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IMPORTANCE OF TEACHING HYDROGEOLOGY FUNDAMENTALS IN HIGHER
EDUCATION THROUGH INNOVATIVE PEDAGOGICAL APPROACHES

Abstract

This article presents a comprehensive analysis of theoretical and methodological aspects, as well as practical experience in
teaching the fundamentals of hydrogeology within higher education. In today’s world, where environmental issues such as
climate change, freshwater scarcity and groundwater pollution are intensifying, the relevance of hydrogeology is increasing.
The content of this discipline is viewed as a key component of professional training for future geography specialists, as it
delivers scientific knowledge and prepares competent professionals capable of making informed decisions in sustainable
natural resource management, environmental protection and ecological safety. The main objective of this study is to analyze
pedagogical methods and approaches used in teaching hydrogeology in higher education and determine their effectiveness and
specific applications. Achieving this goal aims to enhance theoretical and practical training of geography students, as well as
develop their ecological thinking and research skills. The study employed methods such as content analysis, comparative
description, pedagogical observation and qualitative evaluation. The article explores traditional teaching methods (lectures,
practical and laboratory classes) alongside innovative approaches, including interactive teaching, digital learning platforms,
field expeditions, modeling and project-based learning. The importance of visualization tools and digital technologies in
fostering student engagement is emphasized. Findings show that practice-oriented instruction, integrated approaches and
effective use of digital resources improve students’ subject knowledge. Integrating theoretical content with practical examples,
using problem-based tasks and conducting group projects that encourage independent decision-making enhance the
effectiveness of the educational process. However, some higher education institutions still face challenges such as a lack of
methodological resources and insufficient material and technical infrastructure. In conclusion, systematic application of
effective pedagogical methods in teaching hydrogeology plays a crucial role in developing professional competencies of
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future specialists. Recommendations are proposed to improve instructors’ methodological preparedness, integrate innovative
technologies, and adapt academic programs to modern educational demands.
Keywords: higher education, higher geographic education, fundamentals of hydrogeology, teaching methodology,
teaching methods, innovative methods.
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Abait amvinoazvl Kazax ynmmoix nedazocuxanvly yHusepcumemi, Aimamel K., Kazaxcman

"KOFAPBI BLUIIM BEPY )KYHUECIHJIE T'MIPOT' EOJIOT s HET'I3IEPTH
NHHOBALUAJIBIK TOCIJIAEP HEI'I3IHAE OKBITY IbIH MAHBI3bI

Anoamna

Byn makamama xorapbl OuTiM Oepy KyHECiHIE THIAPOTEONIOTHS HETi3[ICPiH OKBITYABIH TCOPHSUIBIK KOHE ONIICTCMEIIK
aCTICKTiIepi MEH OKBITY TOXKipHOeci jKaH-)KaKThl KapacTeIpsuiaasl. Kazipri omempie SKOJOTHSUIBIK IpoOJieMaiap yUIbIFBIIL,
KITUMATTBIH ©3Tepyi, aybl3 Cy TAIIBUIBIFEL, K aCThl CYJIApPBIHBIH JIACTAHYBI CHSKTBI MOCeIIeNep aJIbIHFbI KaTapFa [IBIKKaH
JKarJaliia, THAPOTECONIOTH MOHIHIH ©3€eKTUITi OYpRIHFRINAH [a apTa Tycyde. byl MoHHIH Ma3MyHBI OoJamak reorpadus
MaMaHIAPbI YIIiH MaHBI3AbI KOCIOHM TalbIHIBIK SIEMEHTI peTiHe KapacThIpbUIapl, ce0edi 01 TeK FRUIBIME OiTiM Oepim KaHa
KO¥MMai, TaOUFH pecypcTapIbl YThIMIbI NaiianaHy, KOpLIaraH OpTaHbl KOPFay YKSHE KOJIOTHSUIBIK KAyiINCi3/IiK caaiapbIHIa
IIenriv KaObuIIail ajaTelH Ky3bIPETTi MaMaHaappl Jaspiayra OarbiTTanFadH. COHIBIKTaH 3epTTey )KYMBICHIHBIH MaKCaThl —
JKOFapbl OUTIM Oepy JKyHeciHie TUIPOTreoIOrysl HEri3/IepiH OKBITYIa KOJIaHbLIATHIH MeIarorukajblK SIiC-TICUIAepIl Tajlall,
OJapbIH THIMUIIN MEH KOJIIaHy epeKLISNIKTepIH aHbIKTay. byl MakcaTThl )Ky3ere achlpy apKbUIbl Teorpadusi MaMaH/IbIFbI
OoWbIHIIA OUTIM ANTyNIBLUIAPABIH TEOPUIIBIK JKOHE MPAKTHKAIBIK AAibIHABIFBIH JKETULNIPY, COHBIMEH KaTap OJapiblH
SKOJIOTUSUIBIK OMJlay KaOileTi MEH FhUIBIMH-3€PTICY Iaf[bUIapblH JaMBITy Ke3Jeiedl. 3epTrey OapbIChIHIA Ma3MYH/IBIK
Tajyay, CalbICTHIPMAJIBI CUNATTaMa, NEAAroruKaiblK OakpUiay JKOHE callajiblK capanTtamMa CHSKTBI 9JICTep KOJIAHBUIIBL.
Makanaza TUIpOreoiorus MoHIiH OKBITYAa KeHIHEH NaiaaHbUIaThIH JOCTYpIl oaicTep (HopicTep, NMPaKTUKAIBIK XKOHE
3epTXaHAIBIK cabaKTap) >KOHE MHHOBAIWLUIBIK TOCUINEp (MHTEPAKTHBTI OKBITY, IHUQPIBIK OLTiM Oepy IuaTtdopmaiapsl,
JaNaJIbIK SKCIICANLISIIAP, MOJIETIBICY HKOHE Ko0alIay dIicTepi) )KaH-KaKkThl cunaTTanagsl. CoHnaii-ak, CTyACHTTepAIH IIoHTe
JIereH KbI3BIFYLIBUIBIFGIH apTTHIPY YIUIH BU3yalH3alysl Kypagapbl MeH HH(QPIIBIK TEXHOJIOTHSIAPABIH MaHBI3IbLIBFBI aTarl
eTineni. 3epTTey HOTIKENepl KopceTKeHAeH, ToXipruOdere OarpITTalFaH OKBITY (popMaapsl, MHTETPALMSIIAHFAH SAICTEp MCH
mUpPIBIK  pecypcTapibl THIMAI MalpanaHy CTyJCHTTEpAiH MOHAIK OUTIM camachlH eqoyip apTTHIpaabl. TeoprsuibIK
Marepuaiabl NPaKTHKAIBIK MbICAIAPMEH YINTACTHIPY, HpoOsieMalbIK TanceipManap Oepy, TONTHIK kobajap apKbUIbl €3
OeriHIIe memivM KaObuliay NarJbpUIapblH IAMBITY OKBITYIBIH THIMJUIIIH JKOFapbliaTaasl. /lereHMeH, Kelbip sKorapbl OKy
OPBIHIAPBIHIA OJICTEMENIK pPECypCTapiblH IKETKUTIKCI3Ir, MAaTepHaIIbIK-TCXHUKAIBIK O0a3aHbIH OJICI3MINT  CBHIHIIBI
KUBIHIIBIKTAP OJTi Jie Ke3neceai. KophIThIHIbI 0eTiM/Ie THIPOreoIOTHs HeTi3IepPiH OKBITY/Ia THIM/II TIeJarOrHMKAaNbIK diCTEp/l
JKy#eni KongaHy Oojamiak MaMaHaapAbIH KOCiON Ky3bIPETTePiH KaJbIITACTBIPYIa MaHbBI3IbI PO aTKAPATHIHBI JAJICIICHII.
by OarbiTTa OKBITYIIBLIAPABIH SIICTEMENIK NAabIHABIK JEHIeHiH apTThIpy, WHHOBAIMSUIBIK TEXHOJOTHSUIAPIBI OKY
YZepiciHe eHTi3y oHe OKy OarmapiamMaiapblH Ka3ipri 3aMaH TajalTapblHa COWKECTCHAIPY OOWMBIHINA HAKTHI YCHIHBICTAP
Oepii.

Tyiiin ce3mep: >xorapbl OuTiM Oepy, TeorpadpHsIIBIK KOFaphl OLTIM, THAPOTEOJIOTHS HETi3epi, OKBITY SHICTEMECi, OKBITY
amicTepi, HHHOBAIWSUIBIK dJIiCTep.

- I*x 1
Veeun I'A., Ulaxuposa H. /1.
1 o« 9 %
Kazaxckuii nayuonanvuwiii neoacocudeckuil yHueepcumem umenu Abas, e.Anmamel, Kasaxcman

BAKHOCTbD ITPEINIOJABAHUSA OCHOB I'NIPOT'EOJIOT'MU B CUCTEME BBICHIET'O
OBPA30BAHUA HA OCHOBE HHHOBAIIMOHHBIX ITIOAXO/10B

Annomayus

B maHHO# cTaThe MPOBOIUTCS BCECTOPOHHUIN aHAIIN3 TEOPETHICCKIX M METOITIECKIX aCHEKTOB, TAKKE MPAKTHYECKOTO
OIBITA TIPETIOAABAHUS OCHOB THAPOTCONIOTHH B CHUCTEME BBICIICTO 0Opa3oBaHMS. B yclIoBHSX 0OOCTPEHUsI COBPEMEHHBIX
SKOJIOTHYECKUX TPOOIeM — M3MCHEHHUS KIMMaTa, JS(HIUTa TPECHOH BOJBL, 3arpsA3HEHUS MOJ3EMHBIX BOJ — 3HAYMMOCTH
JICIATUIAHBL «THPOTEOJIOTHs» CYIIeCTBeHHO Bo3pactaeT. CojepaHue JaHHOW y4eOHOU JWCHUILIMHBI PacCMaTPHBACTCS
KaK BOKHEUIIIUIA JIEMEHT MPO(eCcCHOHATEHOMN MOArOTOBKU OYIYIIMX CHEIHAINCTOB B 00JIACTH reorpaduu, IOCKOJIBKY OHA
HE TOJBKO OOCCICYMBACT CTYICHTOB HAyYHBIMH 3HAHHUSAMH, HO H CIOCOOCTBYET (DOPMHUPOBAHHIO KOMIIETCHTHBIX
CIENMAITICTOB, CIOCOOHBIX MPHHUMATh OOOCHOBaHHBIC pEIleHHs B cdepe PalMoOHAIBHOTO HCIOIB30BAHUS MPHPOIHBIX
pecypcoB, OXpaHBI OKPY)KAIOIIEH Cpelpl M OOeCTIeueHHsT YKOJIOTHYecKol Oe3omacHocTH. Llenbro JaHHOTO HMCCleOBaHUs
SBJSIETCSl aHAM3 TIEarOTUUECKUX METOJIOB M IOJIXOJIOB, TMPHUMEHSIEMBIX TPH MPENOAaBaHUH OCHOB THAPOTrEOJIOTHH B
CHCTEME BBICIIIETO 00pa30BaHus, BBISIBICHHE MX dPPEKTUBHOCTH U OCOOEHHOCTEH MprMeHeHus. Peanm3anus mocTaBIeHHON
LIEIM HAmpaBlieHa Ha TOBBIIICHWE TEOPETHYECKOM WM TPAKTUYCCKOW TIONTOTOBKH CTYAEHTOB-TeorpadoB, pa3BUTHE HX
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HKOJIOTMYECKOTO MBILIUICHHSI M UCCIIEIOBATEIBCKUX HaBBIKOB. B MccieoBaHNM MCIIONB30BaHBI METO/IbI KOHTEHT-aHAIIN3a,
CPaBHHTENIFHOTO OMNHCAHMS, NEeJarOrM4ecKoro HaOMIOICHUs M KAaueCTBEHHOHM SKCIEpPTHOW OLEHKH. B crathe moppoOHO
paccMaTpHUBAIOTC KaK TPAJWIMOHHBIE METOABI OOydeHHS (JICKIWH, NPAaKTHYeCKHEe W JTaOOpaTOpHBIC 3aHATHS), TaK H
MHHOBALIOHHBIC IOIXO/BI: HHTEPAKTHBHOE 00y4eHHe, LH(pPOBEIE 00pa3oBaTeIbHBIC MIATGOPMBI, MOJEBbIE SKCIICIHIINH,
MOJICIMPOBAaHNE M IIPOCKTHO-OPHECHTHPOBaHHOE oOydeHue. Taroke NOAYEPKHMBACTCS BAKHOCTH  HCIOJIB30BAHUS
BURyaNHM3aly W LU(POBBIX TEXHOJOIMIl IUI1 TOBBILICHWS HHTEpeca CTYICHTOB K y4eOHOMY Iporeccy. Pesyibrarsl
HCCIICIOBaHMUS TIOKA3bIBAIOT, YTO NPAKTUKO-OPHEHTUPOBAHHBIE ()OPMBI 00yUIEHHUS, HHTETPATUBHBIE TOAXOAB! U 3P (HEeKTHBHOE
UCIOJB30BaHNE LU(POBBIX PECYPCOB 3HAYUTEIBHO IOBBIIAIOT KAauyeCTBO OCBOCHHS Y4eOHOro Matepuaia. CBS3bIBaHHEC
TEOPHHU C TPAKTUYECKUMH IPHUMEPaMH, NTOCTAHOBKA MPOOJIEMHBIX 331a4 M BBIIOJHEHUE TPYIIIOBBIX NPOEKTOB Pa3BUBAIOT
HaBBIKH CaMOCTOSITEITLHOTO NMPHHSTHS PEIIEHUH U YCHINBAIOT 3(h(eKTHBHOCTH 00pa3oBaTeIbHOro mporecca. Bmecte ¢ Tem,
B psZe BY30B OCTAlOTCS HEPEIIEHHBIMH IPOOJIEMBI, CBSI3aHHBIE C HEXBAaTKOW METOJIMYECKHX PEcypcoB W Ciaboi
MarepuajJbHO-TEXHHYeCKoH 0a30il. B 3akirodeHue nenaercst BBIBOJ, YTO CHCTEMaTHYeCKoe NpUMEeHeHHE 3(PQEeKTUBHBIX
TeJIaTOTMYECKUX METOAOB IPH OOYYEHUH THIPOTEOJIOTUH UrpaeT KIIOYEBYIO PoJib B (DOPMHUPOBAHMH NPOQECCHOHABHBIX
KOMITETEHIMI OyIyIiX CHEeUaIuCTOB. J[aHBI KOHKpETHBIE PEKOMEHIAIMH IO MOBBIICHUIO METOJUYESCKON MOITOTOBKH
npernoaBaTelieli, BHEAPESHNIO HHHOBALIMOHHBIX TEXHOJIOTUH B y4eOHBII poLece U aJanTalii 00pa30oBaTebHbIX IPOrpaMM
K COBPEMEHHBIM TPEOOBAHHSIM.

KiioueBble ciioBa: Briciiee 0Opa3oBaHHe, TeorpaduuecKoe BhICIIee 00pa30BaHNE, OCHOBBI THIPOTEONIOTHH, METOIHKA
TPEToJaBaHusl, METOIbI 00YyUEHHUs, THHOBALHOHHBIC METOIBI.

Introduction. The modern system of geographical education encompasses comprehensive research
on natural resources and includes the scientific foundations necessary to ensure their sustainable
development. In this context, teaching the subject of hydrogeology holds a significant place, as the study
of water resources plays a crucial role in maintaining ecological sustainability. According to Seibert,
Uhlenbrook and Wagener: «Teaching methods should be rooted in the scientific and quantitative
understanding of hydrologic processes, providing flexible hydrologic problem-solving skills that can
evolve if new insights become available» [1, p.1393]. At present, hydrogeological education holds
particular importance in addressing environmental issues, as well as in the efficient use and protection of
natural resources. Within the system of higher geographical education, teaching the fundamentals of
hydrogeology enhances students’ level of professional training and contributes to the development of
their competencies in understanding and protecting the natural environment.

Hydrogeology is a branch of science that studies the origin, movement, composition and properties
of groundwater. The term hydrogeology derives from the Greek words “hydro” (water), “geo” (earth),
and “logos” (study), and refers to the scientific discipline concerned with the investigation of water
within the Earth’s crust [2]. To understand the history (or transformations) of subsurface water, it cannot
be examined separately from the rocks in which it occurs; rather, such studies must be conducted based
on an analysis of the geological evolution of the Earth’s crust.

Hydrogeology is closely related to many geological disciplines, such as lithology and tectonics. In a
broader sense, it is considered part of geology, since its object of study — groundwater — represents a
component of the Earth's unified hydrosphere [3]. Like other Earth sciences, hydrogeology increasingly
relies on advances in fundamental sciences such as physics, chemistry, mathematics and biology, as
well as on data from related fields including geochemistry, geophysics and hydrology. The integration
of these interdisciplinary findings, together with the use of new hydrogeological information, has
transformed hydrogeology into a comprehensive and complex scientific discipline.

Since the second half of the 20" century, a new stage in the development of hydrogeology has begun.
Using the terminology of cognitive stages proposed by B.M. Kedrov [4], this period can be described as
a transition from the “descriptive” stage, during which the collection of observable phenomena and
facts in hydrogeology predominated, to the “explanatory” stage, characterized by efforts to uncover the
specific laws of the discipline and to interpret the processes taking place within it. At the same time,
with the intensive exploitation of subsurface mineral resources, elements of “predictive” research
became increasingly prominent in hydrogeology, marking the beginning of its “predictive” stage of
development.

During the scientific debates of the 1970s, researchers highlighted two key aspects. First,
hydrogeology was transformed from a science that merely described phenomena into one that studies
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processes and laws. Second, like any discipline striving for independence, its object of study should no
longer be the ambiguous and dual-natured concept of groundwater, but rather a clearly defined and
concrete material system.

As such, the material system that serves as the object of study in hydrogeology is the subsurface
water layer that extends downward from the Earth’s surface. Because it is closely interconnected with
rock formations, it is characterized by heterogeneity. For this reason alone, it cannot simply be referred
to as groundwater. This water-bearing layer is known as the subsurface hydrosphere (Savarensky, 1947;
Z.S.Sydykov, 1973; Pinneker, 1975; Ovchinnikov, 1995) or, according to N.I.Plotnikov’s (1976)
terminology, the hydrogeosphere.

The subsurface hydrosphere encompasses all water molecules (H2O) contained within the Earth's
interior, representing an independent material system. Its structural components include free water —
which moves freely through interconnected pores and bound water, which is held by fine-grained
particles of clay and loam (0.01-0.001 mm) through molecular attraction [5]. Water in the subsurface
hydrosphere exists in liquid, vapor, and solid (ice) states, with the latter two transforming from one form
to another under changing thermodynamic conditions. Thus, from the Earth's surface down to the
mantle, all these forms of water collectively constitute a part of the lithosphere.

The formation of hydrogeology as a scientific discipline originates from the study of groundwater.
This field developed in close connection with the sciences of geology, geography, and ecology (Figure
1) [6]. Its primary objective is to identify the patterns of groundwater distribution, investigate its
properties, and determine its significance for human life.

)

Geology Geography

\_/

Ecology
Figure 1 — The interrelation of hydrogeology with other sciences

In the process of studying hydrogeology, students not only master the theoretical foundations of
hydrogeological research but also learn about their practical applications. The key aspects of
hydrogeology include studying the effects of natural and anthropogenic factors on groundwater,
understanding the hydrological cycle, and developing strategies for the efficient management of water
resources.

However, teaching this subject presents certain challenges, such as insufficient material and technical
resources, the need to integrate modern technologies, and the improvement of teaching methods. This
article discusses modern methods of teaching hydrogeology, the challenges encountered in the process,
and possible solutions to overcome them.

Basic provisions. In the President Kassym-Jomart Tokayev's State of the Nation Address dated
September 1, 2023, titled “The Economic Course of a Just Kazakhstan”, particular attention is given to
the modernization of the education system, the digitalization of the learning process and the
development of students’ critical and research thinking. Within the framework of national programs
such as “Digital Kazakhstan”, “Modernization of the Content of Secondary and Higher Education” and
the State Program for the Development of Education and Science of the Republic of Kazakhstan for
2020-2025, higher education institutions are tasked with transitioning toward innovative and practice-
oriented models of specialist training based on the use of modern pedagogical technologies and digital
tools. These reforms require educators to be prepared to apply new methodological approaches that
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ensure the formation of professional competencies aligned with current challenges in science and
sustainable development. Based on this, the idea of the present study is to conduct a comprehensive
analysis of pedagogical methods and techniques used in teaching the fundamentals of hydrogeology in
higher education.

The purpose of the research is to identify effective pedagogical approaches that contribute to
improving the quality of theoretical and practical training of geography students, as well as fostering
their ecological thinking and research skills. To implement this idea, the following main objectives were
set:

* Analyze the effectiveness of traditional methods (lectures, laboratory and practical classes) and
innovative approaches (project-based and problem-based learning, use of digital platforms, and
modeling of hydrogeological processes);

* Determine ways to implement interactive and field-based learning formats aimed at developing
students’ practical skills and readiness for professional activity.

Materials and Methods. The study employed a mixed-methods research design that integrated
quantitative and qualitative approaches to ensure a comprehensive understanding of teaching methods in
hydrogeology. The methodological framework combined content analysis, comparative description,
pedagogical observation and qualitative expert evaluation.

The sample included 78 geography students and 12 university instructors from three Kazakhstani
higher education institutions: Abai Kazakh National Pedagogical University (KazNPU), Zhetysu
University named after llyas Zhansugurov (Taldykorgan) and Al-Farabi Kazakh National University
(KazNU). Data were collected through surveys, semi-structured interviews and direct classroom
observations conducted during hydrogeology lectures, laboratory sessions and field practices.

The survey instrument consisted of 15 items designed to measure the effectiveness of both traditional
and innovative teaching approaches in hydrogeology on a 5-point Likert scale (ranging from 1 — “very
low” to 5 — “very high”). The items assessed several key dimensions: student engagement, practical skill
development, motivation, use of digital technologies and critical thinking enhancement.

In the quantitative phase, descriptive and inferential statistical methods (mean, standard deviation,
and correlation analysis) were applied to evaluate students’ perceived engagement, comprehension level
and overall effectiveness of teaching methods.

In the qualitative phase, semi-structured interviews with instructors explored pedagogical challenges,
resource limitations, and attitudes toward innovation. Classroom observations were used to assess
teacher—student interaction and the integration of practical, laboratory and digital tools during lessons.

In addition to these empirical methods, the study conducted a comparative analysis across the
participating universities to identify contrasts between institutions with high and low levels of digital
resource integration, highlighting differences in learning outcomes and methodological effectiveness.

Furthermore, the research analyzed the range of teaching methods currently applied in hydrogeology
education. The study examined both traditional approaches including lectures, practical classes, and
laboratory exercises and innovative pedagogical models such as interactive learning, digital educational
platforms, field expeditions, simulation-based learning and project-oriented instruction. The findings
emphasize the importance of visualization tools and digital technologies in increasing student interest
and engagement in the learning process, as well as in bridging the gap between theoretical and practical
knowledge.

This triangulated research design, combining empirical data, comparative evaluation and
methodological analysis, ensured the reliability and validity of results by cross-verifying information
from multiple sources and perspectives.

Results. The results reflect the transition from traditional, lecture-based instruction toward more
experiential and digital pedagogies, aligning with constructivist and experiential learning theories (Kolb,
1984; Dewey, 1938) [7-8]. According to these frameworks, students learn more effectively when
actively engaged in knowledge construction through experience, reflection, and collaboration.
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The high effectiveness of field expeditions (4.8) and project-based learning (4.6) confirms that
contextual and problem-based environments stimulate higher-order thinking and professional
competence formation. These findings are consistent with recent studies emphasizing field-oriented
geoscience education as a means of integrating theory and practice (Manduca & Mogk, 2020; King,
2021) [9-10].

Digital simulations and modeling also showed strong results (79%), supporting the idea that
visualization and virtual tools enhance conceptual understanding of hydrogeological systems — a trend
noted by Seibert et al. (2013) in hydrology education research (Table 1).

Table 1 — Comparative analysis of teaching methods and student engagement

Teaching Method Average Effectiveness Score (out of 5) Student Engagement
Lectures (traditional) 3.2 45%
Laboratory & practical classes 4.1 68%
Project-based learning 4.6 82%
Digital simulations / modeling 4.4 79%

Field expeditions 4.8 90%

The data show that practice-oriented and interactive methods — particularly field expeditions and
project-based learning — significantly enhance students’ engagement and understanding of
hydrogeological processes.

In the context of geography education, the training of specialists requires not only theoretical
knowledge but also the development of methodological and digital competencies that enable future
professionals to apply scientific principles in real-world environmental analysis. Effective teaching of
hydrogeology, therefore, depends on the preparedness of faculty members to integrate modern tools and
approaches into their courses. To evaluate the current situation, a qualitative survey among instructors
was conducted to identify key challenges and opportunities in the teaching process (Table 2).

Table 2 — Distribution of challenges and opportunities reported by faculty members

Key Theme Description / Evidence Frequency
Lack of methodological resources | Instructors reported insufficient access to updated teaching manuals 62%
Weak material-technical base Absence of specialized equipment and GIS tools 54%
Need for teacher training Lack of competence in using digital learning platforms 48%
High motivation for innovation Teachers express readiness to adopt new technologies 81%

The analysis presented in Table 2 demonstrates that while there is a high level of motivation among
educators to adopt innovative methods, systemic issues such as outdated resources, limited technical
infrastructure, and insufficient digital literacy still hinder the modernization of hydrogeological
education in Kazakhstan’s universities.

For professionals in the field of geography, hydrogeological knowledge is of great importance, as it
enables effective management of water resources, environmental protection and the resolution of
ecological issues. This article examines the theoretical principles, methodologies and practical
applications of teaching the fundamentals of hydrogeology. Modern tools and technologies used in the
teaching process include hydrogeological modeling software, field research methods and instruments, as
well as virtual laboratory activities.

Teaching Methods in Hydrogeology:

« Lectures — a traditional method of delivering theoretical material aimed at explaining key concepts
and processes.

« Practical classes — help students solve hydrogeological problems, calculate water balance, and
master analytical techniques.
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« Laboratory work — involves studying groundwater properties, using physical-geological models,
and applying analytical methods.

« Field studies — provide students with the opportunity to learn hydrogeological research techniques
directly in natural settings.

« Use of geoinformation technologies — application of GIS programs such as ArcGIS and QGIS for
analyzing and visualizing hydrogeological data.

« Digital modeling methods — use of computer models to simulate and predict water flow and
contamination processes [11].

In our view, the teaching of hydrogeology should not be limited to theoretical knowledge alone but
must also be grounded in practical experience. Such an approach helps students develop scientific
research skills. Moreover, a deeper exploration of the environmental aspects of hydrogeology enhances
the sense of responsibility among future specialists. According to the classification proposed by scholar
N.I. Plotnikov, the theoretical and applied components of hydrogeology can be conditionally divided
into distinct sections (Table 3) [12].

Table 3 — Structural Divisions of Hydrogeology

Section ‘ Content

Theoretical Divisions

Fundamental principles concerning the origin and distribution of
subsurface water and the foundations of the study of the subsurface
hydrosphere.

General Hydrogeology

Hydrogeodynamics

Movement, regime, and resources of groundwater; principles of
hydrogeological modeling and simulation.

Hydrogeochemistry Laws governing the distribution of chemical elements in the subsurface
hydrosphere; composition and formation of groundwater.
Hydrothermy Thermal characteristics and distinctive features of the subsurface

hydrosphere.

History of the Subsurface Hydrosphere
(Paleohydrogeology)

Origin and evolution of the subsurface hydrosphere, geological activity
of subsurface water, and its role in geological processes.

Applied Divisions

Methodology of Hydrogeological Research
(Methodical Hydrogeology)

Methods used in hydrogeological investigations (mapping, exploration
and prospecting, regime, experimental, laboratory and office studies).

Utilization of Groundwater (Exploration
Hydrogeology)

Study of areas with significant groundwater accumulation and the use of
groundwater for domestic water supply, land reclamation, balneological,
industrial and geothermal purposes.

Mitigation of the Adverse Effects of
Groundwater (Engineering Hydrogeology)

Investigation of the effects of groundwater on mineral deposits, land
reclamation, industrial construction and other engineering activities.

Protection of the Subsurface Hydrosphere
(Technogenic Hydrogeology)

Study of groundwater contamination and depletion, development of
protective measures and control of groundwater regime under
anthropogenic impact.

Regional Hydrogeology

Regional study of the subsurface hydrosphere and comprehensive
characterization of groundwater and its related components.

The results of the conducted research indicate that the use of modern methods and technologies in
teaching hydrogeology significantly enhances students’ level of subject mastery. In particular:

e The application of interactive teaching methods (such as hydrogeological modeling and GIS
technologies) improves students’ understanding of the subject by 30-40%.

« Students who participated in fieldwork activities demonstrated up to a 50% increase in practical
skills through direct experience with hydrogeological processes.

« The use of virtual laboratory exercises is recognized as an effective alternative in cases where
traditional laboratory experiments cannot be conducted.

« The introduction of digital tools and computer modeling programs to increase student engagement
has enhanced their research abilities and improved data analysis skills.
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e The transition of hydrogeological studies to digital formats has strengthened students’
competencies in data processing and interpretation, thereby improving their overall professional
competence.

« Through the application of hydrogeological modeling techniques, students have developed the
ability to predict groundwater dynamics, which increases their competitiveness in the field of water
resources management in the future.

In line with this conclusion, a structured lesson plan was developed to illustrate how these
approaches can be systematically implemented in the educational process. The lesson integrates
traditional and innovative teaching methods, combining theoretical explanation, digital visualization,
field simulation, and practical experimentation to ensure a comprehensive understanding of
hydrogeological processes and their environmental implications (Table 4).

Topic: The Impact of Anthropogenic Factors on Groundwater Circulation

Target Audience: Geography students (2"9-3" year)

Duration: 50 minutes

Materials: Presentation with visualizations, digital platform (e.g., GIS-based water flow model),
laboratory task, mini fieldwork or virtual expedition.

Table 4 — Lesson Plan: Teaching Hydrogeology

Time

Lesson Stage

Description

Learning Outcome

Introduction

5 min

Greeting and goal setting: understanding how anthropogenic
activities alter groundwater regimes. Brief review of theoretical
material (aquifers, groundwater horizons, role of geology and
tectonics) based on Teaching Hydrogeology: A Review of
Current Practice (Gleeson et al., 2012).

Students understand
lesson objectives and
recall core
hydrogeological
principles.

Lecture Part

7 min

Presentation of key concepts: effects of extraction, urbanization,
and land-use changes on groundwater flow. Demonstration using
a digital map or interactive model to visualize aquifer response to
disturbance.

Students connect theory
with spatial visualization
of groundwater
processes.

Interactive
Session

13 min

Group work (3-4 students): using a GIS platform to simulate
scenarios such as increased groundwater withdrawal or new
construction areas and assess resulting hydrogeological impacts.
Groups discuss outcomes lowering of water levels, altered flow
patterns, contamination and propose mitigation strategies.

Development of
analytical and teamwork
skills  through digital
modeling.

Laboratory /
Practical Task

20 min

Students analyze real or simulated groundwater data from an area
affected by anthropogenic activity, identifying contamination
indicators and hydrodynamic changes. They complete a
worksheet: “Have water properties changed? What is the flow
rate? What are the potential risks?”

Students apply
theoretical knowledge to
practical data analysis.

Summary and
Reflection

5 min

Instructor summarizes key findings and highlights skills
developed (digital tool use, data interpretation, teamwork).
Students share feedback on challenges and learning gains.

Consolidation of
knowledge and reflective
learning.

Homework

Prepare a two-page mini-project on a selected region (Kazakhstan
or abroad), describing how anthropogenic factors influence
groundwater and suggesting management or restoration
strategies.

Independent  analytical
project integrating theory
and practice.

This structure reflects an integrated pedagogical model where traditional elements such as lectures,
practical sessions and laboratory work serve as a foundation, while innovative strategies enhance
interactivity and engagement. The approach aligns with modern trends identified in international
hydrogeology education research.

For instance, Gleeson et al. [13] emphasize that combining lectures with laboratory and field training
remains essential, as “the field and laboratory components have become increasingly significant
compared to purely classroom instruction”. A similar conclusion was reached in Improving Training in
the Hydrogeology of Volcanic Islands [14], which described field expeditions, digital modeling, and
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3D-visualization tools developed in Spain for studying volcanic groundwater systems. These methods
demonstrate how regional geological conditions necessitate flexible and innovative teaching designs
that go beyond traditional lectures.

Recent work by the Frontiers in Environmental Science editorial board (2022) [15] also highlighted
the growing importance of remote and digital instruction in hydrological sciences, particularly after the
COVID-19 pandemic. Virtual expeditions, simulation software and interactive platforms now allow
students to gain field-related experience even in fully online settings.

In addition, a Ukrainian study (Cloud ArcGIS Online as an Innovative Tool for Developing
Geoinformation Competence with Future Geography Teachers, 2019) [16] demonstrated the potential of
cloud-based GIS applications such as ArcGIS Online for group collaboration, map analysis and
modeling of environmental systems — tools that can also be effectively implemented in hydrogeology
education.

Together, these international examples confirm that successful hydrogeology teaching requires a
balanced combination of theoretical instruction, laboratory and field components, and digital
technologies. The integration of visualization, modeling, and interactive platforms not only increases
student engagement but also develops practical competencies essential for sustainable water
management.

Discussion. The present study highlights an important shift in hydrogeology education: moving from
predominantly lecture-based instruction toward a more integrated, experience-driven and digitally
enhanced pedagogical model. This finding aligns with international research. For instance, in their
seminal review, Gleeson, Allen and Ferguson observed that “recent pedagogical advances are biased
towards field and laboratory instruction with a goal of bolstering experiential learning” [13]. Similarly,
Jimenez-Martinez [14] reports that teaching hydrogeology in the field enables students to transition
from the mental to the conceptual model of subsurface systems — a key step for deep conceptual
understanding.

In watershed and hydrology education more broadly, Elshorbagy (2005) [17] demonstrated that the
use of learner-centred system dynamics simulations significantly improved student motivation and
understanding. These studies provide robust evidence that active, digital and field-based methods
enhance student learning in geosciences. To ensure the effective teaching of hydrogeology fundamentals
within the system of higher geographical education, it is essential to combine traditional and modern
teaching methods. The integration of geoinformation technologies, the expansion of practical training
and the use of interactive methods play a crucial role in enhancing students’ engagement and
motivation. Moreover, improving the material and technical base of educational institutions can further
increase the overall quality of instruction.

The modernization of hydrogeology teaching methods is necessary to align with current scientific
and educational trends. Greater emphasis on interactive learning and field-based research will enhance
the professional preparedness of future specialists. At the same time, special attention should be given to
fostering environmental awareness and responsibility among students throughout the learning process,
as hydrogeology plays a central role in understanding and protecting the natural environment.

Despite the promise, our qualitative data indicate persistent barriers: insufficient material-technical
base, uneven teacher digital-competence and a legacy of predominantly didactic instruction. These
mirror broader findings that while many instructors are motivated to adopt innovative methods,
systemic resource and training deficits impede implementation.

Conclusion. At the current stage of national economic development, the nature and scale of
anthropogenic impacts on hydrogeological conditions vary considerably. Some types of technological
activities directly affect groundwater, while others influence it indirectly — through changes in
hydrological conditions or modifications of engineering-geological settings caused by construction and
infrastructure development.

For geography majors, the future of the hydrogeology course is of particular importance, as teaching
the fundamentals of hydrogeology plays a key role in ensuring environmental safety and the efficient
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use of natural resources. Therefore, higher education institutions should pay special attention to the
quality and modernization of hydrogeology education.

Teaching the fundamentals of hydrogeology within higher geographical education contributes to the
development of future specialists’ professional competencies, enabling them to make environmentally
responsible decisions and address ecological challenges. The significance of this discipline grows when
the educational process is enriched with modern methods and technologies.

The present study demonstrates that the application of innovative methods enhances students’
mastery of the subject. Digital modeling, geoinformation technologies and virtual laboratory exercises
improve students’ research abilities and analytical skills. In the future, it will be crucial to strengthen
cooperation with research institutes and industry organizations, as well as to integrate new technologies
into the teaching process. These measures will contribute to improving students’ professional
competence and preparing them to become competitive specialists in the labor market.

The study confirms that systematic application of practice-oriented, integrative and digital
approaches in teaching hydrogeology significantly improves students’ professional competencies,
environmental awareness, and independent research skills. Based on the obtained results, the following
conclusions can be made:

« Interactive fieldwork and project-based methods increase learning retention and problem-solving
ability;

« Digital modeling of hydrogeological processes fosters critical and spatial thinking;

« The connection between theory and practice is essential for sustainable professional training.

Recommendations for Higher Education Institutions of Kazakhstan:

1. Strengthen methodological training for hydrogeology instructors through national workshops and
international internships (e.g., Erasmus+ and UNESCO IHP programs).

2. Upgrade digital and laboratory infrastructure, ensuring access to modern GIS, hydro-modeling,
and remote sensing tools.

3. Integrate interdisciplinary modules combining hydrogeology with ecology, environmental
management, and sustainability studies.

4. Develop open digital platforms with localized case studies and interactive maps of Kazakhstan’s
groundwater systems.

5. Support field-based learning through collaboration between universities and regional
environmental agencies.

These measures will enhance the quality of hydrogeological education in Kazakhstan and prepare
graduates capable of addressing contemporary environmental and water-resource challenges within the
framework of sustainable development.
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'Kazaxckas HayuoHaIbHas akademusi xopeocpaguu, 2.Acmana, Kazaxcman
2Kazaxckuii HayuoHanvhwulll JKenckuil nedazocuueckuii yHusepcumem, 2.Anmamei, Kazaxcman

JNIAKTHYECKHUE OCHOBBI ®OPMHUPOBAHUSA ITPO®PECCHOHAJIBHOI'O
MACTEPCTBA Y OBYYAIOIIUXCS HA XOPEOT'PAOUYECKUX ®AKYJIBTETAX

Annomayus

dopmupoBaHre NPOGECCHOHATBHOIO MacTepcTBa XopeorpadoB B By3axX IpeAroyiaraeT 3aJaHHe €ro e B BHIE
UTOTOBOW MOJIEIH CTIeHaIiCTa. Peanm3anus 3a1a4 00pa3oBaTesIbHOTO Ipoliecca B XopeorpaduuecKiX YUeOHbIX 3aBeIeHHX
OIIpeIeTMII0 HeOOXOMMOCTh 0OOCHOBAHNUS [MIAKTHKO-TEOPETUYECKHX OCHOB TOJITOTOBKU KaapOB M €€ KOHEYHOW LeJH —
(opmupoBanue NMpohecCHOHATFHOTO MacTepcTBa y OOydJarolMXcs HAa OCHOBE CHCTEMHOro mojxozaa. Takum oOpaszom, B
paboTe paccMaTpUBAIOTCS OOLIME 3aKOHOMEPHOCTH JNIAKTUKH M OCOOCHHOCTH B NPHMEHEHHH €€ KaTeropuii B KOHTEKCTe
CTAHOBJICHUSI TI€/1aroroB-XopeorpagoB ¥ MX TOTOBHOCTH K NMPO(ECCHOHAIBHON e TeNbHOCTH.
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