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Abstract 

This study examines the educational significance of relief maps as an effective tool in geography and geoscience 

education. Through the analysis of two examples from Bulgaria—the open-air relief map in Dryanovo and the 

handcrafted model by Stoyan Statirov—their historical, technical, and pedagogical characteristics are explored. The 

research combines fieldwork, interviews, photographic documentation, and modern technologies such as 3D scanning, 

LiDAR, and GIS analysis. The results demonstrate that relief maps significantly enhance spatial thinking and terrain 

comprehension through the integration of visual and tactile perception. Their integration with digital technologies further 

expands their educational potential while preserving their unique value as physical learning tools. The study highlights 

the importance of combining traditional and modern approaches to improve geographic education. 
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INTRODUCTION 

Geographic education requires not only theoretical knowledge, but also the ability of students to perceive and interpret 

spatial data. Relief maps, as three-dimensional models of the Earth's surface, play an important role in this process. As 

early as 1958, Rodyenko demonstrated that three-dimensional models significantly aid students in reading contour lines 

and understanding terrain (Rodyenko, 1958). Unlike traditional two-dimensional maps, relief models allow for direct 

visual and tactile perception of the terrain, mountain ranges, river valleys, basins and plains become tangible and easily 

comprehensible even for the youngest students. 

The construction of raised-relief maps has long been recognised as a valuable hands-on educational activity. Harnapp and 

King (1991) showed that building relief maps from inexpensive materials such as cardboard or foam engages students 

directly in map interpretation, helping them understand key concepts such as contour lines, map scale, and elevation 

representation. The finished model serves not only as a learning tool during its construction, but also as a long-term 

display and reference resource for future students. Similarly, Rapp et al. (2007) confirmed that students at various 

academic levels consistently struggle to visualise landscape features on flat topographic maps, and that three-dimensional 

models substantially improve their spatial comprehension and map-reading performance. 

The educational value of tactile geographic models extends beyond the classroom. Relief maps displayed in public spaces 

- school courtyards, parks, and town centres serve as informal learning environments accessible to the wider community. 

Such maps invite curiosity, encourage exploration, and foster a sense of geographic identity among local populations. 

This dual role, both formal and informal, makes teacher-made relief maps particularly significant as objects of study in 

geographic education research. 

In Bulgaria, several notable examples exist of relief maps created for educational purposes by geography teachers. These 

maps, though made in different eras and from different materials, share a common pedagogical mission — to make 

geography accessible, visual and inspiring. Research by Bandrova and Deleva (1998) demonstrated that Bulgarian 

children as young as 6–9 years old show strong interest in map use and develop map-reading skills when provided with 

appropriate cartographic tools. More recently, Bandrova et al. (2025) outlined a national strategy for cartography in 

Bulgaria that continues to emphasise the role of geographic visualisation in education at all levels 

The present study introduces two such examples of teacher-made relief maps in Bulgaria (Table 1). The first is the 

monumental cement relief map of Bulgaria located in the town of Dryanovo, created in 1962 by geography teacher Bonka 

Tihova together with her students. The second is a handcrafted styrofoam relief map made by Stoyan Statirov, a geography 
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teacher active from 1950 to 1992, with the assistance of Dr. Atanas Kalmukov. Both cases are examined in terms of their 

historical background, technical characteristics, and contemporary educational significance. 

Table 1. Comparative overview of the two studied relief maps 

Characteristic Dryanovo Relief Map Statirov Relief Map 

Creator Bonka Tihova & students Stoyan Statirov & Dr. A. Kalmukov 

Year 1962 1950–1992 

Material Cement Styrofoam 

Horizontal scale 1:100 000 1:350 000 

Vertical scale — 1:1 000 

Dimensions 6.90 × 4.30 m Not recorded 

Location Public park, Dryanovo Private residence 

Status Renovated, publicly accessible Planned for public display 

 

 

 

Figure 1. The styrofoam relief map of Bulgaria made by Stoyan Statirov (photo by the authors, 2025) 
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Figure 2. The cement relief map of Bulgaria in Dryanovo town centre 

The structure of the paper is as follows. Section 2 reviews the scientific background and previous research on relief maps 

in geographic education. Section 3 presents the main types of relief maps and discusses their educational significance. 

Section 4 outlines the methodology applied in the study, including fieldwork and digital documentation techniques. 

Section 5 examines the integration of relief maps with GIS and modern digital technologies. Section 6 discusses their 

practical applications in education, followed by a discussion of the results in Section 7. Finally, Section 8 concludes the 

paper and highlights key findings and future perspectives. 

SCIENTIFIC BACKGROUND 

Relief maps as an educational tool have a long history in geographic teaching. They represent three-dimensional models 

of the Earth's surface in which the terrain is physically expressed through raised forms, allowing simultaneous visual and 

tactile perception. This fundamentally distinguishes them from flat maps, where the third dimension is conveyed solely 

through symbols, contour lines and colour scales. 

Research in geographic education consistently shows that students face significant difficulties in reading and interpreting 

topographic maps. Carbonell-Carrera et al. (2017)  demonstrated that three-dimensional technologies significantly 

improve map-reading skills, as students more easily recognise differences in elevation and spatial relationships between 

geographic features. In the same vein, Woods et al. (2016) showed that 97% of students evaluated three-dimensional 

terrain models positively compared to traditional paper topographic maps. 

A particularly valuable aspect of relief maps is their accessibility for production in an educational setting. The process of 

making them is deeply educationalstudents learn to read topographic maps, interpret contour lines and understand scale. 

The finished model subsequently serves as a lasting educational resource for future generations. This dual educational 

value  of both the process and the product makes relief maps a unique tool in geographic teaching (Harnapp & King, 

1991). 

In the contemporary context, interest in tactile and multi-sensory learning continues to grow. . Carbonell Carrera and 

Bermejo Asensio (2017) showed that augmented reality as a tool for representing digital terrain models offers a new way 

to develop map-reading skills, allowing manipulation of three-dimensional models through finger gestures. Nevertheless, 

physical relief maps retain their unique educational value, as they provide direct tactile contact that digital technologies 

cannot fully replace (Table 2). 

In Bulgaria, cartography and geographic education have a rich tradition. Bandrova and Deleva (1998) conducted 

experimental work with children in developing maps for educational purposes, demonstrating that even the youngest 

students can successfully work with cartographic materials. The national strategy for the development of cartography in 

Bulgaria, developed by Bandrova, Dinkov and Vasilev (2025), places geographic visualisation and education at the centre 

of priorities for the next decade. In this context, teacher-made relief maps created for pedagogical purposes represent a 

valuable heritage deserving documentation and scientific research. 

Proceedings, 10th International Conference on Cartography and GIS, 14-19 June 2026, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Marinova S., Bandrova T., Konečný M.

370



Table 2. Comparison of geographic learning tools used in geo-science education 

Learning tool Dimensionality 
Tactile 

interaction 
Interactivity 

Educational 
advantages 

Limitations 

Physical relief 
maps 

3D Yes Low 

Strong spatial 
understanding; 
hands-on learning; 
durable 

Limited 
flexibility; 
static 

Shaded relief maps 
2D (visual 3D 
effect) 

No Low 
Easy to reproduce; 
widely used in atlases 

No tactile 
experience 

Hypsometric maps 2D No Low 
Clear representation 
of elevation 
distribution 

Requires 
prior 
knowledge 

Digital Elevation 
Models (DEMs) 

3D (digital) No High 
Accurate analysis; 
flexible visualization; 
GIS integration 

Requires 
software 
skills 

Augmented Reality 
models 

3D Yes (hybrid) Very high 
Highly engaging; 
interactive learning 

Requires 
technology 
and 
equipment 

TYPES OF RELIEF MAPS AND THEIR EDUCATIONAL SIGNIFICANCE 

The representation of terrain has been a central challenge in cartography throughout history. Over centuries, cartographers 

have developed a wide range of techniques and tools to convey the three-dimensional character of the Earth's surface in 

ways that are both accurate and comprehensible to diverse audiences. In an educational context, the choice of map type 

is particularly important, as different representations suit different learning objectives, age groups, and levels of 

geographic literacy. Relief maps, in their various forms, occupy a central place in this spectrum, offering unique 

advantages that flat maps and purely digital tools cannot replicate  (Bandrova & Deleva, 1998; Rapp et al., 2007). 

Physical Relief Maps 

Physical relief maps are three-dimensional models that represent terrain through raised surfaces and elevation 

exaggeration. They are among the oldest and most effective educational cartographic tools, with documented use in 

schools dating back to the late 18th century (Rodyenko, 1958). . These maps are particularly effective for younger 

learners, as they provide simultaneous tactile and visual engagement. Through direct interaction, students can better 

understand elevation differences and spatial relationships between landforms, which enhances memory retention and 

supports experiential learning (Harnapp & King, 1991) . The two maps examined in this study — the cement relief map 

in Dryanovo and the styrofoam map by Stoyan Statirov -both belong to this category and exemplify the lasting educational 

value that physical relief maps can achieve. 
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Shaded Relief Maps 

Shaded relief maps simulate the effect of light and shadow falling on terrain, enhancing the visual perception of depth on 

a flat surface. They are widely used in both educational and professional cartographic contexts, appearing in school 

atlases, wall maps, and online mapping platforms. This visualisation technique improves the interpretation of complex 

landforms such as mountains, valleys, and slopes by creating a more realistic and intuitive representation of the Earth's 

surface (Rapp et al., 2007) . While shaded relief maps lack the tactile dimension of physical models, they remain a valuable 

complement to three-dimensional relief maps in classroom settings. 

Hypsometric Maps 

Hypsometric maps use standardised colour gradients to represent elevation ranges across a geographic area. Greens 

typically indicate lowlands, progressively deepening browns represent highlands, and white denotes snow-covered peaks. 

They are particularly useful for illustrating altitude distribution, regional comparisons, and the relationship between 

elevation and other geographic phenomena such as climate and vegetation. Patterson and Jenny (2011) describe cross-

blended hypsometric tints as a contemporary cartographic approach that combines elevation colours with environmental 

context and shaded relief, which reinforces the pedagogical value of colour-based terrain representation 

Digital Elevation Models (DEMs) 

Digital Elevation Models are computer-generated representations of terrain derived from satellite imagery, aerial 

photography, and LiDAR scanning data. DEMs provide highly accurate three-dimensional data that can be visualised, 

analysed and manipulated using GIS software. In educational contexts, DEMs allow students to explore terrain from 

multiple perspectives, generate elevation cross-sections, calculate slopes, and simulate hydrological processes (Bandrova 

et al., 2025) . Their integration into classroom teaching has grown significantly with the increased availability of free 

geospatial data platforms. While DEMs lack the tactile quality of physical relief maps, they offer flexibility and precision 

that is particularly valuable at secondary and university level. 

Augmented Reality Relief Models 

Augmented reality relief models represent the most recent development in terrain visualisation for educational purposes. 

Tools such as the AR sandbox combine physical interaction with digital projection, allowing students to shape real sand 

while simultaneously observing projected contour lines and simulated water flow (Woods et al., 2016) . This approach 

merges the tactile benefits of physical relief maps with the dynamic capabilities of digital technology. Studies confirm 

that AR-based terrain models significantly improve student engagement and spatial thinking skills in geography and 

geology courses (Carbonell Carrera & Bermejo Asensio, 2017; Mondro et al., 2024) . Nevertheless, physical relief maps 

retain a distinct advantage in terms of accessibility, durability, and the irreplaceable educational experience of interacting 

with a permanent, publicly displayed model of one's own country and landscape. 

METHODOLOGY 

The methodology of this research is designed as a multidisciplinary qualitative study, integrating traditional ethnographic 

methods with advanced geospatial technologies. The primary objective is to create a comprehensive digital and analytical 

record of two significant cartographic artifacts: the relief map of Bulgaria located in the town of Dryanovo and the relief 

map authored by Stoyan Statirov. The data collection was carried out during two intensive field sessions conducted in 

2025 and 2026. 

Field Research and Qualitative Interviewing 

The research commenced in 2025 with a primary field visit to Stoyan Statirov. This stage was crucial for establishing the 

historical and technical context of his polystyrene relief map. A key component of this visit was an extensive unstructured 

interview with the author. This qualitative method allowed the researchers to capture "living history"-detailed narratives 

regarding the choice of materials (polystyrene), the specific hand-crafting techniques employed, and the pedagogical 

philosophy that drove the project. 

The 2026 field session expanded the scope to include the Dryanovo relief map, facilitating a comparative spatial analysis 

and allowing for a synchronized documentation of both sites under similar temporal conditions. 

Multi-Level Visual Documentation 

To ensure a high degree of fidelity, a two-tiered photographic approach was implemented: 
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Terrestrial Photography: Systematic, high-resolution digital imaging was used to capture macro-level details, including 

relief textures, specific toponyms (inscriptions), and accompanying interpretive signage at both locations. In Dryanovo, 

this also included documenting the map’s integration into the urban landscape and its protective architectural elements. 

Aerial (UAV) Surveying: For the Dryanovo site, an Unmanned Aerial Vehicle (UAV) was deployed. This provided a 

"bird’s-eye" perspective, essential for understanding the map's scale relative to its environment and for identifying spatial 

patterns that are not visible from the ground level. 

3D Scanning and Digital Reconstruction 

A central pillar of this methodology is the transition from physical artifacts to digital twins through 3D modeling: 

Stoyan Statirov’s Map: It is important to note that a comprehensive 3D digital model of this map has already been 

completed. This existing model serves as a vital digital archive, preserving the fragile textures of the polystyrene 

construction for future virtual study. 

Dryanovo Relief Map: During the 2026 field session, Mobile LiDAR (Light Detection and Ranging) technology was 

utilized to scan the Dryanovo map. This data is currently being processed to generate a high-precision 3D reconstruction. 

This forthcoming model will facilitate comparative volumetric analysis and provide a basis for future digital restoration 

or virtual exhibitions. 

Data Integration and Case Study Analysis 

The final stage involves the triangulation of all collected data oral testimonies, technical measurements, aerial imagery, 

and 3D point clouds. These elements are synthesized using a comparative case study framework, which evaluates the 

maps across three dimensions: technical execution, historical-cultural context, and long-term educational impact. 

INTEGRATION WITH GIS AND DIGITAL TECHNOLOGIES 

Geospatial Data Processing and Georeferencing 

The transition from raw photogrammetric data to a functional spatial tool requires integration within a Geographic 

Information System (GIS). Guth et al. (2021) describe digital elevation models as fundamental representations of the 

three-dimensional shape of the Earth's surface, providing a reliable basis for terrain visualization and analysis. In this 

study, the 3D models generated via Agisoft Metashape were georeferenced to the local coordinate system, allowing for 

precise spatial positioning. 

The use of GIS technology provides clear possibilities for preserving and presenting relief-map heritage. GIS 

allows historical relief models to be georeferenced, connected with metadata, compared with modern satellite 

imagery and thematic layers, and prepared for classroom or public use  

Quantitative Morphometric Analysis 

The extraction of Digital Elevation Models (DEM) from the 3D reconstructions allows for an objective analysis of the 

maps' physical characteristics. Wilson (2018) emphasizes that digital terrain modeling enables the calculation of slope, 

aspect, and vertical exaggeration—metrics that are often subjective in traditional qualitative assessments. 

In the Bulgarian context, the work of Penin (2012) regarding physical geography and landscape modeling underscores 

the importance of vertical exaggeration as a tool for enhancing the "readability" of mountain terrains. Our methodology 

uses GIS tools to quantify exactly how much the authors (Statirov and the Dryanovo designers) scaled the vertical 

dimension to assist student perception of topographic features. 

Virtual and Augmented Reality (VR/AR) in Geographic Education 

The methodology explores the cutting edge of "EdTech" by moving beyond static models. The integration of 3D data into 

interactive platforms aligns with the findings of Carbonell Carrera and Hess-Medler (2019), who demonstrate that 

immersive 3D environments significantly boost spatial literacy. 

Recent research in geography education shows that hands-on learning combined with geospatial technologies strengthens 

students’ understanding of topographic maps (Mathews et al., 2023). Our study implements this approach by: 
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Virtual Field Trips: Creating navigable VR environments where students can explore the relief maps at a 1:1 human 

scale. 

Augmented Reality (AR): Using mobile devices to project digital metadata (climate, geology) directly onto the physical 

relief maps, a process that Kortas & Motek (2020) describe as essential for modern "hybrid" learning spaces. 

Digital Archiving and Accessibility 

Finally, the research addresses the long-term sustainability of these maps. Digital technologies allow for "virtual 

conservation," protecting fragile materials like polystyrene from physical degradation. Hosting these models on cloud-

based GIS platforms ensures that these artifacts remain accessible to the wider scientific community, a practice supported 

by the European standards for digital cultural heritage. 

EDUCATIONAL APPLICATIONS AND BEST PRACTICES 

Relief maps are an effective tool in geographic education, as they support the understanding of terrain through 

combined visual and tactile perception. Studies show that three-dimensional models significantly improve 

students’ ability to interpret topographic features and spatial relationships (Rapp et al., 2007; Carbonell-

Carrera et al., 2017). 

In primary education, relief models facilitate the learning of fundamental geographic concepts such as 

elevation and landforms by linking abstract cartographic representations to real-world features (Libbey, 1991). 

At higher educational levels, their integration with Geographic Information Systems (GIS) and Digital 

Elevation Models (DEMs) enables both visualization and quantitative terrain analysis (Guth et al., 2021). 

Relief maps are also valuable in project-based learning, where their construction enhances student engagement 

and supports the understanding of cartographic principles ((Harnapp & King, 1991In addition, when placed in 

public spaces, they contribute to informal learning and promote geographic awareness among wider audiences 

(Bandrova et al., 2023). 

At the same time, research in spatial cognition highlights the importance of three-dimensional representations 

for developing orientation and spatial thinking skills (Ishikawa & Montello, 2006). Emerging technologies 

such as augmented reality further expand the educational potential of relief maps by enabling interactive 

exploration of terrain (Woods et al., 2016). 

Despite technological advancements, physical relief maps remain essential due to their accessibility and unique 

tactile experience. 

DISCUSSION 

The results of this study confirm that relief maps are an effective tool for improving spatial understanding iн 

geo-science education. The two examined cases-the Dryanovo relief map and the map created by Stoyan 

Statirov-demonstrate how three-dimensional models facilitate the interpretation of terrain by combining 

visual and tactile perception. This directly addresses the well-documented difficulty students experience 

when working with two-dimensional maps. 

Despite differences in materials, scale, and accessibility, both maps serve similar pedagogical purposes. The 

Dryanovo map illustrates the value of publicly accessible educational tools, extending learning beyond the 

classroom. In contrast, Statirov’s map highlights the role of individual initiative and craftsmanship in 

educational practice, further enhanced through digital preservation. 

The integration of modern technologies such as GIS, LiDAR, and 3D modelling expands the educational 

potential of these maps, enabling their use in digital and interactive learning environments. However, the 

study is limited by its qualitative nature and the small number of case studies. 

Overall, the findings suggest that the combination of physical and digital approaches offers the most 

effective strategy for geographic education. 
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CONCLUSION 

Relief maps continue to hold a vital place in geo-science education by bridging the gap between abstract 

cartographic representations and tangible spatial understanding. The two case studies examined in this paper 

demonstrate that, regardless of differences in scale, materials, and context, such models effectively support 

the development of spatial thinking through combined visual and tactile engagement. They also illustrate 

how teacher-led initiatives can produce educational resources with lasting cultural and historical value. 

The integration of advanced technologies, including 3D scanning, LiDAR, GIS, and immersive 

environments, significantly enhances the analytical, educational, and preservation potential of relief maps. 

These digital approaches enable the creation of accurate virtual models, facilitate quantitative terrain 

analysis, and open new opportunities for interactive and remote learning. At the same time, the enduring 

relevance of physical relief maps lies in their accessibility, durability, and the unique experiential learning 

they provide. 

Overall, the findings suggest that the most effective strategy for contemporary geographic education is a 

complementary approach that combines traditional physical models with modern digital tools. Future 

research could expand the number of case studies and further explore the application of emerging 

technologies such as augmented and virtual reality in diverse educational settings. 
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