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YHHOM BHPOOHHYOTO HAaBYAaHHSA (DOPMYIOTHCS TBOpYA aKTHBHICTH, CAMOCTIHHICTB, YiTKa MpogeciiiHa MO3HUIIis, KOMIIETSHT-
HICTB Ta mpodeciiftHnii yHiBepcai3M MaifOyTHROTO criemianicTa. Haloimp BayKITMBUMH 1 JOCI TPOOIEMHIMH JINIIAIOTHCS
Taki 3a/1a9i opraHizamii OCBITHBOTO MPOIIECY HOBOTO THITY: 3MiHa CTaBJICHHS JI0 3MICTY OCBITH K JO CHHTE3Y CAMOOCBITH,
caMoopraHi3allii Ta CaMOBUXOBaHHSI; 3MiHa MOTHBALlil Cy0’€KTIB OCBITHHOTO MPOLECY IIISIXOM CTBOPEHHSI YMOB JJIS TXHb-
of camopearizamii (10 HEMOXIIMBO y 3aKPUTOMY OCBITHBOMY IIPOCTOpi O3 KOHCOMiAalii 3yCHib pPi3HHX OpraHizaii,
YCTaHOB, MiANPUEMCTB); 3a0e3MeUeHHs] IHHOBAIIMHOI OCBITHBOI CHCTEMH B (DIHAHCOBOMY, MarepiajlbHO-TEXHIYHOMY,
IOpPUANYHOMY Ta TICUXOJIOTO-TIeIaroriYHOMY IUIaHi; MiJrOTOBKA 1 3aTy4eHHs IeAaroriyHuX KapiB HOBOTO THITY.
Knwowuoei cnosa: cuicrema OCBITH, OCBITHI TEXHOJIOTII, HABYAIbHO-TPEHYBaJbHA (ipMa, IMiTalliiiHA TEXHOJIOTIs
HaBYaHHs, pe)OpMyBaHHS OCBITH.
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DIDACTIC FOUNDATIONS OF SOFTWARE STRUCTURING
IN THE PROCESS OF TEACHING SCIENCE DISCIPLINES
AND MATHEMATICS AT PEDAGOGICAL UNIVERSITIES

Science disciplines and Mathematics are considered to be a fundamental evidential and technical base of modern
researches and production; they contribute to the formation of scientific worldview, intellectual development, provide
acquisition of knowledge and skills necessary for working with a PC. When developing the technology of structuring
software for teaching science disciplines and Mathematics at pedagogical universities one should regard that it must
cover all structural components of the educational process (target, motivational, content, operative and regulative, as
well as estimation and result). The relevance of the research is explained by the necessity of determining didactic foun-
dations of software structuring in the process of teaching scientific disciplines and Mathematics, as it affects the level of
future teachers’ professional competence. The paper aims to prove the necessity of software structuring as a way of
achieving the optimal combination of different program teaching methods which provides the development of students’
self-study skills in the process of mastering scientific disciplines and Mathematics. The has been conducted the peda-
gogical experiment aimed at checking the efficiency of the developed technique of structuring the software for teaching
science disciplines and Mathematics at the Department of Physics and Mathematics of Donbas State Pedagogical Uni-
versity involving 120 2"-5% year students divided into control and experimental groups. The checking was carried our
according to the following criteria: motivational; cognitive; vocational. Pearson's chi-squared test (x2) was used for
the research outcomes verification. The carried out pedagogical experiment has proved the expediency of the developed
technology of software structuring in the process of teaching scientific disciplines and Mathematics, which provides the
increase of the level of students’ professional competence .

Keywords: pedagogical experiment, software, structuring, teaching, science disciplines, mathematics, professional
competence .

Introduction

One of the priority areas of modern higher pedagog-
ical education development is active implementation of
various computer technologies into the educational pro-
cess, which significantly improve the quality of training.
Their application involves reinterpretation of the basic
structural components of teaching and learning: goals,
content, methods, organizational forms, evaluation crite-
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ria, and correction of the obtained results if necessary. In
view of this, the need for the development of modern
software for teaching students in general, and determina-
tion of didactic foundations of its structuring in particu-
lar, are of great importance [6], [7].

In the process of training future teachers special at-
tention is paid to science disciplines and Mathematics
because they are regarded as a fundamental evidential and
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technical base of modern researches and production, be-
sides, they contribute to the formation of scientific
worldview, intellectual development, provide the acquisi-
tion of knowledge and skills necessary for working with a
PC. In view of this, the issue of the development of rele-
vant software for teaching science disciplines and Math-
ematics at pedagogical universities as one of the factors of
educational process improvement, is considered to be
urgent today.

Scientists deal with this issue in various directions,
for instance, in the field of development of scientific and
methodical foundations of education computerization (the
issue was studied by B. Hershunskyi, M. Zhaldak,
V. Monakhov, N. Morze, Yu. Pervin, W. Halal,
D. Langenberg), in the field of applying modern ICT in
the educational process (V. Diakonov, S. Rakov,
M. Holovan, T. Zaitseva and others), in the area of exam-
ining main requirements to the development of methodi-
cal software for teaching students (N. Holovchak,
Yu. Trius, V. Sharavin, S. Yailakhanov and others), stud-
ying methodical systems of teaching science disciplines
and Mathematics at general and higher educational insti-
tutions (T. Boronenko, O. lonova, V. Klochko, N. Morze,
Z. Sliepkan and others).

Taking into account the significant contribution of
the carried our research studies it is worth noting that
there are some challenges in the development of software
for teaching science disciplines and Mathematics at peda-
gogical universities, particularly in the field of software
structuring. The software structuring is determining it as a
system object and dividing it into certain structural units.
Didactic foundations of this process involve principles,
aim, content, and the technology. In particular, the pro-
cess of software structuring should comply with the fol-
lowing principles: unity of educational and upbringing
functions of education, scientific character, consistency,
active and independent character, demonstrativeness,
connection of learning with practical work [1; 5; 6; 7; 10].

Addressing this challenge helps to solve a number of
urgent didactic tasks: for instance, educational process
activation, development of cognitive independence, for-
mation of creative cognitive skills in the process of study-
ing science disciplines and Mathematics by students using
computer technologies [8].

The issue of cognitive processes activation has been
studied for many years and still remains relevant. Howev-
er, the intense development of computer technologies has
revealed new approaches to address this challenge, though
new tasks have arisen as well. Thus, one of the tasks fo-
cused on the improvement of the efficiency of using com-
puter technologies concerning this issue is the software
structuring.

The paper aims to examine the need for software
structuring for teaching science disciplines and
Mathematics as a way of achieving optimal unity of
program and other kinds of teaching which provides the
development of students’ self-study skills; to check the
efficiency of the developed technique of software struc-
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turing.

The research hypothesis implies that the structuring
of software for teaching science disciplines and Mathe-
matics at pedagogical universities, which covers all the
components of the educational process (target,
motivation, content, regulative, as well as evaluation and
result), will both contribute to the increase of future
teachers’ professional competence and create a structural
basis for the development of students’ self-study skills.

The intense development of computer techniques and
ICT causes the necessity of their active implementation
into the educational process of institutions of various
types, including higher education [12]. The use of these
technologies contributes to the increase of the quality of
training, provides acquisition of knowledge and skills by
students, which they need in their future work. In its turn,
this requires the development of a relevant software sup-
port, which will help to apply various computer technolo-
gies in the educational process. It concerns first of all
higher pedagogical institutions as they aim not only to
provide students with knowledge and skills but also help
them master methods of teaching computer disciplines
and ICT for teaching other subjects.

It is obvious that software for teaching science disci-
plines and Mathematics significantly differs from that for
teaching humanities. That is why it is worth paying spe-
cial attention.

The software for teaching science disciplines and
Mathematics includes the following tools: online courses,
various educational websites, e-textbooks, e-laboratory
facilities, university website, etc. [8].

In the process of developing the technology for sci-
ence disciplines and Mathematics software structuring at
pedagogical universities one should remember that it
should cover all structural components of the educational
process: target (which implies teacher’s awareness and
students’ perception of the aim and tasks of studying a
topic, unit or the whole course); motivational (which
provides stimulating students’ interest in the subject stud-
ied), content (determined by the curriculum, textbooks),
regulative (which requires simultaneous assessment of the
educational process and its results both by a teacher and
students); evaluation and result (oriented at the assess-
ment of students’ academic performance by a teacher,
making conclusions about the achievement (or failure) of
education aims and tasks, etc.) [5]. This approach helps to
find out what structural units of the software should be
combined in order to provide the efficient functioning of
each one.

Software, depending on the kind of the created envi-
ronment, can be conditionally divided into the following
three categories: system, instrumental and applied. The
system software is a complex of common programs
providing interaction between a person, devices and com-
puter programs. The instrumental software helps to create
new computer programs using software language, in other
words it includes programming tools [2]. The applied one
involves all computer programs providing users with an




opportunity to give certain tasks to a computer.

When realizing the target component thorough atten-
tion should be paid to encouraging students to work with
a university website. For example, when working on the
portal of Donbas State Pedagogical University its devel-
opers took into account that it was designed to be a corpo-
rate system providing access to the educational process
scheme, and also that it integrated into the common in-
formational and educational environment of the national
level giving access to outside users. Besides, the universi-
ty also has inside computer networks uniting all faculty
computers with information upgrading and having inter-
net access.

The access to the university website as well as to the
resources of its inside educational network gives students
an opportunity to get timely information about the deter-
mined current goals of studying science disciplines and
Mathematics, periods and ways of their achievement,
master education goals when working with other comput-
er tools, for example, e-textbooks. Besides, teachers ex-
plained the tasks which should be solved at each lesson,
how the suggested kinds of work help to achieve the goals
of studying every subject. Thus, future teachers get access
to printed educational complexes, which help them to
specify the aim and tasks for various disciplines.

At the stage of motivational component realization,
thorough attention should be paid to the development of
cognitive and social motives necessary for both: studying
the scientific disciplines and Mathematics, and students’
professional competence formation. In this regard, stu-
dents are taught the history of the development of mathe-
matics, physics, informatics, and the most prominent
achievements in this field, provide their understanding of
social mission of a teacher, which requires students to
have pedagogical mastery skills.

Computer tools are of great importance at this stage
of the educational process, as they combine different
means of demonstrativeness, increase students’ interest in
the subject, etc.

We believe that students should be encouraged to
prepare various kinds of e-portfolios, which will motivate
them to self-development. For instance, during the exper-
iment the students were suggested to create portfolio-
reports about studying the most difficult topics in scien-
tific disciplines and Mathematics; portfolio-self-report
about their preparation for colloquiums on various sub-
jects; academic performance portfolio in which they pre-
sented their achievements in studying science disciplines
and Mathematics by applying computer means; reflexive
portfolio which would demonstrate the results of their
reflexive activity in the process of studying science disci-
plines and Mathematics.

As it was mentioned before, studying science disci-
plines and Mathematics is a component of the general
process of future teachers’ (in the correspondent field)
training, which involves the need for attracting their atten-
tion to self-development, determination of social motives.
That is why future teachers should be encouraged to make
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career portfolios, which would demonstrate their profes-
sional development. It is worth mentioning that during the
experiment many students uploaded their portfolios in the
internet which helped to establish business contacts.

The third component — content — is considered to be
of the key importance in the educational process. During
the experiment the developed software allowed to com-
puterize all the teaching forms: lectures, seminars, practi-
cal classes, laboratory practicals, etc. At this stage there
were applied computer (electronic) textbooks, programs,
automatized training systems, computer laboratory practi-
cals, etc. When presenting new material at the lecture a
teacher can use computer equipment for demonstrating
relevant schemes, figures, photos, videos, etc.

We used automatized and expert teaching systems, e-
textbooks, automatized knowledge assessment systems,
etc. in order to implement regulative and resultative edu-
cational process components.

Research methods

We conducted the pedagogical experiment aimed at
checking the efficiency of the developed technique of
structuring the software for teaching science disciplines
and Mathematics at the Department of Physics and Math-
ematics of Donbas State Pedagogical University.

The checking was carried our according to the fol-
lowing criteria: 1) motivational: students’ motives to
study scientific disciplines and Mathematics (was con-
ducted by means of questioning); 2) cognitive: the level
of students’ academic performance in scientific disci-
plines and Mathematics (knowledge evaluation analysis);
3) vocational: the quality of acquired knowledge and
skills of using computer technologies for teaching scien-
tific disciplines and Mathematics (analysis of addressing
educational tasks during teaching practice/internship).

The experiment involved 120 2"-5" year students
divided into control and experimental groups.

Pearson’s chi-squared test (x2) was used for the re-
search outcomes verification.

Research results and their discussion

Taking into account the determined criteria we have
distinguished three levels of the students’ professional
competence maturity in the context of their mastering
science disciplines and Mathematics: high, average, and
low. Also we kept in mind that in scientific literature [4],
[9], the term “level” is usually used to determine the
degree of the development (of a quality, value).

The data obtained according to the motivation crite-
rion demonstrate that the variability ratio of the high level
of motives to studying science disciplines and Mathemat-
ics was 1.21 in the EG and 1.05 — in the CG. The variabil-
ity ratio of the average level was 0.9 in the EG and 0.98 —
in the CG. The variability ratio of the low level was 0.86
in the EG and 0.96 — in the CG.

The results obtained according to the cognitive crite-
rion show that the that the variability ratio of the high
level of students’ academic performance in science disci-
plines and Mathematics was 1.2 in the EG and 1.03 — in
the CG; the variability ratio of the average level of stu-




dents’ academic performance in science disciplines and
Mathematics was 0.91 in the EG and 0.98 — in the CG; the
variability ratio of the low level of students’ academic
performance in science disciplines and Mathematics was
0.88 in the EG and 0.98 — in the CG.

Concerning the third criterion (vocational) the varia-
bility ratio of the high level of students’ knowledge and
organizational skills of using CT in the process of teach-
ing science disciplines and Mathematics was 1.18 in the
EG and 1.01 — in the CG; the variability ratio of the aver-
age level of students’ knowledge and organizational skills
of using CT in the process of teaching science disciplines
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and Mathematics was 0.91 in the EG and 0.98 — in the
CG; the variability ratio of the low level of students’
knowledge and organizational skills of using CT in the
process of teaching science disciplines and Mathematics
was 0.9 in the EG and the results of the CG did not
change.

After having generalized the data and calculating the
results, we have determined the number of students of
each group having certain level of professional compe-
tence before and after the experiment. The results are
presented in Table 1.

Table 1.
Levels of the respondents’ professional competence maturity (generalized data)
levels EG (n=60) CG (n=60)
. Formative assess- . Formative assess-
Summative assessment Summative assessment
ment ment

High 5 students 17 students 4 students 6 students
Average 42 students 37 students 44 students 43 students

Low 13 students 6 students 12 students 11 students

Thus, we can conclude that according to all the de-
termined criteria and indicators we can observe the most
mature professional competence in the students of the
experimental group. It allows to state that the developed
technology of structuring the software for teaching sci-
ence disciplines and Mathematics provides the increase of
future teachers’ level of professional competence.

Texp=

2 N1Q2i — N2Q1i
Z( )

In order to verify the results, we have used Pearson's
chi-squared test (¥2). At first there were formulated null
and alternative hypotheses to check the revealed differ-
ences in the levels of students’ professional competence.

Texp is calculated according to the following formula:

2
(31,

N;N, =

For the significance level @ = 0,05 and the number
of degrees of freedom vV = ¢-1 =2 Teit = 6. In our case
Texp = 7,2, which means Texp>Terit. AS @ result, we assume
the alternative hypothesis: the differences between the
distribution of the students of EG and CG according to the
levels of professional competence are statistically signifi-
cant with a probability of 95%.

Thus, the data obtained prove the hypothesis which
implies that the implementation of the developed tech-
nique of structuring the software for teaching science
disciplines and Mathematics increases the level of
student’ professional competence both in the field of
acquiring the disciplines’ content and developing cogni-
tive motivation.

Conclusions
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JNJAKTHYHI 3ACAIU CTPYKTYPYBAHHSA
MNPOI'PAMHOI'O 3ABE3IIEYEHHS IIPU HABYAHHI TIPEJJMETIB
NPUPOJHUYO-MATEMATHUYHOI'O HUKJLY Y IEJAI'OI'TYHUX YHIBEPCUTETAX

JMCUMIUTIHY  NPUPOAHMYO-MATEMAaTHYHOTO [UKIY CTaHOBIATh (yHIAMEHTalbHY MOKAa30BY 1 TEXHIKO-
KOHCTPYKTUBHY 0a3y Cy4acHHX HAayKOBHX JOCITIKCHb i BUPOOHMIITBA, CIIPUSIOTH ()OPMYBAHHIO HAYKOBOT'O CBITOIJIS-
Iy, IHTEJIEKTYyaJIbHOMY PO3BUTKOBI, 320€311eUyI0Th 3aCBOEHHS HEOOXITHUX JJIsi pOOOTH 3 KOMIT IOTEPOM 3HaHb i BMiHb.
VY mportieci po3poOKH TEXHOJOTIT CTPYKTYPYBaHHs MIPOTPAMHOTO 3a0€3MeUCHHST HABYaHHS MPUPOJIHUYO-MaTeMaTHYHIX
JMCUMILTIH y TIeJ]arOriYHUX YHIBEPCUTETAX CJiJl ypaxoBYBaTH, III0 BOHA Ma€ KOMILJIEKCHO OXOIUTIOBATH BCi CTPYKTYpHI
KOMITOHEHTH TIpOLiecy HaBYaHHs: HUTbOBUH (Tepeadayae yCBiOMIICHHS! BUKJIQIa4eM 1 IPUUHATTS CTyIEeHTaMH METH Ta
3aBJaHb JMCUMILTIHU); MOTHUBaLiiHUN (3a0e3neuye CTUMYJIOBaHHS PO3BHUTKY B CTY/ACHTIB iHTEpecCy 10 IUCLUILIIHH,
NOTPEeOH y pO3B’sI3aHHI MOCTABICHUX 3aBJAHb); 3MICTOBUI (BH3HAYA€THCS HABYAIBHHUM IUIAHOM, JEP’KaBHHUMH HaBYa-
JBHUMH NIPOrpaMaMH Ta MiIPYyYHUKAMH); ONEPALiifHO-PEeTyIATHBHHIN (BUMAarae 0JHOYaCHOTO 3iHCHEHHS KOHTPOJIIO 32
mepediroM Ta pe3yinbTaTaMH HaBYaJHHOTO MPOIIECY); OMIHOYHO-PE3yIbTATUBHUN (CIIPSIMOBaHUI Ha 3MIHCHEHHS OILIHIO-
BaHHS JOCSATHYTUX CTYICHTaMH pe3yJIbTaTiB, (JOPMYIIOBaHHS BHCHOBKIB, 3’sCyBaHHS IPHYHH BiIXWICHb BiJ 3aIUIaHO-
BaHUX Pe3yIbTaTiB). METOIO CTATTI € JOCHTIIKEHHS HEOOXIAHOCTI CTPYKTYPYBaHHS IPOTPaMHOTO 3a0e3NCUeHHS TPHPO-
JHUYO-MATEMAaTHYHUX JUCLUILIIH SK CIOCO0Y MOCATHEHHS ONTHMAJIBHOTO MOEMHAHHS Pi3HUX MPOTPaMHHX Ta iHIIUX
3ac00iB HaBYaHHs, 110 3a0e3mneyye (HOpMyBaHHS YMiHb CAMOCTIHHOT IMi3HABAJIBHOI MISUTBHOCTI CTYJCHTIB IIiJ] 4aC BH-
BYCHHS MPEIMETIB 3a3HayeHoro LuKiy. J{st po3B’si3aHHS MOCTABJICHUX 3aBAaHb BHUKOPUCTAHO TEOPETHYHI METOAU
(BMBYEHHSI, aHAJII3 Ta y3araJbHEHHS HAYKOBOI JITEpaTypy 3 METOI O3HAMOMIICHHS 31 CTAHOM AOCIIKYyBaHOI pooJie-
MH); eMIIpUYHI METOIH (CIOCTEPEKEHHS, aHKETYBaHHS, TECTYBaHHS, METOJ HE3aJIS)KHHX OI[IHOK JJIsi JiarHOCTUKH
cTaHy c()OPMOBAHOCTI MEAAroriYHOI FOTOBHOCTI BUMTEINIB, EJarOriYHUN eKCIIEPUMEHT — JUIsl IepeBipKH e(heKTHBHOCTI
BU3HAYCHOI pO3pPOOJICHOT TEXHOJIOTIT CTPYKTYpYBaHHs IIPOrpaMHOrO 3a0e3leueHHsT HaBYaHHS PUPOIHHYO-
MaTeMaTHYHHUX JUCLUIUIIH y MEeJaroriYHuX yHIBEPCUTETaX); METOJM MATEMaTHYHOI CTATHCTHKH — IJIs 0OpOOKH pe-
3yJBTaTiB eKCIIEPUMEHTAIBHOI poboTH. [lepeBipka 3miiCHIOBANACS 32 HACTYITHUMH KPUTEPIsIMI: MOTHBaIliiHAUN (piBEHB
c¢(hopMOBaHOCTI MOTHBIB MO0 BUBYCHHS MPUPOIHUYIO-MATEMATHYHIX AWCIUILIIH); KOTHITHBHO-IISUTbHICHUH (piBEHB
HaBYAJIbHHUX JOCSATHEHb CTYACHTIB i3 MPHUPOJHUYO-MATEeMATHYHUX TUCIHILTIH); MpodeciiiHo-opieHTOBaHMHA (cdhopmo-
BaHICTh METOJUYHUX 3HAHb Ta OPraHi3allifHUX YMiHb Y BUKOPHUCTAHHI KOMIT FOTEPHHUX TEXHOJOTIH B MPOIECi BHUKIIA-
JaHHS MPUPOTHUYO-MATEMATHYHUX JUCIUILIIH Y MIKUTGHIN MpakTulli). BiporiqHicTs BU3HAYCHHS Pe3yNbTaTiB Meaaro-
rYHOTO eKcliepuMeHTy OyJio nepeBipeHo kputepiem Ilipcona. [IpoBenenuit meaaroriyHuii eKCIIEPUMEHT JIOBIB JIOLLIb-
HICTh PO3pOOJIEHOT TEXHOJIOTIi CTPYKTYPYBaHHS MPOTrpaMHOro 3a0e3neyeHHs] HaBYaHHS MPUPOJHUYO-MATEMaTHYHUX
JMCUMILTIH, 10 3a0e3reyye MiBUILEHHS PiBHS NMpogeciiHOl TOTOBHOCTI MaOyTHIX y4YHMTEINIB y IUIaHI OBOJOMIHHS i
3aCBOEHHS MaTepially 3 MPUPOAHUYO-MATEMATHYHOTO LIUKITY.

Kniouoei cnosa: nenaroriunuii yHiBepCUTET, IpOrpaMHe 3a0e3MeUeHHsl, CTPYKTYPYBaHHs, HABYaHHS, IPUPOIHH-
40-MaTeMaTHYHI JUCIUIUTIHN, MaHOYTHI BUUTENI, EKCIICPUMEHT, ITEeJ]arOTi9HA TOTOBICTb.
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