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CRITERIA, INDICATORS, AND LEVELS OF NATURAL SCIENCE
COMPETENCE OF PROSPECTIVE ECOLOGISTS

The search for the ways of bringing the goals, content, and outcomes of
education closer to the needs of the development of society focused the attention of
educators on competence and core competencies. The best practices of developing
and implementing competency-based approach into education offered by foreign
scholars have been of importance in this regard; at the same time, national educators
have attempted to adjust these practices to the conditions and specifics of the
Ukrainian education. Furthermore, they offered their own theoretical and practical
experience in the study of the competence and the implementation of the
competency-based approach.

Problems of the competency-based education and the formation of
competencies were the objects of study of many scholars, such as: N. M. Bibik,
V. O. Bolotova, 1. A.Zimniaia, Ye.F. Zeier, V.V.Kraievskyi, O.I. Lokshina,
O. V. Ovcharuk, L. I. Parashchenko, V. A. Petruk, T. A. Petuchova, O. 1. Pometun,
S. A. Rakov, O. Ya. Savchenko, Yu. H. Tatur, et al. Another important aspect of
these studies is the measurement of the level of the formation of competence.
Criteria, indicators, and levels of training were studied by Yu. V. Babanskyi,
V. N. Bahriy, O. V. Barabanshchikov, V. P. Bespalko, N. V. Kuzmina,
Ye. M. Lugovska, A.K.Markova, O.M. Novikov, et al. At the same time, the
analysis of the existing research indicates that modern national pedagogy has yet to
address the theoretical and practical aspects of competency-based approach to
teaching natural sciences, the formation of natural science competence in prospective

ecologists, and the definition of the criteria, indicators, and levels of its formation.



The purpose of the article is to provide the definition of and substantiate the
basic criteria, indicators, and levels of the formation of the natural science
competence of future ecologists.

In the system of higher environmental education, sciences occupy a prominent
place. They are the basis of professional and practical disciplines and lay the
foundation of the future profession. It influences the formation of professional skills
of future professionals, as well as the level of their mobility, their competitiveness
and value at the labor market. Moreover, it contributes to students’ natural science
worldview, which is an integral part of human culture, forms the idea of the world
around, of their role and place in this world, introduces the methods of scientific
cognition and provides a basis for research. The result of teaching/learning science is
the natural science competence — an integral characteristic of the qualities of
environmental experts reflecting their level of knowledge in the fundamental natural
science, natural science worldview, environmental values, and experience in
academic and practical activities that are sufficient to carry out professional duties [1,
p. 34].

The competence is built by the formation of its components. The analysis of
scientific and pedagogical works dedicated to the research of competence and its
structural  elements by V. O. Adolf, N.H. Vitkovska, H. O. Paputkova,
O. A. Cheremysina, B. O. Shevel, V. V. Yahupov, et al. allowed us to emphasize the
following components of natural science competence:

—cognition — a set of knowledge that contributes to the natural science
competence of environmental specialists with the projection for future professional
activities;

— practical activity — a set of skills to use natural sciences for the practical
solution of professional tasks;

—motivation — a set of motives that encourage students to study natural
sciences, attitude towards them as essential for further professional training and

practical activity; motives that encourage the environmental activities;



— personality — a set of individual psychological traits and abilities, important
both for the future ecologist and for modern specialist in general.

To measure the formation of competence, certain criteria are used. In
encyclopedias, the notion of a “criterion” (Greek “krit€rion” — a standard, equivalent)
is interpreted as a rule or principle for evaluating or testing something; a standard to
identify, evaluate an object or phenomenon [2, p. 149]; the basis for the evaluation or
classification of something [3, p. 211].

In pedagogy, criteria involve the features by which one can evaluate and
compare educational phenomena, processes, etc. A.V.Halimov notes that the
criterion expresses the most common essential feature, regarding which the
assessment, comparison of the real-life educational phenomena are done.
Furthermore, the degree of manifestation, the formation in terms of quality, the
definiteness of the criterion are determined in specific terms, which, in turn, are
characterized by several features [4, p. 93].

According to O. M. Novikov, criteria must meet a number of requirements. In
particular, they should be objective (to the degree possible in pedagogy), allow
certain definiteness when evaluating the studied phenomena; be adequate, valid, i.e.
to assess exactly what the researcher wants to assess; neutral relatively the studied
phenomena; a set of criteria must adequately cover all the essential characteristics of
the studied phenomenon and process [5, p. 142 — 143]. S. V. Ivanova notes that
criteria should also reflect the dynamics of the measured quality in space and time
and unfold through indicators. Basing on the intensity of manifestation, one can make
conclusions about the level of the formation of certain criteria [6, p. 153].

In terms of the components of natural science competence of future ecologists,
we shall talk about the following criteria of its formation: cognitive, motivational, of
practical activity and personality. Each criterion expresses the highest level of the
phenomenon and is an ideal model for comparison with concrete events; it can be
used to measure the concordance of the existing level of competence [4, p. 93].

The cognitive criterion allows the evaluation of the knowledge in natural

sciences. The criterion of practical activity makes it possible to determine the skills



and abilities to use the natural science knowledge to solve professional tasks and the
capacity for independent study. By means of the motivational criterion, one can
measure the motives for studying natural science disciplines, for professional
environmental activity, and environmentally responsible behavior. The criterion of
personality can determine individual psychological qualities and abilities, important
for professional environmental activity.

Indicators characterize a state or a level of the development of the object being
studied in terms of the selected criterion. According to V.I. Ternopilska and
O. V. Derevianko, indicators are quantitative or qualitative characteristics of the
formation of the quality, property, or feature of the object under study, a degree of the
formation of a criterion [7, p. 265]. V. N. Bagriy interprets indicators as individual
qualitative and quantitative features of a criterion and argues that, when determining
the indicators of pedagogical activity, one should adhere to the following
requirements: definiteness of the content of indicators, measurability of indicators;
systemic nature of indicators, which should ensure the most complete
characterization of the process under study; flexibility; adaptability; the ability to
express all possible changes of the object; and the effectiveness and efficiency of
indicators [8, p. 10].

For each criterion of the natural science competence of future ecologist, we
determined the indicators of its formation. The indicators of the cognitive criteria of
the natural science competence of environmental experts include formation of the
system of the natural science knowledge, strength and awareness of knowledge. The
criterion of practical activity includes such indicators as skills to solve professional
tasks using natural sciences and the capacity to independent study. Indicators of
motivational criterion involve the formation of motives for study natural sciences, the
attitude towards them; commitment to professional environmental activities;
commitment to environmentally responsible behavior in any endeavor. In terms of
personality criteria, we identified the following indicators: ability to interpret, predict,
and evaluate own activity and its results; commitment to excellence, environmental

CONSCIOUSneESS.



The development of indicator is reflects in its level. We interpret the level as
the degree of the formation of the natural science competence of future ecologists.

Scholars distinguish various levels of competence, such as narrow, sufficient,
and broad levels (V.M. Vvedenskyi [9, p. 52]); initial, normative, active, creative
(Ye. M. Lugovska [10]); reproductive, adaptive, local-simulating, systems-
simulating, creative (Ye. M. Pavliutenkov [11, p.77]); and reproductive,
reconstructive, creative (V. I. Ternopilska, A. V. Derevianko [7, p. 265 — 266]), etc.
Based on the analysis of scholarly papers that highlight the levels of competence
according to certain criteria and indicators, we identified the following four levels of
natural sciences competence of future ecologists: reproductive, reflective, heuristic,
and creative.

According to the cognitive criterion, a future ecologist with a creative level of
natural sciences competency has conscious, robust, and systemic knowledge in
natural sciences; he or she is aware of scientific concepts, theories, and conceptions
of natural science, which is the foundation for natural science worldview;
understands the importance of natural sciences for solving professional tasks.
Students studying ecology and possessing a heuristic level of natural sciences
competence has a sufficient and conscious knowledge in natural sciences, can
reproduce it; aims for acquiring new knowledge; and is able to use certain concepts
and patterns in the professional activity. Prospective ecologists endued with a
reflective level of natural sciences competence possess a conscious science
knowledge, but its level is insufficient; they are ready to acquire new knowledge;
able to reproduce knowledge and partially understand the scope of its application.
Typically, students-ecologists with a reproductive level of natural sciences
competence have superficial, unstable, and unsystematic knowledge in natural
sciences; such students have failed to master the concepts of natural sciences in full;
are indifferent to new information; and are able to reproduce only certain pieces of
knowledge.

Creative level of natural sciences competence of prospective ecologists,

according to the practical activity criterion, requires the ability to make independent



effective decisions, develop and justify their own approaches to solving professional
tasks using natural sciences, and evaluate the effectiveness of the applied approach.
The actions of such students are completely conscious, their skills are formed on a
creative level, and they consciously pursue independent study. Students-ecologists
possessing a heuristic level of natural sciences competence are able to apply
knowledge in natural science to solving professional tasks, develop and justify their
own approaches to solving environmental problems. These students are capable of
independent study. Future ecologists who have achieved a reflective level of natural
science competence are able to use natural sciences skills. Their actions are
conscious; they are able to perform routine tasks independently and make decisions,
which are, however, not always grounded. Their ability for independent study is
poorly developed. Students with a reproductive level of natural sciences competence
can hardly apply knowledge in natural sciences to solving professional tasks; their
skills and abilities are weak. The actions of such students are not exactly conscious
and performed by an algorithm. They are not able to make independent decisions.
There is no capacity for self-education.

According to the motivational criterion, students-ecologists with a creative
level of natural sciences competence have stable motives for studying natural
sciences; understand their importance for further professional training and practice.
Also, students have a deep and conscious interest in their chosen career. Future
ecologists with a heuristic level of natural sciences competence are motivated to
master natural sciences knowledge, skills, and abilities and demonstrate the need for
achievement and positive attitude towards their chosen career. Students-ecologists
with a reflective level of natural sciences competence are characterized by unstable
motives for studying natural sciences; their interest in natural science and future
career is formal. Students with a reproductive level of natural sciences competence
are not motivated to learn natural sciences; their dominating motive is avoiding
failure. The motives for professional environmental activities and environmentally

safe behavior are situational.



Future ecologists with a creative level of natural sciences competence,
according to the personality criterion, are capable of self-control and self-evaluation,
committed to self-improvement of professional and personal qualities, and possess
well-developed environmental awareness. Students with a heuristic level of natural
sciences competence have not fully developed the above qualities and abilities. Value
orientations are developed, but environmental awareness is not formed. Future
ecologists with a reflective level of natural science competence have underdeveloped
qualities and abilities important for professional environmental activity. Value
orientations are also poorly developed. Student-ecologists with a reproductive level
of natural sciences competence have the following individual psychological qualities
and abilities as self-control and self-evaluation, commitment to excellence at an early
stage of formation. Value orientations are situational. Criteria, indicators, and levels

of natural sciences competence of ecologists are shown in Table 1.

Table 1. Criteria, indicators, and levels of natural sciences competence of

prospective ecologists

Criteria Cognitive Practical Motivation Personality
Activity
The system of The Motives for studying The capacity for
knowledge in | ability to natural sciences; self-control and
natural apply motives for self-evaluation;
5 sciences; knowledg | environmental activities | striving for self-
kS strength and e in improvement;
'—é awareness of natural environmental
— knowledge sciences; awareness
ability to
independe
nt study




Level of formation

Knowledge is | The Stable  motives  of | The capacity for
sufficient for | ability to | studying natural | self-control and
studying make sciences; understanding | self-evaluation;
professional | independe | of their importance for | pursuit of
disciplines and | nt training and practice; | improvement of
professional | decisions, | deep and conscious | professional and
activities; develop interest in chosen career | personal
knowledge is | and justify qualities;
T; conscious, their own understanding of
= robust, and | approache the value of
E systematic; |s to solve nature and
ki natural profession environmental
S scientific al tasks; awareness
worldview is | skills are
formed formed at
the
creative
level;
purposefu
1 self-
education
Knowledge 1is | Ability to| Formed motives of | The capacity for
sufficient and | independe | studying natural | self-control and
conscious; ntly sciences, need  for | self-evaluation is
striving to | develop achievement dominates; | not fully formed;
< | acquire new | and justify | positive attitude toward | aim  for  self-
E knowledge; their own | chosen career improvement  is
o | ability to | approache quite  tangible;
g reproduce S to value system is
o | knowledge and | solving stable
= understanding | profession
of their | al  tasks;
importance in | desire for
professional independe
work nt study




Knowledge The Motives for studying | The capacity for
conscious, but | ability to|natural sciences are | self-control and
not sufficient; | use unstable; only formal | self-evaluation;
openness to | knowledg |interest in  natural | self-improvement
new e in | sciences and future | motives are
knowledge; natural career poorly  formed;
ability to | sciences; value orientations
T>) reproduce independe are poorly
2 | knowledge and | ntly developed
2 |partial perform
‘q";) understanding | routine
% |of the area of | tasks and
~ | its application | make
decisions;
the ability
for
independe
nt study is
poorly
developed
Knowledge Failure to| Motives of studying | The capacity for
superficial, use natural sciences are not | self-control, self-
unstable, and | natural formed; failure | evaluation, and
unsystematic; | sciences | avoidance dominates; | self-improvement
indifference to | knowledg | professional motives are | is not formed;
'q:) new e; actions | situational value orientations
© | information; are not are situational
> | ability to | conscious
g reproduce enough
B |certain pieces | and
g. | of knowledge | performed
e by an
algorithm,;
ability for
independe
nt study is
missing

The identified criteria, indicators, and levels will provide an opportunity to

evaluate the natural science competence of future ecologist, which is the prospect for

our future research aimed at the improvement of the effectiveness of professional

environmental education.
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binenpka I'. A. Kpurepii, mnokasHuku # piBHI chopmoBaHOCTI
NPUPOIHUY0-HAYKOBOI KOMIIETEHTHOCTI Maii0yTHIX €KO0JIOTiB

Y crarTi BU3HAYEHO W CXapaKTEPU30BAHO OCHOBHI KpUTEPili OIHKHU
c(hOpMOBAHOCTI MPUPOJHUYO-HAYKOBOI KOMIIETEHTHOCTI MaMOyTHIX €KOJIOTIB:
KOTHITUBHUM, MISUIbHICHHHN, MOTHUBAIIMHUM, 0COOMCTICHUHN. [ KOKHOTO KpHTEPito
BCTAHOBJICH1 i OOTPYHTOBaHI MOKA3HUKH, sIKI HOTO XapakTepu3yroTh. [IpoananizoBaHi
piBHI C(OPMOBAHOCTI TMOKA3HUKIB MNPUPOJAHUYO-HAYKOBOI KOMIIETEHTHOCTI —
PENPOYKTUBHUM, peIIeKCUBHUN, €BPUCTUYHUMN, KpeaTuBHUN. BusHnadueHi kpurepii,
MOKa3HUKHU Ta PiBHI 3a0€3Me4aTh MOKJIUBICTh OLIHUTH C(POPMOBAHICTH TPUPOAHUYO-
HayKOBOI KOMIIETEHTHOCTI MallOyTHBOI'O €KOJIOTa, 110 Oyje CIPHUATH I1JIBUILIEHHIO
e(heKTUBHOCTI IPOPeCiHHOT €KOJIOTTIHOT OCBITH.

Kniouogi cnosa: mpupoHUUO-HAYKOBA KOMIIETEHTHICTh, KPUTEPIi, TTOKAa3HUK,

piBeHb CPOPMOBAHOCTI KOMITETEHTHOCTI.

beneukas I'. A. Kpurepuu, nokasarejqu U YPOBHHU cHOPMHUPOBAHHOCTH

eCTeCTBeHHOHay‘-IHOﬁ KOMIIETCHTHOCTH 6yI[y1lII/IX IKO0JI0r0oB


http://nvd.luguniv.edu.ua/archiv/NN21/13lemtav.pdf

B cratee omnpeneneHbl W OXapaKTEpU30BaHbl OCHOBHBIE KPUTEPUU
€CTECTBEHHOHAYYHOM  KOMIIETEHTHOCTH  OyAyIIMX  3KOJIOTOB:  KOTHUTHBHBIH,
JeSITeIbHBIN, MOTHUBAIMOHHBIN, JIMYHOCTHBINA. J[JI1 KaKq0r0 KpUTeprs 0O0OCHOBAHBI
MOoKa3aTeld, KOTOpble €ro XapakTepusupyroT. [IpoaHannm3upoBaHbl ypOBHH
c(hOpMHUPOBAHHOCTU TOKAa3aTeNel €CTECTBEHHOHAYYHON KOMIETEHTHOCTH OyMyIINX
DKOJIOTOB — PENPOIYKTUBHBIN, pe(IeKCUBHBIN, HSBPUCTUYCCKUN, KPEATUBHBIN.
OnpeneneHHble KpPUTEpUHU, MOKA3aTeId M YPOBHH OOECIEUMBAIOT BO3MOKHOCTH
OLICHUTh C(HOPMUPOBAHHOCTh €CTECTBEHHOHAYYHONW KOMIETEHTHOCTH OyayIIero
JKoJOora, KoTopas Oylner  cmocoOCTBOBATh  MOBEIICHUIO  3(PPEKTUBHOCTH
po¢heCCUOHAIBHOTO YKOJIOTUYECKOTO 00pa30BaHus.

Kniouegvie cnosa: ecTeCTBEHHOHaydHas KOMIIETEHTHOCTb, I10Ka3aTelb,

YpOBEHb CPOPMUPOBAHHOCTU KOMIIETEHTHOCTH.

Biletska H. A. Criteria, Indicators, and Levels of Natural Science
Competence of Prospective Ecologists

The article identifies and characterizes certain basic criteria of the formation of
natural science competence in prospective ecologists. These criteria belong to one of
the four spheres: cognition, activity, motivation, and personality. The indicators that
characterize criteria are established and justified.

The indicators of cognitive criteria constitute a system of natural science
knowledge, its strength and conscious nature. Activity criteria are characterized by
the indicators such as the formation of skills in solving professional goals using the
natural science knowledge, the ability to self-education. The reasons to study natural
sciences and motivations for the environmental activities are the indicators of
motivational criteria. The following parameters are inherent to the personality
criteria:  self-control, self-esteem, self-improvement, and environmental
consciousness.

The author establishes and characterizes the levels of the formation of natural
science competence in prospective ecologists, such as reproductive, reflexive,

heuristic, and creative levels. The determined criteria, indicators, and levels provide



an opportunity to assess the level of the formation of natural science competence of
prospective ecologists, which will enhance the effectiveness of postsecondary

environmental education.

Key words: natural science competence, criteria, indicator, the level of the

formation of competence.
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