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MATHEMATICAL FOUNDATIONS OF ADVANCED INFORMATICS: SPECIFICS
OF TEACHING THE COURSE WITH UTILIZATION OF THE SYSTEM GRAN
AND UTILIZATION FOR PARTICIPANT-DIRECTED LEARNING

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)
iIs 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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MATEMATHUYHI OCHOBU IHOOPMATHUKHU: OCOBJINBOCTI HABYAHHA
KYPCY 3 BUKOPUCTAHHSI CUCTEMHM KOMIT’IOTEPHOI
MATEMATHUKHU GRAN

Anomayia: 'y TOCHIIKEHHI PO3IIISIAEThCS MpoOieMaThKa 1HPOPMAaTHUHOI MiArOTOBKU
BUMTEINIIB MaTeMaTWKd B KOHTEKCTI BHKOPHUCTAHHS CHCTEM KOMII'IOTEpPHOI MaTeMaTHKH SK
3aco0y HaBYaHHA. 3JIIMCHEHO aHaji3 MPOMNENeBTUYHUX 3aB/JaHb Kypcy “‘MaTeMaTudHi OCHOBU
iHpopmaTuku”. Po3risaaeThes cucTema 3a/1a4 i aHaMI3YIOThCS CUTYaliiiH1 3a/1a4i 3
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BUKOPHCTaHHSAM IIPAaBUII-OPIEHTUPIB Ta METOJUYHMX BKa31BOK JIO PO3B’SI3yBaHHsS 3aBAaHb 3
Bukopucranusam cuctemu GRAN. [Ipononyerbesi oHOBIEHMH criia0yc HaBYAIBHOTO KypCy i3
BpPaXyBaHHSAM Cy4YyaCHUX BHUMOI. Po3risiaerscst aHami3 JIOTIYHO-CTPYKTYPHOI —CXEMH
HABUAJIBHOTO Kypcy ‘“Marematnyni OCHOBH iH(GOpPMATHKH . J|eMOHCTPYIOTbCS OCHOBHI
nepepar BukopucranHs cucteMd GRAN. IlponoHyroTbes pe3yiabTaTH  IPOBEAECHOTO
NeIarorivHoro eKCIEePUMEHTY 3 BUKOPUCTAHHIM CUCTEMH KoMl toTepHoi Mmarematuku GRAN.
OOTpYyHTOBYIOTBCS KPHUTEpIi, MOKa3HUKHA Ta METOJIW JIarHOCTUKH €(PEKTHBHOCTI HaBUYaHHS
CTyZeHTIB. 3piiicHeHO Kiacu(ikalio 3a7a4 1 NPOMOHYIOTHCS NPUKIAAN AUJAKTUIHUX
MaTepiajiB AJ1 HaBYaHHS 3 BAKOPUCTAHHAM CHCTeM KoMil toTepHoi matematnku GRAN.

Kntouosi cnosa: nocnigHubKe HABYaHHS, MaTeMaTH4YHiI ocHOBH iH(popmaTuku, GRAN,
cucTeMa JMHAMIYHOI MaTeMaTuKU, KOMIT FOTEPHO-OPIEHTOBAHA METOJMYHA CHCTEMa HaBYAHHS,
MaTeMaTU4He MOJICIIOBAHHS.

Enena I'pudiox

MATEMATHYECKHUE OCHOBbI THO®OPMATUKHU: OCOBEHHOCTHU
OBYYEHMUS C HCHOJIb30BAHUEM CUCTEMbBI KOMIIBIOTEPHOI
MATEMATHUKHU GRAN

Aunnomayus: B cTaTb€ paccMaTpUBAETCA MNpOOJEeMaTHKa KaueCTBEHHOH IMOATOTOBKU
y4HTeNIed MAaTEMaTUKU B KOHTEKCTE UCIOJIb30BAaHUSI CUCTEM KOMIIBIOTEPHON MAaTeMAaTHUKH Kak
cpencrBa o0yuenus. OCyIIecTBIIEH aHAIU3 POINEACBTUUECKUX 3a1a4 Kypca “Maremaruyeckue
ocHOBbl  uH(popMatuku”.  PaccmarpuBaeTcss  cucremMa  3ala4y M AHAIM3BHUPYIOTCS
UCCIIEIOBAaTENIbCKUE 3aaud C HCIOJb30BAHUEM IPaBUI—OPUEHTHUPOB U METOAUYECKHX
yKa3zaHuil k pemenuto 3anad. [Ipennaraercs oOHOBIEHHAs mporpamma (Mpoduiis) yaeOHOro
Kypca C y4eTOM COBPEMEHHBIX TpeOoBaHuil. PaccMaTpuBaeTcss aHanu3 CTPYKTYPHOM CXEMbI
yueOHOro Kypca ‘“MaremaTHyeckue OCHOBbI MH(POpPMATUKK . JIeMOHCTPUPYIOTCS OCHOBHBIE
MPEUMYIIECTBA UCIIOJIb30BaHMsI cucTeMbl KoMmibloTepHOil MaTeMaTtuku GRAN. Tlpennaratorcs
pE3yabTAaThl MPOBEJEHHOIO IEJAarOrMYeCKOro AHKCIEPUMEHTA C HCIOJIb30BAHUEM CHCTEMBI
kommnbtoTepHOl MaTemMatuku GRAN. OOGOCHOBBIBAIOTCSI KPUTEPHUH, MOKA3aTEIM U METOMbI
TMarHocTUKu 3¢ dexTuBHOCTH 00ydeHust cryneHtoB. IlpuBogurcs knaccudukanus 3amad,
paccMaTpUBalOTCS MPUMEpPHI TUAAKTHUECKUX MaTepUalIoB ISl OOYYEHHUs C HMCIIOJIb30BaHHEM
cucteM KoMIbroTepHoil Matematuku GRAN.

Kniouesvie  cnoea:  wccnenoparenbckoe — OOydyeHHME, MaTeMAaTUYECKHE  OCHOBBI
WH(OPMATHKH, GRAN, cHUCTEMa  JWHAMHYECKOM  MaTeMaTWKH, KOMITBIOTEPHO —~
OpPUEHTHPOBAaHHAsI METOJIMYECKasl cucTeMa 00y4eHUs, MAaTEMATHYECKOE MO/IETTMPOBAHNE.

Ounena I'pud’rok
Po3mmpena anoTauist 1y 03HaAOMIICHHS 3 LI€0 TEMOIO:

“MaTeMaTH4Hi OCHOBH iHPOPMATHKH: 0COOTMBOCTI HABYAHHSA KyPCY 3 BUKOPUCTAHHS
CHCTeMH KOMIT'IOTEPHOI MaTeMaTHKH gran ”

Ilocmanoeéka npoonemu y 3acav-
HOMY 6u2nadi ma ii 36 'A30K i3 8AHCIUBUMU
HAYKOBUMU YU NPAKMUYHUMU 3A80aHHAMU. Y
00CNIOMNHCEHHI PO32NIA0AEMbCL NPOOIeMamu-
Ka ingopmamuunoi ni02omoeKu Guumenie
MamemMamuxky 6 KOHMEKCMi BUKOPUCMAHHS

cucmem KOMN IOMEPHOI  MamemMamuKky 5K
3acoby Hasuyauus. Iliocomoska maubymHix
gaxieyie € 00HI€N 3 20]106HUX NPOONEM 8U-
WUX HABYANbHUX 3aK1a0i8. B npoyeci nioeo-
MOBKU  BYUMEST MAMEeMAmuKy HeoOXiOHO
8paxo8y8amu 0coOIUBOCMI Ma YMO8U HAG-
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YAHHA, A MAKOHC POPMYBAHHI 0COOUCMOCTI
npoghecionana. Ananizytouu xapaxmep i
3micm pobomu 6uumenie Mamemamuxk 8
yMo8ax iHghopmayitino2o cycniibemaa, Heoo-
XIOHO 8paxo8ysamu Memy ma 3micm oceimu,
opeaHizayitini ¢hopmu, memoou ma nioxoou
npoghecitinoi niocomosku ManudymHix yuu-
mejie Mamemamuxu .

Ananiz ocmannix 00cnioiceHv ma
nyoaikayin. Ananiz HaéuanvbHoi ma Ha-
BUANLHO-NEOA20CIUHOL limepamypu 0emMoHC-
MPYE HANPYAHCEHICMb O0CNI0NHCEHb 3 MOYKU
30py  BKIOYEHHA  IHGPOPMAYitiHO-KOMYHI-
KAYItHUX MEeXHON02IU, 30KpemMa KOMN tomepHo-
opieumoeanux cucmem ocsimu. Oceimui
0ocnioxcents 6 yitl eanysi po3noyae B. bukos,
B. I'nywikos, B. /lasuoos [1], A. €Epwos [2],
H Moicees [7], M. Kanoax [12].

@Dopmyniosanna yinei cmammi (oc-
HOGHI 3a60aHHs). Mema euznauumu 3micm ma
enius sukiaoauus xypcy M®@AI, wo cnpuse
dopmysannio  cucmemu
KOMNeMmeHmMHOCMI MatlOymHix gaxisyis.

Buknao ocnoenozo mamepiany ooc-
JOMCEHHA 3 NOBHUM  OOIPYHMYBAHHAM
OMPUMAHUX HAYKOBUX pe3yrbmamie. 30itic-
HEeHO aHali3 NPonedesmuyHUX 3a60aHb KypCy
“Mamemamuuni  ocHosu iHghopmamuku”.
Ipynmosno  npeocmaeneno  MoNCAUBOCTI
nedazo2iuHo20 NPOeKmy8aHts 3 neda2o2iuHo
BUBAICEHUM BUKOPUCMAHHAM KOMN 1OMEPHO
OpIEHMOBAHUX MEMOOUYHUX CUCMEM HA8-
YAHHA NPpeOMemie MamemMamuyHo20 YUKIy 8
Kowmekcmi Henepepgnocmi ocgimu. OcHog-
Ha Mema MamemMamuyHoi 0C8imu noiseae
MAKONC 8 PO3BUMK) BMIHHA MAMEMAMUYHO,
JI02IYHO ma  Yc8IOOMIEHO 00CHiOHCy8amu

A6uwa  HABKOAUWHBbO2O c8imy. Peanizayii

maxoi idei’ cnpusmume po38’s3Y8aHHA HA,
MOoMY 6UKOPUCMAHHSA guumenem 00CIiOHUYb-
KUX 3a0auy € He miNbKu 0adcanum, aine
Hasimov 0008 A3KOBUM eleMEeHMOM HABYAIb-
Hoeo npoyecy. Iledazociuno  eusadicene
BUKOPUCMAHHA KOMNOHEHMIE KOMN 10MepHO
OPIEHMOBAHUX MEMOOUUHUX CUCMEM Q0CNI0-
HUYbKO20 HABYAHHS 6 OOCNIONCEHHI pPO32is-
0aemucs 8 0eKibKOX HANPAMAaxX: YMOYHeHHs
MEePMIHONIO2IYHO20 anapamy ma MexaHismis
pobomu  iHCmMpymMeHmie i3 8pPaAXy8aAHHAM

inghopmamuunol

cucmemu NOHAMb | MEEPONCEHb UWKLILHO2O
Kypcy mMamemamuxu, pO3WUpPeHHs CneKkmpy
npeomemis  MAmMeMamuyHo20 YUKy i
cucmemu OOCHIOHUYbKUX 3A0ad, pPO3PAXYH-
Koso-epaghiunux  pooim 3  nedaco2iuHo
BUBANCEHUM | MeMOOUYHO BMOMUBOBAHUM
BUKOPUCMAHHAM — CUCMEM  KOMN 10mepHoi
Mamemamuxu, PO3UUPEHH MONCTUBOCEN

eKcnopmy — ma  IMHOpmMY  HAGUAILHOZO
mamepiany 68 pamkax — OOCHIOHUYLKO2O
HABUAHHA, niosuLenHs docmyntHocmi

KOMN TOMEPHO  OPIEHMOBAHUX MEMOOUUHUX
cucmem 0OCIIOHUYLKO2O HABYAHHS 8 YMOBAX
PI3HO20 pIi6HA MEeXHIUH020 3a0e3neyeHHs.
Ilepesacu i nedoniku Komn rtomepHo2o mode-
JIOBAHHSL  PO32NIAOAIOMbCSL 8 KOHMEKCMI
HABUANIBLHOI I MemoOUuuHol OidlbHOCI, O
niOMpuMKu  SIKOI  60HU  NPU3HAYEHI.
Poszensoaemvcs  cucmema 3a0auw i awua-
J3VIOMbCS CUMYayitiHi 3a0a4i 3 BUKOpUC-
MAHHAM NPABUN-OPIEHMUPIE Ma Memoouy-
HUX 6KA3I80K 00 D038 A3Y8AHHS 3A80AHbL 3
suxopucmanusam cucmemu GRAN. Ilpono-
HYEMbCS OHOBAEHUU CUNAOYC HABYANLHO20
KYpCy i3 6pPaxXy8aHHAM CYYACHUX BUMOR.
Poszensoaemvcs ananiz noeiuno-cmpykmyp-
HOI cxemu HaguanvbHoz2o Kypcy ‘“‘Mamema-
mu4Hi ocHo8u [HGopmamuxu”. [lemoncm-
PYIOMbCsi OCHOBHI nepesazu 8UKOPUCTAHHSL
cucmemu  GRAN.  Ilponowytomwvcs  pe-
3yIbmamy  Npo8edeH020  Nedaz202iuHo20
eKCNepUMeHmy 3 GUKOPUCMAHHAM CUCTNeMU
komn romepnoi mamemamuxu GRAN. O6rpy-
HMOBYIOMbCA  Kpumepii, NOKA3HUKU ma
Memoou  OdiaeHocmuku — egheKmusHocmi
HaguauHs cmyoenmie. 30ilCHeHO Kiacugi-
Kayito 3a0ay i NpONOHYIOMbCA NPUKIAOU
OUOAKMUYHUX Mamepianie sl Ha8UAHHsL KV
CY 3 GUKOPUCIAHHAM CUCTEM KOMN TOMepHOi M
apemamurxu GRAN.

Bucnosku 3 o0amnozo oocnioscenna
ma nepcnekmueu NOOAIbUWIUX DPO3BI0OK Y
oanomy Hanpamxy. Pospobneno ma anpobo-
6ano HasuanbHuii Kypc ‘“‘Mamemamuyni oc-
Hosu nepedogoi’ ingpopmamuxu” (M3BI) ona
MaubOymuix yyumenie mMmamemamuxu 3 neoa-
202TYHUM BUKOPUCMAHHAM HE3ANEHCHUX KOM-
NOHEHMi8 KOMN T0MepHO-0PIEHMOBAHO20 Ce-
pedosuwa nasuauus. Ilobyoosano nociuny
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ma CMpYKmMypHy cXeMu HABYANIbHO20 KYpCy
M®DAI. Po3pobreno memoouuni pekomeHoa-
yii’ 0o nasuanvrozo xypcy M3C. Ilpoanani-
306amno euxopucmanus cucmemu GRAN y

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 analyzing 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 organizational
forms, methods, and approaches of profes-
sional preparation of the future teachers of
mathematics. Contemporary school needs
specialists that can contribute to the devel-
opment of independent and responsible
personality of individual and development of
his/her creative personality. Today, it is im-
possible to solve problems that appear in the
process of construction and organization of
educational process through the traditional
methods, basing only on personal
experience; it is necessary to take into ac-
count the social and cultural needs of the
younger generation, as well as innovational
and international experience. The modern
programs in  mathematics present the
irrelevant mathematical knowledge that
causes the absence of interdisciplinary rela-
tions. 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 sciences, profilization of mathemati-
cal disciplines to the practical orientation. It
is especially important for the level of
standards in the higher educational estab-
lishments. 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 incor-
porate the leveling course “Mathematical

npoyeci 8UpiULeHHsI NPONe0eemuYHUX 3a-
80aHb OISl Y3200JiCEHHs 3HAHbL MAUOYMHIX
yuumenie mamemamux O YCHiUWHO20
3aceoenns Kypcy MPAL

foundations of Advanced Informatics”
(MFAL) that contains the propedeutic chapter
“Theory of research problems solution” that
consists of the situational tasks, including the
tasks with parameters that are solved using
the system of the computer mathematics and
that became the indicator of success. The
course MFAI covers the mathematics meth-
ods that are also taught in the courses of
informatics, mathematical modeling, math-
ematical 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 activities of the human. This course
teaches the main models, methods, and
algorithms of problem solution that appear in
the sphere of intellectualization of infor-
mation systems. Also the problems of utili-
zation of information (in particular mathe-
matical) models and information technolo-
gies for their research are considered

Recent research and publications
analysis. The analysis of educational and
educational-pedagogic literature  demon-
strates the intensity of the research in terms
of incorporation of information and commu-
nication technologies, in particular the
computer-oriented systems of education. 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 qualification in the field of mathemat-
ics, 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
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the secondary school, it is relevant to utilize
the programs GRAN (Granl, Gran-2D, Gran-
3D) and Derive. The above-mentioned pro-
grams 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 com-
plete the analytical research, to research
functions and to make their graphs, as well
as to automate the mathematical calculations.

The problem of creation and incorpora-
tion of computer-oriented methodical
systems was researched by M. Zhaldak [12],
E. Polat [8], S. Rakov and others. The prob-
lems of preparation of future teachers of
mathematics in Ukraine on the contemporary
stage were researched by the following
famous mathematicians, pedagogues 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 oth-
ers. However, the question concerning the
creation of methodological and didactic pro-
vision 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 incorpora-
tion 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 communicational
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 mathe-
matical foundations of advanced informatics;
competency towards the future employment;
and competency that motivates to study dur-
ing 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 disci-
pline. 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 establish-
ments 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 con-
clusion that incorporation of such course is
appropriate in the first semester of the
second year to the certain educational disci-
plines of the fundamental, natural and
scientific preparation. The structure of sylla-
bus 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 syl-
labus, there is a cycle of psychological-
pedagogical preparation that covers 5% of
syllabus (table 1).
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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

Humamt‘arlan 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

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).

following:  humanitarian ~ 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 Dragomanov 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

Teopis i npakmuka ynpaenints coyianvrumu cucmemamu 12021

123



IHOOPMALIHHI TEXHOJIOI'II I 3ACOFH HABYAHHA B IIPOCECIHHIN
IIIITOTOBLII MAUBYTHIX ®AXIBILIB

for both groups; analysis of test results, developed syllabus, the profile of which is
formulation of conclusions.
Paper main body. In this research, the the utilization of methodological recommen-
process of teaching the

foundations of

presented below (table 3). It is made through

mathematical ~ dations and independent components of
informatics to the future computer-oriented environment [5].

teachers of mathematics is founded on the

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.

. 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.

2 | Continuation of education Mathematics master programs, inter-disciplinary programs close to
mathematics (theory of possibility, discrete mathematics), master
programs in engineering and informatics disciplines.

D Style and methodic of teaching
1| 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
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Continuation of table

1

General

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

2. 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].

3. 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.

4. 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].

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

6. 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

1. 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].

2. 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].

3. 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].

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

5. 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].

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

7. 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].

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

F. Educational 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

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
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5.

10.

Continuation of table

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

The goal of educational course
“Mathematical foundations of Advanced
Informatics” (MFAI) is to familiarize stu-
dents 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 tech-
nical, social and physical systems, learn
lineal, optimization models, discrete optimi-
zation tasks and algorithm theory [5].

The main goals of educational course
MFALI 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 informat-
ics, formation of skills needed for the solution
of the research and practical problems; devel-
opment 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). M1. Theme 2.

attention to the professional integrity and impossibility of plagiarism.

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).
MS5. 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’ mathe-
matical models are utilized; axiomatic meth-
ods - establishing the truth/false allegations.
During educational activities, the following
forms of organization of educational activi-
ties of students are used: the project-research
approach, mixed learning, group forms of
work and relevant methods of education -
system of dynamic mathematics 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 improve
the service of storage, viewing, utilization
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and exchange of electronic open didactic
materials, developed through utilization of
GRAN. The users have the possibility to
download own materials or to create them in
the online mode. During the process of re-
search, the prepedeutic problems were
developed, classified and placed on the
GRAN platform in order to improve the ef-
fectiveness 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 algo-
rithms are presented.

The peculiarity of the educational
course MFAI is orientation of goals, content,
approaches and means of education on
getting the knowledge, skills, and practical
experience by the future teachers of
mathematics with utilization 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 training 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,
application 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 skKills,
activity adjusting skills, independent work,
creative activities, 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 equation Ll =2

sin =
X
on the segment[-1, 11. Attempt to plot graph

of the function y:Ll on given segment

sin —
X

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.

Eilz Object Edit Graph Operations 7
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TR

OW? 7
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[=x]
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S
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Selected objects:1

Fig. 1. The instruction card for mathematical experiments. Source: actual processing
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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 inter-
disciplinary relations. The main method of
realization of the practical orientation of the
course is the method of mathematical model-
ing, 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, interdisciplinary
character and is oriented on the students of
physics and mathematics.

To test the effectiveness of the pro-
posed course MFAI for the future teachers of
mathematics with the utilization of the sys-
tems of computer mathematics, the pedagog-
ical 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 solu-
tion. On this stage, the following goals were
realized: regulatory-legal documents, scien-
tific and methodological literature of the
research problem, manuals and didactic ma-
terials related to the course MFAI were ana-
lyzed; the point of view of the teachers
concerning the utilization of the systems of
computer mathematics in educational pro-
cess 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
allowed to understand the current situation
with teaching of the course MFAI for the
future teachers of mathematics and to find
out the controversies that lead to the necessi-
ty of solution of the problem of informatics

competencies formation. On the second stage
of the research, the search stage of the exper-
iment 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
describe the methodology of realization of
such education; to define its structure and
components, to find out the effective meth-
ods of teaching the course MFAI with
utilization of the systems of computer math-
ematics in order to form informatics
competencies; to develop the didactic mate-
rials 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 fu-
ture teachers of mathematics with utilization
of the systems of computer mathematics.
The goal of this stage was to incorporate the
components of the developed methodology
to the educational process of higher-
educational establishments and to learn its
impact on the formation of the informatics
competencies of the future teachers of math-
ematics and to make the analysis of the
results of its approbation. According to the
developed methodology of teaching the
course MFALI for the future teachers of math-
ematics with utilization of the systems of
computer mathematics, the test of formation
of each of its components was made (table
4).
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Table 4

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

Criterions (C), indicators (1) 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;

I. Distribution of future average; sufficient;
mathematics teachers, according to[ high.

the level of their educational
achievements

MD. Completion of test

MER. Quantitative and qualitative analysis,
methods of statistical processing of data: A-criteria
of Kolmogorov and ¢-angular transformation of
Fischer.

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

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 Three: high; medium;
I. State of development of low.
reflection

As a method of determining the ef-
fectiveness of motivational-value component
of the methodology of teaching of the course
MFALI for the future teachers of mathematics
with utilization of the systems of computer
mathematics, the computer survey (method-
ology 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 ex-
perimental 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 practi-
cal, orientation and activity components  of
the methodology, the same tests were uti-
lized both for control groupsand
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 mathe-
matics of experimental and control groups
have the same level of informatics compe
tency on the date of the formational expe-

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

riment. 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 em-
pirical distribution of points in the
experimental and control groups. For finish-
ing 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 rela-
tion to solving the situational and research
tasks, compared to the control group.
According to the result of the test, the
maximum difference between the accumu-
lated 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 pre-
sent”, if the educational achievements of the
future teachers of mathematics correspond to
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sufficient and high levels (7-12 points), and
that “there is no effect”, if the educational
achievements of the future teachers of math-
ematics 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 conclu-
sion 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 compo-
nent of methodology of teaching of the
course MFAI for the future teachers of math-
ematics with utilization of the systems of
computer mathematics, the indicator of
which is the level of development of
reflection, was tested through the methodol-
ogy 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 math-
ematics with average level of reflection
development increased to 39%, while the
amount of students with low level of reflec-
tion 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].

Cnucok aiteparypu:

1. TaBunos B. B. Tunu y3aranbHeHb
B Hasuanni / B. B. JlaBmmoB. — M.:
Ilegarorika. — 1972

2. €pmo A. TI. Komm’rorepusariist
IIKOJIM 1 MaTeMaTu4Ha OCBiTa, IH(pOpPMaTHKa 1
ocgita, Pocilicbka iHpopmaruka i ocBita / A.
I1. €pmios. —1992. — Ne 5-6. - C. 3-12

3.I'pem P., Kuyr ., IMaramsix O.
Konkperna MaTeMaTHKa: dyHnameHt
koM totepHux Hayk / P. I'pem, /1. Kuyr,
O. Narammnik. — M.: Cit. — 1998

Conclusions of the research. The
educational course “Mathematical foun-
dations of Advanced Informatics” (MFAI)
for the future teachers of mathematics with
pedagogical utilization of independent
components of computer-oriented envi-
ronment of education was developed and
tested. The logical and structural schemes of
educational course MFAI were constructed.
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 pro-
cess of teaching the course MFAI the system
of informatics competencies of the future
professionals is formed.

Therefore, the teaching of mathemati-
cal foundations of informatics is pedagogi-
cally 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 cogni-
tive activity of the students is promoted, if
the technology is integrated into the
computer-oriented environment of education.

4. l'anmpnepin I1. 0. Metoanka Has-
YaHHS 1 MCUXIYHOTO pO3BUTKY auTvHHU / II.
1O. l'anpriepin. — Mocksa: MI'Y. — 1985

5. I'pubroxk  O. O. HaykoBo—
JOCTTITHE BUBYEHHS CTYICHTIB TIPEIMETIB
IPUPOTHUYO-MATEMATUYHOTO IIUKIY 3 BHUKO-
PHCTaHHSM KOMIT IOTEPHO-METOMYHHUX CHC-
tem/ O.0.I'pubrok. // Monorpadis. — Kuis:
HITY JIparomanoBa. — 2019. — C. 848

6. Mamowur €.1. [1cuxonorigai ocHO-
BY YIIPaBIIiHHS HABYAIBHOIO JIISUTBHICTIO /
€. I. Mam6wun. — Kwuis: Bumia mkona. — 1987

7. Moucees H. H. Ilopa Bu3Hauatu

130

Teopis i npakmuxa ynpasnints coyiarbHumu cucmemamu 12021



IHOOPMALIHHI TEXHOJIOI'II I 34COFH HABYAHHA B IIPOCECIHHIN

HIATOTOBLI MAMEYTHIX PAXIBI]IB

gamioHayeHl mun / H. H. Mowcees. — M.:
MinekoHOMpO3BHUTKY. — 1997

8. Ilomar E. C., byxapkin M. lO.
Hogi nexaroriuni Ta indopmartiiiHi TeXHOIOTii
B cuctemi ocsitu / E. C. Ilomar, M. IO.
Byxapkin // [linpyunuk uist By3iB. — MockBa:
Bunagaununii nentp “Axagemis’. — 2007

9. PyGinmreitn  C. JI.  OcHoBu
3arayibHO1 Ticuxojorii / Pybinmrein C. JI. —
M.: [Tenparorika. — 1989

10. Tasmmzina H. ®. Ilemaroriuna
ncuxotorist / H. @. Tanmusina / HaBuanpHuii
nmociOHuk. — MockBa: BumaBHUUMii 1IEHTP
“Axkanemis”. — 1998

References:

1. Davydov, V. V. (1972), “Types
of Generalization in Learning”, Moscow:
Pedagogika

2. Ershov, A. P. (1992),
“Computerization of Schools and
Mathematics Education, Computer Science
and Education in Russian Informatika |
Obrazovanie”, no. 5-6, pp. 3-12

3. Graham, R., Knuth, D,
Patashnik, O. (1998), “Concrete Mathematics:
A Foundation for Computer Science”,
Moscow: Mir

4. Halperin, P. Y. (1985), “Methods
of Teaching and Mental Development of the
Child”, Moscow: Moscow State University

5. Hrybiuk, O. O. (2019), “Research
Studying of Students of the Subjects of the
Natural and Mathematical Cycle Using Com-
puter-Oriented Methodological =~ Systems”,
Monograph, Kyiv: Drahomanov NPU, p. 848

6. Mashbits, E. l. (1987),
“Psychological Bases of Management of
Educational Activity”, Kiev: Higher school in
Russian Vysshayashkola

7. Moiseev, N. N. (1997), “Time to
Define National Goals”, Moscow: Publishing

11. Burotrcekuii JI. C. MucieHHs Ta
moBa (Myshleirech) / JI. C. Burorcbkuii. —
Mocksa: [Temarorika. — Bum. 2. — 1982

12. Kamnak M. 1., I'opomko 1O. B.,
Binanuenko 0. @. Maremaruka 3
Komr’'rorepom /M. L Kannaxk,
10. B.T'opomko, }O.® Binauyenko //
[TociOHMK  JUIE  BYMTEINS. —  Kuis:
HarmionaneHuii  megaroriyHuil - yHIBEpPCUTET
imeni /Iparomanosa. — 2009

13. 3inuenko B. II. ITlcuxosmoriuni
OCHOBH TEJAroriku: ICHUXOJIOTO-TIeAarorivHi
OCHOBH KOHCTPYKTUBHOIO po3BUTKY J1.b.Enbko
uinaB. B. [laBunoBa / B. I1. 3iHuenko // HaBd.
JIOTIOMOra  CTy/IEHTaM KoJle/KiB. — MockBa:
[apnapuxu. — 2002

House of the
Development and
Trade

Ministry of Economic

8. Polat, E. S., Bukharkina, M. Y.
(2007), “New Pedagogical and Information
Technologies in the Education System”,
textbook for high schools, Moscow:
Publishing center “Academy”

9. Rubinstein, S. L. (1989), “The
Fundamentals of General Psychology”,
Moscow: Pedagogika

10. Talyzina, N. F.  (1998),
“Pedagogical Psychology”, study guide,
Moscow: Publishing center “Academy”

11. Vygotsky, L. S. (1982),
“Thinking and Speech titled, in Russian,
Myshlenieirech”, Moscow: Pedagogika, v. 2

12. Zhaldak, M. I., Goroshko, Y. V.,
Vinnichenko, Y. F. (2009), “Mathematics
with a Computer”, The Teacher’s Guide,
Kyiv: The National Pedagogical Dragomanov
University

13. Zinchenko, V. P. (2002), “Psy-
chological Foundations of Pedagogy: Psycho-
logical and Pedagogical Basis of Constructive
Development of D. B. Elkonin, V.V.
Davydov”, study an allowance for college
students, Moscow: Gardariky

Cmamms naoitiuna 0o peoaxyii 04.03.2021

Teopis i npakxmuka ynpaeninus coyianvnumu cucmemamu 1°2021

131



