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Abstract: In the context of the ongoing digitalisation of education and the
growing importance of research-oriented learning, developing students'
research competencies through interdisciplinary approaches has become
a key priority in higher education. This study examines the integration of
geomorphology with physics and digital technologies as a framework for
enhancing research skills and scientific thinking, combining physical
modelling with digital tools to deepen students’ understanding of landform
development processes while fostering analytical, critical, and systems
thinking.

The study analyses the educational potential of physical models for
demonstrating geomorphological processes - erosion, tectonic
movements, and hydrological phenomena - enabling students to observe
and interpret the dynamics of natural systems. It also explores the use of
Geographic Information Systems (GIS), digital mapping, terrain
simulation, and Big Data analysis for collecting, processing, visualising,
and modelling geomorphological information, supporting the
interpretation of experimental results and the development of digital
literacy.

A step-by-step methodology for developing research competence is
proposed,  encompassing  problem-based  learning,  physical
experimentation, digital data analysis, and project-based interpretation of
results. Students progress from observing natural phenomena to
constructing models, analysing data, formulating hypotheses, identifying
causal relationships, and presenting findings in digital formats, thereby
developing independent inquiry, collaborative learning, and evidence-
based reasoning.

Findings from a pedagogical study involving 30 students indicate that
combining practical experiments with digital technologies is associated
with increased research competencies, critical thinking, analytical ability,
and problem-solving skills, as well as greater motivation to engage in
scientific research. The proposed approach offers a practical model for
training specialists capable of applying digital methods in geoscience
education, relevant to the demands of the digital economy.

Keywords: geomorphology; interdisciplinary approach; physical models;
digital technologies; GIS; data analysis; research competencies; research
activity; student training; digital literacy.
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1. Introduction

The relevance of integrating geomorphology with physics and digital technologies stems from
modern requirements for training and teaching aimed at developing learners' research and digital
competencies. As the science of landforms and their formation processes, geomorphology requires
an understanding of the physical laws underlying natural phenomena such as tectonic movements,
erosion, and hydrological processes. Furthermore, modern digital technologies - geographic
information systems (GIS), digital mapping, terrain simulators, and big data analysis - not only allow
for the visualisation and modelling of complex processes but also enable the development of learners'
skills in analysing, interpreting, and processing information.

The integration of these subjects provides an interdisciplinary approach to education that
promotes a deeper understanding of natural processes, develops critical thinking, and prepares
learners for research and professional practice in the digital economy (Jia et al., 2025). Such an
approach increases interest in the study of geomorphology, develops independent research and
analytical skills, and makes the educational process applied and relevant.

The role of an interdisciplinary approach is to integrate knowledge, methods, and tools from
various disciplines in order to develop a comprehensive understanding of the phenomena under study
and to enhance learners' practical and research competencies. It ensures continuity of knowledge,
links theory with practice, and develops skills in critical thinking, data analysis, and systematic
problem-solving (Wu et al., 2024). Combining geomorphology with physics and digital technologies,
for example, allows for the simultaneous study of natural processes, their physical laws, and
modelling methods using modern analytical and visualisation tools, thereby fostering research
independence, project-based thinking, and digital literacy.

The problem lies in the insufficient development of learners' research competencies. Despite
possessing theoretical knowledge, most learners face difficulties in applying it in practice -
formulating scientific hypotheses, analysing data, and interpreting results. Traditional teaching
methods, which focus on memorising information and solving standard tasks, do not always foster
independent research, critical thinking, or the use of quantitative tools (Aidoo, 2024). This is
particularly important from a geomorphological perspective, since a full understanding of landform
development processes requires the ability to analyse real data, construct models, and test hypotheses
using modern technologies.

The aim of this article is to systematise the integration of interdisciplinary approaches in
teaching geomorphology, using physical models and digital technologies to effectively develop
students' research competencies. The article presents a step-by-step methodology for developing
research skills - from observation and problem identification, through physical experiments and
digital data analysis, to interpreting results and presenting them as academic projects.

The scientific novelty of this work lies in systematising and developing a methodology for a
comprehensive, interdisciplinary approach to building independent research skills, encompassing
physical experiments, digital data analysis, and project-based activities. Its practical significance lies
in its potential application in schools and universities to improve the quality of student learning and
to develop analytical thinking, research independence, and digital literacy. The use of physical and
digital models makes the study of geomorphology visual, interactive, and motivating, strengthens the
link between theory and practice, and increases students' interest in the subject.

Theoretical foundations of the interdisciplinary approach and a literature review

Interdisciplinary links in education involve integrating knowledge, methods, and approaches
from various subjects to develop learners' holistic competencies. The interdisciplinary approach
ensures continuity of knowledge, enables the integration of theoretical knowledge with practical
skills, and fosters the ability to analyse, synthesise, and apply information across contexts. In
educational practice, interdisciplinary links are realised through project-based activities, research
tasks, the use of physical and digital models, and the application of data analysis tools, simulators,
and GIS (Abdimanapov et al., 2025). This approach promotes critical thinking, systems analysis, and
complex problem-solving skills, and enhances learners' motivation for independent research.
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Interdisciplinary links are particularly relevant in the earth sciences, such as geomorphology,
where combining physics, informatics, and digital technologies allows not only for the study of
natural processes but also for their modelling, data visualisation, and the drawing of sound
conclusions - thereby developing learners' research and digital literacy. Geomorphology studies
landforms and their formation processes, which are governed by physical laws such as erosion,
tectonic movements, and hydrological and geodynamic phenomena (Viles, 2016). Understanding
these laws requires the ability to explain processes in physical terms, making the integration of
physics and geomorphology a logical and necessary step in educational practice.

GIS, digital mapping, terrain modelling, and other modern digital technologies enable the
management, analysis, and visualisation of large datasets. Integrating these tools with physical and
geomorphological knowledge supports an interdisciplinary approach that develops learners' skills in
independent research, analytical thinking, critical analysis, and digital literacy. The choice to integrate
geomorphology, physics, and digital technologies is grounded in educational needs and the demands
of the current scientific and professional context (Farooq et al., 2024). This approach combines
theoretical knowledge, practical experiments, and digital data analysis, making the learning process
visual, interactive, and motivating, while increasing students' interest in natural processes and
developing competencies in demand in research and professional practice.

Modern research in geomorphology and geography education pedagogy demonstrates the
growing importance of physical and digital methods for developing learners' research, analytical, and
digital competencies. Physical terrain modelling remains a fundamental tool in this field, including
scale models, hydraulic tables, sand and water simulators, laboratory terraces, and other devices that
demonstrate erosion processes, tectonic movements, sediment accumulation, and hydrological
changes. Such experimental facilities allow learners to observe the dynamics of landform-building
processes, analyse cause-and-effect relationships, formulate hypotheses, and test them through
controlled experiments (Franceschi et al., 2025; Panjaitan et al., 2023). This develops critical
thinking, systematic analysis, and the ability to conduct experimental work and draw conclusions
from empirical data.

In addition to physical models, modern teaching practices actively employ geographic
information systems. GIS technologies enable the integration of spatial data from various sources -
satellite imagery, elevation models, maps, and field measurements - and their visualisation on digital
maps, supporting the analysis of spatial relationships and landform dynamics. The use of GIS in
educational tasks contributes to the development of spatial thinking, the ability to work with
cartographic information, and the analysis of large spatial datasets. Gladskoy et al. (2020)
demonstrate the use of GIS technologies and digital relief models for studying geological structures,
while a later study by Pavlova & Telyatnikov (2022) shows that GIS and digital terrain models in
teaching geomorphology and ecology enable students to monitor environmental change, analyse
deformation processes, and model spatial landscape transformations.

3D modelling and virtual environments are another integral part of the digital approach: using
software such as Blender, Unity, and specialised GIS platforms, virtual models of terrain and natural
processes can be created that closely resemble reality. These models allow learners to visualise
complex geomorphological structures, undertake virtual "expeditions” to modelled landscapes, and
simulate erosion or tectonic shifts within a simulator. Sang et al. (2020) show that creating 3D
libraries of geological objects - for example, through photo-modelling - opens up stable, interactive
educational opportunities, particularly for geostructures where field access is limited. Bondarenko et
al. (2020) similarly highlight the didactic potential of virtual information learning environments,
noting that such environments increase student engagement, develop geographical and digital
literacy, and foster independent research, allowing learners to conduct experiments, model natural
processes, and analyse data without leaving the virtual laboratory. The application of Big Data
analysis in geomorphological education is also significant: research into large spatial and remote-
sensing datasets (satellite imagery, LIDAR, DEM) shows that learners can develop skills in
processing, filtering, aggregating, and visualising data, as well as identifying patterns and trends in
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landform development (Samsul et al., 2023). This analytical approach contributes to the development
of statistical processing, forecasting, and landscape-transformation modelling skills.

The literature review confirms that combining physical and digital methods is particularly
effective in developing an interdisciplinary educational approach. It integrates practical experiments
with digital analytical work, contributing to the holistic development of learners' independent
research, critical thinking, project-based thinking, and digital and spatial literacy, while enhancing
motivation through interactivity, experimentation, and visualisation. Overall, the literature suggests
that physical terrain modelling methods together with digital tools (GIS, 3D modelling, simulators,
Big Data) constitute a modern, well-established, and effective strategy for teaching geomorphology,
helping to prepare learners for the demands of modern scientific and professional life.

2. Materials and Methods

A method for integrating physical models and quantitative tools in the teaching of
geomorphology. The study of geomorphology requires an understanding of the dynamics of
landform-forming processes, their physical laws, and methods of data analysis. An effective approach
is to integrate physical models with quantitative tools, which supports interdisciplinary education and
develops learners' research skills, analytical and critical thinking, and numeracy.

Figure 1 presents a diagram of the physical models used to study landform development,
including terrain models, sand tables, hydraulic simulators, and various experimental setups that
allow natural processes to be visualised, controlled, and analysed. The diagram illustrates the primary
applications of these models - the study of erosion, tectonic processes, hydrology and flows, and their
combinations - showing the formation of river channels, gullies, folds and faults, as well as the
development of river valleys and alluvial plains, thereby providing a comprehensive understanding
of the mechanisms of landform change.

EROSION

The models demonstrate the formation
of riverbeds, ravines, and deltas, showing

| the influence of flow velocity, water volume,
/ and soil composition.

vV

TECTONICS

The installations simulate the folding,
faulting, and uplift of mountain ranges,
allowing us to understand the relationship
between deformations and changes

PHYSICAL : in terrain.

MODELS 4
o~ HYDROLOGY AND FLOWS

Simulations show the formation of river
valleys, alluvial plains, landslides and
avalanche flows. )

Physical terrain models—hydraulic
tables, sand simulators, miniature
terraces—allow you to observe the
processes of erosion, tectonic
movements and hydrological flows

under controlled conditions. v

COMBINED MODELS

They combine erosion and tectonic
processes, providing a systematic
understanding of the formation of
the relief.

Figure 1. Types of physical models
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Figure 2 shows how combining digital tools with physical experiments allows for hypothesis

testing, process modelling, and the development of complex research projects. Integrating physical
models with digital tools supports an interdisciplinary approach to studying geomorphology by
linking hands-on observation with data analysis and visualisation (Xiong et al., 2022). This develops
learners' research independence, critical and analytical thinking, project-based skills, and numeracy,
increases motivation for the subject, and prepares students for scientific, professional, and
interdisciplinary work in the context of contemporary science and the digital economy.

collection, processing and analysis of
spatial data, construction of digital

maps, identification of patterns and
monitoring of terrain dynamics

- 3D MODELING AND SIMULATORS
A |

| creation of virtual models of terrain

DIGITAL TOOLS <ot P . and processes, conducting “virtual
== =~ e | experiments”, development of spatial

Digital technologies and desigh thinking

expand the
possibilities of

modeling and analysis 7B|G DATA ANALYSIS

i working with large geospatial arrays,
. identifying trends, quantifying and
. predicting changes in terrain

Figure 2. Types of digital tools

The use of digital technologies in teaching geomorphology. In modern geomorphological

education, digital technologies play an important role in simulating complex natural processes
(Luppichini et al., 2025), enabling their analysis and visualisation, and integrating data from various
sources for the comprehensive study of landform processes. The main tools include:

Geographic Information Systems (GIS): support the collection, processing, and spatial analysis
of data on topography, hydrology, soils, and geological structures (Leeonis et al., 2024). Using
GIS, researchers can create quantitative maps of erosion processes, monitor tectonic
deformation dynamics, and identify patterns in the distribution of natural phenomena;

Digital maps and satellite data (Big Data): enable work with large datasets such as digital
elevation models (DEMSs), remote sensing data, and LIDAR, supporting the quantitative
analysis of landform changes, the assessment of large-scale processes, and the creation of
predictive models;

Digital laboratories and simulators of landform processes: allow virtual experiments with water
currents, landslides, erosion, and tectonic movements, enabling learners to observe the results
of changing parameters and model the consequences of natural phenomena;

Virtual and Augmented Reality (VR/AR) environments: create interactive 3D models of terrain
and dynamic processes, helping to develop learners' spatial reasoning, visualisation skills, and
project-based approaches.

Using these tools enables students to:
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1.  Analyse complex data by integrating multiple information sources to identify patterns and
dynamics in natural processes;

2. Conduct virtual investigations by modelling processes, monitoring the impact of individual
factors, and testing hypotheses without requiring constant access to field sites;

3. Develop digital and research competencies by processing large datasets, visualising results,
predicting landform changes, and drawing accurate conclusions;

4.  Develop project-based skills and interdisciplinary thinking by integrating knowledge of
geomorphology, physics, and information technology to comprehensively study natural
processes.

The integration of digital technologies into geomorphology education creates a learning
platform for developing learners' research independence, analytical and critical thinking, geospatial
data skills, and digital literacy. Combining GIS, 3D modelling, simulators, and big data analysis
within an interdisciplinary approach addresses the modern demands of science, engineering, and the
digital economy (Horowitz & Schultz, 2014), ensuring a comprehensive understanding of landform
development processes and developing competencies in demand for scientific, project-based, and
professional activities.

Methods for developing students' research competence. Developing research competence is a
key focus of modern education, preparing learners to independently seek, analyse, and interpret
information, and to solve practical and scientific problems. The methodology for developing these
competencies supports the development of analytical thinking, creativity, the ability to work with
data, and independent research.

Principles for developing research competence:

- Scientific integrity and accuracy. Teaching is grounded in up-to-date scientific data, developing
learners' understanding of scientific methodology and the criteria for scientific validity;

- Problem-based learning. The research process begins with a problem question or hypothesis
that prompts the search for solutions and the analysis of information;

- A practical focus. Tasks are related to real-world processes and phenomena (natural, social,
technical), increasing motivation and promoting the application of knowledge;

- Individuality and variety. Students may choose their own topics, methods, tools, and
presentation formats;

- Integration of technologies. The use of physical models, digital tools, GIS, simulators,
laboratories, and big data supports the development of research skills at a modern level (Yu &
Zin, 2023).

Key components of learners' research competencies. Developing research competencies is a
key objective of modern education, aimed at fostering learners' ability to independently acquire new
knowledge, analyse information, and apply research findings to practical and theoretical problems
(Tapullima-Mori et al., 2025). These competencies comprise several interrelated components that
constitute individual aspects of research activity.

Figure 3 presents an infographic, "Methodology for Developing Students' Research
Competence,” outlining a step-by-step model for organising research activity in an interdisciplinary
learning context using physical models and digital technologies. Each stage describes learners'
activities, the tools used, and the expected learning outcomes, reflecting the logic of skill development
- from identifying a problem to reflecting critically on one's own actions. The use of physical models,
GIS, digital maps, Big Data technologies, 3D modelling, and data visualisation fosters analytical and
critical thinking, independence, and a scientific approach in learners (Ki, 2019). The infographic
illustrates the integration of traditional and digital teaching tools within a methodology aimed at
developing systems thinking, communication skills, and reflective ability, and can be used as a visual
tool for organizing research and project-based learning activities at various educational levels
(Hickman, 2023). Because the development of research competencies is closely linked to modern
digital tools that allow learners to work with real geospatial data, draw evidence-based conclusions,
and design research solutions, acquiring these competencies fosters independent, critical, and project-
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oriented thinking - essential for successful professional development in the context of the digital
transformation of education and science.

‘ o Problem statement

|

|

Figure 3. Methodology for developing learners’ research competencies
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A methodology for developing learners' research competence
The proposed methodology is organised as a sequential research process encompassing

problem formulation, hypothesis development, data collection and analysis, interpretation of results,
presentation and justification of findings, and assessment of research quality and reflection. These
interconnected components reflect the logic of scientific inquiry and are aimed at the systematic
development of students’ research competencies. The principal learning objectives, activities, tools,
and expected outcomes are summarised in Table 1.

Table 1. Developing research competencies

Objective Activity Tools Outcome
Formulating the Situation analysis and Cases, texts, graphics | Identifying the
problem problem formulation problem

Formulating a
hypothesis

Formulating and planning
a hypothesis

Discussions, diagrams,
tables

Formulating a
hypothesis

Data collection

Information seeking,
experiments, observations

Databases, reference
sources

Data collection skills

Data processing

Systematisation and
preliminary processing

Databases, reference
sources

Data processing skills

Interpreting results

Evaluating data, drawing
conclusions

Tables, charts, graphs

Ability to draw
conclusions
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The proposed methodology can be applied in a variety of educational contexts, including
research-based lessons, project- and research-oriented activities, and specialised educational
programmes at colleges and universities. It can also be integrated into extracurricular learning
environments, such as academic clubs, STEM laboratories, and digital workshops. This flexibility
enables the methodology to support the systematic development of learners’ research competencies
across both formal and non-formal educational settings.

The proposed methodology provides a coherent and structured framework for developing
learners’ research competencies (Paucar-Curasma et al., 2025). Its components encourage conscious
engagement in scientific inquiry and facilitate an understanding of the internal logic of the research
process (Alipina & Kitapbaeva, 2023). A particular strength of the methodology is its practice-
oriented nature, integrating problem-based and project-based activities, empirical data collection,
physical modelling, and modern digital tools. Through these activities, learners develop the ability to
formulate hypotheses, select appropriate research methods, analyse and interpret data, and critically
evaluate research outcomes. Overall, the methodology promotes analytical thinking, cognitive
independence, scientific reasoning, and the application of research skills to complex academic and
practical problems in contemporary interdisciplinary educational contexts.

Stages of Learning for the Development of Research Competencies

1. Motivational stage. This stage creates the conditions for learners to engage actively in
research. Project-based tasks, problem-based questions, real-world situations, and scenarios
involving uncertainty are used to stimulate interest, strengthen motivation, and define the direction
of subsequent inquiry.

2. Practical stage. This stage focuses on empirical investigation and data collection. Learners
conduct physical experiments, make observations, or undertake fieldwork. The collected data are
systematically recorded and transferred to digital environments, including GIS, spreadsheets, and
digital simulators, for subsequent processing and analysis.

3. Analytical stage. This stage involves processing, analysing, and interpreting the collected
data using statistical methods, numerical modelling, and graphical and spatial visualisation
techniques. Learners construct graphs, maps, and models, identify relevant patterns and relationships,
and assess the accuracy and reliability of the obtained results.

4. Presentation and reflective stage. The final stage focuses on communicating and evaluating
research outcomes. Learners prepare a final product, such as a report, presentation, model, or research
paper, present and interpret their findings, compare the results with the initial hypothesis, justify their
conclusions, and reflect on the validity and scientific significance of their work.

3. Empirical research and results

The empirical component of the study was designed to evaluate changes in students’ research
competencies following the implementation of the proposed interdisciplinary methodology. The
pedagogical study involved 30 students enrolled in the 6B01511 Geography-History educational
programme at the Kazakh National Girls’ Pedagogical University. Participation was voluntary, and
the group included students with different levels of prior preparation in geography and informatics.
The pedagogical intervention was conducted over a 15-week period during the fall semester of the
2025-2026 academic year. The pedagogical study was structured into four sequential and
interconnected instructional stages: motivational, practical, analytical, and presentation-reflective.
This heterogeneity provided an opportunity to examine the applicability of the methodology among
learners with varying levels of subject-specific and digital competence. Given the relatively small
sample size and the absence of a control group, the empirical findings should be interpreted as
evidence of changes observed within the participating group rather than as results that can be
generalised to a broader student population.

The overall structure of the instructional implementation and evaluation of the proposed
methodology is presented in Figure 4.
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Figure 4. Stages of instructional implementation and evaluation of the proposed methodology

The pedagogical intervention followed four interconnected stages: motivational, practical,
analytical, and presentation-reflective. During the motivational stage, students worked with problem-
based tasks and analytical cases designed to stimulate interest in geomorphological inquiry and
support the formulation of research questions and hypotheses. The practical stage involved
experiments with physical terrain models, including hydraulic tables and sand-based terrain models,
together with the application of GIS, 3D modelling, and digital simulation tools (Caldwell, 2001;
Markov et al., 2022). During the analytical stage, students processed and interpreted the collected
data, constructed graphs and visualisations, identified relationships and patterns, and formulated
evidence-based conclusions. The presentation-reflective stage involved presenting mini-projects,
discussing findings, evaluating initial hypotheses, and reflecting on the research process.

Assessment of Research Competencies

Changes in students’ research competencies were assessed using multiple complementary
methods. Structured testing was used to evaluate the ability to formulate research problems and
hypotheses and to select appropriate research methods. Surveys and self-assessment instruments were
used to examine students’ confidence in working with physical models and digital technologies. In
addition, students’ mini-projects, reports, graphs, maps, and visualisations were analysed as evidence
of their ability to apply research procedures in practice. Observation of group activities focused on
participation, interaction, discussion of hypotheses, interpretation of evidence, and communication
of research findings (llyashenko, 2019).

Diagnostics were conducted before and after the pedagogical intervention, allowing changes in
the main components of students’ research activity to be examined (Granberg et al., 2023). The
combination of testing, coursework and project analysis, observation, and self-assessment was
intended to provide a multidimensional evaluation rather than relying on a single assessment
instrument. For each indicator, students’ performance was evaluated using predefined assessment
criteria corresponding to the research skills assessed. The scores obtained for each indicator were
converted into percentages of the maximum achievable score. This procedure enabled direct
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comparison of competency levels before and after the pedagogical intervention. The same assessment
criteria and scoring procedure were applied at both measurement stages to ensure consistency and
comparability of the results. Five indicators were considered: overall research competencies, skills in
working with physical models, skills in working with digital tools, analytical and critical skills, and
motivation and engagement. The results are presented as percentages of the maximum achievable
level (Table 2).

Table 2. Evaluation of research competencies before and after the pedagogical intervention

Indicator Before (%0) After (%) | Change (percentage
points)
Research competencies 50 85 +35
Skills in working with physical models 40 80 +40
Skills in working with digital tools 45 78 +33
Analytical and critical skills 55 88 +33
Motivation and engagement 60 90 +30

Analysis of the Results

The descriptive results indicate positive changes across all five assessed indicators following
the implementation of the methodology. Across the five indicators, the mean percentage score
increased from 50.0% before the intervention to 84.2% after the intervention. This represents an
absolute increase of 34.2 percentage points and a relative increase of 68.4%.

The largest change was observed in skills in working with physical models, which increased
from 40% to 80% (+40 percentage points). Overall research competencies increased from 50% to
85% (+35 percentage points), while skills in working with digital tools and analytical and critical
skills increased by 33 percentage points each. Motivation and engagement increased from 60% to
90% (+30 percentage points). Thus, improvement was observed across practical, digital, analytical,
and motivational dimensions rather than being confined to a single component of research activity.

The changes in the assessed indicators before and after the pedagogical intervention are
illustrated in Figure 5.
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Figure 5. Changes in research competency indicators before and after the pedagogical intervention

The pattern shown in Figure 5 suggests that the most pronounced improvement occurred in
students’ ability to work with physical models. This finding is particularly relevant to the proposed
methodology because physical experimentation constitutes an important link between theoretical
explanations of geomorphological processes and their subsequent digital representation and analysis.
Improvements in digital, analytical, and critical skills further suggest that combining hands-on
experimentation with GIS, modelling, and data visualisation can provide a productive environment
for research-oriented learning.

Because the available results are aggregated at the indicator level, they are interpreted
descriptively in the present study. Claims of statistical significance are therefore avoided in the
absence of individual-level pre- and post-intervention scores required for an appropriate inferential
statistical test. Future applications of the methodology should incorporate individual-level
measurements and, where possible, a comparison or control group to enable more robust statistical
evaluation of intervention effects.

4. Discussion

The findings provide preliminary empirical support for the educational value of integrating
physical modelling and digital technologies within a structured approach to geomorphology
education. The observed improvements across the five competency indicators suggest that the
methodology can support several interconnected dimensions of research-oriented learning, including
empirical investigation, digital data processing, analytical reasoning, and learner engagement.
However, given the single-group pre—post design, these changes should be interpreted as associations
observed during the intervention rather than as evidence of a definitive causal effect.

The findings are broadly consistent with research emphasising the role of digital technologies
in geographical education. GIS and related digital tools have been associated with the development
of spatial thinking, analytical reasoning, and problem-solving skills (Bondarenko, 2025). Research
on the digital transformation of geographical education has similarly highlighted the potential of
technology-supported learning to increase student engagement and facilitate the understanding of
complex geographical processes (Satymova, 2025). The present study extends this perspective by
integrating digital technologies with physical terrain modelling rather than treating digital tools as an
independent instructional component.
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This combination constitutes an important feature of the proposed approach. Previous studies
have demonstrated the educational potential of GIS, digital elevation models, 3D mapping, virtual
environments, and physical representations of terrain for visualising and analysing geomorphological
phenomena (Carbonell-Carrera & Hess-Medler, 2019; Polidori & El Hage, 2020; Vidal de Souza et
al., 2025). In the present methodology, however, physical and digital modelling are incorporated into
a single instructional sequence that progresses from problem formulation and empirical observation
to data analysis, interpretation, presentation, and reflection. The specific contribution of the study
therefore lies in connecting hands-on modelling with digital spatial analysis within a structured
research-oriented framework and examining changes in students’ competencies before and after its
implementation.

The largest improvement in skills related to physical models is noteworthy in this context.
Physical terrain models allow geomorphological processes to be observed and manipulated in a
tangible form, whereas digital tools enable the resulting spatial patterns and relationships to be
processed, visualised, and interpreted at a more analytical level. Their combined use may therefore
facilitate a transition from the descriptive study of landforms towards process-oriented analysis,
which is fundamental to contemporary geomorphology. Working with empirical observations and
geospatial data also encourages students to formulate hypotheses, examine evidence, identify
relationships, and justify conclusions rather than merely reproduce theoretical information.

At the same time, the effectiveness of technology-supported instruction depends on appropriate
pedagogical and technical conditions. The integration of GIS, 3D modelling, and simulation
environments requires adequate digital infrastructure and sufficient teacher competence. Limited
access to specialised software or equipment and insufficient teacher preparation may constrain the
implementation of the methodology. Consequently, its wider application should be accompanied by
appropriate methodological support, teacher professional development, and adaptation to the
technological resources available in individual educational institutions.

Several limitations should be considered when interpreting the findings. First, the study
involved only 30 students from a single educational programme at one university, which limits the
generalisability of the results. Second, the absence of a control group prevents direct comparison with
conventional teaching approaches and does not allow the observed changes to be attributed
exclusively to the intervention. Third, the available results are based on aggregated competency
indicators; therefore, inferential statistical testing of individual pre—post differences could not be
performed. Future research should involve larger and more diverse samples, individual-level
assessment data, control or comparison groups, and appropriate inferential statistical procedures to
evaluate the magnitude and statistical reliability of observed changes.

Despite these limitations, the study demonstrates the practical potential of combining physical
terrain models with GIS, 3D modelling, simulation, and data-analysis tools in research-oriented
geomorphology education. The proposed methodology creates a coherent connection between
observation, experimentation, spatial analysis, interpretation, and scientific communication. Such
integration may contribute to the development of research competencies, spatial and critical thinking,
digital literacy, and students’ ability to address complex geographical problems using multiple forms
of evidence.

5. Conclusion

This study developed and evaluated an interdisciplinary methodology for fostering research
competencies in geomorphology education through the integrated use of physical models and digital
technologies. The proposed approach combines hands-on investigation of geomorphological
processes with GIS, 3D modelling, digital simulation, and spatial data analysis within a structured
research-oriented learning framework. This integration enables students to progress from problem
formulation and hypothesis development to empirical observation, data analysis, interpretation, and
scientific communication.
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The pedagogical intervention showed positive changes across all assessed competency
indicators. The mean score across the five indicators increased from 50.0% before the intervention to
84.2% after its implementation. The largest improvement was observed in skills related to physical
models (+40 percentage points), followed by overall research competencies (+35 percentage points).
Skills in working with digital tools and analytical and critical skills each increased by 33 percentage
points, while motivation and engagement increased by 30 percentage points. These findings suggest
that combining physical experimentation with digital analysis can support the development of
research-oriented, analytical, and digital competencies in geomorphology education.

The specific contribution of the proposed methodology lies in integrating physical terrain
modelling and digital technologies within a single instructional framework rather than treating them
as separate educational tools. Physical models provide opportunities for direct observation and
experimentation with erosion, tectonic, and hydrological processes, whereas digital technologies
extend these activities through spatial analysis, modelling, visualisation, and interpretation. Their
combined application supports a transition from the descriptive study of landforms towards a more
process-oriented and evidence-based understanding of geomorphological phenomena.

From a practical perspective, the methodology can be incorporated into geography and
geomorphology courses in higher education and, with appropriate adaptation, in colleges and other
educational settings. It can support research-based and project-based learning, laboratory and field
activities, student projects, and interdisciplinary modules combining geography, geoinformatics, and
digital modelling. The framework may also contribute to curriculum development aimed at
strengthening research skills, spatial thinking, digital literacy, and students’ capacity for independent
scientific inquiry.

The findings should nevertheless be interpreted in light of the study limitations. The
pedagogical intervention involved a relatively small sample of 30 students from a single educational
programme and did not include a control group. In addition, the available results were analysed at the
aggregated indicator level, which did not permit inferential statistical testing of individual pre—post
changes. Consequently, the observed improvements should be regarded as preliminary evidence
supporting the potential of the methodology rather than as definitive proof of its causal effectiveness.

Future research should evaluate the methodology using larger and more diverse samples,
control or comparison groups, individual-level pre—post measurements, and appropriate inferential
statistical procedures. Longitudinal studies could further determine whether the observed
competencies are retained and transferred to subsequent academic and professional activities.
Additional research may also explore the integration of virtual laboratories, interactive 3D terrain
environments, big geospatial data, and machine-learning applications. Such developments could
extend the proposed framework and further strengthen the role of research-oriented, interdisciplinary,
and digitally supported learning in contemporary geomorphology education.
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Hu@pabiKk TeXHOJOTHSJIAap MeH MoJeJbAeyli HWHTerpanusiiay apKbLIbl
reoMop(do10rusiHbI OKBITY/1a 3ePTTey KY3bIPETTUIIKTEePiH 1aMbITY

Epaan Hypkees, Epaayaer Tynerenon

Anparna: bimim Gepyni uudpranaslpy YIOEpIiCiHIH JKalIFacybl KOHE 3epTTeyre OarbITTaliFaH
OKBITYBIH MAaHBI3/IBUIBIFBIHBIH apTYhl KaFAalbIHIA TTOHAPAJIBIK TOCUIAEP apKbUIBI CTYASHTTEPIiH
3epTTey KY3BIPETTUIIKTEPIH NaMBITy >KOFapbl OLTiM OepyiH Heri3ri OachIMABIKTapbIHbIH OipiHe
aitHanel. byn 3eprTeyne 3eprrey Jarabpliapbl MEH FhUIBIMM OMIIAy/ibl JKETULIPYIIH HEri3l peTiHae
reoMop(ostorusiHel pU3MKa jkoHE HUPIBIK TEXHOJOTUSIAPMEH MHTErpalnusiiay KapacThIpbLIabl.
@u3MKaIblK MOJAEIbACY MEH IUQPIBIK Kypaiaaplbl YIITACTHIPY CTYIEHTTEPIIH Xep OenepiHiy
KaJIBINITacy YJepiCTepiH TepeH TYCiHyiHe, COHAal-aK aHAJIUTUKAJbIK, CBIHU KOHE KYHemnik oiiay
KaOlIeTTepiH JaMbITyFa OaFbITTaJIFaH.

3eprTeyne 3po3Hs, TEKTOHHMKAJBIK KO3FAJIbICTAp >KOHE T'MJPOJIOTUSIIBIK KYOBUIBICTAp CHSKTHI
reoMOpPQOJIOTUSIIBIK YAEPICTEPl KOPCETy YIIH (U3UKAIBIK MOJEIBACPAIH OlI1iM Oepy oaneyeri
Tannauabl. byn Monenbiep cCTyaeHTTepre TaOWFHM JKyHenepAiH JUHAMUKAchlH OakbulayFa KoHE
TyciHaipyre MyMKiHAIK Oepeni. CoHbIMEH KaTap reoMop(osIOrHsUIbIK aKMaparThl KMHAY, OHJEY,
BU3YyaJM3alMsIIay KoHE MOJEINbeY YIIiH reorpadusiblk aknaparTsik xyienepai (GIS), mudpnbix
KapTrorpadusanayabl, xep OeaepiH Monenbaeyal koHe yikeH aepekrepnal (Big Data) tammaynst
KOJIJaHy KapacTbIPbUIIBL.

AtanFaH TEXHOJIOTHUsUIAp AKCHEPUMEHT HOTIKENIEPIH TYCIHAIpYre *oHe HUMPIBIK cayaTThUIBIKTHI
JaMbITyFa BbIKHAl eTeli. 3epTTey KY3BIPETTUIIKTEpIH JaMbITyFa apHalFaH Ke3eHJIK oJicTeMe
yChIHBULIBL. O Ipo6aeMalIbIK OKBITYIIbI, (PU3UKAIBIK IKCIIEPUMEHT JKYPri3yail, HUGPIBIK IepeKTepal
Tajjayabl SKOHE HOTIDKENepHAl KoOaJblK Heri3ae TyciHuipyal kamtuasl. CTyaeHTTep TaOufu
KYOBUTBICTApAbl OakbuTaymaH Oactam MOJAENbACpP KYpyFa, ACPEKTep/l TajjayFa, TUIOTe3ajap
YCbIHYFa, ceben-canaapiblK OaiimaHbIcTapbl AaHBIKTAyFa MOHE 3€pPTTEY HOTIIKENEPIH LUQPIIBIK
¢dbopmarTa ychIHyFa AeiiHr1 Ke3eHaepaeH etenl. byn ynepic e3 OeTiHie 3epTTey Kyprizy, Oipiaecin
OKY >KOHE JIoNesiepre Heri3AereH FelIbIMU MaibIMIay JaFAbUIapblH 1aMbITyFa MyMKIHAIK Oepei.
30 CTYyAEHTTIH KaThICybIMEH J>XYPTi3UIr€H NelarorukaliblK 3epTTey HOTHKENepl MNPaKTUKAIBIK
HKCIIEPUMEHTTEPAl UMPIBIK TEXHOIOTUSIAPMEH YIITACTHIPY 3€pTTEY KY3BIPETTUTIKTEPIHIH, CHIHU
oliNlayblH, aHATMTUKAJIBIK KaOlJIEeTTEeP/iH JKaHE MpodiieManap/bl Ny AaFAblIapbIHbIH apTybIMEH,
COHJal-aK FBUIBIMH 3€pTTeyJepre Karblcy yoXiHiH jKOFapbUlaybIMEH OAalIaHbICThl €KeHIH KOPCETTI.
¥YCBIHBUIFAH TOCUT LUQPIBIK SKOHOMMKA TajaNnTapblHA COWKEC KEJNETIH »OHE TI'eOFbUIBIMIAp/bl
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OKBITYZIa ITU(DPIBIK 9miCTep/Ii KOJAaHa ajlaThlH MaMaHAApAbl JaspliaylblH MPAKTUKAIBIK MOICIIH
YCBHIHA/IBI.

Tyiiin ce3aep: reomopdonorus; MOHAPANBIK TACUT, (U3MKAIBIK MOJENbIACDP; IHQPPIBIK
texnonorusuiap; GIS; aepexTepii Tanaay; 3epTTey KY3bIpETTUTIKTEp1; 3epTTEy KbI3METI; CTYICHTTEP/Il
nasipyay; HQPIbIK cayaTThUIBIK.

Pa3Burue HCCJIea0BaATCIbCKUX KOMHeTeHIII/Iﬁ npu oﬁyqemm FEOMOp(l)O.]IOFI/II/I
MOCpPpEaACTBOM MHTEIpalliu ]_lI/I(l)pOBI)IX TEXHOJIOTUH U MOAECJIMPOBaAHUA

Epaan Hypkees, Epaayiier Tyjerenos

AHHoTanusi: B ycnoBusx mpopospkaromieiics nudpoBuzanuu o0pa3oBaHUS W BO3pAaCTaHUs
3HAYMMOCTH MCCJIEI0BATEIbCKU-OPUEHTUPOBAHHOIO OOYyY€HHUs Ppa3BUTHE HCCIIEA0BATEIbCKUX
KOMIIETEHIIMI CTYAEHTOB IOCPEACTBOM MEXIUCIUIUIMHAPHBIX I1OAXO/M0B CTAHOBUTCA OJIHUM U3
KIIIOYEBBIX MPUOPHUTETOB BhICIIEro oOpa3oBaHus. B JaHHOM HCCIEOBaHHHM pPaccMaTpUBaeTCs
uHTerpanusi reomopdonornu, GU3MKM U HUQPOBBIX TEXHOJIOTHI KaK OCHOBAa JUISI Pa3BHTHUS
HCCJIEIOBATEIbCKUX HABBIKOB U HAYYHOTO MBIIIICHUSI.

Coueranue (HpU3NIECKOTO MOJICIMPOBAHMS M IIU(PPOBBIX HHCTPYMEHTOB HAIPaBJICHO Ha yrIyOneHue
MOHUMAaHUS CTyIEHTaMu IpoueccoB ¢GopMupoBaHus penbeda, a Takxke Ha pa3BUTHE
AHAJIUTUYECKOTO, KPUTHUYECKOIO U CHUCTEMHOro MbllUIeHUs. B uccienoBaHuu aHamu3upyeTcs
o0Opa3oBaTeNbHbI MOTEHUMAT (U3UYECKUX MOJENed sl JAEMOHCTpPalud TreoMOp(dOIOTHYECKUX
IIPOLIECCOB - 3PO3UM, TEKTOHUYECKUX JBMKEHUA U THAPOJOTUYECKUX SIBJICHUM, MO3BOJSIOLIMX
CTyA€HTaM HaOmoaTh W MHTEPHPETHPOBATh JAMHAMHUKY IPHUPOAHBIX CHUCTEM. Taroke
paccmarpuBaeTcsl MpuMeHeHHue reorpadudeckux uHpopmanmonusix cuctem (GIS), nudposoro
KapTorpadupoBaHus, MOJICTUPOBaHUs penbeda u aHanuza Ooonpiux nanHbix (Big Data) mst cbopa,
00palboTKH, BU3yaIu3aluy U MOAETUPOBAHUS T€OMOP(POIOTHUECKON HHPOPMALIUH.

Vcnonb30BaHNE JaHHBIX TEXHOJIOTUH CIIOCOOCTBYET MHTEPIIPETALUHU PE3YIBTAaTOB IKCIIEPUMEHTOB U
pazButuio  uuppoBod  rpamoTHocTH.  llpemiokeHa — modsTamHas ~— METOAMKA  Pa3BUTHUA
HCCIIE/IOBATEIbCKUX ~ KOMIIETEHLIMH, BKIIOYAIOIIas MpoOJIEeMHO-OPHEHTUPOBAHHOE OO0y4YeHHE,
npoBefieHHe  (U3MYECKHX OKCIEPUMEHTOB, aHaJu3 LU(QPOBBIX JAHHBIX M  MPOEKTHYIO
MHTEPIPETAIMIO TOTYUYE€HHBIX Pe3yabTaToB. CTyIEeHTHI TOCIIEI0BaTeIbHO NePeXOAsT OT HaOMoAeHUs
MPUPOJHBIX SIBJICHUN K IMOCTPOEHUIO MOJENeH, aHalu3y AaHHBIX, (OPMYIMPOBAHUIO THIOTE3,
BBISIBIICHHIO IPUYMHHO-CIIECTBEHHBIX CBsI3€H 1 MPeICTaBIEHUIO PE3YIbTaTOB B IM(poBOM popmare.
Takoil TOAXOM CIMOCOOCTBYET PA3BUTHIO CAMOCTOSITEIILHOW HCCIIEOBATENLCKON e TEIHbHOCTH,
COBMECTHOI'0 00y4YEHMsI U HAyYHOT'O MBIIIJIEHHS], OCHOBAHHOTO Ha JI0Ka3aTesIbCTRaX.

Pe3ynprarel negaroruueckoro ucciaenoBanus ¢ yuactiuem 30 CTyI€HTOB MOKa3bIBaIOT, YTO COUETaHUE
MPAKTUYECKUX SKCIEPUMEHTOB M IHM(POBBIX TEXHOJOTHH CBS3aHO C TMOBBIIIEHUEM YPOBHS
MCCIIEIOBATENbCKUX KOMITETEHIMI, KPUTHUYECKOTO MBIIIJICHHUS, aHAIUTUYECKUX CIOCOOHOCTEN U
HaBBIKOB pELICHHs MpobieM, a Takke C YCHJICHHEM MOTHBAllMM K YYacTHIO B Hay4dHO-
HCCIIEIOBATENbCKON AesTenbHOCTH. [lpeuiaraemMblil MOXo MpeACTaBIsSeT cO00M MPaKTUYECKYIO
MOJIeNTb TOATOTOBKU CIELHATUCTOB, CHOCOOHBIX NMPUMEHATh IU(POBBIE METOABI B I€OHAYYHOM
00pa30BaHUU, U COOTBETCTBYET COBPEMEHHBIM TPEOOBaHUSAM IU(POBOI SIKOHOMUKH.

KiroueBbie ciaoBa: reoMopdoiorus; MeXAUCUUIUIMHAPHBIM ToAXoA; (U3HUECKHE MOIENu;

I_II/I(prBBIC TCXHOJIOTHUH, GIS, aHaJn3 JaHHBIX HUCCICAOBATCIILCKUC KOMIICTCHIINH,
HCCICA0BATCIbCKAA ACATCIbHOCTD,; IOATOTOBKA CTYJCHTOB, HH(prBaH T'paMOTHOCTb.
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