
Chapter 4
Linking Real Geographies and Virtual
Realties with Immersive Geospatial
Technologies
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Abstract Due to the quantity of information available in the early twenty-first cen-
tury, big data has become a frequently emphasized factor, and particularly so in the
geographical research agenda. However, more data and information do not necessar-
ily result in improved awareness of spatial problems:Communication of geographical
knowledge (e.g., on environmental issues) is also complicated by geographical, tem-
poral, and psychological distance between cause and effects, leading users to perceive
spatial problems as taking place “later” or “elsewhere”. In this text, we discuss how
immersive virtual reality (VR) technologies can help to overcome these different
kinds of distances. Two broad topics are addressed: The first, covered in Sect. 4.2,
explores the idea of immersion from a technological perspective and also discusses
the main differences between immersive and current desktop-based geovisualization
VR systems. The second, presented in Sect. 4.3, concerns the potential of immersive
VR from the perspective of the user and introduces the concept of spatial presence.
Against the theoretical background of Sects. 4.2 and 4.3, a working method defin-
ing how geospatial data can be visualized in immersive VR systems under current
technological conditions is presented in Sect. 4.4. We argue that current geographic
information systems (GIS) are not yet directly compatible with VR output devices,
challenging both theoretical and practical models of GIS-based spatial data. The
method proposed is set into practice in Sect. 4.5 using the example of a coral reef
ecosystem. As is clear from these theoretical and practical considerations, immersive
VR technologies can provide powerful tools to facilitate a better understanding of
spatial problems in the twenty-first century.
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4.1 Introduction—Distance in Twenty-First Century
Geography

Distance has been always a basic element of academic geography’s self-conception.
Traditionally, geographers pay particular attention to spatial distance, as Tobler put
it most prominently in his first law of geography (Tobler 1970). However, since
the present volume focuses on “Geospatial challenges in the 21st century”, a more
general understanding of the meaning of distance is required.

To begin with, the century is a temporal concept and can be described in terms
of temporal distance, where the upcoming months and years are closer to us than
the end of the centenary. Just as with spatial distance, temporal distance can thus
also be subject to cause-and-effect relations: actions in the immediate geographic
environment can impact more distant regions, and short-term decisions may likewise
have an influence in the long run.

From these action-dependent causalities, another dimension of distance, known
as psychological distance, emerged only recently

Psychological distance is a subjective experience that something is close or far away from
the self, here, and now. Psychological distance is thus egocentric: Its reference point is the
self, here and now, and the different ways in which an object might be removed from that
point—in time, space, social distance, and hypotheticality—constitute different distance
dimensions. (Trope and Liberman 2010)

The basic assumption of psychological distance is that people do not necessarily
define their decisions based on how close in space and time a given problem is, but
rather as a function of how close they perceive a problem to be. As cited above, this
perceived psychological distance does not simply depend on spatial and temporal
factors, but also on the dimensions of social and hypothetical distance. While social
distance (e.g. “between self and other, similar and dissimilar others, […]”, Liber-
man et al. 2007) is usually interlinked with spatial distance, hypothetical distance is
associated with distance in time, since it is easier to forecast short-time events than
issues in the long run.

Climate change provides a good example to illustrate the different dimensions
of psychological distance, together with their practical meaning: At present, climate
change is considered to be one of the major global challenges (cf. the Royal Geo-
graphical Society’s platform on twenty-first Century Challenges1). However, many
people perceive this issue to be one that is psychologically distant, geographically,
temporally, socially, and hypothetically removed from everyday experience. Regard-
ing spatial distance, people tend to perceive climate change to present greater risk
to spatially distant regions (Spence et al. 2012). With respect to temporal distance,
the concrete impacts of climate change (e.g., sea level rise) are considered as future
rather than present-day issues (Leiserowitz 2005). In this case, even if one accepts
that climate change is already underway and affecting one’s homeland, one still might
perceive that change as a phenomenon that is more relevant to less affluent social

1https://21stcenturychallenges.org/.

https://21stcenturychallenges.org/
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groups (e.g., developing countries, Roeser 2012). Finally, people perceive climate
change as a hazardwith undetermined consequences: for instance “40%of theBritish
public supporting the idea that the climate system is too complex and uncertain for
scientists to make useful forecasts.” (Spence et al. 2012).

As with the case of climate change, psychological distance has an effect on other
twenty-first century geospatial challenges as well, be it in the realm of nature protec-
tion, geopolitics or demography and migration. In any case, increased psychological
distance is paralleled by a decreasing awareness of the particular problem. Conse-
quently, issues perceived as distant neither increase the disposition to participate
in problem-solving strategies that involve a modification of personal behavior, nor
claims for solutions at the policy level.

Current geographical research is devoted to the study of problems involving all
four of the aforementioned dimensions of psychological distance. Hence, knowledge
of how to overcome psychological distance is of central importance to effectively
conceptualize and communicate research and its results. In the subsequent sections
of this text, we will argue how virtual reality technologies can help to reduce distance
among laymen, academia, and the geospatial challenges of the twenty-first century.

4.2 Immersive Geospatial Technologies

During recent years, virtual reality (VR)has becomea frequently emphasized topic on
the geovisualization research agenda.However, there is as yet no available universally
applicable definition ofVR in the realmof geospatial technologies. In order to provide
a terminologically solid context for the following arguments, we will briefly discuss
threemain frameworks that have been built around the idea ofVR in geovisualization.
As we shall see, in spite of significant conceptual differences, these frameworks can
be integrated under the umbrella term of desktop virtual reality.

Against the concept of a desktop VR we will then try to develop a narrower
understanding of virtual reality by introducing immersion as a defining criterion,
which allows us to avoid terminological ambiguity and facilitates a reconnection
with the issue of psychological distance developed in Sect. 4.1.

4.2.1 Desktop Virtual Reality

4.2.1.1 Virtual Globes (VG)

The concept of virtual globes (VG) was coined by the publication of Google Earth in
2005 (Dehn et al. 2016).While the term itself is nowfirmly rooted in current academic
and everyday speech, its definition is not without difficulty: On the one hand, VG
are not globes in the traditional cartographic sense of terrestrial globes representing
global phenomena. Rather, VG can be understood in terms of geobrowsers that allow
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the user to navigate and explore a variety of (usually) large-scale datasets (Liao et al.
2017). On the other, Google Earth and comparable platforms could just as well be
described as digital globes (Riedl 2007), since the label virtual is not yet justified by
the virtual reality features ofVG.Regardless of the aforementioned points of critique,
we can state that currentVG is designed for use on flat (mobile and desktop) computer
displays.

4.2.1.2 Virtual Reality Geographic Information Systems (VRGIS)

In order to argue for a direct connection between VR and geographic information
systems (GIS), the label VRGIS is increasingly used in scientific literature (Lv and
Li 2015; Lv et al. 2016). The connection of ESRI’s City Engine with head-mounted
displays (HMD) such as the Oculus Rift is an example that is frequently cited to
illustrate the feasibility of VRGIS (Boulos et al. 2017). However, these case studies
cannot hide the fact that current GIS software is not yet VR ready. Rather, due to
a lack of data compatibility, middleware (e.g., game engines like Unreal Engine or
Unity) is required to make GIS data virtually explorable using HMD. Hence, VRGIS
applications such as the aforementioned example are in fact prototypes, developed
with considerable technical effort for very specific scenarios. These prototypes are
still very distant from the usability and graphics quality of commercial computer
games, as well as the rich functionalities that standalone GIS offer. In practical
terms, GIS—even when labeled as VRGIS or WebVRGIS (Lv et al. 2016)—remain
desktop-based applications.

4.2.1.3 Virtual Geographic Environments (VGE)

Comparedwith virtual globes andVRGIS, VGE provide a broader conceptual frame-
work,merging “geographic knowledge, computer technology, virtual reality technol-
ogy, network technology, and geographic information technology” (Lin et al. 2013).
Typically, VGE have four components: (a) data, (b) simulation and modeling, (c)
interaction, and (d) a collaboration module (Zhang et al. 2016). Well-founded on the
theoretical side, VGE suffer from the same practical shortcomings as VRGIS: Given
the limited compatibility between GIS and VR-ready output devices, most VGE are
desktop applications; however, virtual reality technology is currently only used for
prototyping.

4.2.2 Immersive Virtual Reality

While we have discussed geovisualization desktop VR in a nutshell, it has become
clear that the concept of VR is being interpreted ambiguously: On one hand, virtual
globes such as Google Earth do not aspire a visualization on VR displays. On the
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other, VRGIS and VGE are theoretically built upon VR capabilities, but in practice
rather GIS-driven approaches, thus failing in the current VR-disabled GIS. In order
to avoid further conceptual blur, and to clearly distinguish between digital and virtual
visualization, wewill now propose amore specific definition of VR, terminologically
identified by the amendment “immersive”.

4.2.2.1 Immersion

In accordance with recent literature (Skarbez et al. 2017; Slater 2009), we can define
immersion as a technological and, hence, objective characteristic of VR applications,
describing “the extent to which the computer displays are capable of delivering an
inclusive, extensive, surrounding and vivid illusion of reality to the senses of a human
participant.” (Slater and Wilbur 1997, p. 3). Inclusive means to fade out the user’s
physical environment, e.g., by using a HMD. Extensive means to address different
human sensory systems through the VR visualization, e.g., vision, hearing or touch.
Surrounding means to provide the user with a panoramic field of view, comparable
to human vision in the physical reality. Finally, vivid indicates the level of realism
presented by the VR application, and is dictated by image resolution and update rate,
for example.

Creating this kind of illusion of reality, the qualities of an immersive VR system
depend on several features, which have been recently analyzed by Cummings and
Bailenson (2016) within a meta-analysis of more than 80 empirical studies. Accord-
ingly, the following features are decisive:

• Positional tracking coordinates physical-world with virtual-world movement. If
this coordination is perfect, the user is providedwith six degrees of freedom (6DoF)
allowing movement and rotation along x, y, and z axes.

• Update rate refers to frequency at which VR scenes are rendered. This frequency
should match human vision, since image jitter will disturb the illusion of reality.

• Stereoscopic displays simulate binocular human vision by providing each eye with
an image rendered from a slightly different angle, hence facilitating the perception
of depth and three-dimensionality in a VR system.

• Field of view describes the extent of the virtual world observable at a glance. A
field of view comparable to the human visual field, as provided by current HMD
such as the Oculus Rift (used for the VR application presented below) or the HTC
Vive, benefits the immersive quality.

4.2.2.2 Technical Components

Considering the aforementioned features, e.g., stereoscopic display and tracking
system, it is clear that desktop-based VR systems are non-immersive by definition,
and will thus be excluded from further consideration in this chapter. For immersive
VR, the main technical components are listed below (Schulze et al. 2011):
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• 3D stereo displays provide the users with the illusion of being situated exclusively
in a virtual 3D space, while the real world’s physical environment is shut out from
visual perception. Since autostereoscopic displays cannot offer such exclusive
perception, HMD are a necessary component of current immersive VR.

• Tracking systems coordinate the user’s motion (e.g., of the head) with the informa-
tion provided in the virtual environment (e.g., of the visual information rendered
on the HMD). Current HMD usually feature 6DoF optical tracking systems, con-
sisting of infrared markers and constellation sensor(s).

• The graphics rendering unit generates the virtual scene on the fly as a function of
the information provided by the tracking system, sending the resulting images to
the stereo display. High end, discrete graphic processors are required to perform
this task (cf. Goradia et al. 2014).

4.2.3 Psychological Distance Versus Spatial Presence

From the previous sections, we can derive the assumption that immersiveVR systems
should facilitate overcoming of the different dimensions of psychological distance
discussed at the beginning of this text: Taking the example of a VR representation of
a coral reef (as further detailed below), we could reduce the spatial distance to these
underwater ecosystems by submerging the user within an immersive VR replica of
the reef. Likewise, temporal and hypothetical distance could be diminished through
simulations of (probable) past and future scenarios (e.g., coral bleaching). In order
to substantiate this assumption, we shall subsequently complement the technological
concept of immersion with the cognitive concept of spatial presence on the user side.

4.2.3.1 Spatial Presence

“Spatial Presence is a binary experience, during which perceived self-location and,
in most cases, perceived action possibilities are connected to a mediated spatial
environment […]”, (Wirth et al. 2007; cf. Skarbez et al. 2017). With this definition
in mind, research on immersive VR is built on two core assumptions

• Spatial presence facilitates understanding: “An increased sense of presence is often
thought to […] increase the effectiveness of mediated environment applications
(e.g. the practical use of such environments as tools for entertainment, learning,
training, or therapy.” (Cummings and Bailenson 2016)

• Highly immersive VR technology facilitates the formation of spatial presence, i.e.,
the user’s perception of being there (e.g., Seibert and Shafer 2018; Ahn et al. 2016;
Bailey et al. 2016).

While promising for the communication of twenty-first-century geospatial chal-
lenges, spatial presence on the user side is by no means the necessary outcome of
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every immersiveVR application. On the one hand, different components of a VR sys-
tem impact differently upon the perception of spatial presence, with tracking level,
interactivity and stereoscopy the main enabling technological factors (Cummings
and Bailenson 2016). On the other hand, spatial presence is not an exclusive product
of highly immersive VR, but can also emerge from other media products (e.g., nov-
els; Schubert and Crusius 2002). Hence, in order to provide a better understanding
of the formation of spatial presence, the following two-step model proves useful.

4.2.3.2 Formation of Spatial Presence

To formalize the formation of spatial presence, a two-level model has been presented
by Wirth et al. (2007), where the user first “must draw upon spatial cues to perceive
the mediated environment as a plausible space. Second, the user must also then
experience his or herself as being located within that perceived space.” (Cummings
and Bailenson 2016).

In accordancewith thismodel, as a first step, VRusers construct amentalmodel of
the virtual environment provided. Based on thismodel, the user answers the question:
“is this stimulus a space/room?” (Wirth et al. 2007). Both the VR application (e.g., its
attracting features) and the user (e.g., their interest or spatial abilities) will influence
the answer to this question. In the affirmative case, a so-called spatial situation model
(SSM) will be constructed (ibid.).

In a second step, users are required to prefer virtual to physical reality as their
primary frame of spatial reference, thus also answering the question “am I located in
this space/room?” (ibid.) in the affirmative. Again, both technological (e.g., update
rate) and human (e.g., attention) factors define whether the state of spatial presence
is achieved and sustained.

Regarding suitable ways to measure spatial presence, numerous methods have
been proposed (Laarni et al. 2015). Subjective approaches, where the user intro-
spectively describes his experience (e.g., using post-test questionnaires; Garau et al.
2008) can be distinguished from objective measures, e.g., of pre-test and post-test
performance (IJsselsteijn et al. 2000). With particular focus on the aforementioned
process model (Wirth et al. 2007) a spatial presence experience scale (SPES) has
been presented by Hartmann et al. (2015).

4.3 Geovisualization Immersive Virtual Environments
(GeoIVE)

In the previous sections, we have seen that twenty-first-century geography faces dif-
ferent dimensions of distance. Moreover, we provided a definition of immersive VR
and argued how VR technology can facilitate overcoming psychological distance
through the formation of spatial presence. In this part of the text, we will describe a
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Fig. 4.1 From GIS data to GeoIVE

working method that allows us to visualize geospatial data in immersive VR systems
under current technological conditions. For terminological clarity, the concept of
Geovisualization Immersive Virtual Environments (GeoIVE) is introduced, defined
as a subcategory of immersive VR applications. As such, GeoIVE must provide
interactive navigation and stereoscopic view, allowing users the experience of spa-
tial presence. Unlike other types of VR systems, GeoIVE visualize geographic envi-
ronments in a (prototypically) generalized but realistic manner, at a scale of 1:1.
Figure 4.1 summarizes this working method in graphical form, while further details
will be specified below.

4.3.1 Modeling

In order to build realistic VR representations of real geospace, GIS are the starting
point of each geovisualization immersive virtual environment (GeoIVE). Relevant
GIS data include both digital terrain models necessary to visualize the relief of the
environment tridimensionally and thematic information (e.g., on land cover), which
has to be translated into 3D object models (e.g., of particular land cover species).
While the export of terrain data into 3D graphics software (at least of small regions)
is quite straightforward (e.g., in the form of height maps), realistic 3D models of
geospatial features (e.g., species of flora and fauna) cannot as yet be created with
GIS. This is due both to missing GIS functions and the lack of data models, which
would allow the appropriate description of realistic 3D models at a 1:1 scale.
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Hence, 3D modeling of individual features has to be performed in 3D computer
graphics software on the basis of reference materials (e.g., photos and videos). While
realistic modeling is still a time-consuming procedure, photogrammetric close-range
imaging techniques such as structure from motion (SfM) represent a promising
approach to the automatic generation of high-quality (both regarding 3D object mor-
phology and texture) models (Schonberger and Frahm 2016). Recently presented
mobile devices with (stereo) pairs of cameras could convert SfM-based modeling
into a common and ubiquitous form of 3D data acquisition in the near future.

4.3.2 Composition

Since the currentGIS are unsuitable forGeoIVE3Dmodeling, GIS data and 3Dmod-
els generated in graphics software need to be blended at the beginning of the compo-
sition pipeline (cf. Fig. 4.1), in order to correctly (in terms of geographic coordinates)
position 3D models in VR space. To facilitate the formation of a spatial situational
model, a realistic user experience (UX) and ambience setting must be ensured. This
implies, in the case of GeoIVE for example, the simulation of atmospheric parame-
ters (e.g., light, wind) and environmental sound. Moreover, the interaction between
users and GeoIVE needs to be defined (ideally at a 6DoF level). Since neither the
composition of a given geospatial situation (e.g., an ecosystem), nor ambience set-
ting or user interface (UI) can be performed with GIS, game engines—beyond to
the current set of common geovisualization tools yet—provide powerful tools with
which to close this gap between GIS and immersive VR.

4.3.3 Publication

Stereo displays are a technical prerequisite for the publication of immersive VR
applications. Hence, the GeoIVE resulting from the aforementioned composition
phase must be rendered in real time and in the form of a stereo image paired to
the HMD used (e.g., Oculus Rift, HTC Vive). While the GeoIVE visualized on a
HMD implies high demands on the graphics hardware, the 3D models generated
during the modeling and composition process (cf. Fig. 4.1) can also be published
through secondary, less- or non-immersive, geovisualization products (e.g., in 3D
web libraries such as Sketchfab or as smartphone or desktop applications). Again, it
should be noted that middleware (e.g., game engines) is necessary to link GIS input
data with HMD output devices in terms of immersive VR systems.
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Fig. 4.2 Mexico VR—a case study of GeoIVE: benthonic habitats and study site in its national
and regional context

4.4 Mexico VR—A Case Study of GeoIVE

In the preceding section, we briefly presented the three main stages (e.g., modeling,
composition, and publication) eachGeoIVEmust pass through. In order to depict this
working method in further detail, including the intermediate steps shown in Fig. 4.1,
the visualization of a coral reef will be discussed below. Coral reefs provide a fine
example for the importance of psychological distance, since most people, even those
familiar with the sea, have never experienced these underwater ecosystems directly.

The site chosen for this project forms part of the Mesoamerican Reef System,
the world’s second largest barrier reef. Within this reef system, an area of 3.5 ×
3.5 km (Fig. 4.2), located in theNationalMarine Park of PuertoMorelos near Cancun
(Mexico), was modeled in terms of a GeoIVE.

4.4.1 Coral Reef Modeling

4.4.1.1 GIS Data

To represent the reef floor (incl. its major zones of fore reef, reef crest, and back reef)
at a level of detail necessary for immersive visualization at a scale of 1:1, bathymetric
data was construed fromWorldView-2 satellite imagery with a pixel size of 4 m and
a vertical resolution of 10 cm between neighboring pixels. For the study area, depths
of up to 20.9 m were measured.
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Fig. 4.3 Species modelling and texturing, using the example of the great barracuda (Sphyraena
barracuda)

Benthic coverage, the most relevant thematic information for this project, was
derived both from WorldView-2 data and on-site information (including video and
photo material), and aggregated into a seven-part classification of reef communities
(Fig. 4.2). It is worth mentioning that the study area includes the “Limones reef”, one
of the last spots of the reef system with a high presence of elkhorn corals (Acropora
palmata; Rodríguez-Martínez et al. 2014; cf. Fig. 4.4).

4.4.1.2 3D Modeling

Figure 4.2 represents the study area’s benthic coverage with traditional, two-
dimensional cartographic symbols (in this case, through colors). In order to visu-
alize this information in a GeoIVE, classes of benthic coverage first have to be
disaggregated into lists of (the most representative) species. In the present project,
these listings are derived from theNational Biodiversity Information System (SNIB),
developed by CONABIO.

Each species is then modeled tridimensionally with 3D computer graphics soft-
ware (here: Blender). The method used for 3D modeling in this project is based
on guide images: These images, taken from the side-, back-/front- and top-/bottom
views, are used to fit basic geometry objects (e.g., cuboids) to the identifying fea-
tures of the species to be represented. Moreover, the same images serve as reference
material to define realistic textures of the VR models. Finally, skeletal animations
are applied to simulate the active and passive movements typical for each species
(Fig. 4.3).

4.4.2 Coral Reef Composition

To merge both the GIS data and 3D models generated during the aforementioned
modelingphase into a format suitable for an immersive visualization on aHMD,game
engines (in this case: Unreal Engine (UE)) provide powerful middleware with which
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Fig. 4.4 GeoIVE before (left) and after (right) ambience setting

to compose a realistic VR application. In accordance with Fig. 4.1, the following
intermediate steps can be distinguished:

4.4.2.1 Ecosystem Composition

Pre-georeferenced GIS data can be directly imported into a game engine software.
Digital terrain models are converted into a 3Dmesh to provide a geomorphologically
correct basis for theGeoIVE.On this basis, thematic layers prepared in aGIS can then
be applied to the 3Dmesh as 2D textures, conserving spatial relationships between the
basemap and ecosystem components. In order to also represent the ecosystem tridi-
mensionally, 3Dmodels are imported and distributed on the 2D texture, according to
the real-world distribution area of each species. Figure 4.4 illustrates this procedure
using the example of the Acropora palmata’s 3D representations, which are spread
on the bathymetry model in accordance with the distribution area documented in the
GIS (cf. Fig. 4.2).

4.4.2.2 Ambience Setting

As shown in Fig. 4.4 (left scene), ecosystem composition in terms of 3Dmodel distri-
bution usually does not produce visualization that is suitable for forming a sensation
of spatial presence. Instead, a more realistic ambience setting must also consider
the environmental effects (e.g., atmospheric parameters). In this case study, water
with characteristics typical of a Caribbean coral reef is simulated in accordance with
reference photos and videos through color (by UE’s post-process-volume function)
and visibility range (UE’s exponential height fog). An animated material applied to
the principal light source simulates caustics, while wave movements are generated
by UE’s virtual wind function. To further facilitate the formation of spatial presence,
stereo scuba sounds are included to support site-appropriate ambience also through
auditory perception. Figure 4.4 illustrates how ambience setting can significantly
improve the realism of a GeoIVE.
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4.4.2.3 User Interface

The six degrees of freedom (6DoF) in terms of interaction with and within the VR
systems are an important element for achieving immersion and the experience of
spatial presence. The techniques of navigation, selection and manipulation and user
perspective have to be considered.

Regarding techniques of interaction, the input device chosen is crucial. Since
common input tools such asmouse and keyboard are not suitable for 6DoF navigation
in a 3D space, an optical tracking system is used in this project. This system tracks the
user’s head, translating head movements in congruent views within the GeoIVE, so
that users see the sunlight when looking up, or the sea floor when looking down, for
example. Handheld motion controllers allow users to explore the virtual ecosystem.

Regarding user perspective, navigation in this project is based on the flying vehicle
control model metaphor (cf. Duan et al. 2015). Alternatively, it would be possible
to put the user not into the perspective of a neutral observer but rather into the role
of a protagonist within the GeoIVE (e.g., as an avatar of a given species or human
actor). Recent studies indicate that VR applications produce higher engagement,
when people interact from the perspective of an avatar; this so-called embodiment
increases users’ involvement with environmental issue, as shown by the example of
ocean acidification (Ahn et al. 2016).

4.4.3 GeoIVE Production

Game engines (here: Unreal Engine) allow packaging of the final VR application
for all of the (still few) HMD systems currently available on the market, rendering
stereo images of the GeoIVE on the fly (cf. Fig. 4.5). However, in order to provide
maximum immersion and spatial presence, both HMD and powerful graphics hard-
ware are required. Since this constellation is not yet accessible for most users, we are
also publishing parts of the GeoIVE built in this project as less- or non-immersive
applications.

A less-immersive but more readily accessible solution is offered by VR-enabled
applications, where a head-mounted smartphone provides the display and proces-
sor of the VR system (e.g., Google’s Cardboard). In the present project, we took
advantage of this alternative in the form of a smartphone app, where the user can
experience all modeled reef species tridimensionally with a head mount for a smart-
phone. It should be noted, that standalone HMD, with no external PC or smartphone
attached (e.g., Oculus Go), promise amorewidespread coverage of highly immersive
VR applications in the near future.



76 F. Hruby et al.

Fig. 4.5 Stereo-scene of the final GeoIVE, rendered for a HMD

Finally, for those users with no type of HMDs at hand, a non-immersive desktop
VR application of the coral reef was built by the game engine in order to provide
an even broader public with the information generated. Both the GeoIVE and all
secondary VR applications generated during this project are available online.2

4.5 Conclusion

Growing volumes of data, paralleled by increasing computer processing power, allow
us to look ever further in time and space. As we have seen at the beginning of this
chapter, these different dimensions of distance create psychological distance, com-
plicating the transfer of knowledge that pertains to policy and actions and thus par-
ticipation in the solving of geospatial problems. Moreover, these data are frequently
put into numbers (i.e., quantitative), while user studies indicate that people are rather
“numbed by numbers” (Slovic 2007). Immersive VR technologies convert the num-
bers of big data into qualitative scenarios that one can experience and comprehend,
reducing distance through the formation of spatial presence in GeoIVE of present,
past, and future geographies.

GeoIVE have not yet been included in the set of core geospatial technologies
(GST; Baker et al. 2015). The benefits are obvious though: Developing spatial-
thinking abilities via GST is frequently mentioned as a central learning target in
geography education (Donert et al. 2016; Otero and y Torres 2017). GeoIVE provide
a new technological framework to integrate established GST like GIS and remote

2http://www.biodiversidad.gob.mx/geoviz.

http://www.biodiversidad.gob.mx/geoviz
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sensing into complete learning lines (cf. Donert et al. 2016), not only facilitating
geospatial skills like asking geographic questions and acquiring geospatial informa-
tion (National Research Council 2006) but also to “explore and visualize real-world,
critical problems” (Tsou and Yanow 2010) in a virtual environment. For these pur-
poses, GeoIVE are fine instruments: They not just allow to explore and visualize
geospatial problems distant in time and/or space, but also produce engagement and
involvement with the problems visualized, thus stimulating a quite Socratic concept
of thinking, where understanding and taking action are tightly connected. Further-
more, it is worth recalling that we have proposed to use game engine software to
connect GIS with immersive VR output devices. Consequently, GeoIVE can also be
conceptualized as computer games and hence provide a genuine link between GST
and gamification approaches (Boulos et al. 2017; Freina and Canessa 2015).

In this paper, it has been argued that geospatial technologies are not yet VR ready,
challenging geographers both in theory and practice. On the theoretical side, the
relationship between virtual and physical reality (with the latter the traditional subject
of geographic research) has to be questioned: It is often assumed that immersive
virtual environments are not real, but rather mere simulations and representation of
reality. However, this assumption does not necessarily hold true (cf. Dilworth 2010;
Brey 2014) and geographers are required to define, to what extent shall virtual space
be a field of research in twenty-first-century geography. Addressing this question is
all the more urgent since the aforementioned considerations are not limited to virtual
reality in the narrow sense discussed in this paper. Rather, a theoretical framework is
required that also includes future options of augmented reality (AR), where physical
reality is blended with VR elements.

On the practical-technical side, we have seen that the compatibility of current GIS
with immersive output devices such asHMDis limited. This is not only due tomissing
stereoscopic real-time rendering of GIS content, but also the predominant spatial
data models, which are not designed to represent geodata at a 1:1 scale necessary
to provide users with spatial presence in an immersive environment. Overcoming
both technological and theoretical shortcomings will be a challenge for twenty-
first-century geographers that must be overcome in order to effectively link real
geographies and virtual realties with immersive geospatial technologies. The main
purpose of this text was to indicate how geography could benefit from linking virtual
and real.
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