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Use of game engines in cartographic research:
an introductory overview

Abstract. Technological progress plays a key role in the development of cartography, influencing the ways
spatial information is produced, analysed, and communicated. In recent years, game engines have gained
particular significance, benefiting from increasing computational performance, broad accessibility, and advance-
ments in 3D visualization and Extended Reality (XR) technologies. These factors have contributed to their
growing adoption beyond the entertainment industry, including in cartography. The aim of this article is to
provide an introductory overview and discussion of existing research on the use of game engines in cartography,
with particular emphasis on 3D visualizations, XR and user studies. The article highlights that the greatest
advantages stem from reusing native functionalities of game engines and consciously integrating their techno-
logical capacities with principles of cartographic design. The conclusions indicate that game engines consti-
tute a promising direction for the development of cartography, requiring further methodological studies,
standardisation of procedures, and in-depth analyses involving users.
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1. Introduction

Cartography and Geographic Information
Science (GIScience) have long benefited from
the dynamic development of information tech-
nologies (Keil et al., 2021). The widespread
availability of personal computers equipped
with increasingly powerful graphics cards has
enabled the creation of pseudo-3D renderings
and full 3D models, providing more realistic
and immersive representations of geographic
space compared to classical two-dimensional
depictions (Buchroithner & Knust, 2013). In
parallel, the computer games market expand-
ed rapidly, driving continuous improvements in
both software and hardware and resulting in
increasingly advanced tools for real-time
rendering. A key outcome of this trend has

been the emergence of game engines — com-
plex software structures originally designed for
the development of interactive video games
(Walmsley & Kersten, 2019). Over time, how-
ever, these engines have evolved beyond their
original purpose, becoming universal platforms
for rendering and simulating complex virtual
environments (Janovsky, 2024).

Game engines may be seen as sets of for-
mulas, principles, and algorithms (Thorn, 2011)
comprising core components that enable the
creation of a wide range of interactive applica-
tions, such as platformers, role-playing games
(RPGs), or first-person shooters (FPS) (Thorn,
2011). As early as Trenholme and Smith (2008),
researchers observed that game technologies
allow for fast and relatively low-cost develop-
ment of advanced 3D virtual environments that
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can be efficiently adapted to experimental needs
without extensive programming.

The interdisciplinary nature of these tech-
nologies has opened new opportunities for car-
tographers. Nearly every contemporary video
game incorporates a spatial component, mean-
ing that it also includes some form of cartographic
product (Ash, 2016; Chadzynska & Gotlib, 2015;
Toups Dugas et al., 2019). Owing to the integral
role of spatial representations in the structure
of video games, game engines facilitate the
creation of such products while simultaneously
accounting for principles of cartographic design.
This creates new avenues of application for
cartographers, who can adopt tools originally
built for the gaming industry to conduct carto-
graphic research (Olberding & Vetter, 2023).

The term game engine was introduced with
the shift of games to the PC platform around
1990 (Mat et al., 2014). Since then, the number
of available engines has grown rapidly. Already
in the early 2000s, Lewis and Jacobson (2002)
identified more than 600 commercial game
engines. Modern engines are characterised by
broad accessibility, often offering free versions
for non-commercial use (Walmsley & Kersten,
2019). Tools such as Unity, Unreal Engine, and
Godot Engine allow users to create interactive
virtual environments without licensing fees,
which supports their increasing popularity in
science, engineering, and education.

In contrast to traditional 2D visualization
methods and pre-rendered pseudo-3D visuali-
zations, environments built using game engines
allow exploration from an almost unlimited
number of perspectives (Indraprastha & Shi-
nozaki, 2009). The purpose of this article is to
provide an introductory overview of the current
state of knowledge regarding applications of
game engines in cartographic research. By sum-
marizing recent achievements and identifying
emerging trends, this article aims to outline the
future directions of cartography in the context
of the growing role of game-engine-based
technologies.

2. Literature overview

2.1. Methodology of source retrieval
and scope of analysis

To structure the literature exploration, a set
of keywords was developed based on selected

methodological recommendations of Creswell
and Creswell (2018), Reitman et al. (2020), and
Horbinski and Zagata (2022). The keywords
used to support the structured literature search
were: game engine cartography, game engine,
cartography, Unity Engine, Unity Engine car-
tography, Unreal Engine, and Unreal Engine
cartography. The procedure was intended to
support a structured and transparent literature
overview, rather than a fully systematic review
following formal protocols. The primary con-
trolled term was game engine cartography,
whereas the remaining phrases served as
thematic extensions enabling the identification
of broader conceptual links in the literature.
Searches were conducted in Google Scholar,
Scopus, and Web of Science, limited to peer-re-
viewed journal articles, conference proceedings,
and monographs or book chapters (June 2025).
The analysis included matches found in article
titles, abstracts, keywords, and in the case of
Google Scholar full texts. The search strategy
was intentionally focused on publications ex-
plicitly linking game engines with cartography.
Therefore, the review did not aim to exhaus-
tively capture all adjacent strands of research
indexed under broader descriptors such as
map, visualization, spatial data, virtual reality,
or simulation. This approach increased the-
matic precision, but at the cost of reduced
comprehensiveness.

Only English-language publications were in-
cluded (Table 1). The results confirm that the
phrase game engine cartography considerably
narrows the scope of the search, while previous
studies (Horbinski & Zagata, 2022) have shown
that the inclusion of the term cartography can
likewise reduce the number of matches by
focusing results more tightly on cartographic
research topics. Table 1 presents an exploratory
mapping of search-term visibility rather than
a closed screening corpus.

Given the relatively small number of works
directly linking the phrase game engine car-
tography, the review was expanded to include
two widely used and industry-leading engines:
Unity and Unreal Engine (Keil et al., 2021). At
the same time, the review was not limited
exclusively to these engines — additional works
available to the authors and publications rele-
vant to the development of cartography in the
context of game-engine technologies were
included. Accordingly, this paper should be
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Table 1. Summary of keywords used in the analysis (as of June 2025)

Google Scholar
Keyword Scopus Web of Science
Title* Anywhere**
game engine cartography 16 3 0 826
game engine 8,020 4,444 8 58,400
cartography 23,876 15,646 325 15,100
Unity Engine 2,737 1,551 1 16,000
Unity Engine cartography 6 2 0 272
Unreal Engine 1,278 666 1 1,880
Unreal Engine cartography 3 0 0 65

Explanation: * matches in titles; ** matches anywhere in the article (Google Scholar)

understood as a focused literature review of
explicitly cartographic uses of game-engine
technologies rather than a fully exhaustive sys-
tematic review of all related geovisualization
and XR research.

2.2. Game engines as research tools
in cartography

Game engines, defined as collections of for-
mulas, principles, and algorithms (Thorn, 2011),
have evolved from tools dedicated to developing
video games into universal platforms for ren-
dering and simulating complex virtual environ-
ments (Janovsky, 2024; Walmsley & Kersten,
2019). Their strengths include the integration
of real-time rendering, physics, sound, interac-
tion, and modularity, collectively reducing the
entry threshold compared with many GIS/VRI
tools (Trenholme & Smith, 2008). Modern en-
gines (e.g., Unity, Unreal Engine) feature broad
accessibility, including free versions for non-
-commercial use, supporting their adoption in
science, engineering, and education (Carbo-
nell-Carrera et al., 2021; Walmsley & Kersten,
2019).

The authors acknowledge that individual
game engines differ in their technical archi-
tecture, rendering pipelines, and production-
-oriented capabilities. However, from the
perspective of cartographic research, these
differences are less important than the practi-
cal ability to integrate, process, and commu-
nicate geospatial data within interactive 3D
environments. In this context, both Unity and

Unreal Engine offer viable development ecosys-
tems, while the choice between them depends
primarily on project goals, available expertise,
preferred workflows, and the required balance
between visual realism, flexibility, and perfor-
mance. For cartographers, the key issue is
therefore not a general ranking of engines, but
the extent to which a given environment sup-
ports the meaningful implementation of spatial
data and cartographic design principles.

The criteria listed in Table 2 indicate that the
selection of a game engine for cartographic
research should not be reduced to a general
comparison of software popularity or rendering
quality. From a cartographic perspective, the
most important issue is the relationship between
technological capacity and research purpose.
For example, highly realistic rendering may be
crucial in immersive landscape reconstruction,
whereas controlled interaction, logging func-
tions, and repeatability may be more important
in user studies. Similarly, large-scale 3D geo-
visualization requires particular attention to
geospatial data integration, coordinate handling,
level-of-detail management, and real-time per-
formance. Therefore, the choice of a game
engine should be treated as a methodological
decision that affects not only implementation
efficiency, but also the clarity, reliability, and
interpretability of the resulting cartographic
representation.

In the reviewed literature, Unity appears rel-
atively often in educational applications and
user studies, whereas Unreal Engine is more
frequently associated with highly realistic vir-
tual environments; however, these tenden-
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Table 2. Practical criteria for selecting game engines in cartographic research

Selection criterion

Relevance for cartographic research

Practical implication

Geospatial data
integration

Determines how easily spatial datasets
can be transferred into the game-engine
environment, including terrain models,
vector data, 3D city models, point clouds,
BIM data, and tiled 3D datasets.

Engines should be assessed in terms of
supported import formats, availability of
GIS-oriented plugins or SDKs, and compat-
ibility with common geospatial workflows.

Coordinate-reference
and scale handling

Cartographic applications often require
spatial consistency, real-world scale, geo-
referencing, and transformation between
coordinate systems.

The selected engine should allow reliable
management of real-world coordinates,
large extents, object positioning, and scale-
-dependent representation.

Rendering quality
and visual realism

Visual realism is important in landscape
visualization, heritage reconstruction,
immersive environments, and communi-
cative 3D cartography.

Engines with advanced rendering pipe-
lines may be preferable for highly realistic
3D scenes, but visual fidelity should be
balanced against cartographic clarity and
analytical usefulness.

Real-time
performance

Interactive 3D and XR applications require
stable performance, especially when
working with large terrain models, dense
urban scenes, or VR headsets.

The engine should support optimisation
techniques such as level of detail, occlusion
culling, asset streaming, mesh simplifica-
tion, and efficient texture management.

XR support

Many cartographic applications involve
Virtual Reality, Augmented Reality, Mixed
Reality environments.

The selected platform should support tar-
get devices, interaction methods, tracking
systems, and deployment workflows re-
quired for the planned XR application.

Interaction and
user-study
functionality

Game engines are useful as experimen-
tal environments for studying spatial cog-
nition, navigation, perception, and map
interaction.

Researchers should consider whether the
engine enables logging of user behaviour,
control of experimental stimuli, integration
of questionnaires or sensors, and repeat-
able experimental scenarios.

Prototyping speed
and development
flexibility

Cartographic research often requires iter-
ative testing of visualization methods,
symbols, interfaces, and interaction tech-
niques.

Engines with accessible scripting, visual
programming, reusable assets, and strong
documentation may reduce implementation
time and support experimental design.

Availability of plugins
and external
ecosystems

Many cartographic workflows depend on
external tools for GIS data processing,
3D Tiles streaming, BIM import, point-cloud
management, or web deployment.

The practical value of an engine depends
not only on its native functions but also on
the maturity of its plugin ecosystem and
compatibility with existing geospatial tools.

Licensing and
long-term
accessibility

Research projects may require reproduc-
ibility, open dissemination, educational
use, or long-term maintenance.

Licensing conditions, costs, version stability,
export restrictions, and institutional access
should be considered before selecting an
engine.

Team expertise
and learning curve

The effectiveness of a game engine de-
pends strongly on the skills of the research
team.

Atechnically advanced engine may not be
optimal if the team lacks experience with
its programming language, editor workflow,
optimisation methods, or deployment pipe-
line.

Cartographic
design control

Cartographic applications require more
than realistic visualization: they need
symbolisation, hierarchy, generalisation,
uncertainty representation, and legibility.

The engine should allow sufficient control
over visual variables, labels, symbols,
scale-dependent display, thematic layers,
and interaction design.

Reproducibility
and methodological
transparency

User studies and experimental cartography
require repeatable procedures and clearly
documented technical settings.

Researchers should document engine
version, plugins, data conversion steps,
rendering settings, interaction scripts,
hardware configuration, and performance
constraints.




60 Tymoteusz Horbinski, Jakub Wozniak, Cyprian Swiech

cies should not be treated as strict functional
boundaries.

Due to the breadth of the field, the article fo-
cuses on three development directions that
appear particularly well represented in the
reviewed literature and especially relevant to
contemporary cartographic research: 3D visu-
alization, XR, and user studies. This selection
does not exhaust all possible application domains
of game-engine technologies in cartography.

2.3. Development directions:
3D visualization

One of the most fundamental and frequently
discussed applications of game engines in
cartography is the creation of virtual environ-
ments, particularly in the form of 3D visuali-
zations (Che Mat & Mahayudin, 2018). 3D
representations of real-world environments
are now widely used on personal computers
and mobile devices, forming an essential ele-
ment of modern spatial information communi-
cation. Their growing popularity results from
the ability to intuitively represent complex spa-
tial structures, enhance realism and visual en-
gagement, and thanks to game engines allow
real-time free exploration (Oleggini et al., 2010).

The entertainment industry, particularly the
video game sector, has had a significant im-
pact on the development of 3D visualization
technologies, becoming a driving force behind
innovations in landscape and virtual-environ-
ment rendering (Herwig & Paar, 2002). This
rapid development has increased the value of
virtual environments as both research and
applied tools (Clay et al., 2019). Initially, 3D
representations of Earth in games primarily
served to produce visually realistic scenes; how-
ever, as game engines evolved, they became
multi-platform environments capable of creating
interactive spatial visualizations (Trenholme
& Smith, 2008).

A significant contribution to this research di-
rection is the concept of geogames proposed
by Ahlgvist and Schlieder (2018). The authors
introduced the term geocontent, defined as
real spatial information that provides games
a unique character. Geogames use geocontent
and geographic information technologies to
represent a specific genre inspired by both GIS
and video games. Examples include virtual

landscapes used as educational and research
tools in fields such as archaeology or history.
These environments enable user interaction
with data and knowledge that are otherwise
difficult to present in traditional educational con-
texts, and they support narrative approaches,
enhancing engagement and comprehension.
At the same time, the authors note that tech-
nical issues can lead to user frustration and
achieving high-quality immersive environments
often entails significant costs.

To address these limitations, Ahlgvist and
Schlieder (2018) proposed the use of photo-
grammetry as a method for creating 3D models,
for example from UAV imagery, and subse-
quently exporting the resulting models into
a game engine, specifically Unreal Engine.
Advantages include free non-commercial licens-
ing, user-friendly learning processes, and VR
(Virtual Reality) support (e.g., Oculus Rift).
However, drawbacks include constraints on
maximum resolution of heightmaps and tex-
tures (8,192 x 8,192), which can affect terrain
accuracy over large areas.

The relationship between GIS technologies
and video games was analysed by Shepherd
and Bleasdale-Shepherd (2008), who observed
increasing convergence between tools used
in both fields. These include the use of digital
elevation models, vector data, and aerial or sat-
ellite imagery texturing. Similarities also extend
to hierarchical data structures, integration of
spatial information, and performance-optimi-
zation mechanisms such as Levels of Detall
(LoD, Biljecki et al., 2016). The authors highlight
that video games possess user-interface ad-
vantages and sophisticated dynamic-modelling
capabilities that could benefit GIS specialists.

Empirical examples of large-area 3D visuali-
zation using game engines include Janovsky
(2024) and Laksono and Aditya (2019). Janovsky
examined the potential of Unreal Engine for
visualizing a 1,670 km? section of the Vltava
River valley (Figure 1), noting issues such as
data import complexities, project-dependent
constraints, and dependence on proprietary
resources and plugins. Laksono and Aditya
(2019) used Unity and Mapbox Unity SDK to
visualize topographic data from TLS (Terres-
trial Laser Scanning), topographic maps, and
OpenStreetMap. They observed that varying
levels of accuracy across data sources can
negatively impact spatial-relationship analysis.
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Figure 1. Fragment of 3D visualization created in Unreal Engine 5 (Janovsky, 2024)

Game engines also support the develop-
ment of interactive 3D maps based on publicly
available spatial datasets. Komadina and
Mihajlovi¢ (2022) showed that Unity was crucial
for harmonising varying levels of detail in
models of urban areas derived from different
sources and techniques. Schnirer et al. (2020)
employed Vuforia and Unity to create partially
animated 3D models enhancing printed school
atlases through AR (Augmented Reality). Shin
et al. (2015) demonstrated that Unity-based 3D
terrain visualization for navigation simulations
is more time- and cost-effective than traditional
3D modelling, while maintaining high perfor-
mance even with many object types.

2.4. Development directions: Extended
Reality (XR)

One of the most dynamically expanding
directions in the use of game engines within
cartography is Extended Reality (XR). Game
engines form powerful platforms for presenting
3D terrain data in Virtual Reality (VR) environ-
ments, as they provide a comprehensive set of
functionalities necessary to achieve immersion
and a sense of presence within virtual worlds
(Walmsley & Kersten, 2019). These function-
alities include real-time graphics rendering,
interaction handling, physics simulation, and
integration with input-output devices such as
VR headsets or motion-tracking controllers.

Integrating VR technologies with 3D virtual
environments significantly enhances users’
sense of immersion and presence in the repre-
sented space (Kersten et al., 2018; Litjens et al.,
2019; Mutterlein, 2018; Noor, 2016; Olberding

& Vetter, 2023). Immersion is understood as the
process of becoming absorbed within a virtual
environment, driven primarily by visual and
auditory sensations (Bafios et al., 2004; Wa-
terworth & Riva, 2014). Presence, in turn, is one
of the key factors influencing the effectiveness
of spatial-information communication. In this
context, VR-based cartography enables users
to explore environments in ways more closely
aligned with real-world experience, which can
lead to improved understanding of spatial rela-
tions and geographic processes (Hruby et al.,
2020; Keil et al., 2021).

Although VR applications are not limited
exclusively to game engines, VR technologies
remain strongly integrated with them, and most
contemporary immersive applications rely on
game-engine platforms (Pavelka & Landa,
2024). Game engines enable rapid prototyp-
ing, multi-platform deployment, and the inte-
gration of advanced interaction mechanisms,
making them a natural choice for XR-based
cartographic projects. Realistic virtual environ-
ments created with game engines offer user -
-friendly interfaces and the ability to simulate
real-world phenomena such as motion, light-
ing, and atmospheric conditions (Trenholme &
Smith, 2008).

Advances in hardware performance, in-
creasing graphics-processing capabilities, and
declining costs of VR technologies, 3D model-
ling tools, and game engines have made the
creation of highly immersive visualizations more
accessible. Notable examples include recon-
structions of historical cities and landscapes
that serve as advanced forms of cartographic
storytelling. Walmsley and Kersten (2019)
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demonstrated the use of Unreal Engine 4 to
develop a virtual model of the historic town of
Stade (Germany) as it appeared in 1620, later
implemented within a VR environment. The
authors highlighted the potential value of such
presentations for museums and cultural insti-
tutions by enabling immersive exploration of
past spatial structures.

Beyond visualization, virtual environments
serve as interactive communication systems
for presenting spatial information (Indraprastha
& Shinozaki, 2009). Their usefulness in cartog-
raphy depends strongly on the realism of phys-
ical behaviour and consistency of simulated
processes, as only physically coherent envi-
ronments can effectively support spatial analy-
sis and data exploration (Bermudez & King,
2000).

Game engines can also support the devel-
opment and refinement of cartographic presen-
tation methods tailored to XR environments,
enabling higher-level spatial cognition, particu-
larly spatial perception. Olberding and Vetter
(2023) note that video games have long incor-
porated cartographic symbols in various forms,
which grants cartographers an opportunity to
create interactive 3D maps compatible with VR.
Owing to higher levels of immersion and pres-
ence, additional graphic effects beyond classic
visual variables proposed by Bertin (1983)
such as non-photorealistic rendering (NPR)
techniques or animations may enhance both
quantitative and qualitative representations of
spatial data.

The integration of geospatial data with VR
technologies has also been examined by Keil
et al. (2021), who demonstrated how public
spatial datasets (Open.NRW and OpenStreet-
Map) can be used to create immersive virtual
environments in Unity. The authors found that
immersive spatial representations significantly
strengthen geographic-information communi-
cation but simultaneously identified critical
technical limitations. Many common GIS file
formats are not natively supported by game
engines, requiring data conversion and sim-
plification workflows. Their proposed solutions
illustrate how public and volunteered geograph-
ic information (VGI) can be transformed into
formats compatible with modern game engines
— an important step toward broader XR adop-
tion in cartography. Recent years have also seen
increasing integration between GIS software

and game engines, exemplified by the gITF/GLB
format, which enables efficient transfer of data
from GIS applications into game-engine envi-
ronments.

When developing XR applications using
game engines, performance constraints of VR
hardware must also be considered. Kersten et
al. (2021) emphasize that although 3D models
implemented via game engines can play an
important role in heritage-conservation visuali-
zation, VR developers must carefully balance
data volume with hardware limitations. Accord-
ing to the authors, real-time VR visualization
requires maintaining a frame rate of approxi-
mately 90 frames per second.

2.5. Development directions: user studies

Game engines play an increasingly signifi-
cant role in user-based research, including
studies conducted within cartography and geo-
visualization. Historically, the video-game in-
dustry served as the primary and occasionally
the only market for advanced graphic tech-
niques, demonstrating the extent to which high
levels of visual realism could be achieved
even on relatively constrained hardware by
skilfully combining texture-mapping methods
and artistic design strategies. Rising produc-
tion costs associated with highly realistic simu-
lations contributed to the emergence of game
engines as modular structures of simulation
code, originally built for individual games but
sufficiently generalised to be applied across
families of similar applications. This separation
of “function” from “content”, characteristic of
game-engine architecture, facilitated the reuse
of these technologies in scientific research,
including investigations of spatial cognition,
particularly orientation and perception (Lewis
& Jacobson, 2002).

One of the key advantages of game engines
in user studies is the high level of control they
provide over visual and auditory stimuli pre-
sented within virtual environments. Compared
with real-world studies, environments created
with game engines allow researchers to elimi-
nate extraneous stimuli and precisely manipu-
late experimental conditions such as lighting,
perspective, object movement, and the spatial
configuration of elements (Minderer & Harvey,
2016). This enables the design of repeatable
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and highly controlled experiments, which is of
particular importance in research on cartographic
perception, spatial orientation, and user inter-
action with maps and 3D environments.

The use of game engines is also well justified
in the context of cartographic and geographic
education. Carbonell-Carrera et al. (2020) dem-
onstrated that practical exercises based on
the Unity3D engine can lead to significant
improvements in spatial-orientation skills and
spatial thinking. Within a cartography course,
participants were tasked with creating 3D visu-
alizations of five basic landforms (mountain, de-
pression, ridge, valley, and col) in the study are
of 1 x 1 km. After building the models, students
completed a virtual field trip from a first-person
perspective view (FPV), during which they
identified spatial relationships between land-
forms, determining their locations using cues
such as constant sun position and geographic
directions. Results from the Spatial Thinking
Ability Test (STAT, Caduff & Timpf, 2008) and
the Perspective Taking—Spatial Orientation Test
(PTSOT, Hegarty & Waller, 2004), performed
before and after the course, confirmed statisti-
cally significant improvement, validating the
authors’ hypothesis regarding the positive in-
fluence of Unity on the development of spatial
skills.

In another study, Carbonell-Carrera et al.
(2021) focused on analysing user experience
and motivation in a low-immersion VR environ-
ment displayed on desktop and laptop screens.
Using a 3D geovisualization of a landscape
created in Unity (Figure 2), the authors de-
signed tasks involving exploration and navi-
gation within the virtual environment. Findings

revealed high perceived quality of the 3D envi-
ronment and positive user experiences. Fur-
thermore, the educational approach based on
a game engine was assessed as motivating,
suggesting that these technologies can effec-
tively support learning processes in cartography.

Schndrer et al. (2020) conducted a study fo-
cused on assessing technological feasibility
in extending printed school atlases with digital
content displayed in AR. Using the Vuforia and
Unity engines, the authors created partially
animated 3D visualizations. A usability experi-
ment demonstrated that this approach, con-
structing 3D models of geographic features
and subsequently implementing them in AR
applications, resulted in comparable task per-
formance, engagement, and balance in solving
geographic problems relative to printed maps.

In summary, the literature indicates that
game engines constitute a valuable tool in user
studies, facilitating controlled experiments on
perception, spatial orientation, and interaction
with geovisualizations. Their use in educational
and experimental contexts opens new per-
spectives for cartography, particularly with
regard to the development of interactive, 3D,
and immersive methods of spatial-information
communication.

Other relevant directions, not discussed here
in detail, include digital twins and smart-city
applications, real-time spatial-data integration,
simulation-oriented environments, procedural
modelling, indoor cartography and BIM-based
visualization, accessibility-oriented design, and
serious games. These areas remain important
for future, more specialised reviews.

Figure 2. Example of 3D geovisualization of a landscape created in Unity (Carbonell-Carrera et al., 2021)
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3. Discussion

The conducted literature review confirms
that game engines are becoming an increas-
ingly important tool in the development of
contemporary cartography, particularly in the
context of 3D visualizations and immersive
environments. As noted by Hruby et al. (2020),
the implementation of VR technologies in 3D
representations significantly enhances immer-
sion, which directly contributes to a stronger
sense of presence within virtual space (Keil et
al., 2021). Consequently, game-engine-based
cartography provides users with an experience
of spatial exploration that more closely resem-
bles real-world perception.

The relationship between games and spatial
representation is not new. Since early civiliza-
tions, games have relied on landscape ele-
ments, symbols, and map like figures, as seen
in traditional games such as Go or chess, as
well as in sports games where the landscape
serves as the arena of action (Herwig & Paar,
2002). Modern game engines may therefore
be viewed as a continuation of this tradition,
enhanced by advanced digital technologies
that enable dynamic, interactive, and realistic
representations of geographic space. A signifi-
cant manifestation of this relationship, as high-
lighted by Ahlgvist and Schlieder (2018), is the
concept of geogames. Their use of real spatial
information and geographic information tech-
nologies underpins the uniqueness of such
applications. This relationship may be mutually
beneficial: advancements in video-game tech-
nology can positively influence the technical
quality of GIS products, whereas develop-
ments in theories of spatial-information commu-
nication can support spatial design practices
within the video-game industry, as seen in
functionalities such as mini-maps.

However, the literature also identifies sub-
stantial technical challenges associated with
integrating geospatial data into game-engine
environments. Working with real-world data
remains complex because most game engines
provide limited or non-native support for stand-
ard GIS formats (Laksono & Aditya, 2019;
Petridis et al., 2012). Nevertheless, support for
numerous 3D data formats enables the inte-
gration of diverse topographic datasets, offering
potential for constructing interactive environ-
ments based on multi-source spatial data

(Laksono & Aditya, 2019). Such potential may
be applied to analytical reasoning and spa-
tial-information communication in fields such
as crisis management (Tully et al., 2015) or
interactive geodesign (Rafiee et al., 2018;
Trubka et al., 2016). Another concern is the dif-
ference in performance between VR hardware
and desktop computers: VR devices typically
offer considerably lower computational capacity.
As a result, cartographers must carefully
balance the level of complexity in 3D visualiza-
tions with the need to maintain real-time per-
formance in VR environments (Kersten et al.,
2021).

From a cognitive perspective, numerous
studies confirm the advantages of 3D visuali-
zations over traditional 2D maps. Mat et al.
(2014) demonstrated that 3D terrain is perceived
more intuitively than 2D maps, which require
specialised interpretative skills. Furthermore,
tasks carried out in 3D environments created
with game engines can effectively support the
development of spatial-orientation skills and
spatial thinking, as confirmed by educational
research conducted by Carbonell-Carrera et
al. (2020, 2021).

Game engines introduce into cartography
a set of functionalities unavailable in classical
2D and pseudo-3D methods, such as advanced
interactivity, animation, simulation of dynamic
processes, and freedom of movement and ex-
ploration within virtual environments (Ferworn
et al., 2013; Shin et al., 2015; Vetter, 2019).
Importantly, they enable relatively fast and
low-cost creation of 3D representations of real
areas, which is advantageous for simulation-
-based applications such as the analysis of
navigation strategies (Shin et al., 2015). At the
same time, the tradition of striving for visual
realism, which often exceeds the constraints
of the physical world, continues to distinguish
game simulations from classical scientific
models (Lewis & Jacobson, 2002).

It should be noted, however, that increasing
realism and immersion requires trade-offs.
Keil et al. (2021) found that insufficient terrain
detail reduces the immersiveness of visualiza-
tions, as overly smoothed surfaces are per-
ceived as unnatural, especially in areas with
varied topography. Likewise, Ahlqvist and
Schlieder (2018) observed that technical diffi-
culties may diminish users’ sense of presence
in virtual environments. Walmsley and Kersten



Use of game engines in cartographic research: an introductory overview 65

(2019) further emphasize that pursuing in-
creasingly detailed representations significantly
extends the time required for modelling and
texturing and may be limited by technological
constraints that cannot be overcome at a given
moment. As a result, the design of cartographic
environments based on game engines requires
conscious balancing among visual realism,
development costs, and the clarity and func-
tionality of spatial-information communication.

Based on the reviewed literature, game en-
gines can be conceptualised as four comple-
mentary instruments in cartographic research:
visualization platforms for interactive 3D repre-
sentations, XR delivery environments, experi-
mental laboratories for controlled user studies,
and narrative or simulation media combining
spatial data with interaction and storytelling.
These roles define the main opportunities of
game-engine-based cartography, including im-
mersive communication, educational applica-
tions, controlled perception experiments, and
interactive spatial narratives. At the same time,
they expose key challenges related to geo-
spatial data integration, coordinate-reference
handling, level-of-detail management, real-time
performance, methodological standardisation,
and the preservation of cartographic clarity
and credibility.

In summary, game engines offer cartography
new possibilities in immersive visualization, in-
teraction, and user-based research. However,
their effective use requires further efforts in
geospatial-data integration, standardisation of
workflows, and critical reflection on the role of
realism within cartographic communication.

4. Limitations

This overview has several limitations. First,
the search strategy was intentionally focused
on publications explicitly linking game engines
with cartography and on selected engine names,
which increased thematic precision but may
have excluded relevant studies framed through
broader descriptors such as map, visualiza-
tion, spatial data, virtual reality, simulation, or
3D mapping. Second, the paper discusses in
detail only selected development directions,
namely 3D visualization, XR, and user studies,
while other relevant areas such as digital
twins, smart cities, real-time data integration,
procedural modelling, indoor cartography, BIM,

accessibility, and serious games were not ana-
lysed in depth. Third, some older publications
were retained primarily where they provide im-
portant definitional, historical, or conceptual
background. Consequently, the article should
be understood as a focused review of selected
directions rather than an exhaustive or fully
synthetic account of the field.

5. Conclusion

The dynamic development of information
technologies has for decades been one of the
primary forces shaping the evolution of cartog-
raphy. As a focused introductory overview, this
study seeks to synthesise selected directions
in the use of game engines in cartography
rather than to provide an exhaustive or fully
systematic review of the literature. The history
of the discipline demonstrates that cartogra-
phers have repeatedly leveraged technologi-
cal progress to transform the ways in which
spatial information is produced and communi-
cated from the widespread adoption of afford-
able computers and displays, which enabled
dynamic and interactive digital maps (Brainerd
& Pang, 2001), to the implementation of GPS
and the substantial increase in its accuracy fol-
lowing the removal of selective availability in
2000, which catalysed the development of
modern navigation systems and location-
-based mapping (Zumberge & Gendt, 2001).

Today, game engines play an analogous
role, with their accessibility and performance
increasing alongside advancements in com-
puter hardware. As noted by Janovsky (2024),
even standard desktop computers now offer
performance levels sufficient to support game
engines and technologies such as virtual reality,
which facilitates the creation of smaller, inde-
pendent projects, both within and beyond en-
tertainment contexts. This trend is reflected in
cartography, where game engines are emerging
as alternative platforms for visualization, simu-
lation, and communication of geospatial data.

The literature review conducted for this article
indicates that the greatest potential of game
engines lies in their capacity to support 3D and
immersive spatial representations, including
XR environments. These environments enable
more intuitive perception of spatial relation-
ships, enhance users’ sense of presence and
immersion, and strengthen the communication
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of geographic information. User studies further
confirm that interactive 3D environments cre-
ated with game engines can support spatial
cognitive processes, including spatial thinking
and spatial orientation, while also increasing
motivation in educational contexts. However,
despite these advantages, researchers often
continue to favour low-immersion environments
displayed on desktop or laptop screens when
conducting cartographic studies using XR tech-
nologies (Duan et al., 2015; Huang & Hu, 2025;
Kuil et al., 2018; Swetnam & Korenko, 2019).
Narrative cartography also constitutes an
important field of game-engine applications.
As highlighted by Thény et al. (2018), map-
makers can now deliver 3D geospatial visuali-
zations to broad audiences in more engaging
and intuitive ways, using interactive narrative
forms. Game engines support the placement
of stories within real locations (“placing stories
in real places”; Caquard & Cartwright, 2014)
and facilitate the mapping of “real-life” stories,
integrating spatial data with social, cultural, and
temporal contexts. Existing geospatial and
game-engine ecosystems already reduce part
of the integration burden through SDKs, plugins,
and data-streaming workflows. Therefore, fu-
ture work should not be framed primarily as
the creation of a generic integration tool from
scratch. A more relevant direction for carto-
graphic research is the development of car-
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