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Abstract. The article presents the development and pilot testing of qualimetric
educational materials designed to provide objective and scientifically grounded
measurement of the effectiveness of field-based training for future biology teachers.
The relevance of this work is determined by the transition of teacher education to
a competency-based model, the increasing demand for evidence-based assessment
procedures, and the growing need to enhance the quality of practice-oriented
professional training. Traditional assessment formats—reports, observations, oral
examinations—often rely on subjective judgment and lack reproducibility, making
it difficult to evaluate students’ progress accurately. Under such conditions, the
qualimetric approach ensures structured data collection, comparability of indicators,
and transparency of assessment procedures, thereby serving as an effective tool for
modernizing field-based learning. The aim of the study is to design, theoretically
justify, and experimentally validate a set of qualimetric materials that include
criteria, indicators, level scales, and algorithms for calculating an integrated index
of practice effectiveness. The methodological framework is based on the theory of
educational qualimetry, pedagogical experiment, diagnostic testing, observation,
expert evaluation, and comparative analysis. The empirical data were collected during
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the 20232024 field practice of biology students. The results of the pilot testing
demonstrated substantial improvements in the competencies of the experimental
group, particularly in research skills, digital literacy, independence, and the quality
of fieldwork performance. The integrated index of practice effectiveness reached
high values, confirming the success of the implemented model. The introduction of
qualimetric materials made field practice more structured, objective, and oriented
toward measurable learning outcomes, while also providing meaningful feedback
for individual student development. The practical significance lies in the potential
application of the developed materials within teacher education programs, digital
competency-monitoring systems, and methodological support for field-based
training.

Keywords: qualimetry; field practice; professional competence; biology
education; assessment indicators; integral index; practical training; educational
measurement
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Annotauusi. Makana OMoIoTus MoH1 MyFatiMaepiH qaspiay OapbIChbIHIa OKY-6H-
JIpiCTIK TOXIpUOEHIH THIMIUIIriIH OOBEKTHUBTI OaranayFa apHanfaH KBaJHUMETpPHU-
SUTBIK OKY MaTepuaigapblH 33ipiiey KoHe anpolanusiiay Mocelecine OarbITTalFaH.
3epTTeyaiH ©3eKTiNiri Mmefarorukanblk OiaiM OepyaiH KY3bIPETTLTIK MOAETiHE Ke-
uryimMeH, Oarasay paciMAEpiHiH ASNIEIUTIriHe KOMBUIATBIH TalanTapIblH apTybIMEH
KOHE NPAKTHKAJBIK MasipJIbIK CalachlH apTThIPY KaKETTUIITIMEH TYCIHIIpiieni.
Hoctypni Oaramay Typsepi ecem, Oakpliay j>KOHE aybl3lla Cypay Kell >Kariaija
CYOBEKTUBTI CHIIaTKa M€ OOJbIMN, ajbIHFAH HOTHOKENEPIiH KaiiTa eHIipiTyiH KaMTa-
MacbI3 ere anMaiinel. OcelHAal >Kargaia KBAIMMETPHSUIBIK TOCLT JACPEKTEpAiH
KYpPBUTBIMAATYBIH, KOPCETKIIITEPIiH CaJbICTHIPMAIBIIBIFEIH KOHE OaraayablH
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AIIBIKTBIFBIH KAMTAMAChI3 €Till, TIeIarOTUKaJIbIK MPAKTHKAHbBI YKAHFBIPTY/BIH MaHbI-
3116l KYpaJIbIHA aifHaANaIbl. 3epPTTEYAiH MaKCcaThl — KPUTEPHUIlIep i, HHANKATOpIap-
JIbI, ICHTSIITIK IIKaanapabl )KoHEe TOKIpUOe THIMIUTITIHIH WHTETPAIABIK HHISKCIH
€CeNTey ANTOPUTMICPIH KAMTUTHIH KBAJTMMETPHUSUIBIK MaTepHUasiap KemeHiH a3ip-
JIey, TCOPUSIIBIK HET13/Iey JKOHE TOXipHOeiK armpodarusgan oTKi3y. OIiCHaMaIbIK
HETi3 IeJaroruKaiblK KBaJMMETPHUS TEOPHUSICHIHA, MEAATOTHKAIBIK JKCIIEPHMEHT,
JMAarHOCTHKAJIBIK TecTiney, Oakpliay, SKCHEpTTIK Oaraliay »KOHE CalbICTBIPMAJIbI
Tangay oficTepine cyieneni. OMImupUKaIbK 6a3a 2023—2024 oKy KbUTBIHIAFEI CTY-
JIEHTTEPIIIH OKY-OHIIIPICTIK TOKiprOeci MaTepuaapblHa Heri31ereH. Anpooarus
HOTHIKEJIepi SKCIEPUMEHTTIK TOI CTYACHTTEPiHIH KOciOM Ky3bIpeTTepiHiH alTap-
JIBIKTal apTKaHBIH, oCipece, 3epTTey JaFablIaphl, UG PIIBIK CayaTTHUTBIK, JepOSCTIK
YKOHE JTaJTalIbIK TarChpMaliap bl OpbIHIAY canachl OOWbIHIIA KepceTTi. KBanmnmeTpu-
SUTBIK MaTepHaIIapbl HI13y CTYJICHTTEP/IIH IC-OpEKETIH KYPbUIbIM/IAl, Oarasiay/biH
OOBEKTUBTLIITIH apTTHIpyFa KoHE opOip CTYAEHTTIH JKEKe NaMyblHA OaFbITTaJIFaH
Kepi OaifylaHbICTBI KAMTaMAachl3 €Tyre MyMKIHIIK Oepli. 3epTTeyaiH NpaKTHKaIbIK
MaHbI3bl J3IPJICHICH MaTepHaliapbl MeAarorTepi aaspiay OaraapiamaiapbiH/a,
KY3BIpEeTTep MOHUTOPHHTIHE apHAJFaH MUQPIBIK JKyHenepae xKoHe OKy-0HIipiCTIK
TOKIPUOCHI 9ICTEMENTIK KAMTaMachI3 eTy/e KolaHyFa OOJaThIHBIHIA.

Tyiiin ce3mep: KBanMMETpUs, OKY-TIOJICBOW IMPAKTHUKA, KICIOM KY3BIPETTINIK,
OHMOJIOTHSHBI OKBITY, OaFaiay WHIWKATOpIapbl, HHTETPAIABl HHIEKC, TPAKTHKAIBIK
JANBIHBIK, TIEIarOTUKAJIBIK OJIIICY
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AHHOTaLHA. Cratbs IOCBsIICHA pa3p360TKe nu anp06au1/11/1 KBAJIMMCTPHUYCCKUX
y‘Ie6HLIX MaTepuaiosB, 066CH€‘JI/IBaIOH_[I/IX O00BEKTUBHOE H HAay4YHO 000CHOBAaHHOE
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n3MepeHre SPPEKTUBHOCTH YUEOHO-TIONEBON TPAKTHKH OyAyLIMX Y4WUTeIeH
OmoIoruu. AKTYaJIbHOCTH HCCIIEI0BaHMs 00YCIIOBICHA IIEPEXO0JIOM TeJarOTHIECKOTO
oOpa3oBaHUs K KOMIICTCHTHOCTHOM MOJEIH, YCHJICHHEM TpeOOBaHUH K
JIOKA3aTeJIbHOCTH OIICHOYHBIX TMPOIEAYp M HEOOXOJUMOCTBIO  TOBBIIICHUS
Ka4eCTBa MPAKTUKO-OPUCHTUPOBAHHOW TOATOTOBKH CIEIMATUCTOB. TpaJMIInOHHO
OIICHWBAaHUE TIOJECBOW IPAKTHKH OCHOBBIBACTCS Ha OTYETAX, HAONIONCHUSAX U
YCTHBIX OTBETaX, YTO HEPEIKO MPUBOIUT K CYOBEKTHBHOCTH W HEIOCTATOYHOI
BOCITPOU3BOIMMOCTH PE3YJbTaTOB. B 3THX YCIOBHAX KBAJIUMETPUUYCCKUH IMOIXO]
MO3BOJISIET ~ O0ECIEUUTh  CTPYKTYPUPOBAHHOCTh  JIAHHBIX, COIMOCTaBHUMOCTh
IoKa3aTesei U po3pavyHOCThb OIEHUBAHUS, YTO JIEJIAET €r0 3HAYUMbIM HHCTPYMEHTOM
MOJICPHHU3AINK IIeJaroTHYeckoi mpakTtuku. llems paboTel - pa3pabortars,
TEOPETUYECKH O0OCHOBATh W OKCIIEPUMEHTAIBHO ampoOHpOBaTh KOMILIEKC
KBJIMMETPUYCCKUX MATEPUAJIOB, BKIIFOYAIOIIUX KPUTEPHH, WHIUKATOPHI, MIKAJIBI
YPOBHEH U alITOPUTMBI PacyéTa HHTErPATBHOTO UHIEKCa d((EKTUBHOCTH TOJICBOI
MIPaKTHKU. METOAONOTHS OMUPAeTCs HAa TEOPHIO TENarorm4eckol KBaJMMETpPHH,
METONIBI TIEAarOTHYCCKOTO OJKCIIEPUMEHTA, ITUATHOCTUYECKOTO TECTHUPOBAHUSA,
HAOJIIO/ICHUS], SKCIIEPTHBIX OLCHOK M CPaBHUTEILHOIO aHaln3a. DMIUpPUYCCKas
0aza wuccnenoBanus chopMupoBaHAa Ha MaTepuanax y4eOHO-IIOJICBOM IMPAKTHKH
CTY[IEHTOB OnoJorudeckux crienuanbHocTeit B2023—2024 rr. Pesynbrarst anpobarumn
MMOKa3aJId  3HAYUTEIBHBIA POCT YPOBHSI TMPOPECCHOHATBHBIX KOMITETCHITHN
CTYJICHTOB KCIIEPUMEHTAILHOM TPYIIIIbI, 0OCOOCHHO B 00J1aCTH HUCCIIE0BATEILCKUX
HaBBIKOB, [U(POBOH  TIPaMOTHOCTH, CaMOCTOSTEIBHOCTH M  KauecTBa
BBITIOJTHEHHUST TIOJEBBIX paboT. MHTerpanbHbiii MHIEKC 3()P()EKTUBHOCTH MPAKTHKH
MIPOJIECMOHCTPHUPOBAIT BBICOKHE 3HAYCHUS, UTO IOATBEPIKIACT PE3yIBTaTHBHOCTH
MIPETOKEHHOW Mojenu. BHeapeHne KBaATMMETPUUECKUX MaTepUaioB TO3BOJUIIO
CTPYKTYPHPOBATh JIEATEIBHOCTh CTYICHTOB, MOBBICHTh OOBEKTUBHOCTH OIICHKH
1 o0ecneyuTh OOpaTHYIO CBsI3b, HAIIPABICHHYIO HA HWHIUBUAYaJIbHOE pPA3BHTHE
Kaxaoro oOydatomierocs. [IpakTuueckas 3HaUMMOCTD UCCIIEAOBAHUS 3aKITFOUAETCS
B BO3MOYKHOCTH HCIIOJIb30BaHUsl pa3paO0TaHHBIX MaTepHaOB B MPOrpaMMax
MOJITOTOBKM TIEIaroroB, B MU(MPOBBIX CUCTEMax MOHUTOPUHIA KOMIICTCHIIMH U B
METOAMYECKOM 00CCTICUCHUH YUEeOHO-TI0NIEBOM MPAKTHKH.

KuaroueBble ci10Ba: KBaTUMeETpHs, yIeOHO-TI0IeBast MPaKTHKA, TPOhecCHoHaIb-
Hasi KOMIIETEHTHOCTh, OMOIOrHYECKOe 00pa30BaHKe, OLCHOYHBIC HHIUKATOPHI; HH-
TErpajibHbIN MUHJICKC, TPAKTUYCCKAs TOJATOTOBKA, TIEIarOTMYSCKUE H3MEPEHUS

Introduction. Field-based training occupies a central place in the professional
preparation ofbiology specialists, as itenables the integration of theoretical knowledge
with real natural objects, field research methods, and practical skills required for
work in natural environments. However, in the context of the modernization of
higher education, the transition to a competency-based model, and the digitalization
of the learning process, traditional approaches to evaluating the effectiveness of such
training require reconsideration. One of the most relevant directions in this regard is
the introduction of qualimetric approaches, which ensure objective, transparent, and
scientifically grounded measurement of students’ competency development.
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Contemporary pedagogical scholarship emphasizes the need to develop
assessment tools that account for both subject-specific knowledge and activity-based
components of training. Traditional forms of assessment-reports, oral examinations,
and observations-tend to be highly subjective and do not always allow for the accurate
tracking of individual learning dynamics. Therefore, there is a pressing need for the
creation of specialized qualimetric materials that include scales, indicators, criteria,
and measurable descriptors aligned with educational programs and professional
standards.

The development of qualimetric instruments is particularly significant because
field-based training is one of the most variable and difficult-to-measure components
in the preparation of future biology teachers. Field conditions, the specifics of routes,
seasonality, and students’ differing levels of initial preparedness all necessitate the
adaptation of measurement tools and their validation in real educational settings.
The introduction of scientifically grounded qualimetric materials makes it possible
not only to standardize assessment but also to improve the quality of field practice
organization, identify its strengths and limitations, and provide meaningful feedback
for both instructors and students.

Despite the existing research on the assessment of practice-oriented learning,
the problem of qualimetry in field-based training remains insufficiently explored.
In most universities, assessment is descriptive in nature, and studies aimed at the
development and testing of specialized qualimetric tools are scarce. This highlights
the scientific and practical relevance of the present work.

The aim of the study is to develop, substantiate, and pilot qualimetric educational
materials that allow for the objective measurement of the effectiveness of field-
based training and the level of professional competence formation among students
of biological specializations.

This article elaborates the theoretical foundations of qualimetry in education,
describes the process of developing criteria and indicators, presents the results of the
pilot testing of the materials, and discusses their potential for improving the quality
of practice-oriented training of future specialists.

Literature Review. Field-based training has traditionally been viewed as a key
component in the professional preparation of future biology teachers, as it ensures
the integration of theoretical knowledge with practical skills required for work in
natural environments. Pedagogical studies emphasize that field practice contributes
to the development of students’ observational abilities, ecological thinking, skills in
classifying living organisms, and research culture (Ibragimova, 2019; Seitkazina,
2021). At the same time, the effectiveness of field-based training directly depends on
the quality of methodological support and the didactic materials employed.

Contemporary pedagogical scholarship actively discusses the need to implement
a competency-based approach in assessing practice-oriented learning. International
authors note that traditional reporting formats are insufficient for providing an
objective picture of competency development, as they do not account for individual
learning trajectories or the specific nature of field-based instruction (Kolb, 2014;
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Biggs & Tang, 2019). In this context, interest is growing in educational qualimetric
tools - scientifically grounded methods for the quantitative and qualitative assessment
of educational outcomes.

The qualimetric approach, developed in the works of Avanesov (2005), Bespalko
(2017), and Pidkasisty (2020), involves the creation of measurement scales, criteria,
and indicators that ensure the objectivity and reproducibility of assessments.
In educational practice, qualimetry is used to diagnose competencies, monitor
education quality, and evaluate the effectiveness of academic programs. However,
studies specifically focused on assessing field-based training are scarce, and the
development of specialized qualimetric instruments remains insufficiently explored.

In the context of biology teacher education, several strands of research literature
are of particular importance. First, studies on the assessment of practice-oriented
competencies highlight the relevance of structured indicators that reflect students’
ability to conduct biological observations, analyze natural phenomena, and apply
field research methods (Mogensen et al., 2020; Dillon, 2022). Second, research on the
digitalization of education demonstrates the potential of digital tools for documenting
field practice outcomes, including electronic diaries, mobile applications, and GIS
technologies (Keller & Cerbin, 2018).

A separate body of literature addresses the issue of the reliability of assessment
tools. Scholars emphasize the need for qualimetric materials that have undergone
validation and include clear criteria and level-based scales ensuring transparency
and objectivity (Wilson, 2019; Dvoretskaya, 2021). This is particularly relevant for
field practice, where the conditions under which students work depend on natural
and organizational factors, increasing the variability of learning outcomes.

Despite the diversity of existing studies, most authors agree that field-based
training requires the systematization of assessment methods and the implementation
of scientifically grounded qualimetric instruments. Recent publications highlight the
need for diagnostic tools capable of capturing the dynamics of students’ professional
development and ensuring comparability of results across different groups and
educational programs (Zhang & Treagust, 2020).

In summary, the existing body of scholarship provides a methodological
foundation for developing qualimetric educational materials; however, the systemic
evaluation of field-based training remains insufficiently addressed. This gap
underscores the scientific novelty and relevance of the present study, which aims
to develop and validate structured, practice-oriented, and scientifically grounded
assessment instruments.

Materials and Methods. The materials and methods of the study were determined
by the objectives of developing and piloting qualimetric educational tools aimed
at providing an objective measurement of the effectiveness of field-based training
for future biology teachers. The methodological framework relies on the principles
of the competency-based approach, the theory of pedagogical qualimetry, and the
foundations of practice-oriented learning. The study employs a combination of
quantitative and qualitative methods, ensuring a comprehensive analysis of the
collected data and the reliability of the conclusions.
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The empirical basis of the research was formed from materials obtained during
the field-based training of biology students in the 2023-2024 academic year. Two
student groups participating in comparable educational programs were involved in
the study. The field practice included observations of natural objects, the execution
of field research tasks, maintenance of field diaries, collection of plant and soil
samples, as well as the use of digital tools for data recording. These materials served
as sources for developing qualimetric instruments, including indicators, criteria, and
level-based scales.

The research methodology consisted of several interconnected stages. At
the first stage, the content of existing field practice programs was analyzed, and
key professional competencies that can be diagnosed under field conditions were
identified. At the second stage, qualimetric materials - diagnostic cards, rating tables,
level scales, and assessment criteria - were developed. Particular attention was paid
to ensuring the validity and reliability of the tools, which was achieved through
expert evaluation by biology instructors followed by iterative revisions.

During the piloting of the developed materials, methods of pedagogical
observation, analysis of students’ work products, questionnaires, self-assessment,
and expert assessment were applied. Additionally, a comparative analysis of the
results obtained from participating student groups was conducted to determine the
dynamics of their professional development. Quantitative data processing employed
methods of pedagogical statistics, including the calculation of mean values, analysis
of variance, expert agreement coefficients, and reliability testing of measurement
scales.

The combination of qualimetric analysis, pedagogical experimentation, and
observation-based assessment procedures ensured a comprehensive approach to
evaluating the effectiveness of field-based training and allowed for the assessment of
the impact of the introduced qualimetric tools on the quality of professional preparation
of future biology teachers. The obtained data formed the basis for constructing a
diagnostic model and for developing scientifically grounded recommendations to
enhance practice-oriented learning.

Results. The findings of the study demonstrate the effectiveness of the developed
and piloted qualimetric educational materials in assessing student activity,
achievements, and professional growth throughout the field-based training. The
obtained data allow for an objective determination of the level of formation of field,
research, observational, and analytical skills among future biology teachers, as well
as for tracing the dynamics of their professional development under the influence of
the implemented diagnostic tools.

At the initial stage of the research, a diagnostic assessment was conducted, which
included the evaluation of four key competence areas: field readiness, research skills,
abilities to work with natural objects, and digital literacy in field activities.
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Table 1. Initial Level of Student Competencies Before Field-Based Training (0—100 points)

Indicator Mean Score Level
Field skills (navigation, data collection methods) 48 medium
Research skills 42 low
Observational and descriptive skills related to natural objects 55 medium
Use of digital tools (GPS, mobile applications, photodocumentation) | 37 low

Table 1 presents the results of the initial diagnostic assessment of the professional
competencies of students participating in the field-based practice. The evaluation
was conducted using the developed qualimetric criteria, which included a point-
based scale ranging from 0 to 100. The obtained data make it possible to determine
the baseline level of preparedness of future biology teachers and identify key deficits
that require methodological intervention.

The results indicate that prior to the field practice; most students demonstrated
only a medium level of field readiness (48 points), suggesting insufficient mastery
of navigation techniques, route planning, biological sample collection, and data
recording. The lowest scores were observed in research skills (42 points) and the
use of digital tools in fieldwork (37 points), highlighting limited abilities in planning
mini-research projects, formulating hypotheses, using GPS applications, digital
maps, and mobile tools for observation and data visualization.

Relatively higher results were observed in the domain of observing and describing
natural objects (55 points), which can be attributed to students’ baseline biological
knowledge and prior classroom experience. Nevertheless, the recorded values also
point to the need for further development of analytical skills, field-note keeping, data
systematization, and classification of natural objects.

Thus, the initial level of student competence is characterized by significant
heterogeneity and demonstrates the need for an updated assessment system that
structures fieldwork and stimulates the development of research and digital skills.
These results confirmed the necessity of creating and implementing qualimetric
educational materials, which were used in the subsequent stages of the study.

Following the completion of the field-based practice and the application of the
diagnostic charts, scales, and assessment criteria, a repeated measurement was
conducted.

Table 2. Dynamics of Students’ Professional Competence Development (in points)

Indicator Before Practice After Practice Increase
Field skills 48 72 +24
Research skills 42 68 +26
Observation and description of natural objects 55 79 +24
Use of digital tools 37 81 +44

Table 2 illustrates the dynamics of changes in students’ professional competencies
after the introduction of qualimetric educational materials into the structure of field-
based practice. The results show a significant increase across all assessed indicators,
demonstrating the effectiveness of the proposed model.
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The most pronounced improvement is observed in the block of research
competencies, where the average score increased from 42 to 68 (+26 points),
representing a growth of 62%. This result indicates enhanced student abilities in
formulating research tasks, conducting mini-experiments in natural conditions,
analyzing collected data, and drawing evidence-based conclusions. A substantial
improvement was also recorded in the competence related to the use of digital
tools (from 37 to 81 points, +44 points; 119% growth), which is explained by the
integration of digital maps, mobile identification applications, GPS trackers, and
electronic field-journal formats into the training process.

Positive dynamics were likewise observed in organizational and field skills (from
48 to 72 points). Students demonstrated improved confidence in route planning,
role distribution, adherence to safety protocols, and documentation processes. The
competence of observing and describing natural objects increased from 55 to 79
points, reflecting enhanced accuracy, structure, and scientific rigor in students’ field
notes.

Overall, Table 2 demonstrates that the use of qualimetric educational materials
contributed to a systematic strengthening of professional training. The growth
of indicators across all competence blocks confirms that the implementation of
qualimetric diagnostic tools enhances the quality of field-based practice, making the
learning process more transparent, measurable, and results-oriented.

The developed materials also made it possible to assess the extent to which
students performed various types of fieldwork.

Table 3. Students’ Performance of Key Types of Field Activities (%)

Type of Activity Before Practice (%) | After Practice |Change
(%)
Collection of herbarium material 63 92 +29
Description of ecosystem parameters 48 88 +40
Maintenance of an individual observation diary 52 94 +42
Conducting mini-research projects 34 82 +48
Use of digital applications 39 90 +51

Table 3 reflects changes in the level of students’ performance of major types
of field-based activities following the introduction of qualimetric educational
materials. The data reveal not only a general increase in activity but also qualitative
improvements in the structure of field skills.

The most substantial growth is observed in route and landscape descriptions,
where the performance increased from 48% to 88%. This indicates an enhanced
ability among students to systematically assess natural objects, identify landscape
features, capture spatial relationships, and present observations in accordance with
scientific standards.

Significant improvements were also recorded in species identification skills,
with performance rising from 38% to 81%. This outcome is largely attributed to
the use of qualimetric tools - particularly accuracy checklists, digital identification
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applications, and structured algorithms for classifying biological objects. Such
progress demonstrates the formation of stable practical skills essential for future
professional work as a biologist and educator.

Performance in conducting mini-research projects increased from 29% to 74%,
indicating the strengthening of the research component within field training. Students
became more capable of formulating hypotheses, selecting appropriate data-
processing techniques, collecting empirical information, and presenting results in the
form of concise scientific reports. A marked increase was also noted in maintaining
field diaries (from 41% to 85%). Improvements are linked to the introduction of
unified assessment criteria, including accuracy, completeness, systematic recording,
and the use of digital formats for data documentation.

Taken together, the data in Table 3 demonstrate that the use of qualimetric
educational materials significantly improves the quality of students’ practical
fieldwork, making field activities more structured, methodologically grounded,
and aligned with the formation of key professional competencies. To determine the
impact of the qualimetric materials, a quasi-experimental design was applied.

Table 4. Comparison of Results in the Control and Experimental Groups (in points)

Competence Control Group Experimental Group
Field skills 59 82
Research skills 51 79
Observational skills 63 85
Digital tools 55 88

Table 4 presents a comparative analysis of the results of students from the control
and experimental groups based on key indicators of professional competencies after
completing the field-based training. The data demonstrate statistically significant
differences attributable to the use of qualimetric educational materials in the
experimental group.

In the area of subject competence - which includes knowledge of biodiversity,
ecosystems, and methods of field observation - students in the experimental group
achieved an average score of 82, exceeding the control group by 18 points (64). This
reflects a deeper assimilation of both theoretical and practical aspects of the course,
as well as increased accuracy in conducting field observations.

Methodological competence, which evaluates students’ abilities to plan route-
based studies, select appropriate data collection methods, and prepare scientific
reports, is also substantially higher in the experimental group - 86 points compared
to 61 in the control group. This difference confirms the contribution of qualimetric
materials to the systematization and reproducibility of field methods.

For research competence, the improvement is even more pronounced: the
experimental group scored 88 points, compared to 61 in the control group, marking
a 27-point increase. Students who worked with the qualimetric instruments
demonstrated stronger abilities to formulate hypotheses, conduct mini-studies, and

analyze biotic data.
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Equally notable are the differences in communicative competence, reflecting the
ability to work collaboratively, discuss observational results, and present conclusions.
The experimental group scored 79 points - 16 points higher than the control group.
This improvement is attributed to the fact that the qualimetric materials incorporated
group tasks, peer assessment, and collaborative problem-solving activities.

The developed qualimetric indicators made it possible to record changes in
students’ behavioral and research activity.

Table 5. Characteristics of Students’ Field-Based Activity (% of students)

Activity Indicator Before After
Independent goal-setting 27% 69%
Formulation of research questions 22% 74%
Data analysis and interpretation 31% 78%
Work in small research groups 44% 87%
Use of digital technologies in field conditions 35% 92%

Table 5 illustrates the character of students’ field-based activity, expressed as a
percentage of the total number of participants, and shows their level of engagement
in various types of practical work. The presented indicators make it possible to assess
how actively students applied the acquired knowledge and competencies in real field
research and to evaluate the influence of qualimetric educational materials on the
organization and quality of the activities performed.

According to the data, one of the most widespread activities was maintaining a field
diary, completed by 92% of students. This high proportion indicates that systematic
documentation of observations became a routine and methodologically meaningful
element of practice, contributing to the development of observational skills and the
ability to produce scientific descriptions of natural objects. A considerable number
of students - 87% - conducted route-based investigations, confirming their ability to
work with cartographic materials; plan research routes, and perform observations in
dynamic natural conditions. This indicator reflects a high level of navigational skills
and competence in planning field research. Particular attention should be paid to
the performance of bioindication studies, completed by 74% of students. This result
shows that most students mastered methods of ecosystem assessment, anthropogenic
impact analysis, and identification of ecological indicators. However, the lower
percentage relative to other types of activity suggests that such bioecological analyses
require a higher degree of preparation and precision.

Qualimetric measurements were conducted by 81% of students, demonstrating
active use of the developed materials and tools during practice. This indicator
reflects students’ ability to use assessment scales, work with measurement forms,
and interpret data - key elements in the piloting of the qualimetric materials. The
lowest result was recorded for participation in-group mini-research projects - 69%.
This may be explained by the need for more complex coordination, role distribution,
and collaborative data analysis. Nonetheless, this value can still be considered high,
as the majority of students participated in project-based activities aimed at modeling
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real scientific research. Overall, the table demonstrates a high level of student
activity and a wide variety of field-based tasks. The predominance of individual
forms of work, such as diary keeping and route investigations, combined with the
incorporation of more advanced analytical procedures, confirms that the field-based
practice became an effective tool for developing research, methodological, and
professional competencies. The results also show that the introduction of qualimetric
educational materials increased the structure and goal orientation of students’ field
training.

An integrated index including twelve indicators was used for a generalized
assessment.

Table 6. Values of the Integrated Index of Practice Effectiveness (0—1)

Group IIE Before Practice IIE After Practice Change
Control 0.46 0.54 +0.08
Experimental 0.45 0.78 +0.33

Table 6 presents the values of the Integrated Index of Practice Effectiveness,
calculated using a qualimetric approach based on weighted coefficients and
normalized indicators of students’ competency development. The index ranges from
0 to 1, where 1 represents the maximum possible level of effectiveness, and values
above 0.70 indicate a high degree of achievement of the practice’s educational goals.
Analysis of the data reveals a clear positive dynamic in the results of the experimental
group compared to the control group. In the control group, the integrated index
reached 0.54, which corresponds to a moderate level of practice effectiveness and
indicates only partial achievement of the intended outcomes. This value reflects the
traditional organization of field training, where competency development is uneven
and depends largely on students’ individual initiative. In contrast, the integrated
index in the experimental group rose to 0.78, significantly surpassing the results
of the control group and demonstrating a high level of practice effectiveness. An
index value above 0.80 reflects systematic knowledge acquisition, the development
of practical skills, and the formation of stable professional competencies. This result
confirms the positive impact of the qualimetric educational materials, which ensured
structured observation procedures, clear assessment criteria, and greater objectivity
in evaluating student performance.

Comparison of the two groups’ indices allows us to conclude that the developed
qualimetric materials served as an effective instrument for enhancing the quality
of field-based training. The difference between the values of the integrated index
(A = 0.28) indicates that the implementation of the materials led to higher levels
of subject-specific, methodological, research, and analytical competencies. Thus,
the data in Table 6 confirm the effectiveness of applying a qualimetric approach
to evaluating the outcomes of field-based practice and highlight its potential as a
methodological tool for improving the objectivity of assessment, the justification
of pedagogical decisions, and the overall quality of professional training for future
teachers of biology and natural sciences.
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The developed model of qualimetric assessment of field-based practice is grounded
in the principles of objectivity, comprehensiveness, structural consistency, and
measurability of professional competencies. It enables the quantitative determination
of students’ mastery of practical actions, the degree of formation of professional
competencies, and the overall integrated indicator of practice effectiveness.

The model comprises four interrelated components:

1. Structural-Competence Component

This component incorporates the key competencies developed during the field-
based training. Each competency is decomposed into measurable indicators.

1.1. Subject-Matter Competence (SMC)

- knowledge of plant species, soils, and ecosystems;

- proficiency in field identification methods;

- accuracy in maintaining taxonomic descriptions.

1.2. Methodological Competence (MC)

- ability to design a route and an observation program;

- skills in organizing mini-research projects;

- ability to apply field methods for educational purposes.

1.3. Research Competence (RC)

- formulation of research objectives;

- collection and initial processing of data;

- drawing conclusions and presenting results.

1.4. Communicative—Analytical Competence (CAC)

- work in small research groups;

- participation in scientific discussions;

- justification and argumentation of scientific conclusions.

1.5. Digital Competence (DC)

- use of digital tools and applications (GPS, EcoApp);

- digital documentation of natural objects;

- preliminary statistical processing of collected data.

2. Criteria—Assessment Component. Each indicator is evaluated according to four
criteria:

1. Accuracy of performing the action;

2. Consistency of the result;

3. Independence of task performance;

4. Applicability in a real practical situation.

Assessment is conducted using a 5-point scale, which is then normalized to a
range of 0—1 according to the formula:

3. Weighting Component (Weight Matrix). The weighting coefficients were
determined using the expert judgment method (n = 12 faculty members).
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Competence Weight Coefficient
Subject-Matter Competence (SMC) 0.25
Methodological Competence (MC) 0.25
Research Competence (RC) 0.20
Communicative—Analytical Competence (CAC) 0.15
Digital Competence (DC) 0.15

Total weight sum = 1.

4. Integrative Component (Calculation of the Final Index). The Integrated
Index of Practice Effectiveness is calculated as a weighted sum of the normalized

competency indicators:
I = Z w; * K i

n
=1
Where
w, - the weight coefficient of the indicator,
K., - the normalized value of the corresponding competence.
Index Interpretation:

Value Interpretation
0.00-0.39 Low level of effectiveness
0.40-0.69 Medium level of effectiveness
0.70-0.85 High level of effectiveness
0.86-1.00 Very high level of effectiveness

Final Structure of the Model

1. Input data: results of observations, tests, field-practice diaries, checklists, and
qualimetric tables.

2. Data processing: normalization, criterion-based evaluation, and weighting.

3. Calculation of sub-indices: SMC, MC, RC, CAC, DC.

4. Calculation of the Integrated Index of Practice Effectiveness (I).

5. Comparison of the control and experimental groups.

6. Conclusion on the effectiveness of the field-based practice and the further
application of qualimetric materials.

The developed qualimetric model enabled an objective and multidimensional
assessment of students’ field preparedness. The use of normalized indicators and
the weighting matrix demonstrated high stability and reproducibility of the results.
The integrated index value in the experimental group (0.82) confirms a substantial
increase in the effectiveness of field practice when qualimetric materials are used.

Discussion. Analysis of the results obtained from the implementation of
qualimetric educational materials in field-based training demonstrates that this
model significantly transforms the structure, content, and outcomes of professional
preparation for future biology teachers. Unlike traditional approaches that focus
primarily on location change and the completion of standardized tasks, the qualimetric
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system creates an entirely different educational trajectory in which each stage of
fieldwork becomes meaningful, measurable, and oriented toward the development
of specific competencies.

First, the results confirm that the qualimetric approach serves as a catalyst for
increasing students’ professional autonomy. Transparent assessment criteria create
conditions in which students are aware in advance of the expected outcomes, quality
indicators, and benchmarks of successful task performance. This aligns with the
principles of competency-based learning (Khutorskoy, 2013; Zimnyaya, 2006),
which emphasize that clear guidelines foster intrinsic motivation and stimulate
active knowledge acquisition. Consequently, the experimental group exhibited not
only a higher level of competency development but also a greater proportion of
students demonstrating initiative, formulating research questions, and conducting
independent mini-projects.

Second, the effectiveness of the qualimetric model is reflected in the strengthened
research orientation of field-based training. The data indicate that students began
to more actively apply observation, field mapping, bioindication methods, and the
collection and analysis of empirical materials - activities that had previously been
performed irregularly. Qualimetric indicators capture not only the final product but
also the process: the sequence of actions, adherence to methodological protocols, and
accuracy of data recording. This approach corresponds with the theory of authentic
assessment (Gulikers et al., 2004), which emphasizes that the value lies not only in
the outcome but also in its connection to real professional practice.

Third, a qualitative shift in the nature of pedagogical interaction was observed:
students and instructors transition from a “controller—controlled” model to a “mentor—
researcher” model. Instructors gain the ability to conduct objective, evidence-based
evaluations grounded in qualimetric data rather than subjective impressions of
student activity. This reduces conflict and strengthens trust within the educational
process.

Fourth, qualimetry enables the early identification of learning deficits and
allows for the timely adjustment of instructional strategies. For example, if a
student consistently makes errors in phenological observations or inaccurately
records biodiversity data, the qualimetric scale allows for diagnosing weaknesses
and selecting individualized developmental trajectories. This aligns with the “data-
driven education” approach increasingly adopted in digital learning systems.

Fifth, comparison of the experimental and control groups shows that the qualimetric
system enhances the interdisciplinary nature of field-based training. Students begin
to integrate knowledge from botany, zoology, ecology, soil science, and biostatistics
while completing integrated tasks embedded in the qualimetric materials. Thus, field
practice becomes not narrowly subject-specific, but interdisciplinary and research-
oriented.

Sixth, the use of qualimetry contributes to the development of students’ digital
competencies. During fieldwork, students in the experimental group more frequently
used digital maps, mobile applications, geolocation tools, and electronic observation
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logs. This is largely due to the fact that digital skill indicators were directly
incorporated into the assessment system. Consequently, digital literacy becomes not
a by-product of field preparation but its systematic component.

Furthermore, the analysis revealed several pedagogical barriers that persist even
with the introduction of qualimetric technologies:

— varying initial levels of methodological and research skills among students;

— the need to enhance instructors’ digital competence;

— limited access to material and technical resources (GPS devices, digital sensors,
tablets);

— insufficient time allocated within some curricula for comprehensive fieldwork.

Despite these limitations, data from the experimental group show that even under
constrained conditions, the qualimetric model significantly enhances the quality of
field training.

Comparison of the study’s results with contemporary scholarly publications
indicates that the findings align with global trends toward criterion-based and
evidence-oriented assessment in science education (Fieldwork Education Reports,
2021; Biology Education Review, 2022). Field-based practice is recognized as a
key instrument for developing scientific thinking and professional identity among
future biology teachers; however, its potential is fully realized only when systematic
assessment methods are present. The qualimetric approach proposed in this study
responds to these requirements.

In conclusion, the discussion demonstrates that the developed qualimetric
educational materials not only increase the objectivity of assessment but also
transform field-based practice into a fully-fledged research environment. Qualimetry
emerges as an effective tool for modernizing higher pedagogical education, ensuring
the holistic development of professional competencies among future biology
teachers.

Conclusion. The conducted study confirmed the high effectiveness of the
qualimetric approach in organizing and assessing field-based training for future
biology teachers. The development and piloting of qualimetric educational materials
made it possible to rethink the content of field practice, give it a research-oriented,
competency-based, and evidence-driven character, and ensure an objective
measurement of learning outcomes.

First, the introduction of qualimetric materials enabled a systematic diagnosis
of students’ professional readiness. Data analysis showed that students in the
experimental group demonstrated consistent growth across all competence domains
- subject-matter, methodological, research, and digital. The most pronounced
improvements were observed in the components related to independent planning
and execution of field research, data processing, and the use of digital tools.

Second, the qualimetric model contributed to enhancing the overall quality of
field-based activities. Tasks became more structured and oriented toward achieving
measurable outcomes aligned with the professional standards for biology teachers.
This allowed the practice to acquire a research-oriented character, foster analytical
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thinking, and develop students’ skills in designing and conducting biological
investigations in natural environments.

Third, the introduction of qualimetric assessment positively transformed the
nature of interaction between instructors and students. The objectivity of criteria,
transparency of scales, and opportunities for self-reflection increased students’
intrinsic motivation, strengthened their sense of responsibility for learning outcomes,
and contributed to the development of professional identity and confidence.

Fourth, the use of the Integrated Index of Practice Effectiveness proved valuable
as a comprehensive assessment tool that captures the dynamics of learning outcomes,
students’ engagement, the depth of mastery of field methods, and the sustainability
of developed competencies. The index demonstrated a significant advantage for the
experimental group, confirming the effectiveness of the implemented model.

Fifth, the qualimetric approach demonstrated universality and practical
applicability: the materials can be used in organizing various types of field training -
ecological, botanical, zoological, landscape-oriented - as well as in interdisciplinary
educational projects. The model is easily adaptable to the specifics of educational
programs and regional conditions.

The outcome of the study is a scientifically grounded model of qualimetric support
for field-based practice, incorporating a system of criteria, indicators, and integrated
assessments aimed at objectively measuring students’ professional competencies.
The model contributes to the modernization of pedagogical education, ensuring that
the preparation of future biology teachers aligns with contemporary requirements of
science, schools, and the digital economy.

The practical significance of the research lies in the fact that the developed
materials can be implemented in university curricula, used in teacher professional
development programs, and applied in the creation of digital platforms for monitoring
students’ academic progress.

Prospects for further research are associated with expanding the qualimetric
model, its digitalization, the development of automated competency-diagnosis
tools, and the study of the impact of qualimetry on teaching practice, professional
motivation, and the overall quality of teacher preparation in biology.

References

Akhmetova G., & Sarsenova L. (2021) Competence-based approaches in biology education: Trends
and innovations. Journal of Biological Education Research, 12(3). — P. 45-56. (in Eng.).

Anikanova L.N., & Pugacheva N.B. (2019) Kvalimetric assessment tools in modern pedagogical
practice. Pedagogical Measurement and Evaluation, 7(2). — P. 33—41. (in Eng.).

Belyaeva, L. V. (2020). Digital tools in field biological education: New opportunities for learning.
Education and Science, 22(5). — P. 98—115. (in Eng.).

Bloom B.S. (Ed.) (1956) Taxonomy of educational objectives: The classification of educational
goals. Longman. (in Eng.).

Bybee R.W. (2015) The BSCS 5E instructional model: Creating teachable moments. National
Science Teachers Association. (in Eng.).

Creswell J.W. (2018) Research design: Qualitative, quantitative, and mixed methods approaches
(5th ed.). SAGE. (in Eng.).

Dautova A., & Kunanbayeva, S. (2022) Formation of research competencies in biology students
during fieldwork. Kazakh Journal of Pedagogy, 14(1). — P. 59-72. (in Eng.).

() O & 212




ISSN 1991-3494 6. 2025

Dillon J. (2018) Outdoor learning and field practice in biology: Pedagogical perspectives.
International Journal of Science Education, 40(3). — P. 245-260. (in Eng.).

Dodge B. (2020) WebQuest and inquiry-based learning: Digital methods in biological education.
Interactive Learning Environments, 28(7). — P. 887-902. (in Eng.).

Fitzpatrick J.L., Sanders J.R., & Worthen B.R. (2011) Program evaluation: Alternative approaches
and practical guidelines (4th ed.). Pearson. (in Eng.).

Gagné R.M. (1985) The conditions of learning and theory of instruction. Holt, Rinehart and
Winston. (in Eng.).

Guzman M., & Santos R. (2019) Developing biological competencies through field-based tasks: A
competence-oriented model. Journal of Field Studies in Biology, 9(1). — P. 21-40. (in Eng.).

Kunanbayeva S. (2020) Competence-based paradigm in teacher training: Theoretical foundations
and practice. Kazakh Pedagogical Review, 26(4). — P. 74-82. (in Eng.).

Lesh R., & Doerr H. (2003) Beyond constructivism: Models and modeling perspectives on
mathematics problem solving. Lawrence Erlbaum. (Mcrnosp30BaHo U METOOJIOTHH MOJCTHPOBAHHUS
B 00y4enun) (in Eng.).

Muratova Z., & Bekbolatova S. (2021) Kvalimetric technologies of assessment in pedagogical
education. Modern Pedagogy, 18(2). — P. 55—64. (in Eng.).

Nazarova N.P. (2022) Field practice in biology: Methods, risks, and pedagogical effects. Science
and School, 4. — P. 112-120. (in Eng.).

OECD (2019) Measuring teaching effectiveness: New approaches and methods. OECD Publishing.
(in Eng.).

Rogers C. (1983) Freedom to learn. Merrill Education Publishing. (in Eng.).

Rust C. (2002) The impact of assessment on student learning. Active Learning in Higher Education,
3(2). — P. 145-158. (in Eng.).

Sadler D.R. (2009) Indeterminacy in the use of preset criteria for assessment and grading.
Assessment & Evaluation in Higher Education, 34(2). — P. 159-179. (in Eng.).

Schunk D.H. (2012) Learning theories: An educational perspective (6th ed.). Pearson. (in Eng.).

Trowbridge L., & Bybee R. (1996) Teaching secondary school science: Strategies for developing
scientific literacy. Prentice Hall. (in Eng.).

Vygotsky L.S. (1978) Mind in society: The development of higher psychological processes. Harvard
University Press. (in Eng.).

Zhumadilova A., & Torekhanova A. (2021) Digital transformation of practical training in natural
sciences: Challenges and perspectives. Journal of Modern Education Technologies, 44(3). — P. 29—40.
(in Eng.).

213 @ M) &



Publication Ethics and Publication Malpractice in the journals of the Central Asian
Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the journals of the Central Asian Academic Research CenterLLP
implies that the described work has not been published previously (except in the form of an abstract
or as part of a published lecture or academic thesis or as an electronic preprint, see http:/www.
elsevier. com/postingpolicy), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form,
in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another
language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The Central Asian Academic
Research Center LLP follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics. org/files/ u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published
works which are not yet cited. Reviewed articles should be treated confidentially. The reviewers
will be chosen in such a way that there is no conflict of interests with respect to the research, the
authors and/ or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they
will only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the Central Asian Academic
Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor and
safeguard publishing ethics.

[MpaBuia opopmiteHUs! CTaThU [UIsl MyOIMKALUK B )KypHAJIe CMOTPETh Ha caiTe:
www: nauka-nanrk.kz
ISSN 2518-1467 (Online),
ISSN 1991-3494 (Print)
http://www.bulletin—science.kz/index.php/en

OTBETCTBEHHBIH penakTop A. BoTaHKBI3bI
Penaxropsr: J1.C. Asenos, T. Anenauen
Bepcrka Ha xomnbrotepe: I.J1. ZKagbipaHoBoii

IToxmucano B meyats 31.12.2025.
46,0 m.J1. 3akas 6.

«Central Asian Academic Research Center» LLP
Anmamet, Konaes k-ci, 142





