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Abstract. This paper deals with the problem of theoretical justification and development of
scientific and methodological support for using the cloud service CoCalc as a tool for the
formation of mathematics teachers’ professional competencies. The following contradictions exist
concerning the processes of forming these competencies: between the level of abstraction of
mathematical objects and the possibilities of providing their visualization by computer
interpretation; between the expediency of widespread use of ICT services for mathematical
purposes in the training of pre-service teachers of mathematics and the lack of opportunities for
their provision to ICT subdivisions and pedagogical universities; between the feasibility of using
ICT outsourcing of cloud infrastructure for the pre-service training of mathematics teachers in
Ukraine and the non-adaptability of foreign cloud-based mathematical services to the requirements
of national educational standards; between the possibilities of application of cloud mathematical
services in the process of formation of professional competencies of mathematics teachers and the
absence of an adequate method for their implementation. The paper describes the professional
training of mathematics teachers in universities of Ukraine, and considers the national and foreign
experience of using the cloud-based services in mathematics teachers’ pre-service training and also
the tendencies and prospects of using CoCalc in teaching mathematical disciplines. The process of
system design of mathematics teachers’ professional competencies is characterized, and the model
of using the cloud service CoCalc as a tool for forming mathematics teachers’ professional
competencies is developed. The indicators and levels (high, sufficient, medium, low) were
identified for each component of the pre-service mathematics teachers’ professional competence
system within the proposed model. The method of using CoCalc as a tool for forming professional
competencies of mathematics teachers is developed and its basic components such as purpose,
content, tools, methods and results are elaborated. Information regarding the stages of research and
also the experimental work objectives and content are presented; the quantitative and qualitative
analysis of the main stages (ascertaining, formative) of the pedagogical experiment is performed,
confirming the hypothesis of the study.

Keywords: mathematics teachers; mathematics disciplines; professional competencies; cloud
technologies; cloud services;CoCalc.

1. INTRODUCTION

The problem statement. Improvement of content and components of courses of
mathematical disciplines and methods of their teaching are among the key issues for
improving the quality of professional training, especially at the pedagogical university in the
study of many disciplines (such as differential geometry and topology, differential equations,
probability theory and others). The students have considerable difficulties mastering abstract
mathematical concepts. One possible way to handle them is the use of visual interpretations of
mathematical concepts and assertions. Significant didactic opportunities for implementing the
principle of visibility arise with the use of ICT in learning.

In this regard, revealing the prospects of using cloud services for teaching mathematical
disciplines, their role and place within the organization of the educational process, and
methodological principles of their application are among the topical problems of the theory
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and methodology of ICT in education. Essential to their solution is the scientific and
methodological justification of using leading cloud services, particularly CoCalc, for
mathematical purposes.

The research problem is the theoretical substantiation and development of scientific and
methodological support for using the cloud service CoCalc as a tool for forming mathematics
teachers’ professional competencies.

Analysis of recent research and publications.The problems of mathematics teachers’
training in domestic higher educational institutions are considered in the work of leading
researchers:I. A. Akulenko[1], V.H.Bevz, M. Zhaldak [2],I. V. Lovyanova [3],
H. O. Mykhalin [4], N.V.Morze [5],T.O. Oliynyk, M. V. Prats'ovytyy [6], S. A.Rakov,
Y. S. Rams’kyy [7], O.lI Skafa, Z.I. Slyepkan’, O. V. Spivakovs'’kyy [8], Y. V. Tryus
[9],V. O. Shvets'and others.

A separate group is the research of T. L. Arkhipova [10], N. V. Bakhmat, V. Y. Bykov,
D. Blank [I11], T.V.Zaytseva [10], U.P.Kohut, Y.H. Lotyuk [12], J. Marshall [11],
N. V. Morze [13], V. P. Oleksyuk [14], K. J. O’Hara [11], K. L. Slovak, S. V. Shokalyuk and
others, devoted to the application of cloud services in the process of training mathematics
teachers.Significant contribution to the analysis of educational and research opportunities of
the use of the cloud-based ICT was made by such scientists as:M. Armbrust [15], R. Griffith
[15],M. Miller [16], K. Subramanian [17], N. Sultan [18], P. Thomas [19], A.Fox [15],
Y. Khmelevsky[20], W. Chang[21].

Still, the problems of scientific and methodological support of the process of using
different types of cloud services require further research following the current trends of the
mathematical software development and application in the learning process.

The following contradictions exist concerning the processes of forming these
competencies:

— between the level of abstraction of mathematical objects and the possibilities of
providing their visualization by computer interpretation;

— Dbetween the expediency of widespread use of ICT services for mathematical purposes
in the training of pre-service teachers of mathematics and the lack of opportunities for
their provision by ICT subdivisions of pedagogical universities;

— Dbetween the feasibility of using ICT outsourcing of cloud infrastructure for the pre-
service training of mathematics teachers in Ukraine and the non-adaptability of foreign
cloud-based mathematical services to the requirements of national educational
standards;

— Dbetween the possibilities of application of cloud mathematical services in the process
of formation of professional competencies of mathematics teachers and the absence of
an adequate method for their implementation.

The purpose of the article.The purpose of the research is to substantiate and develop
the method of using the cloud service CoCalc as a tool for the formation of professional
competencies of a teacher of mathematics.

In accordance with the purpose of the study, the following tasks are set:

— to examine the state of the problem of using cloud services in mathematics teachers’
training;

— to identify the professional competencies that can be gained using CoCalc, and to
determine the indicators and levels of their formation;

— to develop the model for using the CoCalc cloud service as a tool for the formation of
mathematics teachers’ professional competencies;

— to develop the methodology of using the CoCalc cloud service as a tool for the
formation of mathematics teachers’ professional competencies and to verify
experimentally its effectiveness.
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To solve these tasks, the following methods and sources have been used, in particular:
analysis, generalization, systematization of scientific and methodological sources on the
research problem, analysis of modern cloud services to determine the theoretical foundations,
Internet resources, software in order to substantiate the components of the model of using the
cloud service CoCalc as a tool for forming the professional competencies of a mathematics
teacher; diagnostic techniques (purposeful pedagogical observations, interviews with teachers
and students, questionnaires, testing, analysis of the experience of teachers in the main
provisions of the study) to determine the state of the research problem; pedagogical
experiments to verify the method of using the cloud service CoCalc as a tool for forming
professional competence of a mathematics teacher; and statistics, that is, implementation of
calculations for the quantitative and qualitative analysis of learning outcomes based on the
developed methodology.

2. RESEARCH RESULTS

2.1. Theoretical foundations for using cloud services in the training of mathematics
teachers

The research substantiates the key concept during the study: professional competence of
a mathematics teacher — an individual’s ability to exercise professional activities in teaching
mathematics to students based on knowledge, abilities, skills and personal attitudes, and to
achieve certain results.

The paper considers the competence of mathematics trainee teachers: general
professional and special professional. According to the results of the study, the special
professional competencies that are appropriate to the formation with the use of cloud services
were identified as follows:

— the ability to use professionally profiled knowledge in the field of mathematics for the
statistical processing of experimental data and mathematical modelling of natural
phenomena and processes;

— the ability to use mathematical devices to simulate a variety of processes;

— the ability to work with a computer at the level of the user and the specialist in the
field of ICT.

In the process of researching domestic and foreign experience, the following benefits of
using cloud services for mathematical purposes have been identified:

— saving resources (reducing the load on the environment, costs for the acquisition and
modernization of computer equipment, personnel payment);

— mobility of access (classes with the assimilation of material at a convenient time and
in a convenient place);

— elasticity (providing additional computational resources at the request of the user).

The application of cloud services leads to the emergence and development of forms of
training organization focused on joint educational activities on the Internet. It is shown that
cloud services in the training of pre-service mathematics teachers are expediently used as
tools for:

— communication (synchronous — chats, voice and video; asynchronous — mail, forums),

— collaboration (data access, sharing and collaboration with other users),

— storage and processing of data.

The trends for using CoCalc in the training of mathematics teachers-to-be are as
follows:

— organization of educational communication;
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— support of individual and group forms of organization of educational activities
(classroom and extracurricular);

— support of training management;

— providing visibility by constructing different interpretations of mathematical models,
visualizing mathematical abstractions, etc.;

— providing accessibility and knowledge using the shared interface for access to
environmental objects and reliable open source software;

— increase in time and spatial mobility; the formation of a single learning environment,
the content of which develops in the learning process.

2.2. Modelling the process of using CoCalc cloud service as a tool for forming
mathematics teachers’ professional competencies

The main ideas of the study are reflected in the hypothesis: methodologically grounded
use of the cloud service CoCalc in teaching mathematical disciplines will increase the level of
formation of mathematics teachers’ professional competencies.

Summarizing the system of professional competencies of a teacher of mathematics
(constructed on the basis of the system proposed by M. L. Zhaldak, Y.S.Ramsky,
M. V. Rafalskaya, as well as that of O. M. Spirin) and the results of the study, the following
components of the system of professional competencies of mathematics trainee teachers were
revealed:

1. general professional competence;

2. special professional competence:

— subjective competencies (scientific, subject-pedagogical),

— technological competencies (informational-methodological, informational-
technological),

— professional-practical competence (mathematical, methodological).

Each component of the proposed system of professional competencies is characterized
by four levels of their formation: high, sufficient, average, and low.

On the basis of the designed system of professional competencies of mathematics
teachers [22], the model for using the CoCalc cloud service as a tool for forming the
professional competencies of mathematics teachers was developed (Fig. 1).

When creating the model for forming the professional competencies of mathematics
teachers, the following principles were considered [23]:

— the principle of science orientation;
— professional orientation;
— self-realization of interdisciplinary integration;
— variability.
The model consists of the following components:
— target;
— stimulating and motivational;
— content;
— operational-activity;
— valuation-regulatory.

The model covers three stages of the formation of professional competencies:
propaedeutic, forming and developmental.

The basis of the model is the goal, which is determined by the need of the society in the
training of a competent teacher of mathematics, within the competence approach to learning
and the trends of using ICT outsourcing in the learning and development of ICT-based tools.
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The development of ICT contributes to the emergence of the cloud-based learning services,
the study of which, in turn, is a part of the teaching of mathematical disciplines. Their content
is compiled by semester and covers four courses for pre-service teachers of mathematics. The
content contains a list of basic mathematical disciplines and domain-oriented learning of how
to use the cloud service CoCalc. Each of the stages of implementation of the model is closely
linked to the basic mathematical disciplines studied by undergraduate students.
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2.3. The method of using CoCalc as a training tool for mathematics teachers’ pre-
service training

The proposed method involves two stages of the introduction of CoCalc into the
learning process [23]:

1. Teaching bythe optional program "Using CoCalc in the process of studying
mathematical disciplines” as an element of the content of training, retraining, professional
development of scientific and scientific-pedagogicalpersonnel.

2. Introduction of the system of trainings, seminars, webinars, individual consultations
which can be carried out during the pilot experimental study (project) on the deployment of a
cloud-based information and educational environment at an educational institution.

At the first stage of the formation of professional competencies according to the
proposed method it is expedient to include in the variation part of the educational and
professional training program of Bachelor of Mathematics an optional course "Use of CoCalc
in the process of studying mathematical disciplines". The learning process is aimed at
considering interdisciplinary relations (mathematical and informatics disciplines).

To work with CoCalc the students must have the following skills that are acquired at the
propaedeutic stage:

— toregister and authorize in the system;

— to create educational resources; work with sagews sheets (including the most common
modes, know the basics of languages: LaTeX, Python, HTML);

— to embed video, audio, questionnaires, graphic files into sagews resource;

— to chat in learning resources chats and in the sage-chat type resource;

— to work with an educational resource like tex;

— to download new resources from electronic media.

At the second stage the formation of professional competencies takes place within the
framework of the study of normative mathematical educational disciplines.

Phase III covers the implementation of research and development projects using
CoCalc, coursework, graduation thesisfor theBachelor's degree. The main objective of the
method of using cloud service CoCalc as a tool for mathematics teachers’ professional
competencies formation is to increase the level of their professional competencies.

2.4. Organization and results of the experimental research

The control and experimental groups were formed as follows: the control groups (CG)
included the students trained according to the traditional method of mathematics teachers’
professional competencies formation; the experimental groups (EG) included students trained
according to the author's technique for using CoCalc as a training tool for mathematics
teachers’ pre-service training.

Summarizing the obtained results of the confirmatory stage of the pedagogical
experiment, it can be argued that:

— the vast majority of students and teachers have the opportunity to work with the cloud-
based CoCalc service both at universities and at home;

— teachers in most cases do not use cloud services in the learning process, except for
their use as a cloud storage;

— teachers are interested in implementing the CoCalc cloud service in the learning
process, but students are not ready for this;

— students at the beginning of the experiment showed a low level of information and
technological and subject-pedagogical competencies formation, sufficient
mathematical competencies;
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— students and teachers use only free software tools (mostly local computer mathematics
systems).
Table 1.
Comparison of the distribution of the experimental and the control groups of
students after the formation stage of the experiment

Components

Informational Subject-

and . pedagogical
Scale levels technological Mathematical

KG |EG KG |EG KG |EG
At the initial stage of the experiment

High 2 2 15 15 12 12
Sufficient 12 14 22 23 6 10
Average 25 25 11 12 7 12
Low 22 20 13 11 36 27
Total 61 61 61 61 61 61
"Cfrlilfer;eé?lplrlcal value of Fisher's 0.49 0.19 0.77
;Fr}ilteerigr;tlcal value of Fisher's 1.64 1.64 1.64

After forming stage of the experiment

High 2 5 8 15 11 16
Sufficient 12 28 18 25 6 13
Average 28 21 20 16 9 14
Low 19 7 15 5 35 18
Total 61 61 61 61 61 61
"Cfrlilfer;eé?lplrlcal value of Fisher's 3.61 257 226
Zr}jlteerif)ﬁtlcal value of Fisher's 1.64 1.64 1.64

The following components of the subject, technological and professional-practical
competencies were examined: subject-pedagogical, informational-technological and
mathematical competencies. Each component was considered separately, and the values were
calculated according to the levels: high, sufficient, average and low. For data analysis,
matches (at the initial stage of the experiment) and differences (after the forming stage of the
experiment) of the experimental and control group characteristics (Table 1) were determined
according to Fisher's criterion. For this purpose, statistical hypotheses were formulated: the
absence of differences between the levels of formation of the individual components of the
system of professional competencies and the significance of differences between the levels of
formation of selected components.

Analyzing the obtained results at the summarising stage of the experiment, it can be
concluded that the levels of formation of professional competencesof mathematics trainee
teachers in control and experimental groups coincide with the level of significance a=0,05.

Comparing the levels of the formation of professional competencies in the control and
experimental groups at the beginning of the formative stage and at the end of the experiment,
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one can observe an increase in the proportion of students with high and average levels of
professional competence.

The analysis of the results of the forming stage of the pedagogical experiment showed
that the distribution of the levels of the formation of professional competencies in the
experimental and control groups of mathematics trainee teachers has statistically significant
differences due to the implementation of the developed method of using the cloud service
CoCalc, which confirms the hypothesis of the study.

3. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

The analysis of the national and foreign experience of the state-of-the-art cloud services
introduction into the educational process showed that there are the cloud versions of various
systems of computer mathematics that give rise to trends in the development of software for
mathematical purposes. There are the tendencies of more active use of the cloud-based
platforms for the software delivery, wider use of services virtualization, as well as their
delivery as a service.

On the basis of the proposed research the model of using CoCalc cloud service as a tool
of forming professional competencies of the mathematics teachers was approved, taking into
account the links between the components of professional competencies and all cycles of the
disciplines of the mathematics teachers’ training programs for pedagogical universities. The
use of the cloud service CoCalc proved to be effective at three stages of the development of
professional competencies. It has been found out that the use of this cloud service in the
process of pre-service training of mathematics teachers affects first of all the formation of
special professional competencies.

As a part of the methodology of using the cloud service CoCalc as a tool for forming the
professional competences of the teachers of mathematics, the interrelated goal, content, forms
of organization, methods and tools of learning were revealed.

Among the forms of learning organization using cloud service CoCalc there are such as:
dialog forms, individual and group consultations, independent work, practical work,
individual work, in-pair work, frontal-collective work, collective and individual projects. The
implementation of the methodology is effective if it is performed in three stages: stage I —
propedeutic, stage II — formative, stage III — developmental. It has been experimentally
confirmed that the level of formation of professional competences of pre-service mathematics
teachers will be higher if in the process of teaching the developed method of using the cloud
service CoCalc is pedagogically grounded and introduced.

The results of the pedagogical experiment, checked using the Fisher and Wilcoxon-
Mann-Whitney criteria, gave reason to believe that the hypothesis of the study was confirmed.

The study does not exhaust all aspects of the problem. The continuation of research on
this issue is advisable in the following areas: the development of theoretical and
methodological principles for designing a cloud-based environment for the teaching of
mathematical disciplines to mathematics teachers-to-be at a pedagogical university; the
development of the method of using cloud service CoCalc in the process of improving the
skills of teachers of mathematics.
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AHoTanig. Y po0oTi JOCHiIKyeThCsl TpoOJieMa TEOPETUYHOTO OOIPYHTYBaHHS Ta Po3poOseHHS
HayKOBO-METOJIMYHOI'0 CYNpPOBOAY IIPOLIECY BUKOpUCTaHHS XxMapHoro cepicy CoCalc sk 3aco0y
(hopmyBaHHS MPO(ECITHIX KOMIICTCHTHOCTCH yYUTENs] MATEMATUKU. Y MIAXOJI 10 BUBYCHHS INi€l
MPOOJIEMHU CITOCTEPITAIOTHCS TaKi CYMEPETHOCTI: MiX piBHEM aOCTpakIlii MaTeMaTHIHUX 00’ €KTIB i
MOXITUBOCTSMH 3a0€3IedeHHs] iX Bi3yamizallii IIITXOM KOMIT FOTePHOI i1HTepIpeTamii; Mix
JIOTUTBHICTIO TIHPOKOTo BuKopucTaHHs IKT-cepBiciB MaTeMaTUIHOTO MPU3HAYEHHS Y TiATOTOBIT
MaiOyTHIX YYWTETiB MaTEeMaTHKH Ta HEIOCTAaTHIMH MOXJIMBOCTAMHU ix 3abesmeuenHs IKT-
migposainamun negarorivaux 3BO; mik mominbHicTIO BukopucTanas [KT-ayrcopcuHry xmapHOT
iHQpaCTpYyKTypH HaBYaHHA MaWOYTHIX YYHTENiB MaTeMaTHKH B YKpaiHi Ta HeaJanTOBaHICTIO
3apyODKHUX XMapHMX MaTeMaTHYHUX CEPBICIB JI0 BUMOT BITYM3HSHHMX OCBITHIX CTaHIApTIB; MiX
MOXIIMBOCTSIMM 3aCTOCYBaHHS XMapHHX MaTeMaTHYHHMX CEepBICIB y mporeci (QopMyBaHHA
npodecifHuX KOMINETEHTHOCTEH y4HTelsl MaTeMaTHKU Ta BIACYTHICTIO po3po0JieHOl BiIOBIIHOT
METOIMKH iX YNpOBaJpKEHHs. BuBUYeHO cTaH mpodeciiiHoi MiATOTOBKM BYHMTENIB MAaTEMaTHKH Y
3BO VYkpainu, npoaHaiti3oBaHO BITUM3HSIHUI 1 3apyODKHHMH IOCBiJl BHKOPHCTaHHS XMapHHUX
CepBICIB y HaBYaHHI MaWOyTHIX y4YHTEJIIB MaTEeMAaTHKH, BHSBJICHO TEHJCHII Ta HANpsSMHU
BukopuctanHs CoCalcy HaBuaHHI MaTeMaTHYHUX JAUCHUILIIH.OXapakTepru30BaHO TIPOIEC
MPOEKTYBAaHHS CHCTEMH NPOQPeCciHHUX KOMIECTEHTHOCTEH YYHTEeNs MaTeMaTHKH, po3poOiIeHo
Mojens BHKOpucTaHHS xmapHoro ceppicy CoCalc sk 3aco0y ¢opmyBanHs mnpodeciitHux
KOMIIETCHTHOCTEH YYHTENsI MaTeMaTWKd. [ KOXHOTO CKJIAQIHWKAa CHCTEMH HpodeciHHuX
KOMIIETCHTHOCTEHl ~ MailOyTHbOTO  BUMTENS MaTeMaTHKA OyiaM  BHU3HAYCHI  IOKa3HHUKH
chopMoBaHOCTI MPOQECIHHUX KOMIIETCHTHOCTEH Ta BIAMOBIAHI M piBHI (BUCOKHM, JIOCTATHIH,
cepenHii, Hn3pkuil).O0rpyHTOBaHO MeToAMKY BHKopHucranHsi CoCalc sk 3aco0y QopmyBaHHS
npodecifHuX KOMIETEHTHOCTEH YUYUTeNs MAaTeMaTHKH Ta Po3po0ieHo {i OCHOBHI KOMIIOHEHTH:
MeTy, 3MicT, 3acobu, Mmeroau 1 (OpPMH BUKOPHUCTaHHS LBOTO XMapHOIro cCepBicy,
pe3ynpTar.HaBemeHO  BIIOMOCTI  IOJO  €TAamiB  JOCHIDKCHHS, 3aBIaHb Ta  3MICTY
eKCIIEpUMEHTAIbHOT POOOTH, BHKOHAHO KIUIbKICHE Ta SKICHE OIPALIOBAaHHS pe3yJbTaTiB
KOHCTaTyBaJbHOTO, (POPMYBAJIBLHOTO Ta ITiJICYMKOBOTO €TalliB IMEJaroriqyHoT0 €KCIIEPUMEHTY, 110
MiATBEPIVIIH TIOTE3Y JTOCHTIIKESHHS.

KurouoBi ciioBa: BUnTENli MaTeMAaTHKK;, MaTeMaTUIHI AUCIHMILIIHU; MPOQECiitHi KOMIIETEHTHOCTI;
XMapHi TexXHoJjorii; xmMapHi cepicu;CoCalc.
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AnHoTanus. B pabote uccnemyeTcst mpodiiemMa TEOPETHUECKOTO OOOCHOBAHHS M Pa3padOTKH
HAyYHO-METOJIMYECKOTO COTPOBOXKIIEHHUS TpoIlecca MUCIoib3oBaHusl obnagnoro cepsuca CoCalc
Kak cpeactBa (hOpMHUpPOBaHHUA TMPO(PECCHOHAIBHBIX KOMIIETEHTHOCTEH YYWTeNss MaTeMaTukd. B
moaxone K M3YYCHHIO ATOH MpoOieMBl HAONIONAIOTCS CIEAYIONINE HPOTHBOPEUH: MEXIY
ypoBHEM aOCTpakIWH MaTeMAaTHYECKUX OOBEKTOB M BO3MOXHOCTAMH OOECIICYEeHHUS WX
BU3YaTM3aI[A IIyTeM KOMIIBIOTEPHON HHTEPIPETALNH; MEXKIy IeIeCO00Pa3HOCTHI0 IMIMPOKOTO
ucnonb3oBanust UKT-cepBHCOB MaTEeMaTHYECKOTO HA3HAYCHUS B MOATOTOBKE OYAYIIUX yYUTEICH
MaTeMaTHUKH W HEJOCTaTOYHBIMU BO3MOXHOCTsMH ux oOecneuenus WKT-nogpasneneHusivu
MEIarorMYeCKuX BY30B; MEXAY IleliecooOpa3HOCThi0  ucnonb3oBanus MKT-ayrcopcunra
o0mayHoil WMHGPACTPYKTYpHl OOy4YCHHs OyAyIIUX Yy4YUTeNed MaTeMaTUKH B YKpawHE W
HEaaNTHPOBAHHOCTHIO 3apyOEKHBIX OOJAYHBIX MATEMATHYCCKUX CEPBHUCOB K TPEOOBaHUIM
OTEYECTBEHHBIX 00Pa30BaTECIILHBIX CTAHAAPTOB; MEKAY BO3MOXKHOCTSIMHU MPUMEHECHHUS O00IaYHBIX
MaTeMaTHYECKUX CEPBHCOB B Mporecce (HOpMHUPOBAHUSA MPO(HECCHOHATHHBIX KOMIETEHTHOCTEH
YYUTENs MaTeMAaTHKA ¥ OTCYTCTBHEM Pa3padOTOK COOTBETCTBYIOUIEH METOAMKH UX MPUMCHEHUS.
N3ydeHo cocTossHre NMPodecCHOHANBHON MOATOTOBKH YUYHUTENEH MaTEeMaTHKU B By3aX Y KpawHBI,
MIPOAHAIM3HUPOBAHBI OTEYECTBEHHBIN M 3apyOS)KHBINA OIBIT MCIIOIB30BAHUS OOJIAYHBIX CEPBHCOB B
oOyueHnn Oyaymmx yduTeslell MaTeMaTHKH, BBIABICHBI TCHICHIWH W  HAIMPaBICHHSA
ucnonb3oBanus CoCalc B 00yuyeHHH MaTeMaTUYECKUM AucHUILInHAM. OXapaKkTepU30BaH MPOLECC
MPOCKTHPOBAHUS CHCTEMBI IPO(PECCHOHANBHBIX KOMIICTCHTHOCTEH YYHMTENS MaTEMAaTHKH,
pa3paboTaHa MOJeNb MCHONIBb30BaHus oOnayHoro cepeuca CoCalc kak cpenctBa (pOpMHpPOBAHUS
npo(eCCUOHANBHBIX KOMIICTCHTHOCTSH y4YUTeNns MaTeMaTukd. JlJis KaxIoro KOMITOHEHTa
CUCTEMBI TPO(PECCHOHANBHBIX KOMIIETCHTHOCTEH Oynymero y4uteias MaTeMaTHKU ObUIH
OMpENeNICHbl  MOKa3aTeNu CHOPMUPOBAHHOCTH MPOPECCHOHANBHBIX KOMICTCHTHOCTCH W
COOTBETCTBYIOIIIME WM YPOBHH (BBICOKHH, OCTATOYHBIN, cpemaHuid, Hu3Kui). OO0OCHOBaHa
Metonuka wucnonb3oBanus CoCalc kak cpemctBa GOpMHUPOBaHHA —TPOHECCHOHATBHBIX
KOMIIETCHTHOCTEH yYUTENsl MaTeMaTHKH M pa3paboTaHBl €€ OCHOBHBIC KOMIIOHEHTHI: IIETIb,
COJZIepXKaHNe, CPEICTBA, METOIBI M ()OPMBI HCIIOIB30BAHMS 3TOTO OOIAYHOTO CEPBHCA, PE3YNIbTAT.
[IpuBeneHs! cBeAeHHWA MO 3TallaM HCCIEAOBAHUS, 3aJadydl W COICp)KaHUE SKCIEPHMEHTAIbHOM
paboThl,  BBIIOJIHEHA  KOJWYECTBEHHass W  KadeCcTBEHHas  00paboTka  pe3yJbTaToB
KOHCTATHPYIOWIEr0,  (QOPMHUPYIOIIEI0 M 3aKIIOYHTEIBHOTO  JTAalOB  I1€arOru4ecKOro
IKCIICPUMCHTA, MMOATBEPIKICHA TUIIOTE3a UCCIICIOBAHUS.

KiaroueBbie cioBa: YUYUTCIIA MAaTCMATUKU; MATEMAaTUYCCKUC AUCHUIIIINHBI HpO(l)eCCI/IOHaHLHLIe
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