development,
based on this, there is a need to add to the content of education not only knowledge, but also fragments
that provide the experience of human creative activity and the experience of personal interaction with
the value system created by humanity. Today, in the conditions of universal digitalization of society,
specialists with computational thinking skills are needed,;

- the principle of unity of content and procedural side of education, namely the integrity of subject
content, as well as methods of mastering this content;

- the principle of structural unity of the content of education at its different levels.
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The focus of the developed teaching methodology on the development of students’ computational
thinking skills allows us to highlight didactic principles, and based on this, the selection of training
content is carried out:

- the scientific principle of content includes the correspondence of the teaching content to the
modern level of science, the creation in students of correct ideas about the general methods of
scientific knowledge, the description of important patterns of the process of scientific knowledge. It
IS necessary to rely on basic concepts, theorems, algorithms, methods and the current level of
development of computer science and mathematics (section of trigonometry);

- the principle of sequence and order presupposes the display of meaningful and logical
connections, taking into account the cognitive capabilities of students, previous training, and the
content of other subjects; To implement this principle, it is necessary to highlight the most important
concepts, terms and associations that form the basis of the material being studied. In addition, it is
necessary to form a strict logical structure for studying each topic from simple to complex, from
unknown to known.

- the principle of principle of consistency includes showing the structural connections between
blocks of the studied material, adequate to the connections within the scientific theory, paying
attention to the system-activity approach to teaching, comprehensive achievement of learning
outcomes based on the formation of meta-subject learning. activity;

- the principle of interdisciplinary communication includes the study of general theory, laws,
concepts, general scientific methodological principles and methods of scientific knowledge, the
formation of general educational ways of thinking;

- the principle of connection between the theory and practice of learning and life is to observe and
explain the content of certain activities, as well as phenomena that arise in certain images of the
objects and processes being studied, modeling, thought experiments, etc. d. includes the inclusion of
material of an applied nature in connection with the inclusion of related activities;

- the principle of accessibility assumes that the volume and complexity of educational material
correspond to the real capabilities of the student in the field of its development. Y. A. Komensky
formulated the well-known rules for the practical implementation of this principle: from simple to
complex, from known to unknown, from simple to complex [10]. At the same time, this principle
does not mean simplifying the content of training, since in this case students’ interest in learning
decreases and the necessary skills are not formed. When teaching al-Farabi trigonometry, this
principle requires the teacher to present materials based on previously acquired knowledge and skills
from the trigonometry section of the algebra course and the algorithms and programming section of
the computer science course necessary for students to successfully master this course;

Memorization and updating of educational information depends on the content of the educational
material, forms, methods and means of teaching, as well as the personal attitude of students. This
attitude is influenced by various objective and subjective factors: the regional social order for
studying the course, students' understanding of the importance of obtaining new knowledge, the
microclimate in the team, the level of readiness to perceive the material, the physiological state of the
student characteristics, etc. The principle of differentiation and individualization involves taking into
account the abilities, interests and professional intentions of the student in the content of education;

- the unity of the teaching content or the principle of integrability [11], which is expressed in the
fact that the integration components in the form of knowledge in mathematics and computer science
create the subject "Al-Farabi trigonometry in the conditions of digitalization of education”. Firstly,
the content of the training is based on the previously studied mathematical apparatus and the apparatus
of computer science, namely, knowledge of programming and modern software. Secondly, the
mentioned apparatus can be included in the training content as part of it, if it has not yet been
considered;

- the principle of forming a positive attitude to education and motivation includes the content of
education materials about new achievements and innovations, examples of the application of
scientific knowledge in life, etc;
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- the principle of developing learning is aimed at increasing the level of intelligence and cognitive
structures of the student's personality, the development of mental cognitive processes of students:
feelings, perception, imagination, memory, thinking based on the information approach.

These principles are the main directions and elementary components of the selection of the content
of educational material, based on the content of educational material designed to ensure not only the
formation of students' ideas about the history of trigonometry, its practical significance, but also the
development of their computational thinking skills.

The key to the successful mastering of the curriculum by students, improving the quality of training
and the development of computational thinking skills is the selection of the content of the educational
material in accordance with the set goals, the creation of a system of concepts and thesauri of the
training course [12].

The system of concepts of the training course is understood as didactic, linguodidactic and
psychological principles, concepts of a certain subject area, the content of which is expressed taking
into account formal, substantive requirements and represents a scientifically and methodically sound
integrity, the content of which is necessary and sufficient for the development of students over a
certain period of time.

You can use several approaches to constructing a system of concepts for a training course:

- the system of concepts is drawn up in the form of an arbitrary list;

- compiling a thesaurus, (a list of concepts compiled taking into account the connections and
relationships between them);

-compiling a list of concepts taking into account the sequence of occurrence of the concepts
“connection” and “relationships” (historical approach);

- building a system around one or more concepts with an emphasis on basic concepts in learning;

- orientation of the system of concepts towards teaching students the individual aspect of the
subject.

The listed methods and approaches to systematizing the concepts of the subject area are considered
in the works of T. A. Kuvaldina, N. I. Pak and others [12-14]. The thesaurus method was used in
combination with a logical-semantic approach and analysis of network models to systematize the
concepts of the course "The trigonometric Heritage of al-Farabi".

A thesaurus is an interconnected description of the relationships between concepts, as well as a
way of describing a system of concepts. According to T. A. Kuvaldina, “an educational thesaurus is
a formal model of the system of basic concepts of a training course in the form of an interconnected
characteristic of the relationships between concepts in combination with a list of definitions of terms
and a set of formal logical schemes” [12].

The thesaurus method allows you to identify the main concepts of the course “The trigonometric
heritage of al-Farabi”, establish hierarchical connections between them, establish a logical basis for
constructing a model of student’s knowledge at the end of the course, structure the course program at
the initial stage of development on a scientific basis, and also determine methods for processing
concepts and ways to include them in the student’s individual thesaurus.

The thesaurus can be presented in four parts.

- lexical-semantic (set of terms);

- system index of term descriptors;

- indicator of hierarchical interrelation of term descriptors;

- term permutation index (according to the natural science dictionary, the thesaurus permutation
index is a pointer that lists all individual words included in the phrases that form descriptors in
alphabetical order, and also indicates all descriptors containing these words for each word).

A descriptor (describere in Latin means “to describe”) is an unambiguous keyword or code with
a fixed meaning that serves to express the main semantic content of the presented text in a more
concise form.

The terms that make up a thesaurus can be in one of three different relationships:

- equivalence relations (synonyms);
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- intersection relationship (when the semantic meaning of a concept partially intersects with
another concept);

- relations of subordination (a situation where one concept is a semantic part of another).

A subject thesaurus can be created top-down, breaking large concepts into components, or bottom-
up, starting with small details at low levels of abstraction and integrating them into an overall
structure. It is advisable to build the system of concepts related to the course “Trigonometric Heritage
of Al-Farabi” from top to bottom. T. A. Kuvaldina identified and showed several stages of creating a
model of concepts’ system (Fig. 1).

Identification

¥
h 4

Conceptualization Project period

h

3

Evaluation period Network modeling | Analytical period

stage

Figure 1. Stages of building a model of a system of concepts

1. At the identification stage, the objectives of the training course are determined.

2. At the stage of conceptualization, the content of the training course is determined, that is, the
composition and nomenclature of concepts, the selection of keywords and descriptors, the
compilation of a glossary.

3. The design stage involves developing the course content in the form of concepts’ system,
creating a model reflecting the natural-logical structure of the system of concepts.

4. At the analytical stage, the model is divided into parts according to individual complex
descriptor concepts, as well as topics and sections of the training course.

5. The stage of network modeling includes the creation of formal logical schemes (semantic graphs
of concepts) that determine the choice of the network model and the sequence of representation. Petri
nets are used to build a network model in the form of positions, transitions and arcs.

6. At the evaluation stage, the analysis of the consistency and accessibility of the model is carried
out (i.e., the absence of a “vicious circle” in the relations of terms and relations) [12].

For the course “Al-Farabi trigonometry in the context of digitalization of education”, a model of
the system of concepts of this course can be obtained by consistently applying the above stages of
constructing a model of the system of concepts (Fig.2). The model is a cylinder divided into layers,
each of which has its own semantic load [15-16]. The lowest layer is the areas of reference knowledge
that contain the concepts and connections between them necessary for a complete understanding of
the material of the proposed course. This layer refers to other subjects that provide interdisciplinary
communication: sections “Trigonometry” and “relations between the sides and angles of a right
triangle” in algebra and geometry courses, sections “representation and measurement of information”,
sections “computational thinking” and subsections ‘“algorithmization” and “programming” in
computer science COUrses.

The following layers of the “cylinder of concepts” are defined hierarchically. Above the base layer
there are concepts of the first level, the formation of which is based on basic (reference) knowledge.
Connections in the model occur not only between neighboring levels. So, it can be seen that the
algorithmic part is included in the entire model through direct communication.

The next section (blocks of second-level concepts) is devoted to the formation of concepts directly
related to al-Farabi plane trigonometry. This layer is responsible for the formation of basic ideas about
trigonometric straight lines, trigonometric functions through the chord of an arc, methods for finding
sine values for some angles, including sin 1 degree, algorithms for tabulating trigonometric functions
with the previous level. support.
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The following layers of the “cylinder of concepts” are defined hierarchically. Above the base layer
there are concepts of the first level, the formation of which is based on basic (reference) knowledge.
Connections in the model occur not only between neighboring levels. So, it can be seen that the
algorithmic part is included in the entire model through direct communication.

The next section (blocks of second-level concepts) is devoted to the formation of concepts directly
related to al-Farabi plane trigonometry. This layer is responsible for the formation of basic ideas about
trigonometric straight lines, trigonometric functions through the chord of an arc, methods for finding
sine values for some angles, including sin 1 degree, algorithms for tabulating trigonometric functions
with the previous level. support.

The third layer of concepts and relationships will be associated with the problems of al-Farabi’s
spherical trigonometry and its application in astronomy, such as large and small circles on a sphere,
the shortest distance between points on a sphere, the concept of spherical trigonometry. triangle, basic
formulas of spherical trigonometry. They deepen further understanding of previously acquired
knowledge. Knowledge at this level is used to solve complex astronomy problems.

The proposed model can develop on a plane, increase the number of blocks of concepts and
connections between them, and also form new, complex levels in height. Based on the proposed
knowledge model, in the logic of creating the content of al-Farabi trigonometry in the form of a block-
modular structure, it is advisable to implement the following blocks:

- a block containing theoretical data from the history of the development of trigonometry and the
definition of the problems it solves, as well as its place in mathematics, its objects and research
methods, the role of al-Farabi in the history of the development of trigonometry, trigonometry and its
achievements;

- a block containing theoretical information about al-Farabi trigonometry on a plane in the context
of digitalization of education. All modules included in this block are mandatory because they cover
the basic concepts of al-Farabi, formulas, algorithms and their proofs. Each module of this block, like
all other blocks, contains theoretical material, questions and tasks for self-control.

- a block containing theoretical information about al-Farabi spherical trigonometry and its
application in astronomy in the context of digitalization of education. Modules 1 and 2 of this module
are mandatory for study, since they cover the basic concepts of spherical trigonometry, the history of
its development and the role of al-Farabi in it. Modules 3 and 4 are optional, one of them is
compulsory for students to choose from.

Figure 3 below shows the structure of the training content in al-Farabi trigonometry, which is
integrated into thematic blocks formed on the basis of the proposed knowledge model, taking into
account the above principles of content selection.

The first module includes information about the history of the development of trigonometry and
the problems it solves, its place in mathematics, as well as the achievements of al-Farabi in
trigonometry, their role in the history of the development of trigonometry. One of its main goals is
the formation and development of students’ constant interest, increasing their motivation to study al-
Farabi trigonometry.

The second module of the course presents all the information about trigonometry in the scientist's
plane. This material is directly related to the trigonometry section of the school algebra course. The
definition of sine here is slightly different, but it is related to the chord widely used by the Greeks at
the time. Without limiting this, one can also show its connection with the currently used interpretation
of this concept. The need to introduce the sine and the history of the development of this concept can
be seen in the “Chronology”, info graphics, etc. can be displayed using modern digital tools. This
certainly enriches the content of teaching algebra and computer science and strengthens students’
knowledge. In addition, other trigonometric functions are introduced. Students are given the task of
creating a table of sine values. To do this, first you need to find the value of sin 1 degree. However,
you should find it without using calculator and an accessible table.
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— L. Introduction

—{ 1.1 History of trigonometry: origin and development

1.2 Al-Farabi’s achievements and their role in the history of the development of trigonometry

— 1.3 Contents of teaching trigonometry in a school mathematics course

1.4 Innovative technologies in teaching trigonometry

—— 2. AlFarabi's trigonometry on the plane in the context of digitalization of education

r 2.1 Basic trigonometric lines

-I 2.2 Definition of sine

— 2.3 Sexagesimal number system

L 2.4 Calculation of sine values for some angles

— 2.5 Trigonometry formulas

2.5.1 The tormula of the sine of the angular difference l

2.5.3 Semi - angular sine formula

— 2.6 Algorithm for calculating sin | degree

1 2.7 The algorithm for designing a sine table

L] 2.8 Definition of tangent and cotangent

——— 3 Fundamentals of al-Farabi spherical trigonometry in the context of digitalization of education

—1 Introduction to spherical trigonometry. Basic Concepts

—t 3.2 Spherical trizonometry in the ancient and medieval East

_| 3.3 Some issues of spherical trizonometry in the works of al-Farabi

1 3.4 Application of Al-Farabi trigonometry in astronomy

Figure 3. Structure of the educational content of the course “al-Farabi Trigonometry
in the context of digitalization of education”

What is al-Farabi suggesting here? Break the problem into small, easily solvable parts, i.e.
decompose it (decomposition). The proof of trigonometric formulas, finding the values of the sine
for some grades: the difference sine and the sum of two grades, the semi-argumentative sine is
considered in the scientist’s legacy as part of the solution to the problem of finding a sin 1 degree and
designing a table. Values within a certain range based on it. Each of them represents a separate task;
once the student starts solving it, he can concentrate on solving the remaining problems. Nevertheless,
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he understands what it takes to solve this problem. He becomes more interested in it and learns to
make more decisions that are meaningful.

The algorithmic approach used by al-Farabi in solving mathematical problems makes it possible
to simplify the presentation of the solution to each of the problems under consideration in the form
of a sequence of steps and implement it on a computer. A student can write algorithms for solving
both problems and general problems of the sine table in different ways. This will not only enhance
students' knowledge of trigonometry but will also develop their algorithmic skills. Students can
generalize the algorithm for solving the problem of constructing a table of sines to other trigonometric
functions. Analyzing the algorithm and how the program works helps them develop their evaluation
skills.

In the modern digital environment, their solution is impossible to imagine without using the
capabilities of a computer, and students should know this. Of course, the task of creating a table of
trigonometric functions requires automation, development and implementation of a program based
on algorithms created by al-Farabi. This helps students develop the ability to recognize real problems
and use computers to solve them. At the same time, it contributes to the development of their
programming skills.

Discussion

The course content includes the study of the sexagesimal number system, which was common
among the ancient Greeks and was used in calculations in the Middle East in ancient times. Moreover,
in al-Farabi trigonometry, calculations are given in the sexagesimal number system. Unlike many
other number systems, the sexagesimal system is practically not used in computer science, but is
becoming increasingly convenient for measuring angles and geographic coordinates. The standard
unit of sexagesimal is Degrees (360 degrees), followed by minutes (60 minutes = 1 degree) and then
seconds (60 seconds = 1 minute). Currently, the sexagesimal system is mainly used to measure angles
and time. Additionally, the sixty-year system in the People's Republic of China outside Europe is
sometimes applied not only to seconds and minutes, but also to years. The third module examines
spherical trigonometry, the history of its development and some problems of application in astronomy
in the works of al-Farabi. Its main purpose is to enhance students' knowledge of trigonometry and
develop computational thinking skills. Structurally, all modules include:

- sections with specific goals containing theoretical information; a deductive method is used to
present it (up to examples and practical actions on concepts);

- exercise tasks that require the use of module information to analyze the student’s real practical
activities;

- brief conclusions on the content of each section;

- methods for assessing the quality of work performed;

- bibliography by sections.

The above course content is mainly aimed at developing students' computational thinking skills
(Table 1).

Table 1. Matrix of distribution of computational thinking skills by module topics

o Computational Subject module that promotes skill development Ne

i thinking skills 21 | 22 | 23 | 24 | 25| 26 | 27 | 28 | 3.1 | 3.2
1. Decompose N N N N N N

(decomposition)

2. Abstraction + + + + + + + +
3. Algorithmization + + + + + + +
4. Generalization + + + +
5. Assessment + + + + + +
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Conclusion

In conclusion, we can say that when choosing content for introducing a new discipline (or
supplementing an existing program), work is often required to determine methods, techniques,
teaching aids, a range of tasks for practical activities, the topic of projects, the content of independent
work and other aspects of the educational process.

In this regard, the content of the course “al-Farabi trigonometry in the context of digitalization of
education” was compiled, dedicated to the development of students’ computational thinking skills.
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