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In the era of digital transformation, the application of remote sensing (RS) data
in geography education and its effective integration into the teaching and learn-
ing process has become one of the pressing educational challenges, particularly
in fostering students’ spatial thinking competencies. The purpose of the study
is to identify the possibilities of incorporating RS data into school geography,
to develop an effective teaching methodology based on its application, and to
test it in practice. The research employed a review of international publications,
surveys, correlation and comparative statistical analysis, modeling, analysis of
regulatory documents, and pedagogical experimentation. The survey involved
124 geography teachers from different regions of Kazakhstan, while the experi-
mental study included 52 eleventh-grade students from one secondary school
selected through random sampling (26 students in the experimental group and
26 students in the control group). The survey results revealed that 62% of teach-
ers use satellite imagery during lessons; however, 69% of them utilize RS data
primarily for visualization purposes. The results of the pedagogical experiment
demonstrated that the average academic achievement of students in the experi-
mental group increased by 18.2%, whereas the improvement in the control group
was 3.6%. Furthermore, the use of RS data positively influenced students’ geospa-
tial thinking, research skills, and analytical abilities. The study further established
that the structural-content model of RS-based teaching materials developed as
a result of the research can contribute to improving existing methodologies. The
proposed model is designed to modernize school geography curricula, enhance
teachers’ methodological capacity, improve students’ learning outcomes, and
promote geospatial literacy. The findings of the study demonstrate that the sys-
tematic integration of RS data into school geography education can serve as a
scientific and methodological foundation for modernizing educational content,
fostering students’ contemporary scientific and technological competencies, and
improving the overall quality of geographic education.
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1 Introduction

The use of aerial photographs and satellite imagery for monitor-
ing, modeling, and visualizing environmental change has become a
key method for understanding the complex interconnections of the
Earth system and addressing various issues related to sustainable
development. Moreover, the development of an underutilized infor-
mation source for contemporary school education is considered one
of the main objectives of remote sensing didactics (Laiskhanov et al.,
2025). The International Charter on Geographical Education describes
geography as a subject and a source of knowledge of critical impor-
tance for people living in the 21st century. In accordance with this
significance, the Charter emphasizes the necessity of incorporating the
most advanced technologies for exploring the world in the process of
learning geography (Commission on Geographical Education of the
International Geographical Union, 2016). It has been noted that geo-
graphical education must be revised to align with the changing ways
of accessing geographic information and materials in the new century
(Stoltman et al., 2017). One such approach involves the integration of
RS data into school geography curricula. In this context, it is impor-
tant to highlight that the use of RS materials through geospatial tech-
nologies offers unique opportunities for understanding the
modern world.

In recent years, many countries have developed practices for inte-
grating RS materials into school geography education (Dannwolf et
al., 2020; Dziob et al., 2020; Naumann et al., 2009; Wolf et al., 2016).
RS data serve as a unique and accurate source of information about
geographical objects and processes occurring within the geographic
environment. In practice, RS makes it possible to observe real-time
phenomena such as deforestation, wildfires, desertification, water pol-
lution, glacial melting, and many other issues. One of the key advan-
tages of incorporating RS materials into geographical education is
their potential to enhance students’ spatial thinking abilities. Overall,
the benefits of using RS materials in education include greater clarity
and precision compared to traditional geographic maps, a more real-
istic representation of the geographical environment, and the ability
to reveal interrelationships among various spatial processes.

The sharp increase in the use of RS data across science, industry,
and society has led to the emergence of web-based learning environ-
ments in many countries, further facilitating the integration of RS
materials into school curricula. For instance, the use of satellite imag-
ery has been incorporated into numerous school programs in
Germany. Platforms such as the “BLIF” remote sensing software
enable students to explore and analyze RS materials, thereby enhanc-
ing their competencies in addressing geographical and environmental
issues (Wolf et al., 2016). Such digital tools not only make RS data
more accessible to students but also provide them with hands-on
experience in data analysis and interpretation—skills that are consid-
ered essential in geography education (Hodam et al., 2020).

The use of geoinformation technologies and methods, as well as
RS materials, in geographical education is addressed in geography
textbooks of Kazakhstan. For example, the 9th-grade geography text-
book includes sections on “Cartography and Geographic Databases,”
while the 10th and 11th-grade textbooks feature chapters on
“Cartography and Geoinformatics” and “Nature Management and
Geoecology” (Minister of Education and Science of the Republic of
Kazakhstan, 2022). It is explicitly stated that the use of RS materials is
necessary for teaching and practical exercises; however, these materi-
als are rarely employed in some lessons beyond serving as
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visualization tools for phenomena or as abstract substitutes for maps.
Although printed satellite images are well suited for these purposes,
this rich source of information is not utilized at an adequate level
(Kerstin et al., 2009). Since the introduction of updated geography
textbooks for grades 9-10 in 2019 and grade 11 in 2020, the need to
acquire theoretical knowledge of digital geoinformation technologies
and systems, as well as their practical application in teaching, has
become increasingly relevant.

The use of RS data in school settings, due to its interdisciplinary
nature, presents both challenges and opportunities. Utilizing RS data
across multiple subjects, including geography, physics, and computer
science, requires foundational knowledge and skills. Researchers have
noted that this can be challenging even for undergraduate students
(Maggioni et al., 2020). Nevertheless, this interdisciplinary approach
enriches the learning process, as students acquire new knowledge and
competencies beyond the traditional scope of geography.

However, the majority of studies on the use of remote sensing (RS)
data in school geography are primarily limited to describing techno-
logical capabilities or demonstrating the effectiveness of individual
instructional tasks. Scientifically grounded methodologies for the sys-
tematic integration of RS data into school geography, as well as struc-
tured implementation models, remain insufficiently developed. This
represents one of the key unresolved challenges in this field. Moreover,
empirical research focused on developing RS-based teaching method-
ologies is limited, and in Kazakhstan, such studies have not yet been
systematically conducted at the secondary education level.

This study is aimed at identifying the scientific and methodologi-
cal foundations for integrating remote sensing (RS) data into school
geography and evaluating its effectiveness through pedagogical exper-
imentation. Furthermore, the conceptual framework of the research
is grounded in constructivist learning theory, the principles of
inquiry-based and problem-based learning, as well as scholarly
approaches focused on the development of geospatial literacy. These
theoretical perspectives provide a foundation for designing an instruc-
tional model that facilitates the development of students’ spatial think-
ing, research competencies, and analytical skills through the
application of RS data.

The aim of the study is to identify the challenges and opportuni-
ties of integrating RS data into school geography, develop an effective
teaching methodology based on their use, and test it in practice. In
line with this goal, several research questions were formulated:

1 What is the significance and what are the opportunities of
integrating RS data into the geography curriculum?

2 What is the current state of using satellite imagery in school
geography: what are the achievements and barriers?

3 What should the structural-content model for teaching RS
data in school geography include?

4 What results were obtained from the experimental testing of
the teaching methodology for RS materials based on geoinfor-
mation technologies in school geography?

2 Materials and methods

In searching for research materials, key terms that formed the
basis of the study were used. Specifically, keywords such as “remote

» o«

sensing,” “aerospace methods;

» o«

school geography,” “geospatial
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technologies,” and “teaching methodology” were employed. Searches
were conducted across databases including Scopus, Web of Science,
ResearchGate, Taylor & Francis, ERIC, and Google Scholar. No
restrictions were placed on the publication year or language of the
selected scientific articles; the main criterion was the relevance of the
publications to the topic under consideration. However, particular
attention in the analytical review and in identifying the role and sig-
nificance of satellite imagery in geographic education was given to
recent publications in peer-reviewed international journals. Scientific
publications of a purely technical nature, those lacking a methodologi-
cal framework, or those not related to secondary education content
were excluded from the analysis.

To study the use of satellite imagery in school geography, a survey
method was employed. The survey was conducted using the online
service crowdsignal.com. The questionnaire developed as a research
tool consisted of a total of 17 questions. The content validity of the
survey was established based on expert evaluations from specialists in
geography education methodology, as well as in the fields of GIS and
RS. The survey collected data on teachers’ frequency of using satellite
imagery during lessons, their understanding and knowledge of RS
data, as well as the obstacles and difficulties they encounter in its
usage. A total of 124 geography teachers from urban and rural schools
across various regions of Kazakhstan voluntarily participated in the
study. Teachers participating in the survey were selected based on
their professional engagement in geography teaching and having at
least 1 year of teaching experience at a school. Respondents who did
not complete the survey in full were excluded from the sample. The
survey was anonymous, ensuring complete confidentiality of the par-
ticipants’ names and responses. The collected data were analyzed using
statistical methods. Microsoft Excel software was utilized to perform
correlation, statistical, and qualitative analyses.

In the next stage of the study, an analysis of the collected materials
was conducted. Classification was performed based on the titles and
abstracts of the full-text sources. During this stage, we considered the
relevance and applicability of the selected sources (Browning and
Rigolon, 2019). Descriptive and logical, qualitative, and comparative
methods were employed throughout the research. The modeling
method was used to develop a structural-content model for teaching
RS materials in school geography.

A pedagogical experiment was conducted to evaluate the effec-
tiveness of the teaching methodology based on the developed struc-
tural-content model. The experiment took place in the 11th grades of
School-Gymnasium No. 5 named after Zhambyl, under the
Department of Education of Taraz city, Education Administration of
Zhambyl Region. A total of 52 students participated in the study, with
26 students in the experimental group and 26 students in the control
group. During the research, it was ensured that participants were from
the same grade level, followed a comparable curriculum, and had
approximately similar baseline knowledge levels. In the experimental
group, modern geoinformation software such as Google Maps,
EarthViewer, Google Earth, Google Earth Engine, Sentinel Hub EO
Browser, USGS Earth Explorer, ArcGIS, and QGIS were actively used
during lessons. The control group predominantly employed tradi-
tional teaching methods. The research materials included the State
Compulsory Education Standard for Geography, school textbooks,
methodological guides, as well as author-developed assignments and
exercises.

The purpose of a pedagogical experiment is not limited to empiri-
cally confirming or refuting the research hypothesis and the validity
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of theoretical findings; it may also be aimed at substantiating that the
proposed pedagogical intervention (e.g., new content, instructional
forms, teaching methods, learning materials, etc.) is more effective or,
conversely, demonstrating its lower effectiveness. To achieve this, it is
necessary to demonstrate that applying the intervention to at least one
object (e.g., a group of students) produces outcomes different from
those obtained through the use of traditional pedagogical methods. In
this study, the experiment was designed to evaluate the effectiveness
of the methodology for integrating RS data into school geography and
to assess its impact on students’ academic achievement.

For this purpose, an experimental group is formed and compared
with a control group. If these two groups, initially identical in charac-
teristics, differ after the implementation of pedagogical interventions,
the difference in the effects of these interventions is substantiated.
Therefore, two comparisons must be conducted: the first comparison
(before the start of the pedagogical experiment) should show that the
experimental and control groups have similar characteristics, while
the second comparison (after the experiment concludes) should dem-
onstrate the differences between them (Novikov, 2004).

The experimental results were quantitatively analyzed using math-
ematical and statistical methods. The outcomes for the experimental
and control groups were comparatively presented in diagrams and
tables, followed by descriptive and inferential statistical analyses,
including paired-samples and independent-samples t-tests. This
approach enabled the evaluation of the effectiveness of the proposed
methodology. Differences in learning outcomes were analyzed using
quantitative indicators based on percentage changes, which facilitated
the interpretation of the results.

The project research team included authors of school textbooks
and teaching materials, developers of currently successful professional
development programs for geography teachers, as well as a researcher-
practitioner with extensive teaching experience in schools. This con-
tributed significantly to the appropriate selection of instructional
methods and the effective use of educational materials within
the study.

3 Results and discussion

3.1 Literature review: the current the
importance and opportunities of integrating
remote sensing data into the geography
curriculum

By using remote sensing data, students can deepen their under-
standing of spatial relationships and patterns. Studies have shown that
the use of remote sensing technologies facilitates a more profound
comprehension of ecological and geographical concepts and signifi-
cantly enhances students’ spatial critical thinking skills (Adaktylou,
2020; Kholoshyn et al., 2019; Saputro et al., 2020). This is closely
linked to geospatial literacy, which is described as the ability to work
with digital spatial data through geoinformation technologies
(Misafova et al., 2022). Satellite imagery stimulates students’ interest
and improves their knowledge of ongoing processes on Earth, while
also fostering geospatial thinking and technical skills (Wolf et
al,, 2016).

It can be assumed that engaging with RS materials fosters a sense
of responsibility and care for the environment among school students,
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as it broadens their knowledge of global issues such as climate change,
deforestation, and the expansion of urbanization (Adaktylou, 2020;
Simerskd, 2023). Educational programs incorporating RS data may
also provide learners with opportunities to participate in discussions
on sustainability and environmental protection (Kholoshyn et al.,
2019). Research conducted in the Czech Republic emphasizes the
importance of introducing the use of RS materials at primary and
secondary school levels as an approach that combines environmental
education with digital learning and interlinks the natural sciences
(Simerska, 2023).

The effectiveness of using RS data in geographical education is
also supported by empirical research demonstrating its impact on stu-
dents’ learning outcomes. For instance, studies have shown that learn-
ers working with RS materials exhibit enhanced analytical skills and
improved ability to synthesize information from multiple sources
(Kholoshyn et al., 2019; Saputro et al., 2020). Moreover, the applica-
tion of remote sensing in the context of project-based learning has
been associated with increased motivation and engagement among
students, as they can observe the real-world applications of their
research (Mesas-Carrascosa et al., 2019). This aligns with the broader
educational objective of developing critical thinking and problem-
solving skills essential for success in the twenty-first century. RS mate-
rials further offer opportunities to enhance students’ spatial thinking,
promote interdisciplinary learning, and transform geographical edu-
cation with a stronger focus on environmental protection.

The use of digital technologies, integrated with other accessible
geospatial technologies (such as GPS and geolocation data, open data,
and big data infrastructures), promotes a collaborative and interdisci-
plinary approach in geographic education. The rapid technological
advancements in remote sensing necessitate the continuous updating
of educational resources and curricula to ensure learners acquire the
most relevant information (Bondarenko et al., 2023).

Integrating geographic information systems (GIS) with RS materi-
als in the school setting significantly enhances the learning of geogra-
phy. This combination creates a favorable learning environment that
engages students and helps develop critical analytical skills necessary
for modern geographic analysis (Cheung et al., 2011).

As researchers have noted, integrating remote sensing (RS) mate-
rials into secondary school curricula supports the implementation of
constructivist learning theory, which is considered an effective
approach to teaching subjects within the natural science and mathe-
matics cycle (Bada and Olusegun, 2015; Dziob et al., 2020). Voss et al.
(2008) highlighted that the use of RS data in school subjects enables
the introduction of new forms of instruction, identifying the key
advantages in this field as follows:

« The ability to address a broad range of STEM topics in the cur-
riculum through problem-based, integrated approaches;

o The capability to utilize both archival and newly acquired data for
analyzing current and dynamic issues;

« Visualization of problems with a high degree of clarity;

« Increased motivation and engagement of learners;

o Development of learners’ skills in processing remote sensing
imagery (Voss et al., 2008).

Educational projects and programs provide a partial solution to
the identified challenges. They are typically developed by experts in
education and remote sensing through international collaborations.
These initiatives offer learning materials that engage youth and
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demonstrate contemporary applications integrating school education
with interdisciplinary scientific knowledge.

The integration of RS materials into geography education is based
on specific scientific research, including the results of international
projects. For example, the goal of the “YCHANGE” (Young Scientists
as Change Explorers — Students Evaluating Environmental Change in
Europe with Digital Space Technologies) project, conducted by
researchers from Tallinn University (Estonia), Charles University in
Prague (Czech Republic), Heidelberg University of Education
(Germany), and FHNW School of Education (Switzerland), was to
improve the competence of teachers and students in working with
satellite imagery. Within this project, a curriculum on remote sensing
was developed. It included possibilities for using satellite images in
organizing different types of learning activities and the sequence of
their implementation. The research results showed that the vast major-
ity of school teachers are interested in improving their qualifications
in this area (Schulman et al., 2021).

The potential of satellite imagery goes far beyond the scope of
topics covered in general secondary education. School curricula in
geography aim to develop students’ ability to make decisions and
evaluations based on information obtained from various sources. The
decision-making process, especially in the natural sciences, is more
complex than in everyday life. Assessing situations such as disasters of
natural origin requires realistic and systematic analysis, critical think-
ing, and consideration of expert opinions and factual data. In this
regard, satellite imagery serves as an effective material for developing
these skills. Objects in satellite images are not always clearly visible.
Their use and interpretation are based on processing this not imme-
diately visible information and decoding data from it. Furthermore,
the use of satellite imagery has high potential in terms of developing
spatial orientation skills, problem-based learning, methodological
competencies, assessment, as well as practical skills (Goetzke et
al,, 2013).

3.2 Analysis of the use of satellite imagery in
school geography

3.2.1 Results

Satellite imagery serves as an effective method for enhancing geo-
graphical education in schools and for developing students’ research
skills. Therefore, it is important to identify teachers’ perceptions
regarding the use of satellite imagery in schools, to determine the bar-
riers to using such imagery as educational materials based on the cur-
rent state of schools, and to analyze the practical issues related to its
implementation in the teaching process.

This section presents the results of the survey conducted among
school teachers and discusses them within the framework of peda-
gogical theories and previous research.

According to the results of the conducted survey, 62% of teachers
reported using satellite imagery during lessons, while 38% indicated
that they do not use it.

Among those who use satellite imagery during lessons, 31%
reported using it to develop students’ research skills, while 69% indi-
cated that they use it primarily for visual demonstration purposes.
This indicates that the proportion of teachers utilizing satellite imag-
ery for research purposes is relatively low.

Several significant barriers affect the successful integration and
widespread use of satellite imagery in school lessons (Figure 1).
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According to Figure 1, teachers reported that the low material and
technical conditions of some schools (46.8%) and limited access to the
internet or low internet speed (38.7%) negatively impact their use of
satellite imagery in lessons. These factors influence the extent to
which teachers can incorporate satellite imagery materials into their
lessons, as well as the amount of time required to implement them
effectively.

To teach students how to process, analyze, and conduct research
using satellite imagery, teachers need a solid knowledge base.
Although this instructional material has been used in the natural sci-
ences for several decades, it is considered relatively new in the field of
education. This creates a need for professional development courses
for geography teachers.

Overall, it was found that teachers have a high level of interest
(82%) in effectively using satellite imagery and GIS technologies in
their lessons. However, their proficiency in using satellite imagery is
low. The lack of professional development courses negatively impacts
their ability to master these skills. Since the majority of teachers have
little experience working with satellite imagery, using it in lessons
without proper interpretation does not yield good results. Regular use
of satellite imagery in geography lessons can be achieved through
enhancing teachers’ competencies. This is supported by the fact that
84% of teachers believe that professional development courses on the
use of satellite imagery in lessons are necessary.

While maintaining teachers’ interest in using satellite imagery, it
is necessary to develop professional development courses and educa-
tional-methodological materials aligned with the school curriculum
to help students acquire the appropriate level of knowledge. Since the
use of the Internet, computers, and interactive whiteboards is a man-
datory condition for utilizing satellite imagery, its implementation in
schools occurs within limited time frames. This situation is further
underscored by teachers’ suggestions in the survey, such as: “the orga-
nization of courses on the use of satellite imagery in lessons” and
“improving Internet access and the opportunity to freely explore spe-
cific software and websites.”

10.3389/feduc.2026.1768464

Opverall, the survey revealed that the proportion of teachers who
practically use satellite imagery in geographical education is low. In
order to address the question, “Does the share of non-users appear to
be influenced by the age of teachers?,” we conducted a correlation analy-
sis. (Table 1).

The analysis results show that there is no correlation between Y -
the proportion of non-users and X - age group (ryx = —0.20371), indi-
cating that age does not significantly affect the proportion of
non-users. Only 4.2% of the increase in the proportion of non-users
can be attributed to age, while the remaining 95.8% is due to other
unaccounted factors. This may be explained by the influence of qual-
ification-related, material and technical, and organizational factors
discussed above.

3.2.2 Discussion

These findings do not align with Jordan’s previous research con-
clusions, which suggested that older individuals tend to be less
inclined to adopt computer products and may refuse to use them
(Jordan, 2020).

Overall, the survey results revealed that teachers in schools dem-
onstrate a high potential interest in the use of satellite imagery.
However, the actual level of implementation in schools remains low
due to material-technical or information-communication barriers. In
addition, one of the main obstacles is the lack of established method-
ological foundations for teaching RS data in school geography, as well
as the shortage of instructional and methodological materials. Such
barriers limit the systematic and purposeful use of satellite data in the
educational process.

The Czech researcher Simerska highlighted that the widespread
integration of geospatial data into secondary education is hindered by
a lack of educational resources, the fact that learning materials are
primarily available only in English, and insufficient technical infra-
structure (Simerska, 2023). Several researchers, based on surveys con-
ducted with school teachers, have indicated methodological and
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FIGURE 1
Barriers affecting teachers’ use of satellite imagery in lessons.

Barriers influencing teachers’ use of satellite imagery in
classroom instruction

access to the Internet
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TABLE 1 Correlation coefficient between non-use of satellite imagery and teachers’ age
groups.

Y X R?
Y 1
X —0.20371 1 0.0415

technical support deficiencies, the complexity of using geospatial data,
the lack of expert knowledge among teachers, and the insufficiency of
experience in this field (Ditter et al., 2012; Hodam et al., 2020).
Recently graduated or newly inducted teachers in this field may be
familiar with remote sensing as a subject; however, they might lack
comprehensive theoretical and practical knowledge, which is often
due to the limited time allocated for remote sensing instruction in
universities (Hodam et al., 2020; Schulman et al., 2021).

3.3 Structural and content model for
teaching GIS data in school geography

3.3.1 Results

Analyzing both domestic and international teaching practices, we
have also developed a structural-content model for teaching remote
sensing (RS) data in school geography (Figure 2).

The model comprises several interconnected components: goal-
setting, content, technological aspects, teaching methods and
approaches, professional competencies and skills, and assessment and
outcomes. These components enhance the methodology of integrating
RS data into geography education, facilitating effective achievement
of learning objectives, improving the functional literacy of future
geography specialists, and fostering the development of scientific and
natural science knowledge. They also contribute to the formation of
students’ understanding and perspectives on the systemic relation-
ships between nature, society, and the economy, as well as environ-
mental and socio-economic knowledge, ultimately laying the
foundation for learners to become informed about aerospace data and
technologies.

Purpose: To integrate Remote Sensing (RS) data into school geog-
raphy education.

Objective: To improve teaching methodology and enhance the
quality of geographical education.

Content block — consists of the teaching content aimed at achiev-
ing the set purpose and objectives, including the main elements
such as:

« Understanding of Remote Sensing: the operation of aerial and
spaceborne platforms, spatial, spectral, temporal, and radiometric
resolution of obtained images, processing of RS data, etc.

« Application of Remote Sensing in various branches of geography:
cartography and GIS (creation and updating of topographic and
thematic maps at different scales using satellite and aerial imagery,
monitoring changes in land use, infrastructure, and natural
objects, analysis and modeling of geographical phenomena, gen-
eration of digital terrain models, etc.); study of natural processes
and phenomena (vegetation monitoring: assessing plant condi-
tion, identifying plant species, determining biomass and pheno-
logical changes based on spectral characteristics); water studies
(monitoring the area, level, and quality of water resources,
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studying the dynamics of glaciers and snow cover, monitoring
oceans and seas); soil cover analysis (identification of soil types,
assessment of soil moisture, detection of erosion processes and
land degradation); geological research (study of geological struc-
ture, identification of tectonic formations, exploration of mineral
resources); meteorology and climatology (monitoring clouds, land
surface temperature, precipitation, studying climate change); envi-
ronmental monitoring (tracking pollution of the atmosphere,
water, and soil, assessing the impact of natural disasters, monitor-
ing forest fires, detecting illegal logging); socio-economic geogra-
phy (assessment of changes in land use, monitoring boundaries of
settlements and agricultural lands); urban studies (analysis of the
spatial structure of cities, monitoring urban growth and develop-
ment, assessment of infrastructure condition); transport geography
(evaluation of transport networks, analysis of traffic flows); agri-
culture (assessment of crop productivity, crop monitoring, plan-
ning irrigation systems); and assessment of natural resource stocks
and environmental impact (analysis of forests, water, land, and
other natural resource stocks, evaluation of the effects of eco-
nomic activities on natural complexes), etc.

« Working with online web resources that allow viewing and analyz-
ing satellite images (NASA Worldview, USGS EarthExplorer,
Sentinel Hub, Copernicus Browser, ESA, EOSDA LandViewer,
Google Earth Pro, NOAA Data Access Viewer, Maxar Open Data
Program, etc.);

Practical work with remote sensing data (studying natural and
anthropogenic changes in landscapes, assessing pre- and post-
emergency changes, examining relief forms, data analysis and
visualization, creating thematic maps and models, conducting
project-based research, etc.);

o Learning aerial surveying using unmanned aerial vehicles
(drones) (familiarization with operating rules and drone func-
tions, learning to control under various weather conditions, moni-
toring and assessing environmental changes, etc.).

Technological block — encompasses a set of necessary tools and
equipment that form the basis for the qualitative organization of the
educational process:

o Interactive panels and boards;

« Software: Google Earth Pro, SNAP, USGS Earth Explorer, etc.

« Online geoportals and resources: (Google Earth Engine, Sentinel
Hub EO Browser, etc.);

o Unmanned aerial vehicles (drones);

« Equipped computer classroom.

Teaching methods and approaches aim to develop students’ skills
in working with digital technologies based on both modern and tra-
ditional techniques. Systemic and learner-centered approaches
ensure and support the self-development of learners, the realization
of their personal abilities, and the growth of their unique
individuality.

The structure of learners’ professional competencies and skills aims
to develop research competencies that involve spatial critical thinking,
the ability to analyze and synthesize information, as well as the forma-
tion of skills in working with digital and information-communication
technologies.

The integrated teaching of RS data in school geography consists of
a multiformat block based on both online and offline learning formats.
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FIGURE 2

Structural-content model for teaching remote sensing (RS) materials in school geography.

The learning outcomes are evaluated using both traditional and con-
temporary forms of assessment. Overall, the technological map or
structural-content model resulting from our research facilitates the
formation of students who are knowledgeable about aerospace data
and technologies, deepens their knowledge and skills, develops their
research competencies, and enables them to proficiently master infor-
mation technologies.

The effectiveness of the structural-content model was evaluated
through the results of a pedagogical experiment. The statistically sig-
nificant improvement in learning outcomes observed in the experi-
mental group demonstrates the practical effectiveness of the model.
Compared to traditional teaching approaches, the model is distin-
guished by its systematic integration of RS data and its focus on devel-
oping geospatial literacy.

3.3.2 Discussion

Kazakhstan’s strategic development plan identifies enhancing the
global competitiveness of education and science, as well as fostering
the development and education of individuals based on universal
human values, as one of its key priorities (Government of the Republic
of Kazakhstan, 2022). The systematic organization of the educational
process is directly related to the course content and its structural com-
ponents (Bakhisheva et al., 2022). In pedagogical and instructional
methodology research, this is commonly referred to as a structural-
content model (Tambovtseva, 2023). Domestic studies in the field of
pedagogy demonstrate that structural-content models contribute to
the development of future professionals’ soft skills (Biilbiil et al., 2023),
research activity (Amanbaeva, 2017), and cognitive competence
(Kasymova, 2021).
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Although the structural-content model is similar to STEM inte-
gration models, it incorporates a specialized methodological frame-
work aimed at the systematic integration of RS data. The target block
is focused on defining learning outcomes, while the content block is
aligned with the geography curriculum. The technological block is
based on the implementation of digital geospatial tools, and the
assessment block enables the measurement of educational outcomes.

Activities involving the use of RS data contribute to the develop-
ment of geoinformation literacy (Misafova et al., 2022), the acquisi-
tion of aerospace methods (Naumann et al., 2009), the expansion of
problem-oriented STEM topics as one of their key advantages (Voss
et al.,, 2008), and the implementation of problem-based learning
approaches (Mesas-Carrascosa et al., 2019). In recent years, global
educational transformation has increasingly shifted toward the appli-
cation of theoretical knowledge in practical contexts.

The scientific novelty of the proposed model lies in its consider-
ation as an integrated methodological system that combines pedagogi-
cal, technological, and competency-based components for
incorporating RS data into geography education. This distinguishes it
from existing educational models.

3.4 Conducting a pedagogical experiment
in schools

3.4.1 Results

A pedagogical experiment was conducted to determine the
impact of the instructional and methodological materials developed
based on the structural-content model created in our research, their
role in improving the teaching methodology, and their effectiveness
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in enhancing the quality of geographical education among school
teachers and students. The obtained results are examined in terms of
their effectiveness in improving the quality of geographic education,
as well as from the perspectives of inquiry-based and problem-based
learning, and the theoretical foundations of geospatial literacy.

The object of the experiment was the 11th-grade classes “A” (natu-
ral science and mathematics focus) and “B” (natural science and
mathematics focus) of the communal state institution “Zhambyl
Regional Education Department of the Taraz City Education Division,
School-Gymnasium No. 5 named after Zhambyl” The 11th-grade stu-
dents were divided into two groups: 26 students in the control group
(11th grade “A” class) and 26 students in the experimental group (11th
grade “B” class). The purpose was to test the effectiveness of the pro-
posed teaching methodology. The duration of the experiment was
4 weeks (3 h per week) (kundelik.kz, 2023).

For the 11th grade “Geography” subject (Kaimuldinova et al.,
2019), according to the sections “Cartography and Geoinformatics”
and “Nature Use and Geoecology,” the learning objectives correspond-
ing to the lesson topics are as follows:

11.2.1.1 - Utilizing the capabilities of electronic cartographic
resources according to the topic (reading digital maps, determining,
describing, and analyzing the location of geographic objects and areas
using them, as well as their quantitative and qualitative indicators) (2 h);

11.2.2.1 - Explaining the characteristics of remote sensing
methods;

11.2.2.2 - Explaining the characteristics of geoinformation meth-
ods and geographic information system (GIS) technologies, as well as
their connections with other sciences and industries;

11.2.2.3 - Creating a geographic database related to the topic
using computer software;

11.2.2.4 - Creating thematic map layouts related to the topic using
computer software;

11.3.2.1 - Classifying anthropogenic changes in the environ-
ment (2 h);

11.3.2.2 - Classifying indicators of environmental quality (2 h);

11.3.2.3 — Assessing the impact of polluted environments on
human life (including additional consideration of local/regional com-
ponents) (2 h).

At the end of each section, two practical assignments are included,
aimed at developing learners’ skills to apply their learning outcomes
in practice.

The effectiveness of the course was evaluated in three stages: diag-
nostic, formative, and evaluative. To assess the levels of knowledge,
11th-grade students from both the control and experimental groups
were given 15 assessment tasks (questions) aligned with the cognitive
levels of Bloom’s taxonomy—namely, remembering, understanding,
applying, analyzing, synthesizing, and evaluating. The final results
were assessed, and the collected data were processed.

10.3389/feduc.2026.1768464

The experimental research consisted of diagnostic, formative, and
evaluative stages. At each stage, the students’ responses to the assess-
ment tasks were analyzed, and graphical models were constructed
accordingly.

3.4.2 Diagnostic research stage

During the diagnostic research stage, assessment tasks were
administered to determine students’ levels of subject-specific and
interdisciplinary competencies in the sections “Cartography and
Geoinformatics” and “Nature Management and Geoecology” The
results enabled the identification of students’ competency levels
(Table 2; Figure 3).

Opverall, the analysis of the results from the diagnostic (prelimi-
nary) phase of the experiment revealed the extent to which students
had acquired key concepts such as the use of online web resources for
viewing and analyzing satellite imagery, understanding the features of
remote sensing methods, and recognizing their connections with
other scientific disciplines and fields of production.

The analysis of the results of the control and experimental groups
during the diagnostic phase of the pedagogical experiment showed
that the students in the experimental group performed 5.8% higher
on tasks at the knowledge and comprehension levels compared to the
control group, while their performance on tasks at the second level
— application and analysis — was 9.2% lower, and on tasks at the third
level — synthesis and evaluation — was 6.2% lower. These results indi-
cate that although students demonstrated a relatively higher level of
performance in knowledge and comprehension tasks, higher-order
cognitive skills - particularly analysis and evaluation - were insuffi-
ciently developed. From this perspective, the quality of knowledge in
the experimental group was comparatively lower than that of the con-
trol group in terms of conceptual depth and analytical complexity.

3.4.3 Formative research stage

The aim of the formative stage of the research was to enhance the
effectiveness of teaching, to develop students’ subject-specific and
cross-curricular competencies, and to identify the expected positive
changes in teaching geographical research and cartographic methods.

For the 11th grade Geography course, tasks were assigned based
on the sections “Cartography and Geoinformatics” and
“Environmental Management and Geoecology, targeting the under-
standing, application, analysis, synthesis, and evaluation levels. The
analysis of students” responses provided a basis for drawing several
conclusions (Table 3; Figure 4).

According to the analysis results, it was identified that students
faced difficulties in completing tasks related to the practical applica-
tion of geographical research and cartographic methods. However, the

TABLE 2 Results of the analysis of responses to control tasks obtained during the diagnostic experiment.

Distribution by levels

Average indicator

Level 1 Level 2 Level 3
(max — 5 points) (max - 10 points) (max — 15 points)
Control group 65.2% 62.7% 56.5% 61.4%
Experimental group 71% 53.5% 50.3% 58.2%
Difference +5.8% -9.2% —6.2% -3.2%
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Results of the diagnostic test
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FIGURE 3
Analysis results of the control task responses from the diagnostic stage of the research.

TABLE 3 Results of the formative stage of the pedagogical experiment.
Distribution by levels Average indicator

Level 2 Level 3

Level 1

(max — 5 points)

(max — 10 points)

(max — 15 points)

Control group 67.8% 65.6% 61.8% 65%
Experimental group 78.5% 74.8% 76.1% 76.4%
Difference +10.7% +9.2 +14.3% +11.4%

tasks at the knowledge and comprehension levels were performed at
a relatively higher level. Compared to the control group, the experi-
mental group outperformed by 10.7% in Level 1 tasks, by 9.2% in
Level 2 tasks, and by 14.3% in Level 3 tasks.

During the evaluative phase of the research, the average score of
the control group was 61.4%, while the experimental group scored an
average of 58.2%. At this stage, the control group’s average increased
to 65%, whereas the experimental groups average rose to 76.4%.
Opverall, by the end of the experiment, the control group showed an
improvement of 3.6%, while the experimental group demonstrated a
significant increase of 18.2% (Figure 5).

The graphically presented results of the formative research
phase make it possible to assess that significantly higher indicators
were achieved across all diagnostic criteria of the study. A paired-
samples ¢-test was employed to determine changes in the academic
achievement of students in the experimental group. The analysis
revealed a statistically significant difference between the mean
scores before the experiment (M = 58.20) and after the experiment
(M =76.40) (p < 0.05). In addition, the final results of the experi-
mental and control groups were compared using an independent-
samples t-test. The findings indicated that the academic achievement
of students in the experimental group was statistically significantly
higher than that of the control group (p < 0.05). These results dem-
onstrate the positive impact of the implemented methodology on
learning outcomes and on improving the quality of geographic
education.
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The quality of the knowledge, skills, and competencies acquired
during the study of the “Cartography and Geoinformatics” and
“Environmental Management and Geoecology” units was determined
based on the evaluation of students’ completed tasks. Learners were
required to provide written responses to analysis-level tasks that
involved applying knowledge and skills in academic contexts. In order
to conduct a comparative analysis of the results, the tasks were directly
related to the topics covered within the “Cartography and
Geoinformatics”and “Environmental Management and Geoecology” units.

From the very first day of the experiment, lessons were con-
ducted for the class using a new modern pedagogical approach.
To achieve the learning objectives, the instruction went beyond
theoretical knowledge and textbook exercises, incorporating
methods and techniques for using cartographic services, geopor-
tals, and remote sensing materials applicable in geographic educa-
tion, as well as utilizing online web resources during the lessons
(Table 4).

The control group, on the other hand, was taught using traditional
teaching methods. That is, the educational process was carried out
using textbooks, maps (paper maps) depicting geographical objects
and phenomena, their properties and characteristics, as well as tools
such as a globe, compass, planimeter, engraving instruments, special
rulers, palettes, protractors, compasses, curvimeters, and other similar
instruments.

In conclusion, students in the experimental group demonstrated
the highest level of performance in completing all tasks during the
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Final results of the formative stage of the research.
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instruction of the “Cartography and Geoinformatics” and “Nature
Management and Geoecology” sections.

During the course of the experiment, we identified the following
challenges:

« the low proficiency levels of geography teachers in mastering the
necessary software and online geospatial portals and resources for
integrating remote sensing data into teaching;

o students’ inability to fully utilize applications such as Google Earth
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Engine, Sentinel Hub EO Browser, USGS Earth Explorer,
and ArcGIS.

As observed, by the end of the experiment, the use of remote sens-
ing data in geography education significantly improved students’ qual-
ity of knowledge, contributing greatly to effective teaching and
fostering independent learning.

During the course of this experiment, psychological-pedagogical
and methodological literature was reviewed, knowledge about remote
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TABLE 4 The process of conducting lessons for the experimental group.

Lesson topic

Learning objective

Knowledge and skills acquired in the
lesson

10.3389/feduc.2026.1768464

Expected outcome

Modern
cartographic

methods

11.2.1.1 - use the capabilities of electronic
cartographic resources (reading digital maps,
identifying and analyzing the location,
quantitative and qualitative characteristics of

geographical objects and territories)

Using Google Maps, EarthViewer, and Google Earth to
read digital maps and determine spatial and
quantitative characteristics of geographical objects and

territories

Ability to use Google Maps,
EarthViewer, and Google Earth

servers

Geo-information

research methods

11.2.2.1 - explain the features of remote sensing

methods

Understanding the features of remote sensing methods
through online geoportals (Google Earth Engine,

Sentinel Hub EO Browser, etc.)

Ability to recognize and describe
elements from true-color satellite

images

11.2.2.2 - explain the features of GIS
technologies and their connections with other

sciences and industries

Analysis of the application of Google Earth Engine
and Sentinel Hub EO Browser in agriculture, urban
growth monitoring, ecology, mineral exploration, and

natural disaster prevention

Ability to work with global,

regional, and local geoportals

Geographic

databases

11.2.2.3 - construct a geographic database

using computer programs

Creating a database by entering tabular data into
ArcGIS, QGIS, or Google Earth Pro and generating
point/polygon layers

Ability to collect data, transfer
them to a table and map, and
understand database structures

(point-line-polygon)

Visualization of

11.2.2.4 - create thematic maps using computer

Creating thematic maps based on satellite imagery and

Ability to compare true-color and

changes in the

changes

Sentinel Hub EO Browser), analyzing causes and

geographic data programs temporal changes, using GIS applications and online false-color images, identify and
resources, with group work tasks describe main elements
Anthropogenic 11.3.2.1 - classify anthropogenic environmental | Working with satellite images (USGS Earth Explorer, Ability to analyze data, explain

and conclude beyond viewing

band combinations in Sentinel Hub EO Browser

environment consequences of changes through group and satellite images

individual tasks
Environmental 11.3.2.2 - classify indicators of environmental Classifying environmental quality (water, vegetation, Ability to analyze and classify
quality quality air, soil) using true- and false-color visualizations and satellite imagery, calculate indices

11.3.2.3 - assess the impact of polluted
environments on human life (including local/

regional aspects)

Evaluating the possibilities and limitations of remote
sensing for environmental pollution assessment,

through group and individual tasks

Understanding advantages/
limitations of RS in detecting
pollution, integrating theoretical

and practical data

sensing was systematized within the educational process, and the
methodology for integrating remote sensing data into school geogra-
phy education was investigated.

3.4.4 Discussion

Currently, the science of cartography is undergoing a new stage of
development and is becoming increasingly in demand over time. It is
known that humans receive up to 80%, and according to some data, up
to 90% of information through visual perception. Through maps, a geog-
rapher demonstrates geographical patterns and establishes spatial rela-
tionships between phenomena. The famous geographer-economist
Baransky (1980) once said, “There is no geography without maps,” and
these words remain relevant today. RS data are widely used in modern
cartographic production, and in some cases, they can be applied directly
through image interpretation without the need for map creation.

As a modern approach to geographical work, satellite imagery can
complement maps and serve as a visual source of information, con-
tributing to the diversification of teaching tools and enriching the
overall content of geography lessons (Bachmann and Moller, 1995;
Brucker, 1976; Haversath, 1981; Siegmund and Wolf, 2006).
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One of the key priorities in the current process of informatiz-
ing society is the informatization of education. According to
Kreider (2005), this refers to the process of equipping the field of
education with the methodology and practice for developing and
optimally applying new information technologies aimed at achiev-
ing the psychological and pedagogical goals of teaching and
upbringing.

The use of digital geospatial platforms does not automatically
lead to improved learning outcomes in the educational process
(Bednarz and Lee, 2019; Viehrig, 2014). The effectiveness of these
technologies depends on their pedagogically sound organization and
the instructional methods employed. Student-centered teaching
approaches contribute to enhancing learners’ motivation, subject
knowledge, environmental literacy, spatial thinking abilities, and the
practical relevance of geographic education (Goetzke et al., 2013).
The results obtained in this study provide scientific support for these
assumptions. The proposed structural-content model establishes a
systematic methodological framework for integrating RS data into
geography education and offers a conceptual scientific contribution
by integrating technological, pedagogical, and competency-based
components.
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However, despite the positive results, several limitations should be
considered when interpreting the findings of the study. The relatively
small number of participants and the fact that the study was con-
ducted within a specific regional context limit the broader generaliz-
ability of the results. In addition, teachers’ preparedness levels and
infrastructural challenges influenced the research outcomes. Further
studies are required to test the proposed model in diverse educational
settings and to evaluate its long-term impact on the development of
students’ geospatial competencies.

4 Conclusion

The results of the conducted research, by achieving the stated
objective, made it possible to identify the scientific and methodologi-
cal foundations for integrating RS data into school geography.

Firstly, the analysis of international practices and literature review
on the importance of using RS materials in school geography demon-
strated that the integration of RS materials into geography education
provides significant opportunities for enhancing the learning process,
developing practical competencies, and fostering comprehensive skills
aligned with 21st-century educational goals.

Secondly, the research results on geography teachers use of satellite
imagery in schools revealed a number of issues. The proportion of teach-
ers who use RS materials in their lessons was 62%, while 38% reported
not using them. However, among those who do use satellite imagery, the
majority (69%) apply it solely for illustrative purposes, whereas only 31%
utilize it for research-oriented activities. This indicates a lack of experi-
ence among teachers in using RS materials for inquiry-based learning
and highlights the need for professional development programs focused
on this area. Teachers expressed a strong interest in using satellite imag-
ery effectively in their lessons. Nevertheless, various challenges were
identified, including ICT-related and infrastructural barriers, insufficient
teacher qualifications in RS, and a shortage of teaching and methodologi-
cal resources. These findings substantiate the need to develop dedicated
instructional materials and expand pedagogical practice in the future. As
a result of this research, a structural-content model for teaching remote
sensing materials in school geography was developed. The intercon-
nected components of the model contribute to enhancing the method-
ological foundation for integrating RS into geography lessons, allowing
for more effective achievement of educational objectives and fostering
the development of scientific thinking. This model and its components
also served as the basis for the development of instructional and practice-
oriented tasks.

Thirdly, the results of the experimental work conducted in
a school setting demonstrated the effectiveness of the methodol-
ogy for integrating RS data into geography lessons. The use of
modern geoinformation technologies and resources that allow
for viewing and analyzing satellite data significantly improved
students’ academic performance, contributed to high-quality
instruction, and promoted independent learning. Furthermore,
compared to traditional teaching methods, the new approach
enhanced students’ research competencies and increased their
cognitive engagement. However, the study has several limita-
tions. The limited number of students and teachers involved in
the empirical research restricts the generalizability of the find-
ings. Furthermore, as the study was conducted within the school
context of a specific region, the results are primarily applicable
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to educational institutions with similar infrastructural
conditions.

Overall, the research findings, alongside the increasing
importance of spatial geoinformation in the current digital era,
clearly demonstrate the necessity of integrating RS data into
school geography. Integrating RS data into the geography cur-
riculum contributes to the modernization of educational con-
tent, the development of students’ modern scientific and
technological competencies, and the enhancement of the quality
of geographical education to a new level. Moreover, further
research aimed at improving the structural-content model for
teaching RS materials in school geography could contribute to
the development of competencies in working with satellite imag-
ery, thereby supporting the advancement of geospatial literacy
among students. Investigating the long-term effects of using RS
materials in school geography and expanding research to
include different regions and educational institutions represent

important directions for future studies.
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