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Abstract. Digital location-based experiences, such as app-guided digital 
scavengers, depend on users being on-site. The requirement to be on-site is a 
virtue, but it can also be a shortcoming of location-based experiences, such as in 
the COVID 19 pandemic. This workshop addresses the possibilities of 
eliminating the on-site requirement, thus extending the potential application of 
location-based experiences. First, virtualization approaches will be presented, 
which allow eliminating the need to be on-site, such as the usage of 360° 
technologies or the employment of videoconferencing software. Further, various 
challenges, such as the application of existing design principles for location-
based experiences and instructional design for virtualized location-based 
experiences, are discussed and options to overcome the limitations imposed by 
the virtualization. This paper provides insights into theoretical foundations 
relevant to solving the aspects of virtualizing location-based experiences. The 
workshop results are intended to provide lasting advancements to eliminating the 
on-site requirements for location-based experiences. 
 
Keywords: location-based; serious games; 360° technology; virtual field trips; 
smart city 

1 Introduction 

Digital location-based experiences (LBEs), in the scope of this paper, are the place-
based extension of reality with the help of digital technologies. The extension can refer 
to the digital generation of optical sensory stimuli, for example, and the provision of 
interaction options depending on the respective position of the user contributes to 
digital LBEs. A prominent group of digital LBEs are location-based augmented reality 
(AR) games, which have received increasing attention in the recent decade. Examples 
of these AR games include INGRESS [1], Pokémon GO [2], Minecraft Earth [3], and 
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Harry Potter: Wizards Unite [4]. Yet apps that support geo-caching [5] and scavenger 
hunt activities [6] also enable digital LBEs. In this paper, LBEs are considered in a 
broader sense, and not limited to gaming LBEs. 

There is a multitude of positive implications of digital LBEs. Across location-based 
games, Laato et al. [7] analyze corresponding game mechanics and potential effects. In 
another work [8], Laato et al. observe an association between playing a location-based 
game and players’ psychological well-being. Also, location-based games are used as a 
tool in Citizen Science initiatives [9, 10]. Furthermore, LBEs are part of a smart city, 
increasing quality of life and more efficient use of resources [11]. Important potential 
use of LBEs is also evident in learning contexts [12–15], not only because a wide 
variety of learning approaches are supported, such as inquiry-based learning, project-
based learning, or situational learning [16]. 

Despite all benefits, however, the characteristic of being tied to a specific location 
also has a limiting effect. For example, Minecraft Earth has been discontinued at the 
end of June 2021 [17], among other reasons due to the COVID 19 pandemia caused the 
number of users to fall short of expectations [18]. Especially in learning contexts, it 
may be too costly and time-consuming to be on-site physically, so the LBE might not 
be conducted at all [19]. On these grounds, it may be beneficial to de-couple LBEs from 
the need to be on-site. This is the point this workshop addresses. The workshop aims to 
present approaches to virtualizing LBEs, e.g., using 360° technologies or video 
conferencing systems. Virtual field trips (VFTs) [20] might be considered as a subgenre 
of virtualized LBEs. Overall, the workshop intends to contribute to making the tool 
LBE more versatile by lowering the on-site requirement. The workshop can be seen as 
a continuation of previous workshops at IFIP ICEC in Vienna, Austria in 2016 about 
pervasive gamified learning [21], in Arequipa, Peru in 2019 about designing serious 
location-based games [22], and in Xi’an, China in 2020 about facilitating serious 
location-based games [23]. The research questions that will guide the workshop include 
the following: 

RQ 1: What are the technical options for freeing LBEs from the need to be on-site, i.e., 
for digitizing LBEs? 
RQ 2: In how far may existing frameworks for designing LBEs also be applied to 
virtualized location-based experiences? 
RQ 3: How may the limitations caused by the virtualization of LBEs be compensated? 

In the following Section, two, foundations for addressing these research questions 
are presented. After that, in Section three, limitations are discussed and conclusions 
drawn in Section four. 

2 Location-based experiences in the light of virtualization 

2.1 Technical and organizational options for virtualization of LBE 

Virtualization of LBEs can be achieved through various methods, such that a reality-
virtuality continuum [24] might also apply to LBEs. Methods that lead to differentially 



latitudinal positioning of an LBE on the reality-virtuality continuum towards the 
virtuality pole include: 

• Modification of interaction mechanics. Interaction mechanics in LBEs that require 
on-site presence might be redesigned to eliminate the need for on-site presence, e.g., 
remote trading in Pokémon GO [25]. While this does not eliminate the need for on-
site presence for users, it may significantly reduce the intensity of on-site presence. 

• Location spoofing. GPS spoofing allows location-based apps to simulate being at a 
specific location [26]. While this technique is perceived as cheating in various games 
[27], it may help in virtualizing LBEs: Users remain in a fixed location yet interact 
with apps as if they were on-site. This method might need to complement other 
methods if the LBE requires sensations that can only be obtained on-site, such as the 
current temperature on-site. 

• Replicating real worlds. The creation of virtual worlds used for LBEs is one of the 
methods that may lead to completely virtualized LBEs. There are various technical 
measures for creating virtual worlds. 360° video technology allows the creation of 
worlds close to reality but may not be completely navigable, with comparatively 
little effort. Geometric modelling of virtual worlds is more complex but will enable 
users more positioning freedom. As alternative options adding spatial information to 
360° models, the use of laser scanners and the creation of geometric models by 
photogrammetry may be considered. Additional information, which would 
otherwise be given via location-based apps, must be integrated into the worlds 
created. It is also conceivable to implement further interactions, such as talking to 
people simulated by chatbots. 

Interaction mechanics in LBEs may be differentiated according to the different 
interaction target groups: the users of LBEs may interact with (a) the location-based 
app, (b) additional co-users and (c) the real world. For each of these interaction target 
groups, there is a demand for virtualization: the location-based app (a) may be directly 
integrated into the virtual world; for example, by replicating the app controls, co-users 
(b) may be supported either in virtual worlds providing multi-user features or manually 
via screen sharing in a video conferencing software. Interactions must replace 
interactions with the real world (c) with the corresponding virtual world.  

2.2 Design principles for LBE virtualization 

There are several design frameworks for LBEs whose applicability for virtualized 
LBEs still needs to be reviewed [28–30]. As an example, the aspects of the Pervasive 
Game Design Framework (PGDF) [21] will be discussed in the following regarding 
possible interference with virtualization: 

• Pervasive Context. A pervasive game should reflect a pervasive context. In terms 
of LBEs, this seems to be a challenging requirement: the location-based context has 
to be represented virtually, at least in the LBE-relevant aspects. 



• Pedagogical Objective. The learning goals of an educational LBE may be impacted 
by virtualization. It has to be investigated which learning goals are no longer 
achieved or by what adaptations of the LBE the learning goals become achievable. 

• Assessment Metrics. Virtualising LBEs might also eliminate assessment metrics 
(e.g., distance walked) and might need to be replaced by other metrics (e.g., virtual 
distance walked). It may also be necessary to adjust the assessment metrics, e.g., the 
time users spend in an LBE could be reduced by the walking distance saved that 
could be completed faster virtually. 

• Difficulty Level. The difficulty level could be affected by virtualization since not 
all information might be collectable in a virtualized LBE in the same way as in 
reality. On the other hand, information can also be made more accessible through 
virtualization. 

• User Skills. The skills of the users of the LBE are not dependent on whether LBEs 
are on-site or virtual. However, the virtualization of LBEs could provide better 
accessibility for impaired users. 

• Social Interaction. Ensuring social interactions in virtual LBES appears to be a 
significant challenge as many virtual environments are not designed for multi-user 
operation. There is also a lack of uninvolved externals, which are crucial for some 
LBEs, e.g., as described in [31]. 

• Motivation. Although there is evidence that LBEs cause high motivation in their 
users [19], it remains likely that there are different preferences for virtualized or real 
LBEs depending on the user profile. If appropriate, virtualized LBEs must be 
explicitly designed for optimizing motivation. 

This non-exhaustive discussion suggests that the virtualization of LBEs is not an 
automated process but that further design decisions deserve careful consideration. 
Suppose LBEs are designed for learning, for example. In that case, the cognitive 
theories of multimedia learning [32], the Cognitive Load Theory [33], and the 
Cognitive Affective Model of Immersive Learning [34], which builds on them, are 
essential theoretical frameworks that are to be accounted for in the design of virtualized 
LBEs. For example, Petersen et al. [35] present a VFT and its instructional design-
oriented integration into an educational virtual LBE. Yepes-Serna et al. [36] discuss 
principles relevant for virtualizing learning scenarios in general. 

2.3 Overcoming Limitations of Virtualized LBEs 

Shifting elements of the LBE from reality to virtuality may change or limit the LBE. 
In such cases, it becomes necessary to investigate to what extent organizational or 
technical changes may compensate for the limitations. In the following, some examples 
are presented: 

• Due to the COVID pandemic, the game mechanics of Pokémon GO were changed, 
among others, to limit player contacts [37]. This led to considerations of how to 
change the game mechanics in a manner that would affect the original game 
experience as little as possible [25] 



• In virtualized LBEs, recognizing the characteristics of reality that are important to 
the LBE may become more complicated, among other things. For example, in a 
learning scenario for planning sewage infrastructure, it is essential to recognize the 
slope of the terrain. However, this is more challenging in 360° models, to begin with 
[19]. Coloured markings in the 360° models may provide a remedy for these 
difficulties. 

• Slingerland et al. [31] present an LBE in which interactions are an essential part of 
the game, both with other users and with strangers on the street. Special 
arrangements need to be made for the potential virtualization of this LBE, such as 
how strangers on the street can continue to be part of the game. Chatbots would 
undoubtedly be an approach to be validated. 

3 Limitations 

The LBEs and their virtualizations considered include neighbouring manifestations 
that will not be considered as much in this workshop. These manifestations include 
pervasive games [38], where absolute positioning in the real world might be not an 
integral part of the game but rather a relative positioning to other players. Similarly, 
there are intersections with mixed reality sports platforms [39], though here, too, 
absolute positioning in the real world is less important. Likewise, not covered are the 
usages of LBEs to serve human health, especially in times of the COVID pandemic 
[40]. Not included in this workshop are the affordances of using LBEs to manage the 
player population in pandemics [41]. 

4 Conclusions 

Location-based experiences (LBEs) have characteristics that turn them into 
successful learning tools, such as supporting exploratory learning. Virtualizing LBEs, 
i.e., eliminating the need to be on-site, increases the variability of the possible uses of 
LBEs. The COVID pandemic or travel constraints due to cost and time eliminate the 
need to be on-site. This article, which is the basis of a workshop on virtualizing LBEs, 
technical options for virtualization, the applicability of design frameworks, and 
mitigating limitations of virtualized LBEs compared to LBEs, were presented as 
relevant fundamentals of virtualizing LBEs. It is to be assumed that the virtualization 
of LBEs requires a non-negligible effort. The workshop intends to contribute to a topic 
that has so far been insufficiently covered in the literature.  
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