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Abstract
The article has been dedicated to the actual problem — an increase of efficiency of
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natural science training of future ecologists as a result of improvement the teaching
and methodological materials. The aim of the study consists in evaluating quality of
educational and methodological support of natural science training of future ecologists
and to prove appropriateness of the outlined requirements for selecting the content of
natural science training. For analytical evaluation the method of expert evaluations
(surveys) was used. The work programs and e-courses of natural sciences in Modular
object-oriented dynamic learning environment have been examined. To the evaluation
teachers of natural sciences from the universities of Ukraine have been involved who
have been training ecologists. To determine their competence and processing the
survey results, the methods of mathematical statistics have been used.

It has been determined that the overall level of quality of the work programs of
natural sciences on a five point scale is 4,39, e-courses — 4,35. It has been found that
the most significant indicators in the evaluation of the work programs are: the
availability of the educational material in the content of the discipline that
demonstrates the importance of natural sciences in the professional ecological
activities; appropriateness of the discipline of educational professional program of
preparation of bachelor specialty “Ecology”; modular structured educational material.
During the evaluation of electronic courses the greatest importance have the following
indicators: completeness and quality of diagnostic tools; electronic course content; the
quality of informational teaching methodological materials. Since the indicators of the
guality of educational and methodological materials have been selected on the basis of
the set out in the study requirements for the content of natural science training of future
ecologists, the importance of weight coefficients confirm the feasibility of the
theoretical statements defined in the study about the selection of the content and
structure of teaching material.

Keywords: professional ecological education, natural science training, support of
teaching materials.

Streszczenie

Artykut jest poswiecony aktualnemu problemowi — podwyzszeniu skutecznosci
przyrodniczo-naukowego ksztalcenia przyszlych ekologéow w wyniku udoskonalenia
edukacyjno-metodycznego zabezpieczenia. Cel badania polega na ocenie jakosci
edukacyjno-metodycznego  zabezpieczenia  przyrodniczo-naukowego  ksztatcenia
przysziych ekologow oraz potwierdzenie stosownosci wyodrebnionych wymagan do
odebrania tresci przyrodniczo-naukowego ksztalcenia. Dla przeprowadzenia badania
zostala wykorzystana metoda oceny ekspertyzy analitycznej (ankieta). Ekspertyzie
podlegaly robocze programy oraz kursy elektroniczne przedmiotow przyrodniczo-
naukowych w modutowym obiekt-orientowanym dynamicznym Srodowisku nauczania.
Do przeprowadzania ekspertyzy zostali zaangazowani wykladowcy dyscyplin
przyrodniczo-naukowych instytucji ~ szkolnictwa wyzszego w  Ukrainie,  ktore
przygotowujg ekologow. W celu ustalenia ich kompetencji oraz opracowania wynikow
badania byly wykorzystane metody statystyki matematycznej.

Zostato ustalono, ze ogolny poziom roboczych programow dyscyplin przyrodniczo-
naukowych na postawie skali 5-stopniowej wynosi 4,39, kursow on-line — 4,35.
Ustalono takze, ze najwazniejsze kryteria pod czas oceny programow roboczych sq
nastepujgce: dostgpnos¢ w tresci przedmiotu materiatu edukacyjnego, ukazujgcego
znaczenie nauk przyrodniczych w zawodowej ekologicznej dziatalnosci; zgodnosc¢ tresci
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dyscypliny edukacyjnej z programem edukacyjno-zawodowym studiow i stopnia
kierunek “Fkologia’; strukturyzacja modufowa materialow edukacyjnych. Przy ocenie
kursow on-line najwazniejsze sq takie elementy: wyczerpujqcy charakter oraz jakosé
diagnostyki; tres¢ kursu on-line; jakos¢ informacyjnych edukacyjno-metodycznych
materiatéow. Poniewaz wskazniki jakosci edukacyjno-metodycznego zabezpieczenia
wybrane zostaly z uwzglednieniem wyznaczonych w badaniu wymog do tresci
przyrodniczo-naukowego przygotowania przyszlych ekologdw, znaczenie wspotczynnika
waznosci potwierdzajq stosownosé wyznaczonych w badaniu teoretycznych pozycji co
do odbioru tresci oraz strukturyzacji materiatu edukacyjnego.

Kluczowe wyrazy: edukacja zawodowa ekologiczna, przyrodniczo-naukowe
przygotowanie, ekspertyza edukacyjno-metodycznego zabezpieczenia.

AHHoOTaNUSA

Cmamops noceswena axmyanvbHol npooieme — HNOBLIUEHUIO IPPeKmusHocmu
€CTHEeCMBEHHOHAYYHOU ~ NO020MOGKU — 0Y0ywux  9K0N0206 6  pe3yibmame
VCOBEPULEHCMBOBAHUSL  Y4eOHO-Memooudecko2o obecneyenus. ILlenv uccredosanus
3aKM0YANAC, 8  OYeHKe — Kawecmed — y4eOHO-Memoouueckozo  obecneyeHus
eCMeCcmeeHHOHAYYHOU — NO020MOBKU — OYOYWUX — IKOJ0208 U  NOOMBEPAHCOeHUU
yenecoobpazHocmu  CHOPMYTUPOBAHHBIX  MPedOBanUll K  OMOOPYy  COOEPIHCAHUS.
ecmecmeeHHOHAYYHOU  Nno02omosKy. [lna  dxcnepmusbl  UCHOAb308ANCSA — MEMOO
AHATUMUYECKOU JKCNEePMHOU OYeHKU (anKemuposauue). xcnepmuse noo0aA8AIUCH
pabouue npocpamMmbl U IAEKMPOHHbBIE KYPCbl €CMeCmEEeHHOHAYYHbIX OUCYUNIUH 6
MOOYIbHOU 00bEKMHO-0PUSHMUPOBAHHOU OUHAMUYHOU cpede obyuenus. K sxcnepmuse
ObLIU NPUBTIEUEHbL NPENn0OABAMEeN eCEeCMEEHHOHAYYHBIX OUCYUNIUH 8bICUIUX YYEOHBIX
3a6edeHuli  YKpauHvl, KOmMoOpbvle OCYWEeCMEIAm No020MO8KY 3K010208. 4
OnpeoeneHuss Ux KOMNEeMeHMHOCMU U 00pabomKu pe3yibmamos aHKemupo8aHus
UCTIONIL308ANUCH MEMOObl MAMEMAMUYECKOU CIMAMUCIUKU.

Onpedeneno, umo  obOwuill  ypoBeHb  Kauecmeda  pabouux  npocpamm
eCmeCcmeeHHOHAYYHBIX OUCYUNIUH NO namubaiivhol wkare cocmagigem 4,39,
anekmponublx Kypcos — 4,35. BbiicHeHo, wmo GadCHeUuuUMU NOKA3AMENIMU NpU
oyenKe pabouux npozpamm AGIAIMCA. HAIUYUEe 8 COOePAHCAHUU OUCYUNTUHBL YHeOHO20
Mamepuana, KOMOpbl — OeMOHCMpUpyem  3HA4YeHUue  eCMecmEeHHbIX HAYK 8
npogeccUoHanbHOl  dKOA0SUHECKOU  0essmelbHOCHU, COOMBEMCMEUe COOePIHCAHUSL
VueOHOU OUCYUNTUHBL 00PA308AMENLHO-NPOPECCUOHANBHOU NPOSPAMME HOO20MOBKU
bakanaspos cneyuanvHocmu ‘‘Oxonocus’’; MooyibHOe CMPYKMYpUpo8aHue y4yeOH020
mamepuana. Ilpu oyenke 31eKMPOHHBIX KYPCO8 HAUOONBULYIO 3HAYUMOCL UMEHOM
credyrowue noKazamenu: NOJIHOMA U KAYecmeo cpedCms OUAZHOCMUKU, COOepIHCaHUe
INEKMPOHHO2O — KYpcd,  KA4ecmeo  UHMOPMAYUOHHBIX  VHeOHO-MemOoOUdecKUx
mamepuanos. IlockonbKy noxkazamenu Kauecmeda y4ebHo-memooutecko2o obecneyerus
8bIOPAHLL C YYEMOM ONPEOeNeHHbIX 8 UCCIe008aHUU MPebOBAHUL K COOEPHCAHUIO
eCMeCmeeHHOHAYUHOU NOO020MOBKU OYOYWUX IKO0208, 3HAUEHUS KOIDDuyueHmos
8eCOMOCIU  NOOMBEPAHCOAIOM  YeNeCOO0DPASHOCMb MeOPEeMUYecKUX HNOLONCEHUNl No
omoOopy co0epiHCanus U CMpPYKmMypuposanus yuebHo2o mamepuaid.

Knroueewie cuosa: npogeccuonanbHoe IKONO2UHECKOe obpaszosaniue,
ecmecmeeHHOHAYYHAS noo2o0moeKa, 9KCnepmu3a VUeOHO-MemoOU4ecKo2o
obecneyvenusl.
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Statement of the problem in general
outlook and its connection with important
scientific and practical tasks. In higher
professional environmental education the
prominent place occupies the naturalistic
training. It is the foundation for learning
disciplines of professional and practical
training and mastering future profession; it
promotes the formation of nature-scientific
worldview, which is an integral part of human
culture; forms a system of methodological
knowledge in the context of future career;
provides the basis for scientific researches.
The importance of natural science training for
environmental experts is due to the fact that
their work is directly related to the use of
knowledge and skills in the field of natural
sciences. That is why the problem of
improving natural science training of future
ecologists is rather topical.

Analysis of latest research where the
solution of the problem was initiated.
Various aspects of natural science training in
higher education institutions have been
covered in a number of researches.
Researchers indicate that natural science
training is the basis for mastering special
disciplines and the profession (Kasiarum,
2011; Starostina, 2011 et al.), develops cognitive
activity, forms the concept of scientific
methodology and logic of modern studies
(Antonets, 2010; Ponomareva, 2008 et al.),
allows understanding the regularities of the
world, forms a holistic natural and scientific
picture of the world and the worldview of a
modern individual (Honcharenko, 1989;
Stepaniuk, 2012 et al.), provides the individual
with the opportunity to feel themselves part of
nature (Aliieva, 2008 et al.).

However, in pedagogical researches, the
problem of natural science training of future
ecologists has not received a proper scientific
understanding, in particular, the issues of
developing requirements for the selection of
the content of natural science training and
structuring of educational material, and
assessing the quality of  teaching
methodological material, considering these
requirements remain insufficiently processed.
In view of the said above, the evaluation of
educational and methodological materials of

natural science training of future ecologists in
higher education institutions in order to
determine its quality is extremely overdue task
of educational researches.

Aims of paper. The aim of the study
consists in evaluating quality of educational
and methodological support of natural science
training of future ecologists and to prove
appropriateness of the outlined requirements
for selecting the content of natural science
training and educational material structuring.
The aim is specified in the following
objectives: 1) to determine indicators of
quality of educational and methodological
support of natural science training of future
ecologists and indexes of their value; 2) to
obtain proofs of representativeness of the
outlined indicators and expediency of the
outlined requirements for selecting and
structuring the content of natural science
training; 3) to determine the level of quality of
educational and methodological support of
natural science training of future ecologists.

Methodology. The research has been
carried out at Ecology Department of
Khmelnytskyi National University. In order to
improve natural science training of future
ecologists there have been developed work
programs and e-courses of natural sciences
(“Physics”, “Chemistry with the Basics of
Biogeochemistry”, “Geology with the Basics
of Geomorphology”, “Hydrology”,
“Pedology”, “Meteorology and Climatology”,
“Biology”) in Modular object-oriented
dynamic learning environment (Moodle).

The evaluation of educational and
methodological support of natural science
training of future ecologists included the
implementation of the following steps: the
determination of the goals of the evaluation,
methods and terms of its implementation,
selection of the experts and assessment of their
competence; survey of the experts, analysis
and processing of the received results.

At the first stage the goal of the evaluation
has been determined, which was the
evaluation of the quality of educational and
methodological support of natural science
training of future ecologists and confirmation
of the representativeness of the singled
indicators of quality. For the evaluation, the
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method of analytical expert assessment
(survey) has been chosen. At this stage, as it
the number of experts has been determined
and the educational materials to be examined
(work program and e-courses of natural
sciences in Moodle) have been chosen.

In the second stage of the evaluation the
expert committee of 24 members has been
created. For the evaluation of educational and
methodological support of natural sciences
teachers at universities of Ukraine have been
involved.

To determine the competence of experts
the procedure proposed by B. Hershunskyi has
been wused (Hershunskyi, 1980). Experts
answered the following questionnaire:
scientific degree and rank; experience in the
field of research problems; awareness of the
investigated problem. Competence factor was

calculated for each expert, using the
formula (1) (Hershunskyi, 1980):
3
2%, 1)
Ke= 3J:
= imax

where Xj; — value of j-th indicator for the i-
th  expert; Xjmax maximum rate of
competency (2.4 points).

As a result of calculation it was found that
the values of the coefficients of experts
competence range from 0.71 to 1.00 and
satisfy the requirements of 0.67<Re<1
(Hershunskyi, 1980). So the created group of
experts is representative and all the experts
can participate in the study.

The third stage involved the survey of
experts. For the evaluation of the working
programs of natural scientific disciplines, the
following characteristics were selected:

— appropriateness of discipline to the
current state of natural-scientific knowledge
and modern ecological idea;

— compliance of the subjects contents with
regulatory requirements (as currently the
Standard of higher education in Ukraine for
specialty “Ecology” is not approved during the
expertise to match the content of subjects with
regulatory requirements, experts used the
educational and professional program of

bachelors at the specified specialty in
Khmelnytskyi National University);

— availability in the content of the
discipline the interdisciplinary connections
between natural sciences;

— availability in the content of the
discipline, the educational material that
demonstrates the importance of natural
sciences in the professional activity of
ecologists  (professionally-directed learning
material content);
modular
material.

For the examination of e-courses of natural
sciences in Moodle, the following indicators
were used:

— the content of e-course (appropriateness
of the current state of scientific knowledge,
availability, regularity and consistency of
presentation, interdisciplinary connections
between natural  sciences, professional
orientation to the training material);

— structure of the e-course (availability of
all course resources: informational teaching
materials, teaching materials for performance
of different types of work, diagnostic tools,
interactive means of communications, etc.);

— the quality of information teaching
materials (amount of educational material, its
scientific innovation and reliability, taking
into account the current level of knowledge of
the area, the presence of multimedia, video
and audio-tracks);

— quality of the teaching materials for
performance of various types of work (laboratory
and practical work, independent work);

— completeness and quality of diagnostic
tools (availability of tests for different types of
control: input, topical, final, etc., validity and
reliability of tests);

— the interactive possibility of e-course
(availability of interactive communications
that provide interaction of subjects of the
education process);

— language and literary style of e-course
(purity of language, its imagery, lack of
borrowed Russian words etc.).

As defined parameters cannot be
considered equal in significance, the first stage
survey experts were asked to rank the quality

structuring of educational
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indicators of the support of teaching methods
on their priority. Next to each index the
coefficient of validity was determined by the
formula (2) (Hershunskyi, 1980):

e,
= @

where C; — points of the 1-st index; Cpax —
the maximum possible score (for work
programs — 360, for electronic courses — 672).
The last stage of the evaluation interview
suspected the direct evaluation of working

programs and e-courses of natural sciences.
Evaluation has been carried out on a 5-point
scale: unsatisfactory (1 point); Satisfactory
(2 points); Good (3 points); Very good
(4 points); Excellent (5 points). Processing of
the results of experts survey was carried out
by methods of mathematical statistics.

Exposition of main material of research
with complete substantiation of obtained
scientific results. As the result of the survey
of experts the scores for each indicator have
beenobtained and the significance of
indicators quality and work programs and e-
courses of natural sciences in Moodle have
been determined (Table 1).

Table 1. Points and weight ratios indicators of quality of educational and
methodological materials

N | Indicator | Points | Kg
Working programs of natural sciences
1 | The compliance of the discipline content to the current state of 69 0,19
science and modern ecological knowledge representation
2 | The appropriateness of the discipline content to the educational 76 0,21
professional program of the preparation of bachelors at the
specialty “Ecology”
3 | The availability in the discipline content the interdisciplinary 61 0,17
connections between natural sciences
4 | The availability in the discipline content the educational material 79 0,22
which demonstrates the importance of science in professional
environmental activities
5 | Compliance with the requirement of modular structuring of 75 0,21
educational material
Total: 360 1,00
Electronic courses of natural sciences in Moodle
1 | The content of e-course 126 0,19
2 | The structure of e-course 76 0,11
3 | Quality of information teaching materials 105 0,16
4 | The quality of teaching materials for various types of work 92 0,14
5 | The completeness and quality of means of diagnostics of e-course 132 0,20
6 | Interactive e-course opportunities 83 0,12
7 | Language and literary style of e-course 58 0,08
Total 672 1,00

Whereas, the indexes of quality of teaching
methodological ~materials were selected
considering the set out requirements for the
content of natural science training of future
ecologists, the value of coefficients confirm
the feasibility of the theoretical statements
determined in the study as defined in on

selection of the content and structure of
educational material.

Higher  education in  essence s
professional, that is why compulsory is the
requirement for the content of natural science
training of future professional ecologists as we
believe professionally aimed character, is
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study material should be selected and
structured so that its absorption contributed to
mastering of future profession and influenced
the formation of professional competencies
(Briukhanova, 2007). The indicator takes into
account this requirement, the experts rated as
the most significant.

The content of natural science training of
future ecologists should also meet the actual
and future needs of society and ensure that the
objectives of professional environmental
education, reflected in the regulations. The
indicator reflecting this requirement in the
selection of content, the experts rated as the
second most significant

Another requirement for the formation of
the content of natural science subjects training
is the need to be submitted in the form of
interconnected elements of the content. These
elements in the structure of natural sciences
are modules. An index that allows modular
content structuring discipline, experts also
rated as the second most significant.

Now science gets the importance of system
building factor, which becomes a part of
human culture (Starostina, 2011). Considering
this, the content of natural sciences must meet
current state of science knowledge and
modern ecological concepts, to ensure the
formation of a coherent natural-scientific
world through the implementation of
intersubject approach and synthesis of natural
knowledge. The need to incorporate these
requirements when selecting the content of
natural scientific training laboratory scientists
emphasize didactics Academy of Pedagogical
Sciences of Ukraine (Vaskivska, 2015;
Lypova, 2014; Trubacheva, 2016 etc.). The
weights of indicators that reflect these
requirements indicate the desirability of
consideration when selecting the content of
natural science training of future ecologists.

During the evaluation of e-courses of
natural sciences the greatest importance,
according to experts, are the following
indicators: completeness and quality of
diagnostic tools; electronic course content;
information quality teaching materials. Fewer
points were given to the following indicators:
quality of teaching materials for different
types of work; interactive electronic exchange

capabilities; electronic structure of the course.
High weight ratios indicators related to the
content of courses and quality of information
teaching materials, also shows the feasibility
of the examined requirements for selecting the
content of natural and scientific training of
future  ecologists and  structuring  of
educational material.

At the final stage of processing the results
of experts interviews there was calculated the
points, which were received by the indicators
of quality of working programs and e-courses
of natural sciences in Moodle, taking into
account certain weights coefficient. The level
of quality of each indicator was calculated as
the product of its arithmetic mean value (X)
and importance factor (Kg) (Table 2).

As aresult of calculations it was found that
the overall quality of the working programs of
natural sciences is 4.39, e-courses in Moodle —
4.35.

The data presented in Table 2 show that
during the evaluation of work programs the
highest are the levels of indicators quality: the
presence in the content of discipline training
material that demonstrates the importance of
science in environmental professional activity;
the appropriateness of the discipline content to
the educational — professional program of the
preparation of bachelors at the specialty
“Ecology”; compliance with a requirement of
modular structuring of educational material.
When evaluating the e-courses of natural
sciences in Moodle the highest level of quality
are typical for indicators quality: completeness
and quality of diagnostic e-course; electronic
course content; quality of information teaching
materials.

When comparing the levels of quality
indicators and weighting coefficients it was
found that the highest scores were indicators
that have been recognized by the experts as
the most significant (Fig. 1 and Fig. 2).

Thus, as a result of the expertise there were
obtained the evidences of representativeness
of the assessed quality indicators of
educational and methodological support of
natural science training of future ecologists.

Conclusions. Analysis of the results of
expert evaluation allowed us to draw the
following conclusions:
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— the most influential figures in the
evaluation of working programs are: the
presence of a sense of discipline training
material that demonstrates the importance of
science in  professional  environmental
activities (0.22); the appropriateness of the
discipline content to the educational
professional program of the preparation of
bachelors at the specialty “Ecology” (0.21);
modular structuring of educational material
(0.21). During the evaluation of e-courses of
natural sciences the greatest importance have
the following indicators: completeness and
quality of diagnostic products (0.20);
electronic course content (0.19); quality of
teaching materials for laboratory and practical
work (0,54); quality of information teaching
materials (0.16). The importance of indicators

evaluating the quality of teaching
methodological ~ materials  justifies  the
expediency of singled theoretical principles
for shaping the content of natural science
training of future ecologists;

— the highest scores showed the indicators
that have been recognized by experts as the
most important. Thus, the indicators selected
for examination are representative, and the
results of peer review — are reliable;

— overall quality of educational and
methodological support of natural science
training of future ecologists is quite high.
Working programs of natural sciences on a
five-point scale assessment were rated 4.39
points, electronic courses — 4,35 points.

Table 2. Results of processing the experts survey results with methods of
mathematical statistics

. —_ Level of
N Indicator Kz X quality
Working programs of natural sciences
1 | Compliance of the discipline content to the current state of 0,19 | 4,17 0,79
science and modern ecological knowledge representation
2 | The appropriateness of the discipline content to the 0,21 | 4,58 0,96
educational professional program of the preparation of
bachelors at the specialty “Ecology”
3 | The availability in the discipline content the interdisciplinary | 0,17 | 4,04 0,69
connections between natural sciences
4 | The availability in the discipline content the educational 0,22 | 4,62 1,02
material which demonstrates the importance of science in
professional environmental activities
5 | Compliance with the requirement of modular structuring of 0,21 | 4,42 0,93
educational material
Total: 1,00 | 21,83 4,39
Electronic courses of natural sciences in Moodle
1 | The content of e-course 0,11 | 4,38 0,48
2 | The structure of e-course 0,19 | 4,33 0,83
3 | Quality of information teaching materials 0,16 | 4,33 0,69
4 | The quality of teaching materials for various types of work 0,14 | 4,42 0,62
5 | The completeness and quality of means of diagnostics of e- 0,20 | 4,50 0,90
course
6 | Interactive e-course opportunities 0,12 | 4,13 0,49
7 | Language and literary style of e-course 0,08 | 4,29 0,34
Total: 1,00 | 30,38 | 4,35
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Figure 1. Chart comparing the weight ratios and levels of quality indicators in assessing the working
programs
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Perspectives for further scientific research
we see in the theoretical foundation and the
development of integrated special course that
will  provide the generalization and

systematization of natural sciences, and

creating innovative methods of natural science
training.
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