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Abstract
Modern hardware and software innovations in the field of virtual reality (VR), such as VR headsets and accessible game
engines, allow cartographers to create 3D environments which can be experienced from the ego perspective in real time and
with a simulated illusion of physical presence (immersion) in the virtual representation. The new immersive experience of
these virtual environments requires new ideas on how to present and orchestrate geographical information for the benefit of
planning applications. This paper intends to present examples how VR-based 3D environments use can be enriched (based
on the game engine Unreal Engine 4) to support the district development of a restructured post-industrial area. A VR model
of a representative former industrial area in the German Ruhr district which was revitalized and part of a large urban transformation programme (IBA Emscher Park), serves an example. Today, the area of “Zeche Holland” in Bochum-Wattenscheid
is characterized by a mix of residential and commercial uses. The area is used as a leisure route for locals and tourists, with
an old winding tower as an important urban landmark in its centre. VR techniques allow to transport additional spatial information which cannot be experienced when visiting the real physical area. This paper addresses the potential of immersive
VR environments representing a multifaceted and redeveloped area for planning and related usage scenarios. It shows how
peculiarities of game engine-based VR can help to extend the immersive (3D) experience of geographic information.
Keywords Virtual reality · 3D cartography · Multimedia cartography · Urban transformation · Navigation · Open data ·
Constructivism
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Immersive Erfahrung umstrukturierter post-industrieller Standorte in VR: Das Beispiel der
„Zeche Holland“ in Bochum-Wattenscheid
Zusammenfassung
Moderne Hardware- und Software-Innovationen im Bereich der Virtuellen Realität (VR), wie bspw. VR-Headsets und
verfügbare Spiele-Engines, ermöglichen Kartographinnen und Kartographen 3D-Umgebungen zu erstellen, die aus der
Ego-Perspektive in Echtzeit mit einer simulierten Illusion einer physischen Präsenz (Immersion) in der virtuellen Repräsentation erfahren werden können. Die neue immersive Erfahrung dieser virtuellen Umgebungen erfordert neue Ideen, wie
geographische Informationen präsentiert und inszeniert werden können, um bspw. Planungsanwendungen zu unterstützen.
Dieser Artikel enthält Beispiele, wie VR-gestützte 3D-Umgebungen (basierend auf der Unreal Engine 4) angereichert
werden können, um als Werkzeug für die (Weiter-)Entwicklung eines umstrukturierten post-industriellen Areals zu dienen.
Zu Veranschaulichungszwecken wurde ein VR-Modell eines repräsentativen ehemaligen Industrieareals im Ruhrgebiet
erzeugt, das innerhalb eines umfangreichen urbanen Transformationsprogramm (IBA Emscher Park) revitalisiert wurde.
Heute zeichnet sich das Gebiet der „Zeche Holland“ in Bochum-Wattenscheid durch eine Mischung von Nutzungsformen
(v.a. Wohnen und Gewerbe) aus. Das Areal enthält zu dem eine Freizeitroute für Ortsansässige und Touristen sowie einen
erhaltenen Förderturm, der als urbane Landmarke dient. VR-Technologien erlauben die Einbindung und Vermittlung zusätzlicher raumbezogener Informationen, die bei einem Besuch des realen Areals nicht erfahren werden können. Dieser Aufsatz
adressiert Potenziale immersiver VR-Modelle von vielseitigen und umstrukturierten Arealen für die Planung und verwandte
Anwendungsszenarien. Er zeigt zudem, wie Besonderheiten von Game-Engine-basierter VR-Visualisierung helfen kann, um
die immersive (3D-)Erfahrung von geographischen Informationen zu erweitern.

1 Introduction
The technical opportunities to create detailed 3D environments for a real-time and immersive use make it possible to
highlight geospatial details in multifaceted areas (see also
Çöltekin et al. 2019). In redeveloped post-industrial spaces,
such as former industrial areas of the Ruhr district, cartographers can highlight projects at different scales and address
different user groups in a connected VR environment. In
immersive virtual environments, both spatial and timely
restrictions can be overcome. Users can experience changes
of positions in space and respective perspectives which they
cannot experience in the real environment. Addressing specific user groups of the restructured area, additional (geo)
data sets can also be linked (as animations) to spatial objects
in the VR model. Moreover, future planning projects can
also be simulated at different scales. Objects of the past with
a high historical value can also become part of the VR-based
application and transported through different approaches.
This extended virtual experience of an area may shape new
impressions and ideas, which may have an impact on landscape perception and planning.
Urban planning projects often integrate historic heritage
sites into the concepts of re-development of urban quarters.
Planners as well as architects suggest ways to combine traditional building fabric with modern—and extremely differing—usage demands. The consequences for urban planning
triggered by the preservation of identity-creating landmarks
can be seen, amongst other aspects, in the consideration of
the height of neighbouring buildings and in the creation
of visual axes towards (and perspectives on) the historical
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object. Moreover, this also includes the consideration of
the local terrain and the consequences of shadow cast on
residential buildings and ecologically sensitive sites. For
simulating different scenarios and analysing the effects of
reality-like scaled perspectives on people’s perception of
a planned area, more sophisticated visualization tools are
required that can meet such complex requirements.
The main objective of this paper is to introduce and discuss
the potential of modern approaches of immersive VR that support the presentation and communication of spatial information
to different interest groups of multifunctional post-industrial
areas. The case study deals with the example of “Zeche Holland”, a redeveloped and multifunctional post-industrial area in
Bochum-Wattenscheid (Ruhr district). The location is known
as a small-scale site which is representative for structural
change and post-industrial urban transformation in the Ruhr
district. New usages and constructions are brought together (in
a compact area), with relicts of the industrial past that are part
of the regional history people identify with. The valorisation
of old industrial objects can be interpreted as an expression of
increasing appreciation and identification with the industrial
past and heritage (Jenal 2019a; Kühne 2007, 2018b; Slotta
1988). The mix of ‘old and new’ generates interest of different
stakeholder groups, such as planners, entrepreneurs, potential
residents and cultural tourists. Modern VR also evokes interest
for constructivist landscape research, as well as the potential
of constructivist landscape research for the theoretical framing
of VR research, which is also addressed in this paper. Modern
methods and techniques of immersive experience in virtual
reality may bring additional value to communicate spatial and
geographical information to these interest groups.
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After a brief introduction to the historical development of
“Zeche Holland” in Sect. 2, the third chapter is dedicated to
a short presentation of relevant and transferrable workflow
steps that shows how to derive a 3D terrain model from official open surveying data in a VR-compatible game engine
(Unreal Engine 4). This technical step is necessary to create a
reliable and accurate 3D base (layer) for the site. This chapter
is followed by a presentation of different examples of how
the immersive experience of VR environments could bring
benefits for the communication of spatial information. These
benefits refer to different user groups in the multifunctional
sites. A fifth chapter introduces interactive visual navigation
aids which are established approaches in video and computer
gaming, but hardly explored in VR-based 3D cartography.
These approaches may improve the usability and communication of spatial information in future VR-based projects.
Before a summary is given in Sect. 7, additional potentials of
immersive VR environments for constructivist approaches of
landscape research are briefly discussed in Sect. 6.

2 “Zeche Holland”: From Hard Coal Mining
Area to a Multifunctional Diverse
and Ecological Urban Space
In December 2018, the last piece of hard coal was mined in
the Ruhr district, Germany. It was a symbolic act that marked
the end of an industrial era in a region which had been economically, socially, and culturally shaped by hard coal mining for about two centuries. The reduction and removal of
industrial capacities in the Ruhr district had however been a
longer process that already begun during the coal and steel
crisis in the late 1950s (Wood 2003, pp. 119–122). In the
following decades, the coal production steadily decreased.
As a result, production sites ceased operations (Huske 1998).
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The decline in coal mining left over large areas in the
Ruhr district which required new concepts of urban usages
and functions. The largest programme for the far-reaching
management of structural change in the Ruhr district was
IBA Emscher Park. This programme was focused on a paradigm shift removing the ‘rust belt’ and establishing a revitalized and greener metropolitan region (Otto 2019; Kilper
1999, pp. 129–130; Müller and Carr 2009). Many postindustrial brownfields were incorporated into a wide-ranging
sustainable concept (cf. Reicher 2008). This fundamental
project of urban transformation involved the small-scale
consideration of the new potentials of the individual postindustrial sites. New multifunctional spaces were created
which were made available to a broader public and which
offered different and mostly small-scaled usage scenarios.
The former coal mining area associated with Zeche Holland shaped the industrial urban history of the Ruhr district
cities Gelsenkirchen and Wattenscheid (incorporated into
Bochum in 1975) for about 120 years. In the second foundation phase of hard coal mining in Germany’s Ruhr district,
investors started to establish the shaft mines III (1873), IV
(1898), V (1907) and VI (1921) which formed the Wattenscheid part of Zeche Holland. The last shaft of the mine (VI)
was finally closed in 1988 (Regionalverband Ruhr 2019).
After mining was stopped in the 1980s, the post-industrial
site became part of the structural change programme IBA
Emscher Park. In the IBA Emscher Park programme, the
area of Zeche Holland was assigned to the model project
called “working in the park”. An environmentally oriented
technology centre was founded as the ‘innovative core’
located in the modernized and listed office buildings. The
shaft tower “Holland” (see Fig. 1) was preserved to maintain
a landmark representing the industrial past (Kilper 1999,
pp. 129–130). It serves as the core visual orientation point
in and around the area (see also Bähr 2012, p. 352). Other

Fig. 1  A symbolic landmark
reminding of the industrial past
in the Ruhr district (textured 3D
model)
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parts of the area, including the area of an adjacent mining
heap, were planned for office and residential premises (see
also Regionalverband Ruhr 2018). The residential use is
imbedded into a concept of ‘living for the elderly’. Residential estates were particularly designed for barrier-free
living circumstances (Kilper 1999, p. 130). Large areas of
the brownfield land were revitalized with green and grassed
areas to make urban greening visible in the residential and
commercial zones and to stress the ecological component
of the project (Kilper 1999, pp. 129–130; Schaller 1991, p.
45). A route for pedestrians and cyclists was created whose
course widely matched the old industrial railway track and
which connected the restructured and multifunctional area
to other sites of a regional green corridor. In 2015, a former
parking lot area was converted into a container village serving as refugee domicile. Figure 2 indicates the present use
of the redeveloped area.
These newly conceptualized urban areas are characterized
by diverse facets of geospatial information, such as area divisions, building outlines, land cover and land use. This also
includes three-dimensional aspects, such as relief formation,
the individual shape of buildings and their facades, appearances of cultural landmarks or a bird’s eye perspective on the
overall composition of the restructured landscape.
Hence, these multifunctional areas contain a lot of valuable three-dimensional information that require current
forms of 3D data presentation and access. VR techniques
provide new and suitable opportunities for interactively analysing and simulating 3D representations of multifunctional
landscapes. To create spatially accurate 3D landscapes, VR
Fig. 2  Zeche Holland today:
a redeveloped post-industrial
site in the Ruhr district. Aerial
photograph: © AEROWEST
GmbH, Thomasstraße 18-20,
44,135 Dortmund, licence provider: Regionalverband Ruhr,
Essen, flight date: 14 June 2016
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creators require a suitable and VR-compatible 3D base
(layer). As (official) open geodata are not yet available in
game engine formats, 3D reliefs have to be derived based
on different geo-processing steps. An example workflow is
introduced in the following.

3 From the (Open) Data Download to a 3D
VR Model: a Brief Workflow Summary
Modern approaches of 3D visualization originate in methods
and techniques of virtual reality (e.g., Hruby 2019; Kersten
et al. 2018; Büchi et al. 2018; Lokka et al. 2018; Boulos
et al. 2017). New hardware and freely available mass media
software enable cartographers, game designers and professionals of related disciplines—as well as ‘VR homebrewing’
citizens—to represent small-scale areas in a highly detailed
way, approaching a 3D map in a 1:1 scale. Based on VR
headsets, such as HTC VIVE Pro or Oculus Rift, people can
move through a VR environment in an egocentric perspective or can even become part of an animated virtual world
as a simulated character (avatar). This avatar can be controlled by a game pad or adoptions of real-body movements.
Such virtual reality environments are based on an immersive
experience of represented 3D information. The user gets
the chance to perceive the virtual environment from the ego
perspective and with a real-time navigation approach—an
experience he or she is used to. It is simulated that the user
is physically present in a highly realistic 3D representation
(see also Vetter 2019; Susi 2014).
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To visualize today’s topography of the former industrial
area Zeche Holland, the federal government of North RhineWestphalia (NRW) offers suitable data sets on the terrain.
As a part of the open data initiative Open.NRW (https://
open.nrw/—last access: 13 September 2019), digital terrain
models (1 m spatial resolution) are online available in different formats, such as XYZ point data (see https://www.
bezreg-koeln.nrw.de/brk_inter net/geobasis/hoehenmode
lle/ gelaendemodelle/index.html last access: 13 September
2019). This data can be read by default GIS software, such
as QGIS (v. 3.4). At present, further processing steps based
on GIS tools are necessary, as (official) terrain information
have not yet been prepared and offered as downloads in a
VR-compatible format. In QGIS, the point data can be converted using a rasterize tool, which leads to a new (raster)
output data set based on values of height data (heightmap).
This height information is represented by greyscale values
in Fig. 3, ranging from 51.7 m (black) to 72.1 m (white) in
this case study.
Such raster data sets (format: TIFF, data type: uint16) can
be read by the source-available game engine Unreal Engine
4 (released by the US company Epic Games in 2014). UE4
was opened, including all tools, features and the C++ source
code, to the worldwide community of 3D game developers. UE4 was made available to everyone. However, if a
commercial product is created with UE4 and launched on
the market, 5% of the profits must be passed on to the Epic

271

Games company, but only if more than $3000 is earned in a
quarterly period (Richartz 2016, p. 3).
UE4 offers the 3D representation of the heightmaps created with QGIS. When loading in the data, the user can
select a “landscape material” to texturize the terrain. Figure 4 gives an impression of an imported and simply textured (landscape material: “M_Ground_Grass”) 3D terrain
model of the Zeche Holland area.
In further steps, the model can be extended by adding
other topographic objects, such as vegetation, water bodies
and buildings. Several freely available (and also commercial) assets, i.e., object packages developed for the use in
UE4, are offered to design realistic virtual environments.
Users may also create individual 3D objects in UE4 or in
other compatible software, such as free and open-source 3D
computer graphics software toolset Blender (https://www.
blende r.org/). To achieve a high positional accuracy of represented objects and spatial relations between them, imbedded
2D maps, such as official open data raster maps, can serve as
visual references (see also Edler et al. 2018a).
In addition, illumination options include a simulation
of realistic lighting, such as sunlight based on “directional
light”. This helps to generate specific time-of-day conditions which can be further accompanied by atmospheric
details, such as “atmospheric fog” (see also Lee 2016, pp.
34–37). Moreover, the light conditions based on simulated
sunlight also influence shadowing of topographic objects.

Fig. 3  GIS-based 2D raster file
representing height information
of today’s Zeche Holland area
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Fig. 4  VR compatible: a simply
textured 3D terrain model in
UE4 (based on open digital
terrain data)

This simulation of realistic lighting and weather conditions
has an obvious impact on the user impressions of a virtual
landscape. For example, it helps VR users “feel grounded”
(Plowman 2019, p. 141; see also Jung and Vitzthum 2013).
Moreover, VR techniques facilitate the exploration of perceived atmospheres, as they arise under different lighting
conditions (see also Kazig 2019; Weber 2017). In addition,
different approaches to visualizing terrains in VR projects
have recently been suggested in the cartographic and geodetic community (see Lütjens et al. 2019; Lindner et al.
2018).
In this paper, the (geo)data processing workflow is one
example of workflow used to establish a ‘VR compatibility’ of official open (geo)data sets, supplemented by some
self-created 3D objects in UE4. It might emphasize the
value of publically accessible (geo)data for modern 3D
visualization.
In addition, it might also indicate the present and future
research potential referring to technical and methodological
aspects of making VR models more accessible and usable.
Establishing user-friendly VR-based representations of the
‘real environment’, however, requires the generation of output models that meet the need of proper usage and application scenarios.

4 Extending the Immersive Experience in VR
In immersive virtual environments, both spatial and timely
restrictions can be overcome. Users can experience changes
of positions in space and respective perspectives which they
cannot experience in the real environment. Thanks to the
possibility of walking through a 3D landscape and experiencing it from the ego perspective, users could explore it in
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much more detail in VR environments than in rather traditional geographical media with lower (spatial) resolutions,
such as remotely sensed images or other static 3D images
(see Google Street view). Addressing the experience of specific user groups exploring the restructured areas, additional
(geo)data sets can also be linked (as animations) to spatial
objects in the VR model. For example, objects of the past
with a high historical value can also become part of the
VR-based application and can be communicated through
different approaches.

4.1 Impressions Taken From Perspectives Out
of Reach
In former industrial areas, material and, at the same time,
symbolic items of the past, such as the shaft tower “Holland” (see Fig. 1), are often kept. In many cases, historic
built-up objects like the shaft tower “Holland” are bound
to a restricted usage, due to their building condition and
dangers of injuries and collapse. Virtual environments,
however, can ‘break’ security restrictions as well as laws
of physics—without fear of negative consequences. The
cartographer (creator of the VR representation) can allow
a virtual character to enter locations (in all dimensions)
that cannot be legally or physically reached in the real
world. This may lead to new impressions on an area and
create a different assessment of multifaceted landscape
(see Fig. 5). In the example area, the value of the key
landmark can be extended by providing views in VR which
cannot be taken in reality.
Moreover, the avatar can be placed at height positions
where no material object exists (or even could exist) in the
physical world. In other words, the ‘virtual ego’ of the user
can be positioned basically everywhere in a virtual world.
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Fig. 5  Gaining new perspectives from less accessible
positions ‘forbidden spaces’: an
avatar standing on the top of the
dilapidated shaft tower

This allows the user to experience the virtual simulation
of the real environment based on completely new perspectives. This may lead to new impressions on an area, which
may influence the perception of an area and may provide
new impulses for visitors and for district development at
different scales.
Figures 6 and 7 give example views from a virtual
height platform that do not exist in the real physical landscape. The immersive perception of the area from this
‘virtual observation deck’ provides new impressions,
such as a new possible view on the technology centre and
its surrounding area (Fig. 6) or on the accommodations
that are involved in the ‘living for the elderly’ (see Kilper
1999, p. 130) concept of the restructured Zeche Holland
area (Fig. 7). Such examples of VR-based geovisualization

could help district managers to improve the locational
marketing, as they have new forms of visualization and
new viewing platforms to experience specific parts of the
area in real time.

4.2 Adding Geodata to Improve Locational
Marketing of Housing and Commercial Spaces
In addition to the possibilities of providing entirely new
viewing perspectives from above, ‘VR cartographers’
can also add information that are called up interactively.
Such animations can be used at different scales. To link
detailed additional information to specific and detailed
(3D) objects, VR cartographers can use the ‘terrestrial
level’ of an immersive VR environment. The terrestrial

Fig. 6  Experiencing the technology centre and its surrounding area from a new egocentric
viewpoint
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Fig. 7  Experiencing the
residential estates and their
surrounding area from a new
viewpoint

use of an immersive VR application can be described as
a ‘three-dimensional walk-through GIS’, where specific
semantic information (identities) are bound to topological
objects. When moving through the residential quarter in
the VR simulation of the Zeche Holland area, additional
geographical information can appear, depending on the
current position of the virtual character.
An example refers to current rent index data. When the
character gets close to an apartment building, a signpost
appears (Fig. 8). This signpost is not an object that can be
found in the real Zeche Holland area, it is part of an animation and includes textual information on the current rental
fees. It is neither an object in the virtual environment that
seems to disturb the user’s impression of immersion (see
also Edler et al. 2018a; Jerald 2016, pp. 279–280). The

Fig. 8  Interactive animations
including additional information
on current rental fees
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animation includes the appearance of the signpost (animation event), as soon as the virtual character crosses an
invisible container object (“box collision” in UE4) located
close to the apartment building (trigger event).
In addition to the visual animation part, a sound
sequence is played. This auditory element has a clear
function to communicate specific semantical information, whereas (3D) sound in this VR application is otherwise used to create an audiorealistic impression of the
soundscape based on atmospheric field recordings (see
also Berger and Bill 2019; Indans et al. 2019; Laakso and
Sarjakoski 2010; Schafer 1977). The sound animation at
this location includes a vocal message (see Sherman and
Craig 2019, p. 438). A voice is telling/reading out the
rental charges. The auditory dimension, which has been
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Fig. 9  Interactive animations
including additional geodata for
advertising commercial spaces

an established part of cartographic animation since about
25 years (Krygier 1994; Brauen 2014; Edler et al. 2019), is
used here to offer a dual and redundant (audiovisual) form
of communication relevant geographical information. This
approach is used to enable an improved barrier-free communication which specifically addresses users with vision
impairments (see also Hruby 2019; Hennig et al. 2018;
Siekierska and McCurdy 2008; Krygier 1994).
A similar example of an audiovisual animation contains
additional information about a service company in the Zeche
Holland area (fictional photography studio; see Fig. 9).
Again, entering the vicinity zone with the virtual character triggers an animation (flying text and vocal narration).
This suggested example of an animation in VR is a bit more
detached from reality than the previous example (signpost).
The flying text does not appear as a possible object known
from the physical reality, whereas the signpost has a higher
degree of realism. The effects of different animation techniques in VR on the information transfer and on the impression of immersion still remain open empirical questions for
future research on VR-based 3D cartography.

4.3 Learning About the Past Using Integrated
Educational Media
The possibilities of VR-based visualization do not only
allow to simulate the present appearance of an area or
possible future developments (see Sect. 4.4). VR environments can also include interactive items that are specifically focused on the historical context of the area.
It is conceivable that the whole area could be shifted

back in the past so that VR projects would serve as a
highly detailed and ‘walkable’ historical 3D archive (see
Tschirschwitz et al. 2019; Kersten et al. 2018; Lercari
2017; Ramsey 2017).
Another way of bringing together present and past in
the same immersive VR application is based on the integration of multimedia, such as educational videos (e.g.,
documentaries) that provide comprehensive information
about how the area and the whole region was characterized and used in former industrial times. Figure 10 shows
an example where a virtual video screen (a simple 3D
object materialized with a “media texture”) is positioned
close to the foot of the modelled shaft tower. The virtual
character of the use can play a video, on the working life
in the coal mines of the Ruhr district. The video (based
on an mp4 file) can be activated by a press key event
near the red button on the ground. From there, the user
can watch the entire (audiovisual) video in an approximate full-screen presentation, without leaving the virtual
space. Other examples of educational media are text and
sound files, as known from earlier examples in multimedia cartography (see Edler et al. 2015; Pulsifer et al.
2007; Francis 1999), or 3D graphical objects, such as
educational panels located at relevant places in the area.

4.4 Simulating Future Development and Planning
Projects
Both perspectives (immersive bird’s eye view and terrestrial view) can also bring new benefits for the simulation
of future changes in the area. Methods of 3D simulations
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Fig. 10  Experiencing additional
media while being immersed: a
video on the industrial history
of the area

have been integrated into some participatory approaches in
landscape and urban planning (e.g., Jamei et al. 2017; Lovett
et al. 2015; Dickmann and Dunker 2014; Salter et al. 2009;
Lange and Hehl-Lange 2005). Advantages of an immersive
VR experience of the simulated future project lie in the realtime application and the possible permanent change of perspectives and scales when evaluating (by walking through
or flying over) a planning project. Real physical barriers
(see Sect. 4.1) do not restrict the access. For example, users
immediately can discover a VR simulated shadow impact
of high-rise buildings, such as the shaft tower, on adjacent
areas (see Fig. 11).

Fig. 11  A view from above
on the shaft tower and its cast
shadow
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5 Moving Through VR Environments:
Interactive Visual Navigation Aids
to Explore VR Modelled Landscapes
Modern VR environments do not only bring benefits for
an extended experience of the represented environment
based on additional perspectives or bound data, they can
also benefit from methods and techniques that are intended
to support orientation and navigation performance. As in
many other animated and interactive approaches of cartography (see for e.g., Edler and Dickmann 2017; Ahlqvist 2011; Dormann et al. 2006; Corbett and Wade 2005;
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Greenspan 2005), VR creators can benefit a lot from video
and computer gaming to build modern (3D) cartographic
media. The video and computer gaming industry has
developed and established several approaches that help
users and, accordingly, virtual characters to solve spatial
exploration and search tasks in games successfully (Edler
and Dickmann 2016; Jerald 2016, pp. 342–344; Carr
2006). The immersive experience of virtual environments
can benefit from different navigation aids. These aids
include additional spatial references, such as mini-maps
or simple signifying footprints supporting orientation in a
VR environment. These aids also refer to techniques that
support an efficient and directed bridging of distances,
such as teleporting techniques based on pointer teleportation (including teleport arcs) and teleport stations. These
navigational aids are offered as optional components in the
application of the Zeche Holland VR environment.

5.1 Mini‑Maps
A navigational aid used in many game genres (for e.g., racing games, hack and slay, sports games and strategy games,
see Edler et al. 2018c) is the “mini-map” (Adams 2014, p.
284/515; Saunders and Novak 2013, p. 289; Jones 2014, p.
108), also “miniature map” (Cozzi 2015, p. 356; Lavieri
2015, p. 120/162). These maps can be regarded as interactive maps which represent the ‘virtual ego’ of the user as a
real-time animated map symbol and provide an additional
view on the environment, usually from an orthographic or
oblique perspective. This additional perspective—going
back to rather traditional 2D reading of animated maps—can
help to find objects or routes in unfamiliar places. Figure 12
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gives an example where the user gets additional information
about the possible way to the main entrance of the technology centre in the Zeche Holland area.
Established variants of mini-maps have the location of the
avatar in the centre while the represented environmental elements change with motion (character-oriented mini-map, see
Fig. 12). This type of mini-map has the advantage to provide
a view of the detailed surrounding of the character. Smallscale objects, such as trees, cars and architectural features,
can be represented in the map and better used as reference
items in search and exploration tasks in the VR environment.
Alternatively, the map has a fixed spatial extent while
the location of the avatar is not bound to the centre of the
map field. In this example (world-oriented mini-map), the
animated symbol representing the avatar constantly changes
its position in the map, and the map extent always includes
the same (fixed) reference objects. Depending on the extent
of a virtual environment (in gaming terminology: “level”),
the world-oriented approach can become problematic. Some
objects, especially smaller objects (specific buildings or vegetation), are not represented sufficiently in the miniature if
the scale becomes too small due to a large extent. In this
case, cartographers/VR creators could deactivate certain
(thematically organized) object layers, such as UE4 and
provide a generalized mini-map with linear objects, such
as streets, footpaths and boundaries as continuously present
objects for orientation (see an example in Fig. 13). According to recommendations of game designers, mini-maps
should generally not exceed 10% of the available display
area, its position on the display is not standardized (Adams
2014, p. 284).

Fig. 12  Finding the main
entrance of a building using a
character-oriented mini-map
(left)
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Fig. 13  Discovering the area of
Zeche Holland using a worldoriented mini-map (left)

5.2 Footprints
Another visual aid supporting a continuous navigation is a
sequence of markers, such as salient and illuminated footprints on the ground. These “signifiers” give a spatial structure and can trigger user behaviour and operations (Jerald
2016, p. 279). Such visual objects (which could also be
accompanied by sound elements) can be used to indicate
a route to a point of interest. For example, if the user aims
to find the way to an outlet store in the Zeche Holland area,
footprints can be activated to support an efficient navigation to a represented outlet store within the VR application
(Fig. 14). Another example can be found in the video game
Black & White (2001), where light poles assist orientation

Fig. 14  Footprints signify the
way to a destination

13

and positioning in a 3D environment experienced from the
ego perspective (Nitsche 2008, pp. 212–214). Such aiding
markers could support the user’s formation of cognitive representation of the area. If the user wishes to visit the outlet
store in the real physical area, the shortest (most efficient)
way of walking can be recalled from its VR-based encoded
cognitive representation of space (see also Dickmann et al.
2017; Bestgen et al. 2017; Edler et al. 2014).
In contrast to the mini-maps which provide a different
viewing perspective on space for the time of usage, the footprint markers are merged into the 3D environment. This may
better constantly keep the user’s impression of immersion,
as the viewing perspective is not changed for a while (see
also Edler et al. 2018a).
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5.3 Pointer Teleportation

5.4 Teleport Station

A specific VR technique of locomotion and navigation is the
so-called “pointer teleportation” (Linowes 2018, p. 217).
Based on the current location of the character, the user can
define the location where the character should be moved to
next. This motion event is comparable to a simple jump that
bridges spatial distances, without an animation of ‘gliding’
(see also Jerald 2016, p. 344). To better control teleportation events, a “teleport arc” (Mack and Ruud 2019, p. 220)
may be drawn which indicates the teleport destination in the
VR environment (see Fig. 15, see also Kersten et al. 2018,
p. 189).

A more standardized way of teleporting a virtual character
is based on teleport stations (see Fig. 16). The VR creator can define departure locations and teleport destinations.
The character can enter these departures locations, such as
portals, and is directly ‘beamed’ to a specific location in the
VR environment. This ‘virtual shortcut’ allows a fast change
of places in the virtual world—by disabling realistic human
motion, at least for a short moment.
These portals have already been used in traditional video
and computer games [for e.g., The Legend of Zelda (1986),
Super Mario Bros. (1985) and Diablo (1996)]. They allow

Fig. 15  A teleport arc indicating
the end of a pointer teleportation event in UE4

Fig. 16  A teleport station
‘beaming’ the virtual character
to the ‘forbidden’ top of the
shaft tower “Holland” (Fig. 5
shows the view from the teleport destination)
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the connection of two individual places, or a linkage of one
environment (“level”, or “dungeon”) with an “overworld”
(Stanton 2015, p. 123; Arsenault 2014, p. 477). This timeefficient approach of overbridging of spatial distance can
improve a creator-controlled “environmental storytelling”
within a (game) mission (Despain 2013, p. 76).
Like pointer teleportation, this overbridging of larger
travelling sequences may also help to reduce VR motion
sickness (Ntokos 2019, p. 205; Jerald 2016, p. 344), i.e.,
a usability problem that could lead to physical discomfort
caused by a conflicting perception of expected self-movements. Both approaches of teleportation help planners to
reach destinations in a time-efficient way. Barriers can be
passed easily and quickly, and the planners can avoid dealing with content which is irrelevant for the individual task.
This loss of spatial content caused by teleportation events is,
however, discussed to decrease the user’s spatial orientation,
as the perceived VR environment includes gaps (Bowman
and Hodges 1997).
An advantage of the station-based navigational approach
is to focus the user’s experience of the VR environments to
specific places, which enforces (several) users get to know
specific objects and events and take similar views on specific spatial phenomena. Teleporting from one location to
another also omits that users experience “immersive paradoxes” (Therrien 2014, p. 455) in geographic space, such as
walking down a hill without a track or climbing up a winding
tower which has no continuous stairway (see Figs. 1, 10, 16).

6 Potentials of Landscape Models
in Immersive VR for Landscape Research
Beyond the practical tools that VR environments provide for
immersive spatial experience, the representation of restructured areas as immersive VR environments holds potential
for landscape research. Landscape research sees itself confronted with a ‘triple landscape change’ (Kühne 2019): first,
physical space is subject to change; second, social interpretations and evaluations of these physical arrangements
are changing; third, individual interpretations and evaluations of landscape are changing. These variabilities are
feedbacked: for example, the individual evaluates changes
in physical spaces, but an essential basis for these evaluations is also social patterns of interpretation and evaluation
(among many: Stemmer 2016; Gailing and Leibenath 2012;
Greider and Garkovich 1994; Paasi 2010; Kühne 2018a).
This variability poses considerable challenges to empirical
landscape research: Even small changes in the weather can
lead to altered evaluation results, and the same applies to
minor changes in viewing perspectives (Kühne and Weber
2019; Ingold 1993). In addition—regardless of the research
method chosen, whether walks, abstract questionnaires, the
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evaluation of photos, etc.—disturbance variables (such as
objects that distract from the intended objects of evaluation)
are usually found.
However, such disturbance variables can be minimized
using VR in theory-based empirical landscape research,
thus, it is possible to confront study participants only with
those visual and acoustic stimuli which are desired from
the research perspective (Edler et al. 2018b, 2019). Such
largely standardized VR environments can be used as stimuli
to record spatial preferences, combined with questionnaires
of quantitative and qualitative social research (see Stemmer
et al. 2019; Jenal 2019b). Further 3D eye-tracking methods
(based on VR-compatible eye-tracking systems) can be used
to track the eye movement behaviour during the visual task
of defining spatial preferences.
Further VR-based experiments could be focussed on a
landscape design aspect: study participants can intervene in
the design of virtual landscapes to create their ideal or dystopian landscapes. This could refer to landscape variables,
such as relief, type and area of water bodies, proportion of
meadows, pastures and fields, proportion of forest, type and
area of settlements.
Using techniques of VR-based landscape modelling,
it is also possible to record preferred weather conditions
systematically, seasons or own positions in the VR terrain
(e.g., on the lower, middle or upper slope). For example, not
only landscape preferences or rejections and their references
to sociodemographic variables (such as age and gender),
educational level or milieu affiliation can be explored, but
also ‘inverse landscapes’ (Kühne 2013). These are landscape states that would be possible, but would not attain
individual or social relevance, or even ecosystemic implications of these ideas. Thus, for example, the biodiversity of
landscape preferences can be recorded, both in relation to the
individual, according to the sociodemographic variables and
milieus mentioned above, but also in relation to society, as
well as in an intercultural comparison. These differentiated
observations could also be used for targeted education for
sustainable development but could also evaluate its success.

7 Summary
This paper introduced a VR environment which represents
today’s area of the former hard coal mining site Zeche Holland in Bochum-Wattenscheid, a representative site of a
vivid and successful structural change in the Ruhr district.
Modern possibilities of 3D visualization based on hardware
and software innovation from the gaming industry, such as
VR systems and game engines, have made it possible to
create and experience highly realistic 3D environments in
real time and with a “perceptual illusion” (Nitsche 2008,
p. 203) of being fully immersed. Immersion generates the
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user impression of being physically present in the virtual
world, which intensifies the experience and use of this
representation.
Based on the possibilities of visualization for an immersive use in modern game engines, cartographers as VR creators can offer new perspectives on geographic space, without
restrictions that occur in the real physical landscapes. For
example, locked areas, such as construction sites and rundown buildings in a post-industrial area, can be entered and
hovering objects (viewing platforms) can be positioned in
the air while the ‘law of gravity’ is repealed. The immersive
experience of the area generates new impressions which
could be valuable input for planning purposes (including
citizen participation), landscape architecture and quantitative and qualitative landscape research. The future development of a restructured area may benefit from these 3D
impressions.
Moreover, 3D virtual environments can be enriched with
visual and auditory animation sequences which bind additional (semantical) geographical information to specific
objects and locations. Thus, they can provide additional
geographical contents in a user-oriented approach and without disrupting the feeling of immersion. The location-based
activation of additional information can be customized for
different groups of interests in a multifunctional area, such
as professionals (e.g., architects, planners, district managers, teachers, suppliers and construction workers) and other
citizens (tourists, bikers, dog owners and other strollers; see
also Afrooz et al. 2019; Aichner et al. 2019; Engelmann
2018, pp. 45–51). This also refers to multimedia contents,
such as video documentaries or sound recordings of the past.
These media can be used to link memories of the industrial
past to present or future locations, which increases the value
of immersive VR models as educational media for (geography) school education and museums, where the topic of
structural change and cultural heritage in old industrial areas
is relevant (see also Kersten et al. 2018; Edler et al. 2015).
These enriched VR environments can be supported by
new tools of user navigation and locomotion which have
been adopted from video and computer gaming, such as
mini-maps, signifying markers and teleporting techniques.
Their effectivity, so far, is mirrored by the success of the
gaming industry, as they play essential roles in many video
and computer games. It still remains an open research task
to measure their impact on navigational tasks in virtual environments. Moreover, the design of such features could be
further investigated, such as an optimum size, position and
scale of mini-maps. Established design recommendation
of (multimedia) could lead to new proposals of mini-map
construction.
In addition to potential of immersive virtual reality
for geographical applications, this paper has also pointed
to a demand for additional methodological research
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considerations to increase the ‘VR readiness’ of (open)
geodata. Today, accessible official geodata, such as digital
terrain models of German surveying departments, are not
yet ready to be imported into the widely spread game engine
Unreal Engine 4. To visualize the relief, users still have to
process and convert the data in GIS before the data input
works successfully. If such open data were improved for
an immediate use in a (source-available) game engine, the
broader public could better access the public data.
The potentials of immersive VR presented in this paper
refer to the methodological and application aspects of the
work with geographical information in virtual environments.
The example of Zeche Holland might have introduced some
of the main benefits arising from an immersive experience
of virtual environments. To optimize the future visualization of such virtual landscapes, researches should explicitly
involve cognitive user behaviour during the fulfilment of
spatial tasks (see also Clarke et al. 2019; Keil et al. 2019;
Lokka and Çöltekin 2019; Hruby et al. 2019; Edler et al.
2018b). These tracked responses will likely help to derive
new recommendations for an effective human-centred design
of immersive VR landscapes.
It becomes obvious that technological innovations have
accelerated the development in 3D cartography. They allow
a 1:1 representation of the real physical world, and an
immersive real-time experience of these virtual representations from the ego perspective. This requires new empirically verified design rules and theoretical fundamentals for
our disciplines that could largely benefit from design proposals (including animation, interaction and navigation tools)
developed and tested out by the computer and video gaming
community.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References
Adams E (2014) Fundamentals of game design, 3rd edn. New Riders,
Indianapolis
Afrooz A, Ding L, Pettit C (2019) An immersive 3D virtual environment to support collaborative learning and teaching. In: Geertman
S, Zhan Q, Allan A, Pettit C (eds) Computational urban planning
and management for smart cities. Springer, Cham, pp 267–282
Ahlqvist O (2011) Converging themes in cartography and computer games. Cartogr Geogr Inf Sci 38(3):278–285. https://doi.
org/10.1559/15230406382278
Aichner T, Maurer O, Nippa M, Tonezzani S (2019) Virtual reality
im tourismus. Wie VR das Destinationsmarketing verändern.
Springer, Wiesbaden

13

282
Arsenault D (2014) Narratology. In: Wolf MJP, Perron B (eds) The
Routledge companion to video game studies. Routledge, New
York, pp 475–483
Bähr M (2012) Bochumer Zechen. Datensammlung über die Bochumer
Zechen seit Beginn 1620 bis zum Ende 1974. Knappenverein
Schlägel & Eisen, Bochum
Berger M, Bill R (2019) Combining VR visualization and sonification
for immersive exploration of urban noise standards. Multimodal
Technol Interact 3(2):34. https://doi.org/10.3390/mti3020034
Bestgen A-K, Edler D, Müller C, Schulze P, Dickmann F, Kuchinke L
(2017) Where is it (in the Map)? Recall and recognition of spatial
information. Cartogr Int J Geogr Inf Geovis 52(1):80–97. https://
doi.org/10.3138/cart.52.1.3636
Boulos MNK, Lu Z, Guerrero P, Jennett C, Steed A (2017) From urban
planning and emergency training to pokémon go: applications of
virtual reality GIS (VRGIS) and augmented reality GIS (ARGIS)
in personal, public and environmental health. Int J Health Geogr
16:7. https://doi.org/10.1186/s12942-017-0081-0
Bowman DA, Hodges LF (1997) An evaluation of techniques for
grabbing and manipulating remote objects in immersive virtual
environments. In: van Dam A (ed) Proceedings of the 1997 symposium on interactive 3D graphics—SI3D ‘97. ACM Press, New
York, pp 35–38
Brauen HG (2014) Interactive audiovisual design for cartography: survey, prospects, and example. In: Lauriault T, Taylor DRF (eds)
Developments in the theory and practice of cybercartography.
Applications and indigenous mapping. Elsevier, Amsterdam, pp
141–160
Büchi A, Novo TA, Calazans PMP, Seoane JCS, Napier B, Castiglione
LHG, Pagung R (2018) Mapeamento Geológico na Exploração
Mineral com uso de SIG e Realidade Virtual: Estudos Metodológicos. Rev Bras Cartogr 70(4):1310–1347. https: //doi.org/10.14393
/rbcv70n4-46144
Carr D (2006) Space, navigation and affect. In: Carr D, Buckingham
D, Burn A, Schott G (eds) Computer games. Text, narrative and
play. Polity Press, Cambridge, pp 59–71
Clarke KC, Johnson JM, Trainor T (2019) Contemporary American cartographic research: a review and prospective. Cartogr
Geogr Inf Sci 46:196–209. https  : //doi.org/10.1080/15230
406.2019.1571441
Çöltekin A, Oprean D, Wallgrün JO, Klippel A (2019) Where are
we now? Re-visiting the digital earth through human-centered
virtual and augmented reality geovisualization environments.
Int J Digit Earth 12(2):119–122. https://doi.org/10.1080/17538
947.2018.1560986
Corbett J, Wade K (2005) Player perspective: using computer game
engines for 3D cartography. Cartogr Int J Geogr Inf Geovis
40(3):113–120. https://doi.org/10.3138/8443-505q-m8t1-1774
Cozzi P (2015) WebGL insights. Taylor & Francis Inc, Boca Raton
Despain W (2013) 100 Principles of game design. Pearson Education,
Berkeley
Dickmann F, Dunker S (2014) Visualisierung von 3D-Gebäudemodellen - Welche Ansprüche stellt die Planung an dreidimensionale Stadtansichten. Kartogr Nachr 64(1):10–16
Dickmann F, Edler D, Bestgen A-K, Kuchinke L (2017) Exploiting
illusory grid lines for object-location memory performance in
urban topographic maps. Cartogr J 54(3):242–253. https://doi.
org/10.1080/00087041.2016.1236509
Dormann C, Caquard S, Woods BA, Biddle R (2006) Role-playing
games in cybercartography multiple perspectives and critical
thinking. Cartogr Int J Geogr Inf Geovis 41(1):47–58. https://
doi.org/10.3138/d781-r2q5-5587-3153
Edler D, Dickmann F (2016) Interaktive Multimediakartographie in
frühen Videospielwelten – Das Beispiel “Super Mario World”.
Kartogr Nachr 66(2):51–58

13

KN - Journal of Cartography and Geographic Information (2019) 69:267–284
Edler D, Dickmann F (2017) The impact of 1980s and 1990s video
games on multimedia cartography. Cartogr Int J Geogr Inf Geovis 52(2):168–177. https://doi.org/10.3138/cart.52.2.3823
Edler D, Bestgen A-K, Kuchinke L, Dickmann F (2014) Grids in topographic maps reduce distortions in the recall of learned object
locations. PLoS ONE 9(5):e98148. https: //doi.org/10.1371/
journal.pone.0098148
Edler D, Jebbink K, Dickmann F (2015) Einsatz audio-visueller
Karten in der Schule – Eine Unterrichtsidee zum Strukturwandel im Ruhrgebiet. Kartogr Nachr 65(5):259–265
Edler D, Husar A, Keil J, Vetter M, Dickmann F (2018a) Virtual reality (VR) and open source software: a workflow for constructing
an interactive cartographic VR environment to explore urban
landscapes. Kartogr Nachr 68(1):3–11
Edler D, Keil J, Dickmann F (2018b) Varianten interaktiver Karten
in Video-und Computerspielen – eine Übersicht. Kartogr Nachr
68(2):57–65
Edler D, Kühne O, Jenal C, Vetter M, Dickmann F (2018c) Potenziale der Raumvisualisierung in Virtual Reality (VR) für die
sozialkonstruktivistische Landschaftsforschung. Kartogr Nachr
68(5):245–254
Edler D, Kühne O, Keil J, Dickmann F (2019) Audiovisual cartography: established and new multimedia approaches to represent
soundscapes. KN J Cartogr Geogr Inf 69(1):5–17. https://doi.
org/10.1007/s42489-019-00004-4
Engelmann N (2018) Virtual Reality Gaming: Potential der Technologie für die Welt der digitalen Spiele. Tectum, Baden-Baden
Francis K (1999) Wula Na Lnuwe’kati: a Digital Multimedia Atlas.
In: Cartwright W, Peterson MP, Gartner G (eds) Multimedia
cartography. Springer, Berlin, pp 141–148
Gailing L, Leibenath M (2012) Von der Schwierigkeit, „Landschaft“
oder „Kulturlandschaft“ allgemeingültig zu definieren. Raumforsch Raumordn 70(2):95–106
Greenspan B (2005) Mapping play: what cybercartographers can
learn from popular culture. In: Taylor DRF (ed) Cybercartography: theory and practice. Elsevier, Amsterdam, pp 309–329
Greider T, Garkovich L (1994) Landscapes: the social construction
of nature and the environment. Rural Sociol 59(1):1–24. https
://doi.org/10.1111/j.1549-0831.1994.tb00519.x
Hennig S, Zobl F, Wasserburger WW (2018) Accessible web maps for
visually impaired users: recommendations and example solutions.
Cartogr Perspect 88:6–27. https://doi.org/10.14714/CP88.1391
Hruby F (2019) The sound of being there: audiovisual cartography
with immersive virtual environments. KN J Cartogr Geogr Inf
69(1):19–28. https://doi.org/10.1007/s42489-019-00003-5
Hruby F, Ressl R, de La Borbolla del Valle G (2019) Geovisualization with immersive virtual environments in theory and practice.
Int J Digit Earth 12(2):123–136. https://doi.org/10.1080/17538
947.2018.1501106
Huske J (1998) Die Steinkohlenzechen im Ruhrrevier. Daten und Fakten von den Anfängen bis 1997, 2nd edn. Deutsches BergbauMuseum, Bochum
Indans R, Hauthal E, Burghardt D (2019) Towards an audio-locative
mobile application for immersive storytelling. KN J Cartogr
Geogr Inf 69(1):41–50. https://doi.org/10.1007/s42489-01900007-1
Ingold T (1993) The temporality of the landscape. World Archaeol
25(2):152–174. https://doi.org/10.1080/00438243.1993.9980235
Jamei E, Mortimer M, Seyedmahmoudian M, Horan B, Stojcevski
A (2017) Investigating the role of virtual reality in planning for
sustainable smart cities. Sustainability 9(11):2006. https://doi.
org/10.3390/su9112006
Jenal C (2019a) (Alt)Industrielandschaften. In: Kühne O, Weber F,
Berr K, Jenal C (eds) Handbuch Landschaften. Springer, Wiesbaden, pp 831–841

KN - Journal of Cartography and Geographic Information (2019) 69:267–284
Jenal C (2019b) „Das ist kein Wald, Ihr Pappnasen!“ – Zur sozialen
Konstruktion von Wald. Perspektiven von Landschaftstheorie und
Landschaftspraxis. Springer, Wiesbaden
Jerald J (2016) The VR book. Human-centered design for virtual reality. Morgan & Claypool Publishers-ACM, San Rafael
Jones SE (2014) The emergence of the digital humanities. Routledge,
New York
Jung B, Vitzthum A (2013) Virtuelle Welten. In: Dörner R, Broll W,
Grimm P, Jung B (eds) Virtual und Augmented Reality. Springer,
Berlin, pp 65–95
Kazig R (2019) Atmosphären und Landschaft. In: Kühne O, Weber F,
Berr K, Jenal C (eds) Handbuch Landschaft. Springer, Wiesbaden,
pp 453–460
Keil J, Edler D, Dickmann F (2019) Preparing the HoloLens for user
studies: an augmented reality interface for the spatial adjustment
of holographic objects in 3D indoor environments. KN J Cartogr
Geogr Inf 69(3):205–215. https://doi.org/10.1007/s42489-01900025-z
Kersten T, Deggim S, Tschirschwitz F, Lindstaedt MU, Hinrichsen N
(2018) Segeberg 1600 – Eine Stadtrekonstruktion in Virtual Reality. Kartographische Nachrichten 68(4):183–191
Kilper H (1999) Die internationale Bauausstellung Emscher Park.
Eine Studie zur Steuerungsproblematik komplexer Erneuerungsprozesse in einer alten Industrieregion. Springer, Wiesbaden
Krygier JB (1994) Sound and geographic visualization. In: MacEachren AM, Taylor DRF (eds) Visualization in modern cartography. Pergamon, Oxford, pp 149–166
Kühne O (2007) Soziale Akzeptanz und Perspektiven der Altindustrielandschaft. Ergebnisse einer empirischen Studie im Saarland.
RaumPlan 132(133):156–160
Kühne O (2013) Landschaftsästhetik und regenerative Energien
– Grundüberlegungen zu De- und Re-Sensualisierungen und
inversen Landschaften. In: Gailing L, Leibenath M (eds) Neue
Energielandschaften – Neue Perspektiven der Landschaftsforschung. Springer, Wiesbaden, pp 101–120
Kühne O (2018a) Landscape and power in geographical space as a
social-aesthetic construct. Springer, Dordrecht
Kühne O (2018b) Landschaft und Wandel. Zur Veränderlichkeit von
Wahrnehmungen. Springer, Wiesbaden
Kühne O (2019) Landscape theories. A brief introduction. Springer,
Wiesbaden
Kühne O, Weber F (2019) Hybrid California. Annäherungen an den
Golden State, seine Entwicklungen, Ästhetisierungen und Inszenierungen. Springer, Wiesbaden
Laakso M, Sarjakoski T (2010) Sonic maps for hiking-use of sound in
enhancing the map use experience. Cartogr J 47(4):300–307. https
://doi.org/10.1179/000870410X12911298276237
Lange E, Hehl-Lange S (2005) Combining a participatory planning
approach with a virtual landscape model for the siting of wind
turbines. J Environ Plan Manag 48(6):833–852. https://doi.
org/10.1080/09640560500294277
Lavieri E (2015) Getting started with unity 5. Packt Publishing,
Birmingham
Lee J (2016) Learning unreal engine game development. Packt Publishing, Birmingham
Lercari N (2017) 3D visualization and reflexive archaeology: a virtual reconstruction of Çatalhöyük history houses. Digit Appl
Archaeol Cultural Herit 6:10–17. https: //doi.org/10.1016/j.
daach.2017.03.001
Lindner C, Müller C, Hodam H, Jürgens C, Ortwein A, Schultz J,
Selg F, Weppler J, Rienow A (2018) From Earth to Moon and
beyond—immersive STEM education based on remote sensing
data. In: Proceedings of the 69th International Astronautical
Congress (IAC), Bremen
Linowes J (2018) Unity virtual reality projects, 2nd edn. Packt Publishing, Birmingham

283
Lokka IE, Çöltekin A (2019) Toward optimizing the design of virtual environments for route learning: empirically assessing the
effects of changing levels of realism on memory. Int J Digit Earth
12(2):137–155. https://doi.org/10.1080/17538947.2017.1349842
Lokka IE, Çöltekin A, Wiener J, Fabrikant SI, Röcke C (2018) Virtual
environments as memory training devices in navigational tasks
for older adults. Sci Rep 8:10809. https://doi.org/10.1038/s4159
8-018-29029-x
Lovett A, Appleton K, Warren-Kretzschmar B, von Haaren C (2015)
Using 3D visualization methods in landscape planning: an evaluation of options and practical issues. Landsc Urban Plan 142:85–
94. https://doi.org/10.1016/j.landurbplan.2015.02.021
Lütjens M, Kersten T, Dorschel B, Tschirschwitz F (2019) Virtual reality in cartography: immersive 3D visualization of the Arctic Clyde
Inlet (Canada) using digital elevation models and bathymetric
data. Multimodal Technol Interact 3(1):9. https: //doi.org/10.3390/
mti3010009
Mack K, Ruud R (2019) Unreal engine 4 virtual reality projects. Packt
Publishing, Birmingham
Müller S, Carr C (2009) Image politics and stagnation in the Ruhr
Valley. In: Porter L, Shaw K (eds) Whose urban renaissance? An
international comparison of urban regeneration strategies. Routledge, London, pp 84–92
Nitsche M (2008) Video game spaces. Image, plays, and structure in
3D worlds. MIT Press, Cambridge
Ntokos K (2019) Techniques on multiplatform movement and interaction systems in a virtual reality context for games. In: Rodrigues
J, Yang KCC (eds) Cases on immersive virtual reality techniques.
IGI Global, Hershey, pp 199–216. https://doi.org/10.4018/978-15225-5912-2.ch009
Otto KH (2019) (Post-)Industrielle Stadtnatur. In: Farrenkopf M, Goch
S, Rasch M, Wehling HW (eds) Die Stadt der Städte. Das Ruhrgebiet und seine Umbrüche. Klartext, Essen, pp 61–65
Paasi A (2010) Commentary. Regions are social constructs, but who
or what ‘constructs’ them? Agency in question. Environ Plan A
42(10):2296–2301. https://doi.org/10.1068/a42232
Plowman J (2019) Unreal engine virtual reality quick start guide.
Design and develop immersive virtual reality experiences with
Unreal Engine 4. Packt Publishing, Bimingham
Pulsifer PL, Caquard S, Taylor DRF (2007) Toward a new generation
of community atlases—the cybercartographic Atlas of Antarctica.
In: Cartwright W, Peterson MP, Gartner G (eds) Multimedia cartography, 2nd edn. Springer, Berlin, pp 195–216
Ramsey E (2017) Virtual Wolverhampton: recreating the historic city in
virtual reality. ArchNet-IJAR Int J Archit Res 11(3):42–57. https
://doi.org/10.26687/archnet-ijar.v11i3.1395
Regionalverband Ruhr (2018) Regionalplan Ruhr. Blatt 22. Zeichnerische Festlegungen: Bochum, Dortmund, Essen, Gelsenkirchen,
Hattingen, Herdecke, Herne, Wetter, Witten. https://www.rvr.
ruhr/fileadmin/user_upload/01_RVR_Home/02_Themen/Regio
nalplanung_Entwicklung/Regionalplan_Ruhr/01_Planentwur
f/04_Zeichnerische_Festlegung/20180827_Blatt22_zeichneris
che_Festlegungen_TeilC_Regionalplan_Ruhr.pdf. Accessed 23
July 2019
Regionalverband Ruhr (2019) Themenrouten. 16 Westfälische Bergbaurouten. Zeche Holland 3/4/6. http://www.route- indust rieku ltur
.ruhr/themenrouten/16-westfaelische-bergbauroute/zeche-holla
nd-346.html. Accessed 23 July 2019
Reicher C (2008) Internationale Bauausstellung Emscher Park: die
Projekte 10 Jahre danach. Klartext, Essen
Richartz J (2016) Spiele entwickeln mit Unreal Engine 4. Carl Hanser
Verlag GmbH & Co, Munich
Salter JD, Campbell C, Journeay M, Sheppard SRJ (2009) The digital workshop: exploring the use of interactive and immersive
visualisation tools in participatory planning. J Environ Manag
90(6):2090–2101. https://doi.org/10.1016/j.jenvman.2007.08.023

13

284
Saunders KD, Novak J (2013) Game development essentials: game
interface design, 2nd edn. Delmar, Cengage Learning, Clifton
Park
Schafer RM (1977) The soundscape. Our sonic environment and the
tuning of the world. Destiny Books, Rochester
Schaller C (1991) Ökologische Zukunft für die Zeche Holland. Garten + Landschaft 43:45–48
Sherman WR, Craig AB (2019) Understanding virtual reality. Interface, application, and design. Elsevier, Cambridge
Siekierska E, McCurdy W (2008) Internet-based mapping for the blind
and people with visual impairment. In: Peterson MP (ed) International perspectives on maps and the internet. Springer, Berlin,
pp 283–300
Slotta D (1988) Zum landeskulturellen Wert und zur Erhaltung von
Bergeschüttungen – Ergebnisse einer Analyse in der industriellen
Kernregion des Saarlandes. In: Der Anschnitt (1/2), pp 20–28
Stanton R (2015) A brief history of video games: from Atari to Xbox
One. Robinson, London
Stemmer B (2016) Kooperative Landschaftsbewertung in der räumlichen Planung. Sozialkonstruktivistische Analyse der Landschaftswahrnehmung der Öffentlichkeit. Springer, Wiesbaden
Stemmer B, Philipper S, Moczek N, Röttger J (2019) Die Sicht von
Landschaftsexperten und Laien auf ausgewählte Kulturlandschaften in Deutschland – Entwicklung eines Antizipativ-Iterativen

13

KN - Journal of Cartography and Geographic Information (2019) 69:267–284
Geo-Indikatoren-Landschaftspräferenzmodells (AIGILaP). In:
Berr K, Jenal C (eds) Landschaftskonflikte. Springer, Wiesbaden,
pp 507–534
Susi T (2014) Embodied interaction, coordination and reasoning in
computer gameplay. In: Shapiro L (ed) The Routledge handbook
of embodied cognition. Routledge, New York, pp 184–194
Therrien C (2014) Immersion. In: Wolf MJP, Perron B (eds) The Routledge companion to video game studies. Routledge, New York,
pp 451–458
Tschirschwitz F, Richerzhagen C, Przybilla H-J, Kersten T (2019)
Duisburg 1566: transferring a historic 3D city model from
Google Earth into a virtual reality application. PFG J Photogramm Remote Sens Geoinform Sci 87(1–2):47–56. https://doi.
org/10.1007/s41064-019-00065-0
Vetter M (2019) 3D-Visualisierung von Landschaft – Ein Ausblick auf
zukünftige Entwicklungen. In: Kühne O, Weber F, Berr K, Jenal
C (eds) Handbuch Landschaft. Springer, Wiesbaden, pp 559–573
Weber F (2017) Landschaftsreflexionen am Golf von Neapel. Déformation professionnelle, Meer-Stadtlandhybride und Atmosphäre.
In: Kühne O, Megerle H, Weber F (eds) Landschaftsästhetik und
Landschaftswandel. Springer, Wiesbaden, pp 199–214
Wood G (2003) Die Wahrnehmung städtischen Wandels in der Postmoderne. Untersucht am Beispiel der Stadt Oberhausen. Springer,
Wiesbaden

