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Abstract: Location-based games are a highly technology-
dependent game genre that has witnessed an exponen-
tial increase in popularity with the democratisation of
smartphones as well as ubiquitous mobile data and access
to satellite navigation. Moving forward into the future,
location-based games can be expected to evolve as the
technologies underlying the genre improve. In this con-
ceptual work, we review the current state of the art in
location-based games, and identify key trajectories and
trends. We discovered 12 trends, based on which we jump
ten years into the future and evaluate how current technol-
ogy trends may end up influencing location-based gaming.
For example, we propose that in the year 2035 through
improvements in map data services and sensor data cover-
age, we will see locative games that are increasingly con-
nected to elements in the physical world. We also expect to
see gameplay that moves away from solely taking place on
a smartphone screen to the adoption of multiple forms of
interactions with location-based game worlds, especially as
head-mounted displays and other wearables become more
commonplace.

Keywords: locative  media;  location-based
augmented reality; trends; review

games;

1 Introduction

Location-based games (LBGs) are a genre of mobile gam-
ing where the player’s physical location is a central part
of the playing experience.! Examples include Niantic’s
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Ingress? and Pokémon GO,® Ludia’s Jurassic World Alive*
and Meyran Games’ Plant the World.> All these LBGs offer
players a map interface based on the real world, that is aug-
mented with fictional and playful content. Over the years,
LBGs have also been discussed under the umbrella of vari-
ous other terms including location-based augmented reality
(AR) games, geo games, hybrid reality games, locative games
and pervasive games, all carrying different nuances and
connections to different research traditions.® In this work,
we stick with the most popularly used term LBG.

According to Statista,” the most popular LBGs such as
Pokémon GO and Dragonquest Walk make triple digit mil-
lions of USD profit a year in in-app purchases, and they have
monthly active users in the tens of millions. The popular-
ity of the genre does not guarantee success for individual
games, as LBGs such as NBA All World® and The Witcher
Monster Slayer? have been promptly shut down and dis-
continued shortly after their release. Due to these setbacks,
there is a need to reappraise the LBG genre in light of
recent technological and design innovations. Some of these
innovations are design-related, such as the Routes feature
in Pokémon GO, the paintball feature in Monster Hunter
Now, or the building mechanics in Orna. Others relate to
more technical aspects, such as map data, sensors and gam-
ing hardware. Taken together, these trends can be seen as
paving the way for new immersive AR experiences.>!

Therefore, the aim of this work is to review the aca-
demic literature on factors related to LBGs, and extract
extant paramount trends for the future of LBGs. We focus
our review and analysis on three key areas of research and
developments: (1) geographic information systems (GIS) and
map services; (2) technical infrastructure and hardware;
and (3) design issues. After the discovery of trends pertain-
ing to these three dimensions, we then analyse how they are
likely to impact the future of location-based gaming. In other
words, this work presents an evidence-based speculation of
the future of LBGs based on trends that are visible in the
extant scholarship on the genre. To guide this research, we
propose the following research questions (RQ).

— RQ1: What trends exist in locative gaming today
based on the extant academic scholarship?
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— RQ2: In the authors’ interpretive view, what does
the future of LBGs look like in ten years based on
the observed trends?

The rest of this study is structured as follows. First, we
review and present the current state of the art of location-
based gaming research. We extract key trends, and then
offer our view of the future of locative gaming and present
concrete speculative design examples. Finally, we discuss
this study’s contributions, the limitations of this work and
propose future research avenues.

2 Trends relevant for
location-based gaming - a review
of the literature

LBGs can be regarded as a highly technology-dependent
genre. Contrary to PC and console gaming, successful LBGs
require a mobile internet connection, a backend of map
data services and they make use of sensor data such as
satellite navigation,' gyroscopes, camera and LiDAR for e.g.,
positioning augmented reality (AR) content.'? We list the key
similarities and differences in the technical requirements
between console/desktop gaming, mobile gaming and loca-
tive gaming in Table 1. While the differences are not always
clear, e.g., some mobile games do not require a stable inter-
net connection and some offline games can still make use of
sensor data (think of Ring Fit Adventure as an example®®), it
is still evident that LBGs rely on a wide range of technolo-
gies, involving both hardware and software.

Moving beyond the technical requirements, there are
also various other challenges intrinsic to LBGs such as
design and privacy challenges'? as well as challenges per-
taining to elements in the real world.! There have been
studies focusing on these aspects specifically, such as stud-
ies on how LBGs incentivise movement,"* how to design
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for social interaction in LBGs®~'7 and how to protect LBG
players’ privacy.!® In the following we begin by reviewing
the technical trends and trajectories, which we divide into
two key categories: (1) trends in GIS and map services; and
(2) trends in technical infrastructure and hardware. We then
finally discuss the trends in (3) design issues.

2.1 Trends in geographical information
systems and map services

Geographic information systems (GIS) and map services

such Google Maps (launched in 2005) and OpenStreetMaps

(launched in 2004) have already provided navigation

services and geographical information for roughly two

decades. These map services make use of satellite navigation

(such as the Global Positioning System (GPS) or Globalu-

aya Navigatsionnaya Sputnikovaya Sistema (GLONASS)™)

to position the user in a real-world map. These systems
are widely used by laypeople for activities such as travel
and tourism. All these services also increasingly contain
information about the places and spaces that they describe.

For example, Google Maps contains descriptive information

(e.g. coordinates, contact details and opening hours) as well

as perceived information (e.g. customer reviews) concern-

ing real-world points of interest such as cafés, restaurants,
tourist attractions, places of worship and libraries.!%-20

In other words, these map services now make use of

user-generated content to bring meaning, information and

understanding of places and spaces.” Therefore, we sum-
marise the following trend.

- (GIS) Trend #1: Spatial data providers and map
data services are increasingly augmented with user-
generated content including objective descriptive data
as well as subjective individual perceptions of environ-
ments and services.

Further, spatial data acquisition and visualisation
have seen a steady increase in fidelity. In Figure 1, we
display four views of the same location in Google Maps,

Table 1: The technological dimensions involved in LBGs, mobile games and console/PC multiplayer online and offline games. This table provides an

idea of why locative gaming is such a technology-dependent genre.

Technical requirement LBGs Other mobile games Console/PC (online) Console/PC (offline)
Stable internet connection Important In most cases In most cases N/A

Mobile internet connection Important Depends N/A N/A

Client-side computing Important Important Important Important

Server side computing Important Depends In most cases N/A

Map data services Important N/A N/A N/A

Sensor data Important Depends N/A In a few cases
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Figure 1: Four screenshots taken by the authors from Google Maps. The photos showcase the Neuschwanstein Castle from a top-down satellite view
(top left), an angled composite view (top right), a traditional abstract map view (bottom left) and Google street view (bottom right).

each a separate layer in the system affording differ-
ent interactions and allowing the user to tailor their
experiences to their needs. Over the past two decades,
(online) mapping services have transitioned from using
raster image tiles, to vector tiles, with the latest devel-
opment introducing high-fidelity photorealistic 3D map
tiles! (top right in Figure 1). This trend towards higher
fidelity 3D spatial information has been accelerated by
the advances in image-stitching techniques® in com-
bination with the emergence of affordable unmanned
aerial vehicles (UAVs) featuring high-quality cameras,
allowing for large geographic extents to be mapped in
three dimensions at relatively low costs.”> However, we
should also note that high-fidelity photorealistic spatial
data is not available globally and areas of low spatial
data quality still exist in large quantities,®*~2% which
is in line with findings showing underrepresented dig-
ital content in certain geographic areas in LBGs.?’~%
Nonetheless, we can see a clear trend towards higher
fidelity map data and we accordingly summarise the
following trend.

—  (GIS) Trend #2: Spatial data providers and map data
services are offering spatial information with increasing
fidelity resulting in real-world places being depicted on

1 For more information, see https://developers.google.com/maps/
documentation/tile/3d-tiles (accessed: 17.02.2024).

maps with increasing precision, levels of detail and real-
world information.

Together with user-generated content such as cus-
tomer reviews being embedded in map services,” and
the map data becoming available in higher fidelity,
information about a specific geospatial entity is being
recorded with increasing levels of detail. Instead of
defining a spatially situated entity as a building, a park
or a road, information with varying levels of granu-
larity is being recorded and attached to these entities.
This allows us to identify, for example, the type of build-
ing (e.g. castle, school, hospital), the recreational facili-
ties available in a park (e.g. playground, outdoor gym,
running track) and specific mobility-related informa-
tion (e.g. material, width, curb height) of roads, effec-
tively moving from broader categories of spatial enti-
ties to highly-detailed machine readable information.
This trend has been supported by emergent modern
machine vision techniques as well as user-generated
content leading to the identification of map content
with higher accuracy.®! Increasingly detailed and avail-
able meta-data on real-world entities has far-reaching
implications in various domains such as urban plan-
ning,®3 ecosystem services research3»% as well as
in the generation and accurate positioning of fictional
game content in location-based games.! Thus, we pro-
pose a third trend in the area of GIS.

(GIS) Trend #3: Information about real-world
spatially situated entities is being recorded and made
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available with increasing levels of granularity in
machine-readable formats, in particular in terms of the
categories an entity belongs to.

A unique requirement for globally available and
enjoyable LBGs is the global availability of game-
relevant content, and spatial information that serves as
the seed for generating the digital game content. Such
spatial data commonly comes from map data providers
as mentioned above, or from LBG-specific databases
such as Niantic Wayfarer3® Another approach is to
integrate Spatial Data Infrastructures (SDIs) provided
by the public sector. An SDI can be defined as “an
enabling platform for data sharing [including] peo-
ple, data, access networks, institutional policy, tech-
nical standards, and human-resources dimensions
[...], supporting ready access to spatial information”
[¥, p. 727]. The popularity of SDIs and their poten-
tial to support various institutions and initiatives has
grown over recent years, especially with the rise of
concepts such as building information modelling®® and
digital twins.?* Many countries (e.g. Switzerland,*® Ger-
many,*’ and Finland*!) support a national SDI, however,
LBGs require SDIs with global coverage which remain
rare. A transnational SDI covering a larger geographic
regain is the INSPIRE geoportal,*? which is an endeav-
our of the European Union based on the directive
2007/2/EC of the European Parliament*? requiring mem-
ber states of the EU to provide framework-specific data.
Initiatives such as the Global Fundamental Geospatial
Data Themes defined by the United Nations Committee
of Experts on Global Geospatial Information Manage-
ment,* advocate for the importance of spatial informa-
tion and attempt to formalise categories of fundamental
geospatial data. Further, the voluntary organisation
Open Geospatial Consortium® defines standards and
software frameworks that support the interoperabil-
ity of data sources. Although such initiatives do not
directly provide data, they highlight the importance of
ever-detailed spatial data as well as a trend towards
increasingly accessible and available open data. Finally,
we propose a fourth and last trend in the domain
of GIS.

—  (GIS) Trend #4: Growing data repositories with avail-
able and accessible open data curated by institutions and
the public sector allow for the generation of increasingly
diverse LBG content
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2.2 Trends in LBG technical infrastructure
and hardware

In addition to GIS and map data, LBGs rely on sensors
and computing to augment real-world places with fictional
content. More precisely, popular LBGs such as Pokémon GO
and Dragonquest Walk’ may rely on satellite navigation,
pedometers, gyroscopes, mobile hardware and software. An
interesting trend here is that new hardware that may be rel-
evant for AR and LBG experiences has been added to the lat-
est phone models. One example comes from Apple, as since
iPhone 12 Pro (up until iPhone 15 at minimum), the phones
have now been equipped with LiDAR sensors, enabling the
creation of point cloud scans of physical objects.® LiDAR
also enables the detection of surfaces, which can be useful
for locative and AR gaming where this can be harnessed to
more precisely and accurately position AR content in the
real world.*’ The technology also has potential in gener-
ating holograms of physical objects normally invisible to
the user,® a functionality that may be relevant in certain

AR game designs. We predict that these advances in AR-

related hardware technology help position AR content more

precisely in the real world, creating a stronger and more
immersive illusion for the user. Thus, we formulate the fol-
lowing trend.

— (Technical) Trend #1: Hardware for AR is moving to
a direction that enables more seamless, precise and
immersive positioning of AR content within the physical
world.

In order to afford immersive AR experiences, there
is a need to have interfaces and interaction affordances
that feel immersive and easy to use. An area of particu-
lar focus in this endeavour have been wearable tech-
nologies, which utilise a combination of sensors and
computing to support AR and gaming experiences.*-3
Games for smart watches’>5? can be regarded as one
example of the potential of wearables. There are also
wearables such as tangible spatially aware objects (e.g.,
Apple air tags), that are so-far not yet used exten-
sively in the game context, but have the potential to
be useful there. With wearables, we have recently seen
significant leaps originating from hoth research (e.g.,
in the field of medical sciences’®**) and the indus-
try. For example, in 2023 Apple launched their Vision
Pro headset,” which is a type of mixed-reality head-
set that has a see-through functionality, enabling the
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display of AR content.® Since head-mounted displays,
AR glasses, smart watches, and other wearables are
becoming more commonplace, shortcomings related to
these devices are being resolved,’® and major industry
players such as Apple and Meta are investing heavily
into them,’ we expect the trend of the wearable gaming
devices improving only to continue and enable better
AR gaming experiences in the future.’

— (Technical) Trend #2: Wearable gaming devices will
keep getting better, enabling more intuitive interactions
and movement in the real world.

As outlined in (GIS) Trend #4, we are seeing the
enhancement of SDIs, which apart from the aspect of
expanding GIS data, also has an infrastructure per-
spective. Notably, the trend is driven by the concept
of Digital Earth and interwoven with the Metaverse
notion.””-® An SDI includes physical servers, the cre-
ation of metadata sets and provision as open data.
Masser® identifies the keys of this trajectory as suit-
able governance structures, facilitating access, building
capacity and interoperable data. These deficits might
account for why there is currently little access to pub-
lic sector SDI. However, it is likely that these current
deficits will be eliminated, while SDIs will continue to
be enabled for increasingly complex data types (see also
(GIS) Trend #2). Consequently, we formulate a trend.

— (Technical) Trend #3: Spatial data infrastructures are
becoming more efficient and will be correspondingly
more widely used in LBGs.

Last but not least, we have the trend of mobile
devices getting better and mobile data connections get-
ting faster and cheaper. These trends are rather self-
evident, as we see mobile networks being upgraded
first from 3G to 4G, and now from 5G to 6G, and we
also see newer models for popular brands such as
Samsung, Apple and One Plus getting released on a
steady pace, each new phone carrying more sensors
and computing power than the previous. In addition
to devices themselves getting more powerful, we have
things such as cloud computing and with a fast mobile
connection, more and more of e.g., graphics computing
can be offloaded to servers. Such a design has already
been introduced e.g., in the Nvidia Shield Tablet,®* and
these developments are likely to continue as we move to
the future. As such, we propose our final two technical
trends.

— (Technical) Trend #4: Mobile data connectivity will
become better and cheaper.

— (Technical) Trend #5: Mobile devices will have better
capabilities for information processing and computing.
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2.3 Trends in design

LBG design has evolved over the years hand in hand with
technology. However, there are also certain technology-
agnostic design elements that we discuss here.

First, as discussed in the Introduction section, the most
popular LBGs such as Pokémon GO or Dragonquest Walk
are multiplayer online games.” The social dimension of
LBGs has become an integral part of their success, as the
games now scaffold social interaction both online and in-
person.’>” LBGs such as Pokémon GO also strongly feature
user-generated content in the form of players submitting
and reviewing points of interests (Pols) for the game,?
and since the summer of 2023, now also having the pos-
sibility to create walkable paths for others, called Routes.
Social playing is emphasised on various levels: there are
social in-person gatherings,'” online discussions about the
game,%! coincidental meetups with strangers and motiva-
tion to leave one’s house with follow-up potential for meet-
ing and interacting with others.!* The social dimensions
only appears to have become more important with lat-
est updates and developments in Pokémon GO and other
LBGs,'®-62 and thus, we can expect the trend of social playing
to continue moving to the future.

— Design Trend #1: In-person social playing is a powerful
dynamic that LBG designers will likely know to better
harness as the genre moves forward.

Second, accelerated by opportunities in map data
and hardware, we may see new ways to make use of
map data in LBG design. Already today, we notice a
few key differences in how LBGs make use of available
map data.>*% One such difference is in how contem-
porary popular LBGs connect in-game points of inter-
ests (Pols) to real-world locations or not.! For example,
games such as Jurassic World: Alive and Dragonquest
walk contain generic Pols that are pseudo-randomly
distributed across a real-world map, whereas games
such as Pokémon GO and Ingress (see Figure 2) have
most of the in-game interactable Pols connected to real-
world objects and locations.! One challenge of LBGs is
the uneven distribution of POIs, which differs for urban
and rural areas, for example.® Algorithms remedying
this challenge are being expected.

— Design Trend #2: LBGs design will look to better com-
bine and integrate the games with real-world land-
scapes, objects and characteristics.

Third, we have seen contemporary LBGs add mech-
anisms that support the games as being part of the
players’ daily lives. Mechanisms such as daily first
catches in Pokémon GO, daily hacks and hack streaks
in Ingress and daily quests in Monster Hunter Now
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Figure 2: Two screenshots of the Neuschwanstein Castle taken by the authors. On the left we display a screenshot from Niantic Campfire, displaying
the Pokémon GO view of the castle. On the right we have a screenshot from the game Ingress, taken by the publicly available Ingress Intel Map service.

are good examples of popular multiplayer online game
mechanics that aim to make playing a routine for
the players, a part of their daily schedule. During the
COVID-19 pandemic when government measures led
LBG designers to alter their game design, we saw a
practical example of how the developers aimed to adopt
the design of their game in a way that corresponds
with players’ lives.%* To accommodate the changes in
e.g., recommendations to self-isolate, games such as
Harry Potter: Wizards Unite and Pokémon GO were
changed to include more opportunities for remote and
solo play.* When we look at evidence from studies
on locative crowdsourcing, we also see that partici-
pants contribute mostly after work when commuting,5
suggesting that LBGs have become a genre of games
specifically serving a purpose of offering “something
to do” while carrying out daily locative tasks such as
walking the dog, commuting to work or walking to a
nearby store for grocery shopping. It makes sense from
a financial perspective for LBG developers to draw from
this unique position of their games and to increasingly
make the games more in-line with players’ daily lives.
Further, novel wearables and sensors also enable novel
game mechanics which are shaped by the dynamics of
movement and location rather than a mobile device
such as a smartphone being operated by hand. Game
inputs may be generated by movement behaviour, such

as entering a building using a specific entrance or cross-
ing the road at certain traffic lights. Smartglasses or
projections to the ground may be used for game feed-
back. In terms of data, dynamic datalayers, i.e. data that
changes over time, may be integrated into the game, e.g.
POIs become those locations where the temperature is
most appropriate or the air is cleanest — derived from
SmartCity-based sensor networks outside the game.5
This concept might also be used to support socially
desirable goals, e.g., the temporal or spatial avoidance
of substances that are harmful to health, such as nitro-
gen oxides or fine dust. Thus, we propose our final
trend:

Design Trend #3: Towards designs that integrate with
players’ daily lives and societal goals.

3 The future of location-based

gaming

We summarize the 12 trajectories that we identified and
discussed in the previous Section in Table 2. We offered evi-
dence to support these trajectories, but we cannot directly
extrapolate the future of locative gaming based on them.
We can, however, engage in follow-up analyses. There-
fore, next we discuss the future of LBGs from the follow-
ing perspectives. First, we reflect the trajectories against
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Table 2: Summary of the identified trajectories in location-based gaming and how they are likely to manifest in the future.

Thematic area Trajectories

GIS 1. Spatial data providers and map data services are increasingly augmented with user-generated content including
objective descriptive data as well as subjective individual perceptions of environments and services.
2. Spatial data providers and map data services are offering spatial information with increasing fidelity resulting in
real-world places being depicted on maps with increasing precision, levels of detail and real-world information.
3. Information about real-world spatially situated entities is being recorded and made available with increasing levels of
granularity in machine-readable formats, in particular in terms of the categories an entity belongs to.
4. Growing data repositories with available and accessible open data curated by institutions and the public sector allow
for the generation of increasingly diverse LBG content.

Hardware
within the physical world.

5. Hardware for AR is moving to a direction that enables more seamless, precise and immersive positioning of AR content

6. Wearable gaming devices will keep getting better, enabling more intuitive interactions and movement in the real

world.

7. Spatial data infrastructures are becoming more efficient and will be correspondingly more widely used in LBGs.
8. Mobile data connectivity will become better and cheaper.
9. Mobile devices will have better capabilities for information processing and computing.

Design
moves forward.

10. In-person social playing is a powerful dynamic that LBG designers will likely know to better harness as the genre

11. LBGs design will look to better combine and integrate the games with real-world landscapes, objects and

characteristics.

12. Towards designs that integrate with players’ daily lives.

previous work on the future of LBGs. Second, we anal-
yse how the trajectories alter or impact the connections
between LBGs and the physical world. Third, we discuss
how the trajectories impact the interactions in LBGs, pre-
dominantly from the perspective of whether and how wear-
ables*>>° might replace or support the smartphone as the
main interaction device. Fourth and finally, we propose the-
ses for the future of LBGs based on our primary analysis,
and through speculative design, derive three possible future
LBG scenarios.

3.1 Previously proposed and envisioned
paths for the future of location-based
gaming

While there are multiple academic studies that contain
some perspectives on the future of LBGs as a side outcome
(see e.g.,b17), to the best of our knowledge, there is much
less work explicitly on the future of LBGs. One of the few
studies is the work of Mangnus et al., who proposes an
interesting LBG experience taking place in Utrecht, Nether-
lands in the year 2040 called “Utrecht2040”. The goal of
this app is for players to envision the most sustainable
experience of their city in the year 2040, and the authors
demonstrated that through playing the LBG, players were
prompted to reimagine what their city could be like, par-
ticularly from the perspectives of inclusivity and mobility.®

This study demonstrates that as LBGs are connected to
the real world, they are in a prime position to scaffold
meaningful relationships with the physical world around
us, and LBGs themselves can act as vehicles for urban
design.

In August 2021, John Hanke, the CEO of the major LBG
developer Niantic, released an essay where he argued that
the metaverse, envisioned as a virtual reality, is a dystopian
nightmare.*® Hanke argues that abandoning physical life for
a virtual one would have grave consequences on society
as a whole. His proposed alternative is a location-based
augmented reality (AR) metaverse that would aim to sup-
port and scaffold people’s everyday lives and experiences as
opposed to replacing them. Hanke’s vision®® is supported by
the work of Mangnus et al.%® in the sense that both demon-
strate that the inherent connections that LBGs have with the
real world help keep players grounded in the physical world
and can sustain a desire to care for it. The sustainability
perspective is also present in research on smart cities®® and
playable cities.® In this study, we had less focus on the ele-
ment of sustainability, but none of the trends or trajectories
conflict with it either. Returning to Hanke,?® we postulate
that simply though scaffolding a deeper connection with
our world, LBGs can better sensitize people for real-world
problems and issues and empower them to care for our
world.



196 = S.Llaato etal.: The future of location-based AR gaming

3.2 Connections between location-based
games and the physical world

Akey overarching theme in several identified trends are the
increasingly strong connections hetween real-world entities
and their digital representations in location-based games. In
other words, the connections between the real world and
the fictive game worlds in LBGs are becoming stronger. This
can be seen as a function of increasing data availability,
increasing data quality and increasing number of users
contributing to LBGs. We argue that LBGs offer a unique
positive feedback loop in (geospatial) data generation and
curation in that LBGs use user contributions to generate
game content, in return increasing overall motivation to
play LBGs, in the long run leading to increased user num-
bers and as such more potential contributors. We have
seen this happen already in the case of Niantic’s Ingress
(launched in 2012), which was used to create the back-
bone geo data for the much more successful Pokémon GO
(launched in 2016) later on.! In light of this, we see LBGs, in
combination with advances in mobile device sensor capa-
bilities, becoming valuable crowdsourcing platforms, moti-
vating the collection and curation of real-world entities with
ever-increasing quality and fidelity.”® Technologies such as
LiDAR sensors can help here in creating point clouds from
the environments where players play. This trend in crowd-
sourcing will, in our opinion, further support the broader
adoption of the technology in the entertainment and edu-
cation sectors as well as potentially provide data for other
contexts such as policy and decision-making in urban and
land use planning.

Relating to the growing strength of connections
between the real world and virtual worlds, we see LBGS
transitioning from a 2.5 dimensional experience (e.g.
virtual 3D objects being placed on a 2D representation of
the world in map form) with some AR gimmicks,* to a fully
immersive 3D experience including elevation information,
digital twins of real-world objects as well as integrating
indoor environments and AR content. Seeing the emergence
of 3D map tiles, we argue that LBGs will not only adopt
but be integral in the creation of the third dimension. This
is already hinted at in the popular location-based game
developer Niantic adding object scanning features in their
games Pokémon GO and Ingress® where users take a series
of images of points of interest, which are then used to create
3D models of said objects. We believe true 3D experiences
(including indoor gameplay) hold great potential in
LBGs and will emerge more broadly as the technology
evolves.

Among wearables, as discussed in the (technical)
trend #2, tangible spatially aware objects are becoming
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increasingly popular. Devices such as the Apple Airtag and
Samsung SmartTag as well as wearables such as smart-
watches and smart glasses situate people and objects at spe-
cific locations and have seen widespread adoption. This in
return suggests an increasing amount of machine-readable
data of spatially situated tangible objects which may be
exploited in LBGs. We see that in the future, LBGs are
going to capitalise on these technologies by integrating
spatially situated devices into the gameplay. For example,
spatially aware temperature sensors may situate a player
in a respective LBG world as well as manipulate the
game world according to the real-world temperature of
the respective player. Spatially situated (autonomous) smart
devices may become integral to the gameplay (e.g. tangi-
ble game characters that are passed on from location to
location), further increasing the real-world to virtual-world
connections.

3.3 Moving away from staring at the
smartphone screen

A major consideration in LBGs is the inevitable divided
attention between the real-world users are moving through
and the virtual game world depicted on their device screen.
Users must carefully split their focus between real-world
phenomena (e.g. traffic, restricted areas, local laws and
regulations, terrain traversability), whilst simultaneously
trying to immerse themselves in the fictional world pro-
vided by the location-based game. We argue this restricts
LBGs from becoming fully immersive experiences. How-
ever, through the identified trends, we see LBGs becoming
increasingly hybrid in terms of interacting with the game
world. In particular, we see two overarching and comple-
mentary directions for location-based games in 10 years:
(1) the incorporation of alternative interaction possibilities
such as LBG specific sensors and wearables; and, (2) a mixed
approach to game world exploration through smart devices
as well as more computationally powerful devices such as
desktops and consoles.

When sticking to the aspect of outdoor locomotion in
LBGs, the first trend seems paramount and is supported by
wearable devices,”® and head-mounted displays such as AR
glasses that will shift our focus away from the mobile device
to the real world.® When focusing on the second aspect, we
notice that LBGs are commonly played on mobile devices
with limited computational power compared to other gam-
ing platforms. It is thus possible that a new wave of LBGs
will emerge, incorporating a mixed approach to interacting
with the game world. We expect to see game worlds based
on real-world data, augmented with fictional content. With
increasingly immersive capabilities such as VR headsets for
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exploring virtual landscapes, this form of play may become
asignificant part of gaming in the near future. There is also a
third option, a type of hybrid play where some users may be
mobile players in the real world and others explore a digital
twin of the real world that dynamically updates according
to mobile LBG players’ behaviours.

These new forms of LBG play would greatly increase
the exploration of, and interactions with the virtual hybrid
digital twin game world, opening up various interesting new
avenues in terms of education (e.g. exploring new areas of
the world and interacting with educational content outside
of one’s area of daily mobility), participatory planning (e.g.
allowing users to create 3D suggestions for potential infras-
tructure as has shown potential with Minecraft™) as well
as offer an abundance of new gameplay possibilities (e.g.
massively multiplayer online role-playing games set in real-
world locations or fantastic interpretations of real-world
entities). As such, we believe LBGs may address the issue of
split attention and limited immersion by moving towards a
multi-faceted approach to interacting with the underlying
data and by extension, the virtual game worlds.

3.4 Proposed theses for the future of LBGs

Based on the trends outlined in Table 2, as well as the above
presented follow-up analysis, we propose the following the-
ses that could represent the outcomes of the trajectories
(mediated by other factors discussed in our analysis) in 10
years. The theses do not necessarily have to apply to all
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LBGs, but describe characteristics that may be realised in
particular LBGs. The theses are displayed in Table 3.

The first thesis links to advances in technology and
design, where we will have fun activities that subtly nudge
players to do things that promote their health. We already
see this thesisin action in games such as Pokémon GO where
players move and get fresh air as a collateral outcome of
their playing.* The second thesis links to advances in both
GIS and hardware and is the outcome of the trend of LBGs
utilising more elements of the real world as part of the
games.! The third thesis links to hardware. As we obtain
new and better head-mounted displays® and wearables* we
get new opportunities for LBG design where the focus shifts
away from the smartphone screen and more towards the
real world. The fourth thesis is connected to design opportu-
nities arising from advances in GIS and technology, whereby
we are able to explore digital twins of real-world cities and
landscapes from the comfort of our home in a more immer-
sive and gamified setting. The fifth thesis is the outcome
of advances in GIS, hardware and design to some degree,
and suggests that instead of relying solely on elements that
already exist in the physical realm, LBGs might start har-
nessing sensor networks and other internet-of-things struc-
tures that seem to be becoming more and more popular
in urban environments and smart cities. The sixth thesis
links to a trend in GIS where open map resources such as
OSM are becoming more widespread and of higher quality.
We have government bodies and organisations providing
a large variety of open data, and it appears to be only a

Table 3: Our theses for the future of locative gaming. These theses are based on the trends that we elucidated in this work.

# In 10 years’ time, there can be LBGs ...

1 ... that control people’s behaviour without coercion, solely through the fun of playing, in such a way that socially relevant goals can be
achieved, for example promoting health far beyond the already present encouragement of movement.

2 ... that position fictional content accurately into the physical world, harnessing more elements of the physical world to become part of the
playing experience.

3 ... that do not require players to focus on an external mobile device screen, but visualise content directly to their field of view via
head-mounted displays such as smart-glasses or holo-projections.

4 ... that are not solely played through outdoor locomotion, but are to be explored from home via VR headsets, home gaming consoles or

PCs. In other words, LBGs that are hybrid worlds building off the digital twin concept where some players might be at home playing with
their PCs or VR gear and others moving in the real world with mobile devices.

5 ... that integrate dynamic points of interest that are derived from sensor network data, and where actions in the digital world also affect
entities in the physical world.

6 ... that use open data from the public sector as a key data source.

7 ... that are integral to the collection and curation of digital representations of real-world entities.
... which support inclusive spatial crowdsourcing as well as bottom-up participatory engagement of citizens in policy and decision-making
processes.

9 ... that gamify beneficial real-world processes, such as cleaning, taking out the trash or helping a pensioner cross the road.

10 ... which rely not only on Pols, but paths, routes, temperature, elevation, humidity and other measurable and quantifiable real-world

elements for creating immersive gameplay.
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matter of time before LBGs make better use of the available
resources. The seventh thesis links to trends in crowdsourc-
ing?70.72 where LBGs have recently been harnessed to col-
lect real-world data. This is an important potential benefit of
playing LBGs, and we see it likely that this element will be
leveraged more in upcoming years. Thesis number 8 relates
to design and GIS trends, as well as the previous thesis,
and suggests that through LBGs and crowdsourcing people
can be empowered to participate in shaping their cities,
both in the physical and digital spheres. We have already
seen examples that hint towards this direction, such as e.g.,
the work of Morschheuser et al.”> who created a prototype
game for letting people know about free parking spots. The
ninth thesis links back to the beneficial collateral outcomes
of playing LBGs, and how through LBGs we might reward
and subsequently encourage people to perform tasks and
activities that are good for society. Finally, the tenth thesis
is related to advances in GIS, and how these may be opera-
tionalized in LBG design. We argue that more information of
the physical world could be used to create more immersive
LBG gameplay.

3.5 Three examples of future LBGs

With ten theses now laid out, next we wish to elaborate on
how these may be put into practice with concrete exam-
ples. Thus, in this section we ideate and present three
possible future designs following the speculative design
approach.”-7 These designs illustrate the mechanisms and
dynamics in practice and offers a lens to a possible future of
the LBG genre. We base two of these designs on the Pokémon
franchise’® since Pokémon GO is a major reference point in
the LBG genre! and the Pokémon franchise is well-known
and documented. We argue that for many, Pokémon offers a
shared starting point for understanding how the dynamics
and ideas presented in this paper could be brought to life.
In the third idea we depart from the Pokémon franchise to
bring an alternative perspective on these issues through a
fictive example game.

3.5.1 Example 1: the entire world is a virtual
playground - introducing “Pokémon world”

There have been cases of ambitiously large adventure
games, such as The Legend of Zelda, Breath of the Wild
which was noted to have a map of the size of the city of
Kyoto”’, The Witcher 3: Wild Hunt with its two expansions,
Eve online and No Man’s Sky’® that promises an entire
universe to explore. With all these games one of the funda-
mental issues is that to make such large maps populated by
playable content, procedural content creation or enormous

DE GRUYTER

development teams are required. One of the criticisms that,
for example, No Man’s Sky received from players according
to Steam reviews was, that while the game world was indeed
huge, the content and gameplay were repetitive and full of
bugs and other usability issues.”® As we have argued for in
this work, we now have the possibility of transforming the
entire world into a virtual playground. This is not to say
that this task will be easy and cheap, but it may bring along
various advantages (e.g., in relation to experiencing real
culture and history). Currently people are already able to
move around in Google Maps Street View and Google Earth,
and explore our planet at will,”® but in the near future, we
could explore our world in a more game-like setting, where
familiar and famous buildings, structures and landscapes
are given new meanings and purposes.

Let’s take the example of Pokémon and imagine it as
such a game. The Pokémon anime series and game are built
on the notion of “what if this world of ours had creatures
called Pokémon in it”.” Now this vision can be brought to
life by creating a world-scale virtual Pokémon game that
uses a digital twin of our earth to precisely situate virtual
content. Players can explore familiar streets, but now with
new virtual content added in the mix. The game may not
have to include the entire world, but could start with the
implementation of the game in one or few popular cities
around the world. Players would experience replica of exist-
ing streets, buildings and natural locations virtually, but
with the addition of fictional Pokémon elements, making the
experience more fun and gameful. The game could include
cultural and historical information that is accurate to the
degree, that playing could be educational. This type of a
game would solve issues with procedurally generated con-
tent being repetitive and boring, and the use of real-world
environments as part of the game world, would enable the
learning of real geography, urban culture and history. Play-
ers could walk and play as they would in any 3D game and
full online multiplayer functionalities could be included.
Such an experience would surely offer new frontiers in how
we view and understand our world, and we argue that it is
only a matter of time before we see the first of these types
of games.

3.5.2 Example 2: augmenting the everyday
experience - introducing “Pokémon GO 2”

Pokémon GO is maintained as a live service game with
incremental updates to the game on a regular basis. Over the
years the game has received new features, but the essential
mechanics of augmenting a real-world map with fictional
content and exploring the world with a focus on collection
have remained untouched. Now with improvement in the
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quality, accuracy and fidelity of GIS we are able to create AR
gameplay that more closely links to the physical world, and
we will have hardware that supports more seamless inter-
action not requiring a smartphone through which the AR
world is presented to the player. With the new possibilities
in mind, we propose a new design for Pokémon GO which
we call here “Pokémon GO 2”.

In the next major iteration of the ideas originally intro-
duced to the world in 2016, players will be visualizing the
AR world through a head-mounted display as opposed to a
smartphone, and interacting with the world through wear-
able gloves. While a map-based visualization of the world
will still be available, the focus here will be on a natural eye-
gaze-based view of the world. The Pokémon creatures will
appear on the players’ line of sight and the wearable gloves
will allow for more natural interactions than a smartphone.
Harnessing the latest AR technology and point cloud scans of
real-world objects and buildings, AR content could be more
accurately positioned within the real world. Harnessing the
latest in GIS, we could ensure that poison-type Pokémon
appear near polluting factories and sewers, electric-type
Pokémon appear near power lines and power plants and
ghost-type Pokémon can be found at graveyards. This type
of a Pokémon game that more seamlessly connects with the
physical world, and which allows more natural interactions
with it, would bring the original vision of Satoshi Tajiri
closer to life.

The interactions in this game would resemble more
closely to what we see in the Pokémon anime,”® meaning
that throwing a PokéBall would be an actual throw motion,
and calling back a Pokémon could similarly be a hand ges-
ture. This would make the game more like an exergame,® as
it would contain more full body exercise than the current
version of Pokémon GO. There are limits to what this type
of a game can present to players, and, for example, animat-
ing all Pokémon creatures to realistically move in the real
world, and do realistic things (as opposed to just moving
back and forth or standing still) will still be an enormous
challenge. However, as we move further into the future, it is
likely that these types of challenges will be solved.

3.5.3 Example 3: interweaving indoor and outdoor
play - introducing “Bird Tales”

In this third scenario we offer an example of a hybrid future
scenario between the previous two proposed LBG designs.
Traditionally, LBGs are developed to be played outside, mak-
ing use of a user’s locomotion as a way of navigating the
virtual game world.! On the contrary, traditional PC and
console video games focus on designed or procedurally gen-
erated virtual content where real-world locomotion is not
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part of the gameplay. In the future, we may see a merging
of outdoor location-based gameplay with indoor PC and
console gameplay.

An example to demonstrate the interweaving of indoor
and outdoor play is a fictive game called “Bird Tales” avail-
able both as an LBG on location-enabled smartphones and
asaPCgame. The PCversion of the game can be summarised
as an online survival game where players take the role of
a specific bird character which they choose from a set of
playable bird species. In the open-world sandbox game envi-
ronment, players are tasked with building a nest, finding
food, attacking other players and defending their in-game
items from other players. The game world is a digital twin
of the real world and to start playing, players must choose
avirtual tree in the game as their starting point. The virtual
treesin the game are digital twins of real-world trees at their
respective coordinates.

Through the location-based gameplay on their smart-
phones, players have the possibility of scanning nearby sin-
gle trees or whole forested areas, effectively collecting real-
world spatial information (**7°). The collected scans are, in
turn, used to generate the game world, adding new digital
twins of real-world trees to the PC version of the game.
Playing the LBG thus directly influences the PC version by
providing a larger virtual game world to explore, effectively
motivating both indoor and outdoor play. In addition, the
game hosts a plethora of educational content on various
bird species, habitats and ecosystem services whilst generat-
ing valuable data for forestry professionals and local policy-
makers.? This fictive example shows the untapped potential
of uniting players drawn towards the outdoor nature of
location-based games and players drawn to more sedentary
indoor gameplay.

4 Conclusions

In this work, we extracted 12 key high-level trends in
location-based gaming which we summarise in Table 2.
These trends can offer readers an overview of where LBGs
as a genre seem to be heading. However, our interpretation
presented within this article is but one such perspective, and
by no means exhaustive. Based on the extracted trends, we
generated 10 theses (see Table 3) of what we believe LBGs are
gravitating towards and speculate on the evolution of LBGs
in the next ten years. Our view of the future of LBGs is over-
all positive and aligns in most parts with John Hanke’s argu-
ments that we should rather strengthen the ties between
real-world entities and virtual representations in favour of
investing in fully virtual abstract worlds as advocated by
contemporary metaverse discussions.’® In other words: we
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should make an effort to increase appreciation of being in
the real-world instead of retreating fully into the digital.
However, we also see the potential of LBGs to cater to both
the appreciation of the real and virtual worlds by moving
towards multiple forms of interaction possibilities. In par-
ticular, we see great potential of LBGs to provide novel forms
of underlying spatial data collection through tangible game-
relevant devices and nuanced insights into salient features
of an individual’s surroundings, in turn offering additional
location-based content.

With this research, we contribute to LBG design
research and industry practice by offering an overview
of current pertinent trends and providing decision-makers
with literature based potential future scenarios. Our work
can be useful for scholars and decision-makers looking to
better understand developments in the fields of playable
cities and transurbanism® and human-nature interac-
tion.82.83 We offer a trend-based look into the near future,
providing a forecast of what locative play could transform
in the near future given recent and proposed advances in
technology, infrastructure and design innovations.

To conclude this work, we wish to discuss the limita-
tions of this study. First, since we covered a broad topic,
there are likely themes and trends that we miss, or did
not emphasise strongly enough. For example, there is a
stream of research on location-based advertising and how
it may play an increasingly bigger role in LBGs. We did
not focus on this aspect and others as we wanted to stick
to key trends that, in our view, have the most impact on the
future of LBGs. Thus, what we presented, was the authors’
own interpretive reading and understanding of the schol-
arship on LBGs and what elements within are paramount.
Second, as is typical with research looking into the future,*
our analysis ultimately is no more than an informed guess
based on the identified trends. While this type of work has
scientific and practical value through synthesising the cur-
rent status quo and proposing future directions, the work
is imprecise by design, and we encourage scholars to keep
studying this topic as we move towards the future oflocative
gaming. For example, recent advances in lidar technology
have enabled new forms of location-based AR interactions
that generate data of our surroundings.®> Furthermore, we
based our analysis on immediate trends that are currently
observable, and thus, this work inevitably omits several pos-
sible developments that might arise in the field of locative
gaming in upcoming years.

Research ethics: Not applicable.

Author contributions: The authors have accepted responsi-
bility for the entire content of this manuscript and approved
its submission.

DE GRUYTER

Competing interests: The authors state no competing
interests.

Research funding: This project was supported by the UNITE
flagship and the GamiLIDAR project (both from Academy
of Finland, Grant Nos., 357907, 359472). Furthermore, fund-
ing came from by the German Federal Ministry of Edu-
cation and Research (BMBF) under Grant No. 16DHB2204
(AuCity3), and the Digi-Fellowship for Innovations in Digi-
tal Higher Education Teaching “LernARUmwelt” sponsored
by the Thiiringer Ministerium fiir Wirtschaft, Wissenschaft
und Digitale Gesellschaft and the Stifterverband. Finally,
this work was supported by the Swiss National Science
Foundation (SNSF) under Grant No. P500PT_214436.

Data availability: Not applicable.

References

1. Baer, M.; Tregel, T.; Laato, S.; Sébke, H. Virtually (Re) Constructed
Reality: the Representation of Physical Space in Commercial
Location-Based Games. In Proceedings of the 25th International
Academic Mindtrek Conference, 2022; pp. 9—22.

2. Sobke, H.; Hauge, J. B.; Stefan, I. A. Long-term Engagement in
Mobile Location-Based Augmented Reality Games. In Augmented
Reality Games I: Understanding the Pokémon GO Phenomenon, 2019;
pp. 129—147.

3. Rauschnabel, P. A;; Rossmann, A.; Dieck, M. C. T. An Adoption
Framework for Mobile Augmented Reality Games: The Case of
Pokémon Go. Comput. Hum. Behav. 2017, 76, 276 —286.

4. Laato, S.; Pietarinen, T.; Rauti, S.; Laine, T. H. Analysis of the Quality
of Points of Interest in the Most Popular Location-Based Games. In
Proceedings of the 20th International Conference on Computer
Systems and Technologies, 2019; pp. 153 —160.

5. Low, A,; Turner, J.; Foth, M. Pla (Y) Cemaking with Care: Locative
Mobile Games as Agents of Place Cultivation. In Proceedings of the
25th International Academic Mindtrek Conference; ACM: Tampere,
Finland, 2022; pp. 135—146.

6. Laato, S.; Xi, N.; Spors, V.; Thibault, M.; Hamari, J. Making
Sense of Reality: A Mapping of Terminology Related to
Virtual Reality, Augmented Reality, Mixed Reality, Xr and the
Metaverse. In Proceedings of the 57th Hawaii International
Conference on System Sciences; ScholarSpace: Hawaii, USA,

2024.

7. Statista Highest grossing geolocation AR mobile games worldwide in
1st quarter 2022, by revenue [Online], 2022. https://www.statista
.com/statistics/272332/top-grossing-ar-mobile-games/ (accessed
2024-01-12).

8. Niantic Nba All-World Has Retired [Online], 2023. https://niantic
.helpshift.com/hc/en/35-nba-all-world/faq/4202-nba-all-world-
has-retired/ (accessed 2024-01-12).

9. SPOKKO Game Closure — Frequently Asked Questions [Online],
2024. https://www.thewitcher.com/us/en/monster-slayer?
country=us (accessed 2024-01-12).

10. Rauschnabel, P. A. Augmented Reality Is Eating the Real-World!
the Substitution of Physical Products by Holograms. Int. J. Inf.
Manag. 2021, 57,102279.


https://www.statista.com/statistics/272332/top-grossing-ar-mobile-games/
https://www.statista.com/statistics/272332/top-grossing-ar-mobile-games/
https://niantic.helpshift.com/hc/en/35-nba-all-world/faq/4202-nba-all-world-has-retired/
https://niantic.helpshift.com/hc/en/35-nba-all-world/faq/4202-nba-all-world-has-retired/
https://niantic.helpshift.com/hc/en/35-nba-all-world/faq/4202-nba-all-world-has-retired/
https://www.thewitcher.com/us/en/monster-slayer?country=us

DE GRUYTER

1.

17.

18.

20.

21.

22.

23.

24.

25.

Lechner, W.; Baumann, S. Global Navigation Satellite Systems.
Comput. Electron. Agric. 2000, 25 (1—2), 67—85.

. Pinheiro Neto Jacob, J. T.; Coelho, A. F. Issues in the Development

of Location-Based Games. Int. J. Comput. Games Technol. 2011, 2011,
1-7.

. Sato, T.; Shimizu, K; Shiko, Y.; Kawasaki, Y.; Orita, S.; Inage, K.;

Shiga, Y.; Suzuki, M.; Sato, M.; Enomoto, K.; Takaoka, H.; Mizuki, N.;
Kim, G.; Hozumi, T.; Tsuchiya, R.; Otagiri, T.; Mukaihata, T.; Furuya,
T.; Maki, S.; Nakamura, J.; Hagiwara, S.; Aoki, Y.; Koda, M.;
Akazawa, T.; Takashi, H.; Takashi, K.; Ohtori, S.; Equchi, Y. Effects of
Nintendo Ring Fit Adventure Exergame on Pain and Psychological
Factors in Patients with Chronic Low Back Pain. Games Health |.
2021, 70 (3), 158 —164.

. Laato, S.; Galeote, D. F.; Bertran, F. A.; Papangelis, K.; Hamari, J.

How Location-Based Games Incentivize Moving about: A Study in
the Context of Nature-Going. In Proceedings of the ACM on
Human-Computer Interaction, 7(CHI PLAY), 2023; pp. 642 —664.

. Bhattacharya, A.; Windleharth, T. W.; Ishii, R. A.; Acevedo, I. M.;

Aragon, C. R;; Kientz, J. A.; Yip, . C.; Lee, ]. H. Group Interactions in
Location-Based Gaming: A Case Study of Raiding in Pokémon Go.
In Proceedings of the 2019 CHI Conference on Human Factors in
Computing Systems; ACM: Glasgow, Scotland, UK, 2019;

pp. 1-12.

. Fonseca, X.; Lukosch, S.; Brazier, F. Design Framework for Social

Interaction with Location-Based Games. Int. J. Serious Games 2022,
9(1),59-81.

Xu, J.; Papangelis, K.; Dunham, J.; Boulanger, C.; Lee, J. H.; Lalone,
N.; Saker, M. Understanding Social Interactions in Location-Based
Games as Hybrid Spaces: Coordination and Collaboration in
Raiding in Pokémon Go. In Proceedings of the 2023 CHI Conference
on Human Factors in Computing Systems; ACM: Hamburg, Germany,
2023; pp. 1—-19.

Rauti, S.; Laato, S. Location-based Games as Interfaces for
Collecting User Data. In Trends and Innovations in Information
Systems and Technologies: Volume 2 8; Springer, Organised Online
due to the COVID-19 Pandemic, 2020; pp. 631—642.

. Borrego, A.; Comalat Navarra, M. What Users Say about Public

Libraries: an Analysis of Google Maps Reviews. Online Inf. Rev.
2021, 45 (1), 84—98.

Mathayomchan, B.; Taecharungroj, V. “how Was Your Meal?”
Examining Customer Experience Using Google Maps Reviews. Int.
J. Hosp. Manag. 2020, 90, 102641.

Druker Shitrit, S.; Noy, C. ‘Come Support the Locals!: Mediating
Peripheral Spaces on Google Maps via User-Generated Content.
Convergence 2023, 13548565231200827. https://doi.org/10.1177/
13548565231200827.

Wang, Z.; Yang, Z. Review on Image-Stitching Techniques.
Multimed. Syst. 2020, 26, 413 —430.

Alsadik, B.; Hussein Khalaf, Y. Potential Use of Drone
Ultra-high-definition Videos for Detailed 3d City Modeling. ISPRS
Int. J. Geo-Inf. 2022, 11 (1), 34.

Barrington-Leigh, C.; Millard-Ball, A. The World’s User-Generated
Road Map Is More Than 80% Complete. PLoS One 2017, 12 (8),
e0180698; https://doi.org/10.1371/journal.pone.0180698.
Cieptuch, B.; Jacob, R.; Mooney, P.; Winstanley, A. C. Comparison of
the Accuracy of Openstreetmap for ireland with Google Maps and
Bing Maps. In Proceedings of the Ninth International Symposium on
Spatial Accuracy Assessment in Natural Resuorces and Enviromental
Sciences 20—23rd July 2010; University of Leicester, 2010; p. 337.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

S. Laato et al.: The future of location-based AR gaming == 201

Senaratne, H.; Amin, M.; Ali, A. L.; Capineri, C.; Haklay, M. A Review
of Volunteered Geographic Information Quality Assessment
Methods. Int. J. Geogr. Inf. Sci. 2017, 31 (1), 139—167.

Colley, A.; Thebault-Spieker, J.; Lin, A. Y.; Degraen, D.; Fischman, B.;
Hakkila, J.; Kuehl, K.; Nisi, V.; Nunes, N. J.; Wenig, N.; Hecht, B.;
Schéning, J. The Geography of Pokémon Go: Beneficial and
Problematic Effects on Places and Movement. In Proceedings of the
2017 CHI Conference on Human Factors in Computing Systems; ACM,
2017; pp. 1179—1192.

Juhész, L.; Hochmair, H. H. Where to Catch ‘em All? A Geographic
Analysis of Pokémon Go Locations. Geo-Spat. Inf. Sci. 2017, 20 (3),
241—251.

Laato, S.; Tregel, T. Into the Unown: Improving Location-Based
Gamified Crowdsourcing Solutions for Geo Data Gathering.
Entertain. Comput. 2023, 46, 100575; https://doi.org/10.1016/j
.entcom.2023.100575.

Tregel, T.; Raymann, L.; Gobel, S.; Steinmetz, R. Geodata
Classification for Automatic Content Creation in Location-Based
Games. In Serious Games; Alcafiiz, M.; Gobel, S.; Ma, M.; Oliveira,
M. F.; Hauge, J. B.; Marsh, T., Eds.; Springer International
Publishing: Cham, 2017; pp. 212—223.

Han, X.; Zhong, Y.; Zhang, L. An Efficient and Robust Integrated
Geospatial Object Detection Framework for High Spatial
Resolution Remote Sensing Imagery. Remote Sens. 2017, 9 (7), 666.
Ma, Z.; Ren, Y. Integrated Application of Bim and Gis: An Overview.
Procedia Eng. 2017, 196, 1072—1079.

Schrotter, G.; Hirzeler, C. The Digital Twin of the City of Zurich for
Urban Planning. PFG — J. Photogramm. Remote Sens. Geoinf. Sci.
2020, 88 (1), 99—112.

Soubry, I; Doan, T.; Chu, T.; Guo, X. A Systematic Review on the
Integration of Remote Sensing and Gis to Forest and Grassland
Ecosystem Health Attributes, Indicators, and Measures. Remote
Sens. 2021, 13 (16), 3262.

Zhou, B.; Li, X. The Monitoring of Chemical Pesticides Pollution on
Ecological Environment by Gis. Environ. Technol. Innov. 2021, 23,
101506; https://doi.org/10.1016/j.eti.2021.101506.

Niantic Niantic Wayfarer [Online], 2024. https://wayfarer
.nianticlabs.com/ (accessed 2024-01-12).

Rajabifard, A.; Binns, A.; Masser, I.; Williamson, L. The Role of
Sub-national Government and the Private Sector in Future Spatial
Data Infrastructures. Int. J. Geogr. Inf. Sci. 2006, 20 (7), 727—741.
Roschlaub, R.; Batscheider, J. Transformation of a
Cadastre-Compliant 3d Building Model of Bavaria to Inspire. Int. J.
Spatial Data Infrastructures Res. 2018, 13, 62—77.

Schweizerische Eidgenossenschaft Maps of Switzerland [Online],
2024. https://map.geo.admin.ch/ (accessed 2024-01-16).

Federal Agency for Cartography and Geodesy
GDI-DE|Geodateninfrastruktur Deutschland [Online], 2024. https://
www.gdi-de.org/ (accessed 2024-01-16).

National Land Survey of Finland Geodata portal Paikkatietoikkuna
[Online], 2024. https://kartta.paikkatietoikkuna.fi/?lang=en
(accessed 2024-01-16).

European Comission Inspire Geoportal [Online], 2024. https://
inspire-geoportal.ec.europa.eu/ (accessed 2024-01-15).

European Commission Directive 2007/2/EC of the European
Parliament and of the Council of 14 March 2007 Establishing an
Infrastructure for Spatial Information in the European Community
(INSPIRE) [Online], 2007. https://eur-lex.europa.eu/eli/dir/2007/2/
oj (accessed 2024-01-15).


https://doi.org/10.1177/13548565231200827
https://doi.org/10.1177/13548565231200827
https://doi.org/10.1371/journal.pone.0180698
https://doi.org/10.1016/j.entcom.2023.100575
https://doi.org/10.1016/j.entcom.2023.100575
https://doi.org/10.1016/j.eti.2021.101506
https://wayfarer.nianticlabs.com/
https://wayfarer.nianticlabs.com/
https://map.geo.admin.ch/
https://www.gdi-de.org/
https://www.gdi-de.org/
https://kartta.paikkatietoikkuna.fi/?lang=en
https://inspire-geoportal.ec.europa.eu/
https://inspire-geoportal.ec.europa.eu/
https://eur-lex.europa.eu/eli/dir/2007/2/oj
https://eur-lex.europa.eu/eli/dir/2007/2/oj

202 = S, laato etal.: The future of location-based AR gaming

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

UN-GGIM The Global Fundamental Geospatial Data Themes [Online],
2019. https://ggim.un.org/meetings/GGIM-committee/9th-
Session/documents/Fundamental_Data_Publication.pdf (accessed
2024-01-15).

OGC Open Geospatial Consortium [Online], 2024. https://www.ogc
.org/ (accessed 2024-01-15).

Luetzenburg, G.; Kroon, A,; Bjgrk, A. A. Evaluation of the Apple
Iphone 12 Pro Lidar for an Application in Geosciences. Sci. Rep.
2021, 11(1), 22221; https://doi.org/10.1038/541598-021-01763-9.
Alha, K.; Leorke, D.; Koskinen, E.; Paavilainen, . Augmented Play:
An Analysis of Augmented Reality Features in Location-Based
Games. Convergence 2023, 29 (2), 342—361.

Skirnewskaja, J.; Montelongo, Y.; Sha, J.; Wilkes, P.; Wilkinson, T. D.
Accelerated Augmented Reality Holographic 4k Video Projections
Based on Lidar Point Clouds for Automotive Head-Up Displays.
Adv. Opt. Mater. 2023, 12, 2301772.

Lindberg, R.; Seo, J.; Laine, T. H. Enhancing Physical Education with
Exergames and Wearable Technology. IEEE Trans. Learn. Technol.
2016, 9 (4),328—341.

Xi, N.; Chen, J.; Jabari, S.; Hamari, J.; Hamari, ]. Wearable Gaming
Technology: A Study on the Relationships between Wearable
Features and Gameful Experiences. Int. J. Hum. Comput. Stud. 2024,
181,103157; https://doi.org/10.1016/j.ijhcs.2023.103157.

Asadi, A.-R. Iparallel: A Smartwatch-Based Serious Game for
Organizational Learning. In 2020 International Serious Games
Symposium (ISGS), 2020; pp. 68—73.

Williams, M.; Nurse, J. R. C.; Creese, S. Smartwatch Games:
Encouraging Privacy-Protective Behaviour in a Longitudinal Study.
Comput. Hum. Behav. 2019, 99, 38 —54.

Karhinoja, K.; Panula, T.; Leinonen, T.; Airola, A.; Stenholm, S.;
Kaisti, M. Enhancing the Reliability of Wearable Cardiac Monitoring
Using Accelerometer Activity Data. In 2023 IEEE 19th International
Conference on Body Sensor Networks (BSN); IEEE, 2023; pp. 1—4.
Karhinoja, K.; Sirkid, J.-P.; Panula, T.; Kaisti, M.; Koivisto, T.;
Pankaala, M. Method for Measuring Jugular Venous Pulse with a
Miniature Gyroscope Sensor Patch. In 2023 45th Annual
International Conference of the IEEE Engineering in Medicine & Biology
Society (EMBC); IEEE, 2023; pp. 1—4.

Applelnc Apple Vision Pro [Online], 2023. https://www.apple.com/
apple-vision-pro/ (accessed 2023-06-12).

Spangenberger, P.; Kapp, F.; Matthes, N.; Kruse, L. Learning with
Augmented Reality Headsets? Experiences of a Use Case in
Vocational Education. In Joint International Conference on Serious
Games; Springer, 2022; pp. 246—258.

Annoni, A.; Nativi, S.; Coltekin, A.; Desha, C.; Eremchenko, E.;
Gevaert, C. M.; Giuliani, G.; Chen, M.; Perez-Mora, L.; Strobl, J.;
Tumampos, S. Digital Earth: Yesterday, Today, and Tomorrow. Int.
J. Digit. Earth 2023, 16 (1), 1022—1072.

Hanke, ). The Metaverse Is a Dystopian Nightmare. Let’s Build a Better
Reality [Online], 2021. https://nianticlabs.com/news/real-world-
metaverse (accessed 2024-02-16).

Masser, L. The Future of Spatial Data Infrastructures. In Geographic
Information Systems to Spatial Data Infrastructures; CRC Press, 2019;
pp. 227—-252.

Deyannis, D.; Tsirbas, R.; Vasiliadis, G.; Montella, R.; Kosta, S.;
Ioannidis, S. Enabling Gpu-Assisted Antivirus Protection on
Android Devices through Edge Offloading. In Proceedings of the 1st

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

DE GRUYTER

International Workshop on Edge Systems, Analytics and Networking,
2018; pp. 13—18.

Alavesa, P.; Xu, Y. Unblurring the Boundary between Daily Life and
Gameplay in Location-Based Mobile Games, Visual Online
Ethnography on Pokémon Go. Behav. Inf. Technol. 2022, 41 (1),
215—227.

Fonseca, X.; Lukosch, S.; Lukosch, H.; Brazier, F. Requirements for
Location-Based Games for Social Interaction. IEEE Trans. Games
2021, 74 (3), 377—390.

Maia, L. F.; Viana, W.; Trinta, F. Transposition of Location-Based
Games: Using Procedural Content Generation to Deploy Balanced
Game Maps to Multiple Locations. Pervasive Mob. Comput. 2021, 70,
101302; https://doi.org/10.1016/j.pmcj.2020.101302.

Dunham, J.; Papangelis, K.; Laato, S.; LaLone, N.; Lee, J.; Saker, M.
The Impacts of Covid-19 on Players of Pokémon Go. ACM Trans.
Comput.-Hum. Interact. 2023, 30 (4), 1—31.

Alt, F.; Shirazi, A. S.; Schmidt, A.; Kramer, U.; Nawaz, Z.
Location-based Crowdsourcing: Extending Crowdsourcing to the
Real World. In Proceedings of the 6th Nordic Conference on
Human-Computer Interaction: Extending Boundaries; ACM: Reykjavik,
Iceland, 2010; pp. 13—22.

Ramirez-Moreno, M. A.; Keshtkar, S.; Padilla-Reyes, D. A.;
Ramos-Lépez, E.; Garcia-Martinez, M.; Hernandez-Luna, M. C.;
Mogro, A. E.; Mahlknecht, J.; Huertas, J. I.; Peimbert-Garcia, R. E.;
Ramirez-Mendoza, R.; Mangini, A.; Roccotelli, M.; Pérez-Henriquez,
B.; Mukhopadhyay, S.; Jesus Lozoya-Santos, J. Sensors for
Sustainable Smart Cities: A Review. Appl. Sci. 2021, 11 (17),

8198.

Dunham, J.; Xu, J.; Papangelis, K.; LaLone, N.; Saker, M.; Schwartz,
D. Pokémon Go as an Advertising Platform: The Case for Locative
Advertising in Location-Based Games. ACM Games: Res. Pract. 2024,
2,1-25.

Mangnus, A. C.; Rebel, K. T.; Vervoort, J. M.; Dotinga, R.-A.;
Hoogendoorn, E.; Driessen, P. P. ).; Hajer, M. A. Picture the Future,
Play the Present: Re-imagining Sustainable Cities through a
Large-Scale Location-Based Game. Futures 2022, 135, 102858;
https://doi.org/10.1016/j.futures.2021.102858.

Ferri, G.; Thibault, M.; Veenkamp, J. Cocreation and Participation
for Designing Sustainable Playable Cities. In Games and Play

in the Creative, Smart and Ecological City; Routledge, 2020;

pp. 209—232.

Baer, M. F. Designing and Implementing a Global Multilingual
Real-Time Location-Based Game as a Novel Highly Gamified
Spatial Crowdsourcing Platform. In Proceedings of the 8th
International GamiFIN Conference; CEUR Workshop Proceedings,
2024.

Delaney, J. Minecraft and Playful Public Participation in Urban
Design. Urban Plan. 2022, 7 (2), 330—342.

Morschheuser, B.; Hamari, J.; Maedche, A. Cooperation or
Competition—When Do People Contribute More? a Field
Experiment on Gamification of Crowdsourcing. Int. J. Hum. Comput.
Stud. 2019, 127,7—24.

07 Buruk, 0.”; Ozcan, 0.; Baykal, G. E.; Géksun, T.; Acar, S.;
Akduman, G.; Baytas, M. A.; Besevli, C.; Best, J.; Cogkun, A.; Ugur
Geng, H.; Kocaballi, A. B.; Laato, S.; Mota, C.; Papangelis, K.;
Raftapoulos, M.; Ramchurn, R.; Sadaba, J.; Thibault, M.; Wolff, A.;
Yildiz, M. Children in 2077: Designing Children’s Technologies in


https://ggim.un.org/meetings/GGIM-committee/9th-Session/documents/Fundamental_Data_Publication.pdf
https://ggim.un.org/meetings/GGIM-committee/9th-Session/documents/Fundamental_Data_Publication.pdf
https://www.ogc.org/
https://www.ogc.org/
https://doi.org/10.1038/s41598-021-01763-9
https://doi.org/10.1016/j.ijhcs.2023.103157
https://www.apple.com/apple-vision-pro/
https://www.apple.com/apple-vision-pro/
https://nianticlabs.com/news/real-world-metaverse
https://nianticlabs.com/news/real-world-metaverse
https://doi.org/10.1016/j.pmcj.2020.101302
https://doi.org/10.1016/j.futures.2021.102858

DE GRUYTER

the Age of Transhumanism. In Extended Abstracts of the 2020 CHI
Conference on Human Factors in Computing Systems; ACM, 2020;
pp. 1—14.

74. Geng, C.; Spors, V.; Buruk, O. O.; Thibault, M.; Masek, L.; Hamari, J.
Crafting Bodies and Auras: Speculative Designs for Transhuman
Communication. In Proceedings of the 26th International Academic
Mindtrek Conference, 2023; pp. 354—358.

75. Marji, N.; Thibault, M.; Hamari, J. A Typology of Fantastical Cities
and Architecture: Categorizing the Urban Imaginary. In
Proceedings of the 26th International Academic Mindtrek Conference,
2023; pp. 207—222.

76. Laato, S.; Rauti, S. Central Themes of the Pokémon Franchise and
Why They Appeal to Humans. In HICSS, 2021; pp. 1-10.

77. Varnson, F. Zelda: How Big BOTW’s Map Would Be in Real Life
[Online], 2022. https://screenrant.com/zelda-botw-map-size-area-
measurement/#::text="%20And%20that’s%20how.

78. Chien, L.; Li, X.; Nummenmaa, T.; Zhang, Z.; Peltonen, J. Patches
and Player Community Perceptions: Analysis of No Man’s Sky
Steam Reviews. In DiGRA’20-Proceedings of the 2020 DiGRA
International Conference; DiGRA, 2020.

79. Power, M. ].; Neville, P.; Devereux, E.; Haynes, A.; Barnes, C. Why
Bother Seeing the World for Real?: Google Street View and the
Representation of a Stigmatised Neighbourhood. New Media Soc.
2013, 75 (7), 1022—1040.

80. Karaosmanoglu, S.; Cmentowski, S.; Nacke, L. E.; Steinicke, F. Born
to Run, Programmed to Play: Mapping the Extended Reality
Exergames Landscape. In Proceedings of the 2024 CHI Conference on
Human Factors in Computing Systems, 2024.

81. Chisik, Y.; Nijholt, A.; Schouten, B.; Thibault, M. Urban
Play and the Playable City: A Critical Perspective. Front.

Comput. Sci. 2022, 3, 806494; https://doi.org/10.3389/fcomp.2021
.806494.

82. Altarriba Bertran, F.; Sanchez, N. J.; Puig, J. M.; Cirera, M. L.; Plana,
E. F.; Montero Collell, E.; Capdeferro, O. M.; 0z’ Buruk, O.’; Hamari,
J. The Wildtech Experience: a Playful Installation for Walking
through the Outcomes of a One-Month Backpacking Study. In
Companion Publication of the 2023 ACM Designing Interactive Systems
Conference, 2023; pp. 246—250.

83. Kordyaka, B.; Laato, S.; Weber, S.; Hamari, J.; Niehaves, B. Exploring
the Association between Engagement with Location-Based Game
Features and Getting Inspired about Environmental Issues and
Nature. In Proceedings of the 2024 CHI Conference on Human Factors
in Computing Systems; ACM: Honolulu, Hawaii, USA, 2024;
pp. 1—15.

84. Minkkinen, M. Theories in Futures Studies: Examining the Theory
Base of the Futures Field in Light of Survey Results. World Futures
Rev. 2020, 12 (1), 12—25.

85. Timo, N.; Samuli, L.; Philip, C.; Tuomas, Y.; Mikko, V.; Oguz, B.;
Juho, H. Employing Gamified Crowdsourced Close-Range Sensing
in the Pursuit of a Digital Twin of the Earth. Int. J. Hum. Comput.
2024, https://doi.org/10.1080/10447318.2024.2352922.

S. Laato et al.: The future of location-based AR gaming === 203

Bionotes

Samuli Laato

Gamification Group, Tampere University,
Tampere, Finland

samuli.laato@tuni.fi

Samuli Laato works as a postdoctoral researcher at the Gamification
Group, Tampere University, Finland. He received his PhD in Autumn 2021
and his thesis focused on location-based game design and related
phenomena. In his research, Samuli wants to understand the interplay
between online technologies and people’s behaviours in the physical
world.

Heinrich Sébke

Hochschule Weserbergland, Hameln,
Germany and Bauhaus-Universitat Weimar,
Bauhaus-Institute for Infrastructure Solutions
(b.is), Weimar, Germany
https://orcid.org/0000-0002-0105-3126

Heinrich Sobke designs educational technologies for engineering
education at Bauhaus-Universitdt Weimar. In particular, he analyses
serious games using VR and AR technologies. One of his research areas is
location-based games and their potential for education. Since 2023 he is
also Professor for Interactive Digital Systems at Hochschule
Weserbergland, Hameln, Germany.

Manuel F. Baer
Centre for eResearch, University of Auckland,
Auckland, New Zealand

Manuel F. Baer is currently a research fellow at the Centre for eResearch
at the University of Auckland, New Zealand, exploring the potential of
gamification to increase engagement in spatial crowdsourcing and
citizen science. He holds a PhD in Geographic Information Science. His
passion is engaging in participatory data collection approaches to spark
a longitudinal conversation with the general public.


https://screenrant.com/zelda-botw-map-size-area-measurement/#::text='%20And%20that's%20how
https://doi.org/10.3389/fcomp.2021.806494
https://doi.org/10.3389/fcomp.2021.806494
https://doi.org/10.1080/10447318.2024.2352922
samuli.laato@tuni.fi
https://orcid.org/0000-0002-0105-3126

	1 Introduction
	2  Trends relevant for location-based gaming tnqx2013; a review of the literature
	2.1 Trends in geographical information systems and map services
	2.2 Trends in LBG technical infrastructure and hardware
	2.3 Trends in design

	3 The future of location-based gaming
	3.1 Previously proposed and envisioned paths for the future of location-based gaming
	3.2 Connections between location-based games and the physical world
	3.3 Moving away from staring at the smartphone screen
	3.4 Proposed theses for the future of LBGs
	3.5 Three examples of future LBGs
	3.5.1  Example 1: the entire world is a virtual playground tnqx2013; introducing tnqx201c;Poktnqxe9;mon worldtnqx201d;
	3.5.2  Example 2: augmenting the everyday experience tnqx2013; introducing tnqx201c;Poktnqxe9;mon GO 2tnqx201d;
	3.5.3  Example 3: interweaving indoor and outdoor play tnqx2013; introducing tnqx201c;Bird Talestnqx201d;


	4 Conclusions
	Bionotes


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


