[HDOOPMALJIFIHI TEXHOJIOTII 1 34COBH HABYAHHS B [TIPOCECIHHIH
IATOTOBII MAHEYTHIX ®AXIBLIIB

UDK 373.5:5]:004 doi:10.20998/2078-7782.2021.1.10

Olena Hrybiuk
candidate of pedagogical sciences, associate professor, senior researcher, leading researcher of the
Institute of Information Technologies and Learning Tools of NAES of Ukraine,
National Pedagogical Dragomanov University;
Kiev, Ukraine
ORCID: 0000-0003-3402-0520
E-mail: olenagrybyuk@gmail.com
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Abstract: the article considers the issue of computer training of mathematics teachers in the
context of using computer mathematics systems as a teaching tool. The analysis of propaedeutic tasks of
the course “Mathematical foundations of Advanced Informatics” (MFAI) is carried out. The system of
tasks is considered and situational tasks are analyzed with the use of rules-guidelines and methodical
instructions for solving problems with the use of the GRAN system. An updated syllabus of the training
course is offered taking into account modern requirements. The analysis of the logical-structural scheme
of the training course “Mathematical foundations of Advanced Informatics” (MFAI) is considered. The
main advantages of using the GRAN system are demonstrated. The results of the conducted pedagogical
experiment using the computer mathematics system GRAN are offered. Criteria, indicators and methods
of diagnosing the effectiveness of student learning are substantiated. The classification of problems is
carried out and examples of didactic materials for teaching the course using computer mathematics
systems GRAN are offered.
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MATEMATHYHI OCHOBHU IH®OOPMATUKHU: OCOBJINBOCTI HABUAHHSA
KYPCY 3 BUKOPUCTAHHA CUCTEMH KOMII'IOTEPHOI
MATEMATHUKU GRAN

Anomayisn: 'y AOCIIPKEHHI PO3TIISAAETHCS TpoOieMaTrka iHGOPMATUIHOL MTiATOTOBKA BYMTEIIB
MaTeMaTHKH B KOHTEKCTI BUKOPHUCTAHHS CHCTEM KOMII'IOTEPHOI MaTeMaTHKH SIK 3aco0y HaBYaHHS.
3nificHeHO aHaJi3 MPONENeBTUYHMX 3aBJaHb Kypcy ‘“‘MarematnuHi oOcHOBHM iHQOpMaTUKH .
PosrnsimaeTsest cucremMa 3a1a4 i aHaIi3yrOThCS CHTYAIlidHI 3a/1a4i 3 BUKOPUCTAHHSIM TPaBUII-OPi€HTHPIB
Ta METOJMYHUX BKa31BOK JI0 PO3B’sI3yBaHHs 3aBJaHb 3 BukopucTanusM ciucteMu GRAN. [Ipomnonyersbes
OHOBJICHHH CHJIa0yC HAaBYaJIbHOTO KypCy 13 BpaxyBaHHAM CYyYacHHMX BHUMOT. Posrmsmaerbcst aHami3
JIOTIYHO-CTPYKTYPHOI ~ CXeMH HaBYaJbHOTO Kypcy “MaremaTwmyHi OCHOBH  iH(OpPMAaTHKU .
JeMoHcTpytoTbesi ocHOBHI mepeBaru BukopuctaHHs cuctemMu GRAN. Ilpomonyrorscst pesyibraTu
MPOBEICHOTO TIEJIATOTTYHOTO EKCIIEPUMEHTY 3 BUKOPHCTAHHSIM CHUCTEMH KOMIT IOTEPHOI MaTeMaTHKU
GRAN. OOrpyHTOBYIOTBCS KpUTEpii, NOKA3HUKA Ta METOAU AIarHOCTHKHM €(EeKTUBHOCTI HAaBYaHHS
CTyAEHTIB. 3ailiCHEHO Kiacu(iKaIliio 3a7a4 1 IPOMOHYIOThCS MPUKIAAN AUIAKTHYHUX MaTepiaIiB s
HaBYaHHS 3 BUKOPUCTAHHAM CHCTEM KoMl toTepHoi MmatemaTuku GRAN.

Kmiouoei cnoea: nocimiiHUIPKE HaBYaHHs, MaTeMaTHuHI OCHOBM iH(popmatuku, GRAN,
cUcTeMa JMHAMIYHOI MaTeMaTWKH, KOMII IOTEPHO-OpIEHTOBAaHA METOAWYHA CHCTEMa HaBYaHH,
MaTeMaTHYHE MOJICITIOBAHHSI.
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Eaena I'puoiox

MATEMATUYECKHUE OCHOBbI UH®OPMATHUKN: OCOBEHHOCTHU OBYYEHMUSI C
HUCIIOJB30OBAHHUEM CUCTEMbI KOMIIBIOTEPHOU
MATEMATHUKHA GRAN

Aunomayus. B cTaTbe paccMaTpUBAeTCsl MPoOJIeMaTHKa Ka4eCTBEHHOW MOATOTOBKH YUUTENEH
MaTe€MAaTHKH B KOHTEKCTE HCIIOJIb30BAaHU CUCTEM KOMIIBIOTEPHOI MaTeMaTHKH KaK CPEACTBA 00y4EHHUS.
OcymiecTBiieH aHajiu3 MpOTMEAEBTHYECKUX 3a1ad Kypca ‘“‘MaremaTruueckne OCHOBBI WH(QOPMATHUKH .
PaccmarpuBaercst cucteMa 3aiad M aHAIU3HPYIOTCS HCCIEIOBATENbCKUE 3aaudl C HCHOIb30BAHHEM
NPaBUJI—OPHEHTUPOB M METONMYECKHX yKa3aHUH K pemeHuro 3afad. [Ipemmaraercss oOHOBIICHHAs
nporpamma (mpoduib) yaeOHOro Kypca C y9eTOM COBpeMEHHBIX TpeOoBanuii. PaccmarpuBaercs ananms
CTPYKTYPHOH CXeMbI y4eOHOro Kypca “MaTteMaTiieckre OCHOBBI HH(GOPMATHKH . JleMOHCTPUPYIOTCS
OCHOBHBIE TPEUMYILECTBA HCIIOJB30BAHUS CHUCTEMBl KOMIboTepHOW Marematnkun GRAN.
[Ipeanararorcsi pe3ynpTaThl MPOBEAEHHOIO IIEJATOTMYECKOro SKCIEPUMEHTa C HCIOJIb30BAHUEM
cucteMbl KommbloTepHo MaTteMaTnku GRAN. OOOCHOBBIBAIOTCS KPUTEPHHM, MOKA3aTeNd U METOZBI
MUATHOCTHKM 3¢ (EeKTUBHOCTH OOydYeHHUS CTyACHTOB. IlpmBOomuTcs  KiacCHUQHUKaIusS  3amad,
paccMaTpuBarOTCA MPUMEPLI JUAAKTHUCCKUX MATCpHUAJIOB JId 06yquI/1;1 C HCIIOJIB30BAHUEM CUCTEM

KoMIibroTepHOM MaTeMaTuk GRAN.

Knurouesvie cnosa: HCCIICAOBATCIBCKOC O6Y‘ICHI/IG, MAaT€MaTHYCCKHEC OCHOBBI I/IH(i)OpMaTI/IKI/I,

GRAN,

CHCTeMa JTHHAMHYECKOM MaTC€MaTHuKH,

KOMITBIOTCPHO—OPUECHTHPOBAaHHAasA METOANYCCKasA

CHUCTEMA O6y‘ICHI/Iﬂ, MAaTEMAaTUYCCKOC MOACIMPOBAHNUEC.

Ounena I'pn6’rox
Poszmmpena aroTarist st 03HAHOMIICHHS 3 II€I0 TEMOIO:
“MaTeMaTH4YHi OCHOBH iH(popMaTHKH: 0C00JIMBOCTI HABYAHHS KYPCY 3 BUKOPUCTAHHS CUCTEMU
KOMII’KOTePHOI MaTeMaTUKu gran ”

ITocmanoexka npoonemu y 3azansnomy
eu2nA0i ma ii 36 130K 13 8ANCIUBUMU HAYKOBUMU
YU IPAKMUYHUMY 3A80AHHAMU. Y 00CHIOMNCEeHH]

PO3210aEmMbCsi NPOOIeMAMUKa IHPOPMAMuyHol

ni020mMoBKU GUUMENIE MAMEMAMUKU 6 KOHM-

excmi  GUKOPUCTNAHHA CUCMeM KOMN 10mepHoi

Mamemamukuy AK 3aco0y HagyauHa. Iliocomosxa
Manubymuix ¢haxieyie € 0OHIEI 3 20I06HUX HPO-
Onem uWUX HABUANLHUX 3aKNadie. B npoyeci
nIO20MOBKU GUUMENST MAMEMAMUKU HeoOXiOHO
8PAX0BYEATU OCOOTUBOCI MA YMOBU HABUAHHS,
a maxoxc opmysanus ocobucmocmi npogecio-
Hana. Awnanizyrouu xapakmep i smicm pobomu
suumenie mMamemamuxu 8 ymogax iHgopmayii-
HO20 CYCRiTbcmea, HeobOXIOHO 6paxosygamu
Memy ma 3micm oceimu, opeauizayiiini gopmu,
Memoou ma nioxoou npoghecitinoi nio2omosxu
MAuOYmMHIX yuumeinie Mamemamuruy .

Ananiz ocmaunnix 00ocnioxycenv ma nyo-
aikauin. Awuaniz HaAB4aANbHOI Ma HABYUAILHO-
neoazociynol aimepamypu OeMOHCMPYE Hanpy-
HCEHICMb 00CNIONCEHb 3 MOUKU 30Dy BKIIOUEHHS
iHGhopmayitino-KOMYHIKaYitIHUX MexHoN02ll,
30KpemMa KOMMN'TomepHO-0pieHMOoBanux cucmem
ocgimu. Ocgimui 00CHiONCeHHsL 8 Yill 2any3i po3-
nouae B. buxos, B. I mywxos, B. Jlasuoos [1], A.
€Epwos [2], H. Moicees [7], M. XKanoax [12].

Dopmynioeanua uyinei cmammi (oc-
HOBHI 3a80anHs). Mema eusnauumu 3micm ma
enaug suxnaoanus kypcy M®AI, wo cnpusie ¢o-

PMYBAHHIO cucmemu iHpopmamuuHoi Komneme-
HmMHOCMI MauOymHuix gaxisyis.

Buknao ocnoenozo mamepiany oocni-
0XHCEHHA 3 NOBHUM OOTPYHINYBAHHAM OMPUMAHUX
HAYKOBUX pe3yivmamis. 30iUCHeHO ananiz npo-
neoesmMuyHUX 3a80aHb Kypcy ‘‘Mamemamuuni
ocnoeu  ingpopmamuxu”.  Ipynmoeno  npeo-
CMABNIEHO MONCIUBOCMI Neda2oeiuH020 NpPOeK-
MYBaAHHS 3 NE0A202iYHO BUBANCEHUM  BUKO-
PUCMAHHAM KOMN TOMEPHO OPIEHMOBAHUX Me-
MOOUYHUX CUCMEM HAGUAHH npedMemie Ma-
MeMAMU4YHO20 YUKTY 8 KOHMEKCMi HenepepeHo-
cmi ocgimu. OcHO8HA Mema MAamMeMamuiHoi
oceimu NoA2aE MAKONC 6 PO3BUMKY GMIHHA
MAMeMamu4to, 102iYHO Md YCEIOOMIEHO O0Ci-
ooicysamu  A6UWA  HABKOIUUWIHBO20 — CBIMY.
Peanizayii maxoi ioei’ cnpusmume po36 'sa3y6aHHs
HA, MOMY BUKOPUCMAHHA 4Umenem 00CTiOHUYb-
KUX 3a0a4 € He MITbKU OAdCAHUM, dne HAGIMb
0008 ’A3K0BUM €/leMEeHMOM HABHYANIbHO20 HpoYye-
cy. [Ileoazociuno eusadicene BUKOPUCMAHHA
KOMHNOHEHMi8 KOMN TOMEPHO OPIiEHMOBAHUX Me-
MOOUHHUX cucmeMm OOCTIOHUYbKO20 HABYAHHS 8
00CTIOMNCEHHI PO32NA0AEMbCL 8 OeKiIbKOX Ha-
NpAMAx: YMOYHEHHs MepPMIHON02IYH020 ana-
pamy ma Mmexawizmie pobomu iHCMpPYMeHmis i3
BDAXYBAHHAM CUCMEMU HOHAMb | MEEPOI’CeHb
WIKIILHO20 KYPCYy MAMeMamury, pO3UUpeHHsl
cnekmpy npeomemie MamemMamuyHo20 YuKiy i
cucmemu OOCTIOHUYbKUX 3A0aU, PO3PAXYHKOBO-
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epaghiunux pobim 3 nNedacoeiyHo BUBANCEHUM |
MEMOOUYHO — BMOMUBOBAHUM — BUKOPUCAHHAM
cucmem KOMN IOMEPHOI MAMeMamuKu, po3ulu-
DEHHS MOJCIUBOCIEL eKCnopmy ma IMnopmy
HABYANILHO20 MAMeEPIANy 8 pamMKax OO0CHiOHUYb-
K020 HABYAHHA, NIOGUWEHHS  OOCHYNHOCHI
KOMN TOMEPHO OPIEHMOBAHUX MEMOOUYHUX CUC-
mem QOCHIOHUYLKO20 HABYAHHA 8 YMOBAX PI3HO-
20 pigsHs mexHiuHo20 3abe3neuenns. llepesacu i
HeOQOMIKU KOMN TOMePHO20 MOOeN08aHHSA po3e-
N0AIOMbCsL 8 KOHMEKCMI HAGUANbHOT | Memoou-
unoi OisNbHOCMI, 0711 NIOMPUMKU AKOL 6OHU NPU-
3Haveni. Posensoaemvcsa cucmema 3aday i aua-
JU3YIOMbCA CUMYAYIHI 3a0a4i 3 BUKOPUCTMAHHAM
NPAGUI-OPIERMUPIE A MEMOOUHHUX 8KA3IBOK 00
PO38’A3Y8AHHA 3A60AHb 3 BUKOPUCMAHHAM CUC-
memu GRAN. Ilpononyemvcs onosnenuti cuna-
0yc HABUANILHO20 KYPCY i3 8PAXYBAHHAM Cyddc-
Hux eumoe. Poszensdaemvcs aunaniz  102iyHo-
CMPYKMYPHOI cxeMu HaguanvbHoz2o Kypcy ‘“‘Ma-
memamuuni ocHosu inghopmamuxu”. [Jemoncm-

PYIOMbCsL  OCHOBHI  nepegazu  GUKOPUCTHAHHS
cucmemu GRAN. [lpononyromecs pesyrsmamu
NPOBEOEH020 Neddzo2iYH020 eKCNEPUMEHM) 3

Problem setting. Preparation of future
professionals is one of the main challenges of
higher educational establishments. During the
process of preparation of mathematics teacher, it
is necessary to take into account the peculiarities
and conditions of education, as well as formation
of personality of the professional. While analyz-
ing the character and content of mathematics
teachers’ work in the conditions of information
society, it is necessary to take into account the
goal and the content of education, the organiza-
tional forms, methods, and approaches of profes-
sional preparation of the future teachers of
mathematics. Contemporary school needs spe-
cialists that can contribute to the development of
independent and responsible personality of indi-
vidual and development of his/her creative
personality. Today, it is impossible to solve
problems that appear in the process of construc-
tion and organization of educational process
through the traditional methods, basing only on
personal experience; it is necessary to take into
account the social and cultural needs of the
younger generation, as well as innovational and
international experience. The modern programs
in mathematics present the irrelevant mathemati-
cal knowledge that causes the absence of inter-
disciplinary relations. Educational syllabus need
to be cleared of the secondary materials, and to
be reviewed from the perspective of competent
approach to education, reorientation of content
towards the ideological function of natural

BUKOPUCTNAHHAM — CUCTEeMU  KOMN 1omepHol
mamemamuxu  GRAN. Obrpynmosyromscs
Kpumepii, NOKA3HUKU ma mMemoou 0iazHOCMuKu
eghexmueHoCcmi HA8UaHHA CMYOeHmis. 30ilCHEHO
Kracugixayiio 3a0aq i NPONOHYIOMbC NPUKAAOU
OUOAKMUYHUX MANEPIANie 0151 HAGYAHHS KYpPCY 3
BUKOPUCIAHHAM CUCEM KOMN TOMEPHOT Mapema-
muxu GRAN.

Bucnoseku 3 o0anozo oocnioxcenna ma
nepcnekmueu ROOANbULUX PO3GIOOK V OAHOMY
Hanpsamxy. Po3pobreno ma anpobosano Hagua-
abHUl Kypc “Mamemamuuni ocHo8U nepedosoi
ingpopmamuxu” (M3BI) ons matiOymuix yuume-
N6 MamemMamuky 3 nedd2ociyHUM GUKOPUCTAH-
HSM HE3ANeHCHUX KOMNOHEHMI8 KOMN Tome-pHO-
opienmosanoeo cepeooguuja Hasuyanwus. 11o6yoo-
8AHO J02TYHY MA CMPYKMYPHY CXeMU HAGYUATb-
Hoeo Kypcy M®DAL Po3pobreno memoouyHi
pekomenoayii 0o HasuanvHozo Kypcy M3C.
Ipoananizosano suxopucmanns cucmemu GRAN
y npoyeci Upiuients nponeoesmuyHux 3a60aHb
0151 Y320004CEeHHsL 3HAHbL MAUOYMHIX YUUmeinie
MamemMamuky 01 YCHiUHO20 3ACB0EHHS KYPCY
M®DAL

sciences, profilization of mathematical disci-
plines to the practical orientation. It is especially
important for the level of standards in the higher
educational establishments. Students, the future
teachers of mathematics, are not prepared
enough for education. According to the Law of
Ukraine on higher education, it is necessary to
incorporate the leveling course “Mathematical
foundations of Advanced Informatics” (MFAI)
that contains the propedeutic chapter “Theory of
research problems solution” that consists of the
situational tasks, including the tasks with param-
eters that are solved using the system of the
computer mathematics and that became the indi-
cator of success. The course MFAI covers the
mathematics methods that are also taught in the
courses of informatics, mathematical modeling,
mathematical informatics, etc. The direction of
scientific research of theoretical foundations of
informatics is the mathematical models and
means that are used for modeling and research of
information processes in different fields of activ-
ities of the human. This course teaches the main
models, methods, and algorithms of problem
solution that appear in the sphere of intellectual-
ization of information systems. Also the prob-
lems of utilization of information (in particular
mathematical) models and information technolo-
gies for their research are considered

Recent research and publications analy-
sis. The analysis of educational and educational-
pedagogic literature demonstrates the intensity of
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the research in terms of incorporation of infor-
mation and communication technologies, in par-
ticular the computer-oriented systems of educa-
tion. The educational research in this sphere was
started by V. Glushkov, V.Davydov [1],
V. Bykov, A. Ershov [2], N.Moiseev [7],
M. Zhaldak [12].

The pedagogic programs Derive, Granl,
Gran-2D, Gran-3D, GeoGebra, DG, Maple,
Mathematika, MathLab, Maxima and others
were developed and utilized. Some of them are
oriented at specialists of relatively high qualifi-
cation in the field of mathematics, while others
are focused on the pupils or students that only
started to learn the school course of mathematics.
In the process of teaching the school course of
mathematics in the secondary school, it is
relevant to utilize the programs GRAN (Granl,
Gran-2D, Gran-3D) and Derive. The above-men-
tioned programs are easy to use and have the
interface similar to the interface of the other
similar, general programs. Thanks to the visual
programming of dynamic applets GRAN, it is
easier to solve the project problems, to complete
the analytical research, to research functions and
to make their graphs, as well as to automate the
mathematical calculations.

The problem of creation and incorporation
of computer-oriented methodical systems was
researched by M. Zhaldak [12], E. Polat [8],
S. Rakov and others. The problems of prepara-
tion of future teachers of mathematics in Ukraine
on the contemporary stage were researched by
the following famous mathematicians, peda-
gogues and methodists: O. Skafa, S. Rakov and
others. The questions of incorporation of infor-
mational and communication technologies into
the school education were researched by the
following Ukrainian researchers: M. Zhaldak
[12], A.Ershov [2], Yu.Mashbits [6],
V. Monahov [7] and others. However, the ques-
tion concerning the creation of methodological
and didactic provision of the system of dynamic
mathematics GRAN in the process of teaching
the mathematical foundations of informatics, the
choice of relevant heuristic, research and
practical problems that bring the incorporation of
STEM-education, creation of variative models
and the utilization of the proposed system for the
development of informatics and research

competencies of the future teachers of
mathematics is not studied and researched
enough [5].

Current research demonstrates the lack of
informatics preparation of mathematics teachers
with the utilization of the system of computer
mathematics as the method of education. The
requirement of the students to have the relevant
skills in the sphere of informational and commu-
nicational technologies is the part of the
curriculum of the majority of subject disciplines

[3].

In the syllabus of different disciplines,
such competency is regarded as competency that
is aimed to support teaching the mathematical
foundations of advanced informatics; compe-
tency towards the future employment; and
competency that motivates to study during the
whole life. According to each of the above-
mentioned points, the focus and the importance
of the syllabus can be totally different, depending
on the subject discipline. Talking about the
future teachers of mathematics, the competency
in informatics can be reflected in the ability to
solve the problems through using the systems of
computer mathematics, building the spatial
figures with the utilization of the relevant
software, as well as other skills.

Analyzing the syllabus of preparation of
bachelors of such educational establishments as:
National Pedagogical Dragomanov University,
Rivne State University of Humanities, V.Karazin
Kharkiv National University and others, and
evaluating the logical and structural scheme of
educational course MFAL, it is possible to make
a conclusion that incorporation of such course is
appropriate in the first semester of the second
year to the certain educational disciplines of the
fundamental, natural and scientific preparation.
The structure of syllabus in Ukrainian higher
educational establishments consists of normative
and variation parts, each of which consists of
three cycles of preparation: humanitarian, social-
economic, mathematical, natural-scientific,
professional and practical. At the same time, in
the normative part of National Pedagogical
Dragomanov University’s syllabus, there is a
cycle of psychological-pedagogical preparation
that covers 5% of syllabus (table 1).

Table 1

Peculiarities of preparation of educational plans for the teachers of mathematics at National
Pedagogical Dragomanov University

Cycles of educational disciplines

Normative educational

Selective educational

disciplines disciplines

Hours/ credits |

Hours/credits

100
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Continuation of table

Humanitarian and social-economic 900/30 360/12
preparation

Humamt_arlan and social-economic 450/15

preparation

Fundamental natural-scientific preparation 3360/112 450/15
Professional and practical preparation 690/23 990/33
Total 5400/180 1800/60

Total educational time, according to the
baccalaureate program during 4 years of
education is 240 ECTS credits, while the
distribution of total educational time according to
the cycle of preparation (in % from the total time
of preparation) is the following: humanitarian

natural and scientific preparation — 25 + 4%;
professional and practical preparation — 55 + 4%.
At the same time, there are also other
recommendations concerning the distribution of
the total educational time according to the cycles
of preparation (table 2).

and social-economic preparation — 20 = 4%;

Table 2
Distribution of the total educational time according to the cycles of preparation
Higher educational establishments
. National Pedagogical Rivne State V.N.Karazin
Cycle of preparation Dragomangovg University of Kharkiv National
University Humanities University
Humanitarian and social-economic 15+4% 10+£4% 10+4%
Mathematical and natural-scientific 50+4% 40+4% 50+4%
Professional and practical 30+4% 50+4% 40+4%

From the obtained results, it is possible
to make a conclusion that it is necessary to
intensify the studies of information disciplines in
the process of preparation of the future teachers
of mathematics. To research the teaching
specifics of the course “Mathematical
foundations of Advanced Informatics” with
utilization of the system of dynamic mathematics
GRAN, for its further utilization in the higher
educational establishments in the process of
teaching the future teachers of mathematics [5].

Paper objective. For achieving the goal of
the research, the complex of the following
interrelated methods was utilized: analysis of
psychological and pedagogical literature,
educational plans and programs; learning the
practical experience of utilization of the
computer mathematical system in the higher and
secondary educational establishments; selection
of systems of computer mathematics that are
relevant for teaching the course “Mathematical

foundations of  Advanced  Informatics”;
psychological and pedagogical survey of
students through the method of questionnaires,
primary control of knowledge in the process of
test completion; presentation and fixing of the
new material with the utilization of the
developed methodology in the experimental
group and with the utilization of the alternative
(conventional) methodology in the test; test for
both groups; analysis of test results, formulation
of conclusions.

Paper main body. In this research, the
process of teaching the mathematical foundations
of informatics to the future teachers of
mathematics is founded on the developed
syllabus, the profile of which is presented below
(table 3). It is made through the utilization of
methodological recommendations and
independent components of computer-oriented
environment [5].

Table 3

Mathematical foundations of Advanced Informatics: profile of the educational course program MFAI

Type of diploma and scope of the program

Single degree, 150 credits ECTS.

Higher educational establishment

National Pedagogical Dragomanov University

A. Goal of the program

Provide education in the field of mathematics with substantial employment opportunities in terms of

Continuation of table

preparation of the students that have particular interest to certain fields of mathematical foundations of

informatics for the further education.
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Continuation of table

B. Characteristics of the program

1 | Subject area, direction Mathematics
2 Focus of the program: General education in the field of mathematics.
general/ special
3 | Orientation of the program The program is based on the well-known applied results with the utilization

of current state of mathematics, and is oriented on the actual specializations

(mathematics, informatics, physics), in terms of which the further
professional and educational career is possible.

C. Employment and continuation of education

1

Employment Jobs in the state structures, small enterprises and institutions of

technological and informatics sector (research, quality assurance,
commerce), teaching positions, posts in the financial institutions.

Continuation of education Mathematics master programs, inter-disciplinary programs close to

mathematics (theory of possibility, discrete mathematics), master programs
in engineering and informatics disciplines.

Style and methodic of teaching

Approaches to teaching and Lections, laboratory works, seminars, practical classes in small groups,

education individual independent work, consultations with professors, preparation of

bachelor work, project-research approach, mixed studies, group work.

2

Evaluation system Written and oral examinations, laboratory reports, oral presentations,

ongoing monitoring, defense of the bachelor work.

E. Competency programs

1

General
N

1.
2.

Analysis and synthesis. The ability to analyze and synthesize, basing on the logical arguments and
verified facts [4].

Flexibility of thinking. The acquisition of flexible thinking, openness towards the utilization of
mathematical knowledge, formation and development of the competencies in the wide diapason of
employment possibilities in the everyday life [10].

Group work. The ability to complete the research in group, similar skills that demonstrate the ability to
take into account the strict discipline requirements, planning and time management.

Communication skills. The ability to communicate effectively and to present difficult complex data in
the short oral and written form, utilizing informational and communicational technologies and relevant
terminological apparatus [13].

Popularization skills. The ability to communicate with non-specialists, certain teaching skills.

Ethics. Following ethical principles from the professional perspective and from the perspective of
understanding of potential impact of mathematical achievements in the context of fast innovational
processes [11].

Professional

8.

Deep knowledge and understanding. The ability to analyze the research problems of natural and
technological origin, from the perspective of the fundamental mathematical principles and knowledge,
as well as basing on the relevant mathematical methods [5].

Evaluation skills. The ability to complete the evaluation of the order of magnitude and to find out the
relevant solutions with a clear definition of assumptions and the use of the special and marginal cases
[6].

Mathematics skills. The ability to understand and to wisely utilize the mathematical and numerical
methods that are often used in the process of solution of the research problems [13].

Experimental skills. The ability to make experiments independently, and also to describe, analyze and
critically assess the experimental data [8].

Problem solution. The ability to solve wide range of problems and tasks through the understanding of
their foundations and utilization of theoretical as well as practical methods [8].

Calculation skills. The ability to use the appropriate software (systems of computer mathematics) for
completing the mathematical research [5].

Cognitive skills in the field of mathematics. The ability to describe the wide range of natural objects
and processes; this ability should be based on the deep knowledge and understanding of mathematical
theories and themes [5].

Learning skills. The ability of self-education of new fields and domains, utilizing the obtained
mathematical knowledge [6].

F.E

ducational program results

1. The ability to demonstrate the skills and understanding of mathematical foundations of informatics in the
theory of probability, discrete mathematics, methods of optimization, quantity methods, algorithm theory
and mathematical logics. The level of knowledge of these mathematical foundations of informatics should
be foundational, to be the reflection of the level that is necessary for work in the traditional areas of
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Continuation of table

application, but not too high to make the research on the current scientific front.

. The ability to demonstrate the knowledge and understanding of the branches of mathematics that are

related to the basic level of foundations of informatics: differential and integral calculus, algebra,

functional analysis of real and complex variables, vectors and matrices, vector calculus, differential

equations in ordinary and partial derivatives, statistics, Fourier methods. The ability to use these

instruments in the theory of solution of the research questions.

. The ability to demonstrate experimental skills in mathematics (the knowledge of experimental methods and

conducting of experiments) to test the hypothesis and to research the phenomena using mathematical laws;

the ability to ask correct questions, the knowledge of standard equipment, planning of the experiment

conducting, gathering and analysis of the data, including the detailed analysis of the mistakes and critical

evaluation of the obtained results.

Continuation of table

. The ability to demonstrate the knowledge and understanding of the following elements of mathematical

foundations of informatics on the foundational level: derivative functions, elements of the theory of

numbers, sums and recurrences, and binary operations; to perceive and understand the role of models and

theories in the development of mathematics and in the creation of the flexible thinking.

. The ability to demonstrate the knowledge and understanding of mathematical foundations of informatics

(theory of research problems solution, special numbers, discrete probability, asymptotics, binominal

coefficients) on the foundational level, according to the current development of mathematics.

. The ability to utilize the knowledge and understanding of the elements of the applied mathematics and

related disciplines of informatics on operational level to develop the understanding of interdisciplinary

connections between the fundamental sciences.

. Foundational knowledge and understanding of the special branches, according to the choice of the student

for the future specialization and learning of the interdisciplinary approaches.

. The ability to solve the research problems utilizing the appropriate software and the systems of computer

mathematics, as well as the knowledge concerning the analysis and the representation of the results.

. Learning the skills of independent individual work and work in group (the work on the project, including
the leadership skills), the ability to achieve the result during the limited time and with attention to the

The goal of educational course
“Mathematical ~ foundations of  Advanced
Informatics” (MFAI) is to familiarize students
with the fundamental notions, main definitions
and mathematical methods of informatics - the
fundamental natural science that studies the
processes of transmission and processing of the
data. In the process of teaching of this course, the
students get acquainted with theoretical material,
learn the laws, and choose the methods of data
procession, build mathematical models of
informational systems for the concrete technical,
social and physical systems, learn lineal,
optimization models, discrete optimization tasks
and algorithm theory [5].

The main goals of educational course
MFAL are the formation of knowledge and
skills, necessary for the rational work with the
software tools of general purpose in the future
professional work; formation of system vision
about mathematical foundations of informatics,
formation of skills needed for the solution of the
research and practical problems; development of
the ability to project and research activities of the
future specialists and their independent work.

The content of the course MFAI consists
of five content modules: M1. Theme 1. Solution
theory of research problems (Tower of Hanoi
problem. Problem of cutting pizza).

professional integrity and impossibility of plagiarism.

M1. Theme 2. Sums and recurrences
(Transformation of sums. General methods of
summation). M1. Theme 3. Binary operations
(Logics of predicates). M2. Theme 4. Elements
of number theory (Prime numbers. Factorial
numbers). M3. Theme 5.Special numbers (Euler
numbers. Bernulli numbers. Fibonacci numbers).
M4. Theme 6. Discrete probability (Expected
value and dispersion. Hashing). M4. Theme 7.
Asymptotics (Two asymptotic examples. Euler’s
summation formula). M5. Theme 8. Generator of
the functions (Solving the recurrent relations.
Dirchlet generating function). MS5. Theme 9.
Binominal coefficients (Generating function.
Hyper-geometrical functions. Hyper—geometrical
transformations).

While teaching the course MFAI, the
methods of creation of real objects’ mathematical
models are utilized; axiomatic methods - estab-
lishing the truth/false allegations. During educa-
tional activities, the following forms of
organization of educational activities of students
are used: the project-research approach, mixed
learning, group forms of work and relevant
methods of education - system of dynamic math-
ematics GRAN and other systems of computer
mathematics (if necessary), which all help to
effectively learn mathematical foundations of
informatics. The GRAN platform was created to
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improve the service of storage, viewing, utiliza-
tion and exchange of electronic open didactic
materials, developed through utilization of
GRAN. The users have the possibility to down-
load own materials or to create them in the
online mode. During the process of research, the
prepedeutic problems were developed, classified
and placed on the GRAN platform in order to
improve the effectiveness of education of
mathematical foundations of informatics with
utilization of systems of computer mathematics
GRAN. For each class of problems, the special
orientation rule and relevant list of algorithms
are presented.

The peculiarity of the educational course
MFAI is orientation of goals, content, ap-
proaches and means of education on getting the
knowledge, skills, and practical experience by
the future teachers of mathematics with utiliza-
tion of mathematical models (dynamic applets of
GRAN) that are used by them in the different
spheres of activities. Solution of practical tasks
involves the functional components related to
motivation, and formulation of the objectives of
the study course, as well as the identification of
the importance of practical side and practical
potential of the abstract component of the train-
ing course by the future teachers of mathematics.
The following number of educational activities
related to the for practical activity teaching

of components that are common is proposed:
utilization of heuristic considerations, applica-
tion of mathematical modeling as a foundation of
educational course and as a method of solving
practical tasks, development of mathematical
skills necessary for solving practical tasks, the
actions that are common for the professional and
educational activity (planning skills, activity
adjusting skills, independent work, creative ac-
tivities, work with the computer programs); the
actions related to modeling of mathematical
situations.

It should be noted that not all the examples
can be solved with the help of graphical
methods. It is connected with some restrictions
of computer graphics and computer mathematics
in general. Determine the number of roots of the

1

equation the segment[-1, 1].

1 =2 o0n
Sin —
X
Attempt to plot graph of the function y:Ll
sin;
on given segment will be unsuccessful since the
function has infinite number of points of
discontinuity in the neighborhood of the point
x=0 (Fig.1). That is why it is impossible to
solve this problem graphically.
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Fig. 1. The instruction card for mathematical experiments. Source: actual processing

These examples show that the use of
software for solving mathematical problems
should be well-grounded, and analysis of
solutions of the problems and substantiation of
their propriety stays very important.

The essence of the practicality of the
course is about the realization of the

interdisciplinary relations. The main method of
realization of the practical orientation of the
course is the method of mathematical modeling,
while the most effective method is the practical
(situational) problems the solution of which
requires the deep knowledge of mathematics and
other disciplines. The course MFAI has variative,
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interdisciplinary character and is oriented on the
students of physics and mathematics.

To test the effectiveness of the proposed
course MFAI for the future teachers of
mathematics with the utilization of the systems
of computer mathematics, the pedagogical
experiment was held. It included three stages and
was held during 2014-2020. On the first stage of
the research, the exploratory stage of the
experiment was conducted in order to learn the
state of the problem of the research and
determine the ways of its solution. On this stage,
the following goals were realized: regulatory-
legal documents, scientific and methodological
literature of the research problem, manuals and
didactic materials related to the course MFAI
were analyzed; the point of view of the teachers
concerning the utilization of the systems of
computer mathematics in educational process of
the secondary school was discovered and
evaluated; the level of formation of informatics
competencies of the future teachers of
mathematics was defined [5].

The results obtained at the first stage al-
lowed to understand the current situation with
teaching of the course MFAI for the future
teachers of mathematics and to find out the con-
troversies that lead to the necessity of solution of
the problem of informatics competencies for-
mation. On the second stage of the research, the
search stage of the experiment was held. The
main goals of it were the following: to develop
the conceptual model of the process of teaching
of the course MFAI for the future teachers of
mathematics with utilization of the systems of

computer mathematics and basing on it to de-
scribe the methodology of realization of such
education; to define its structure and compo-
nents, to find out the effective methods of
teaching the course MFAI with utilization of the
systems of computer mathematics in order to
form informatics competencies; to develop the
didactic materials for teaching the course MFAI
with utilization of the systems of computer
mathematics.

Basing on the results of the search stage of
the experiment, the conceptual model of the
process of teaching of the course MFAI was
developed with utilization of systems of
computer mathematics. Basing on this model, the
didactic materials for teaching the future teachers
were developed.

The goal of the formulation stage of the
experiment was to test the applicability of the
educational course MFAI for the future teachers
of mathematics with utilization of the systems of
computer mathematics. The goal of this stage
was to incorporate the components of the devel-
oped methodology to the educational process of
higher-educational establishments and to learn its
impact on the formation of the informatics com-
petencies of the future teachers of mathematics
and to make the analysis of the results of its ap-
probation. According to the developed method-
ology of teaching the course MFAI for the future
teachers of mathematics with utilization of the
systems of computer mathematics, the test of
formation of each of its components was made
(table 4).

Table 4

Criterions, indicators and methods of diagnostics of the effectiveness of the educational course MFAI

Criterions (C), indicators (I) Levels

Method of diagnostics (MD), methods of evaluation of
the results (MER)

C. Motivational — value based
I. Level of development of the
motivational sphere

external negative;
internal positive;
external positive.

Four internal negative;

MD. Survey of the future teachers of mathematics,
according to the methodology of COMSRL [5]
MER. Quantitative analysis

C. Practice oriented Four beginner;

MD. Completion of test

I. Distribution of future mathematics| average; sufficient; high.| MER. Quantitative and qualitative analysis, methods

teachers, according to the level of
their educational achievements

of statistical processing of data: A-criteria of
Kolmogorov and ¢-angular transformation of Fischer.

C. Activity driven
I. Distribution of future mathematics| sufficient; high.
teachers, according to the level of
their educational achievements.

Four beginner; average;

MD. Completion of test

MER. Quantitative and qualitative analysis, methods
of statisticalprocessing of data: A-criteria of
Kolmogorov and @-angular transformation of Fischer.

C. Reflexive
I. State of development of reflection | low.

As a method of determining the
effectiveness of motivational-value component

Three: high; medium;

MD. Methodology of reflexive diagnostics of
COMSRL [5]
MER. Quantitative analysis

of the methodology of teaching of the course
MFAL for the future teachers of mathematics
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with utilization of the systems of computer
mathematics, the computer survey (methodology
of motivational diagnostic of COMSRL) was
utilized. The obtained results demonstrate the
priority of external negative motivation (63%)
and internal positive motivation (37%). After
conducting the experimental study, the repeated
survey demonstrated that the indicator of internal
positive motivation (47%) increased, while the
indicator of external negative motivation (53%)
did not change.

For testing the effectiveness of
practical, orientation and activity components of
the methodology, the same tests were utilized
both for control groups and experimental groups.
The probability of the obtained data of
experimental study was tested through the
statistical criterions: A-criteria of Kolmogorov
and ¢-angular transformation of Fischer.Test 1
was held to make sure that the future teachers of
mathematics of experimental and control groups
have the same level of informatics competency
on the date of the formational experiment.
According to the results of test #1, the following
distribution of points was obtained, taking into
account the levels of achievements according to
the criterions of evaluation [5]. Basing on the
obtained data, the calculation of the A-criteria of
Kolmogorov was made to compare the empirical
distribution of points in the experimental and
control groups. For finishing the experimental
study in the control and experimental groups, test
#2 was held. The main goal of the test was to
compare the results in the both groups for the
statistical confirmation of the fact that after
experimental study the future teachers of
mathematics of experimental groups have higher
level of knowledge and skills, in relation to
solving the situational and research tasks,
compared to the control group.

According to the result of the test, the
maximum difference between the accumulated
empirical relative frequencies in distribution of
points in the experimental and control groups is
0,121. It is accumulated in the position “average
level of educational achievements (4-6 points)”.
Accordingly, it is possible to assume that “the
effect is present”, if the educational achieve-
ments of the future teachers of mathematics cor-
respond to sufficient and high levels (7-12
points), and that “there is no effect”, if the
educational achievements of the future teachers
of mathematics correspond to the low and
average levels (1-6 points). The reliability of the
experimental data was checked through the ¢ -
angular transformation of Fischer together with
A-criteria of Kolmogorov. The conclusion was

that the level of people that wrote the test on
the sufficient and high levels in the experimental
group is higher compared to the control group.

Effectiveness of the reflexive component
of methodology of teaching of the course MFAI
for the future teachers of mathematics with
utilization of the systems of computer
mathematics, the indicator of which is the level
of development of reflection, was tested through
the methodology of COMSRL. Before
conducting the experiment, the majority of
students were characterized by the average
(32%) and low (53%) levels of reflection
development, however after conducting the
experimental study the amount of future teachers
of mathematics with average level of reflection
development increased to 39%, while the amount
of students with low level of reflection
development decreased to 44%.

Therefore, the experimental research that
was held confirmed the effectiveness of teaching
the course MFAI for the future teachers of
mathematics with utilization of the systems of
computer mathematics GRAN [5].

Conclusions of the research. The
educational course “Mathematical foundations of
Advanced Informatics” (MFAI) for the future
teachers of mathematics with pedagogical utili-
zation of independent components of computer-
oriented environment of education was
developed and tested. The logical and structural
schemes of educational course MFAI were con-
structed. The methodological recommendations
to the educational course MFAI were developed.
The utilization of GRAN system in the process
of solving propedeutic tasks to align the
knowledge of the future teachers of mathematics
for the successful mastering of the course MFAI
was analyzed. In the process of teaching the
course MFAI the system of informatics compe-
tencies of the future professionals is formed.

Therefore, the teaching of mathematical
foundations of informatics is pedagogically
balanced and methodically motivated solution.
Through utilization of the system of dynamic
mathematics GRAN in the educational process
the educational process as well as the main
methods, notions and mathematical foundations
of informatics are improved, while solving the
educational problems of the majority of subjects
that are studied by the future teachers of
mathematics and the activation of educational
and cognitive activity of the students is
promoted, if the technology is integrated into the
computer-oriented environment of education.
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