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conversa.
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1
INTRODUCTION

As pessoas são solitárias porque constroem muros ao invés de pontes.

Antoine de Saint-Exupéry

Connection is an intrinsic human need tightly linked to mankind’s well-being (Cacioppo
and Patrick, 2008). Fostering meaningful social interaction through structured, play-based
activities exposes participants to a type of behaviour that fosters the strengthening of the
social fabric of its local communities (Fonseca et al., 2018a; Peters et al., 2010; Schouten et
al., 2017). Play is a means to foster such interaction. From the perspective of societies, play
has fundamental characteristics that have shown to be important to the very development
of civilisation (Ehrmann et al., 1968; Rodriguez, 2006). Play takes a crucial role in the
foundation and maintenance of cultures, through many social activities and behaviours that
shape, and even dictate, the purpose of interaction (Tanghe, 2016) ranging from Arts to
Philosophy, and in the etiquettes of law enforcement and warfare (Ehrmann et al., 1968;
Huizinga, 1955; Huizinga and Seresia, 1952).

Technology is present everywhere, and given it has gradually been made more acces-
sible to everybody, it is now used by millions of people for the purpose of play. From the
use of text-based monochromatic games to novel ways of interacting with technology, the
world of play is now possible in ways previously impossible to achieve. Players across the
world can now synchronously play together, enable their bodies to act as controllers of the
game, and even have such play permeate their daily lives (van Delden, 2017). Play through
technology has become so successful, that it even enabled smart and digital cities to become
’playable’. Sensors and actuators have enabled players to enter the world of play, interact
with it and with those around them, and have allowed for factors such as location and social
context to be included in the gameplay experience (Couch, 2017). Ludic social behaviour
has been enabled through important factors such as audio-visual media, perfected telecom-
munications, and ubiquitous internet (Nieuwenhuys, 1974). Elements from architecture to
psychological elements affecting behaviour and communication, bring novel ways of play
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2 1. INTRODUCTION

traditionally not experienced by players, and invite them to engage with their city and other
citizens (Innocent, 2020). Play-based activities, throughout smart urban environments, pro-
pose a positive way of using technology already available to citizens to create stronger and
healthier communities, as they bring inhabitants together in a joyful way (De Lange, 2015;
Hassan and Thibault, 2020; Stevens, 2007).

Location-based games (LBGs) embrace a relatively new type of gameplay (since early
2000’s) that blends digital fictitious game worlds with the real environment of players: com-
bining technology capable of locating players in space and interpret/use their real-world
context to enhance the gaming experience (Avouris and Yiannoutsou, 2012). LBGs expand
the fictitious boundaries of play that traditional games offer, with an ubiquitous outdoor play
experience that embraces different outdoor locations (with GPS coverage) and contexts (de-
pendent on the availability of network service) (Mullen, 2013), and interaction with others.
Such games invite players to actively engage and interact with both their surroundings and
everything and everyone they contain (Rashid et al., 2006). Such fun-based social experi-
ences and exchanges have potential use beyond pure entertainment (Clark and Clark, 2016;
Flintham et al., 2007; Fonseca, Lukosch, Lukosch, and Brazier, 2020; Hodson, 2012; Ko-
rhonen et al., 2008; Papangelis et al., 2017; Peitz et al., 2007; Pyae et al., 2017; Sotamaa,
2002). LBGs such as Pokémon Go, for example, have become so successful that cities have
explored their use for serious purposes such as boosting civic engagement in local commu-
nities, often with the order of thousands of people (B. Stokes et al., 2018). Using LBGs for
the promotion of meaningful social interaction is the challenge this thesis addresses.

On the one hand, meaningful interactions are person-dependent (Putnam, 1975): what
is meaningful to a user may not be so to another. Social interaction in itself can occur
in multiple ways (Bardis, 1979), and this mandates understanding of users’ preferences,
needs and desires for their own interactions with their fellow neighbours, which likely vary
throughout neighbourhoods and age groups. In addition to users’ preferences with respect
to the way they prefer to interact, specific knowledge on how social interaction is associated
to the upkeep of a cohesive and resilient social fabric in communities is of importance.
Social cohesion is key to social resilience, but cohesion is a construct for which there is
not one universal definition or sets of tools and methods with which it can be measured
(Friedkin, 2004; Pahl, 1991). Social cohesion is complex social construct due to the fact
that different societies have different geographies, political representations, economics, and
problems (Bruhn, 2009). On the one hand, fostering social cohesion in cities means creating
societies where people have the opportunity to live together with all their differences, and,
on the other hand, the way to approach unity and diversity, and the thresholds involved,
is unknown to specialists (Novy et al., 2012). This means that there is a gap in current
understanding of social resilience and its social dimensions, which must be addressed to
design interventions aiming for more sustainable resilient systems.

On the other hand, although the potential of location-based games to promote meaning-
ful social interaction1 (Straker et al., 2014) has been recognized, knowledge on the impli-
cations for the design of such games is limited. Firstly, little is known about requirements
for the design of LBGs for social interaction (Daneva, 2014; Fonseca, Lukosch, Lukosch,
and Brazier, 2020; Isbister and Mueller, 2015; Valente et al., 2017). Secondly, these games
1https://mashable.com/2016/07/10/john-hanke-pokemon-go/?europe=true, How the gurus behind Google Earth
created ’Pokémon Go’, last visited on December 23, 2020.

https://mashable.com/2016/07/10/john-hanke-pokemon-go/?europe=true
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are most often a product of in-house play-centred development processes (Kasurinen et al.,
2014) by experienced practitioners, for which little explicit knowledge is shared and thus not
commonly available (Daneva, 2014), nor based on user involvement during design (Eriks-
son, 2005; Isbister and Mueller, 2015; Nilsen, 2006; Straker et al., 2014; J. Yim and Gra-
ham, 2007). Thirdly, there are no known guidelines for the design of activities within LBGs
to foster social interaction between players in their own neighbourhoods, to promote play-
ful behaviour (Slingerland, Lukosch, Comes, et al., 2020) or to acquire behavioural change
(Avison and Fitzgerald, 2003; Bilandzic and Foth, 2012; Hossenlopp et al., 2007; Paay
and Kjeldskov, 2005). Lastly, the types of knowledge needed to design and develop LBGs,
ranging from game design and design patterns (Bjork and Holopainen, 2004; Björk and
Holopainen, 2006; Dormann et al., 2013; Reuter et al., 2014), to game worlds and the game
components and processes needed for very specific gameplay (Avouris and Yiannoutsou,
2012; Eriksson, 2005; Ermi and Mäyrä, 2005; Fonseca, Lukosch, Lukosch, and Brazier,
2020; Fonseca et al., 2017; Korhonen et al., 2008; Naliuka et al., 2010), and to the technical
implications for system functionality (Fonseca, Lukosch, Lukosch, and Brazier, 2020; Fon-
seca et al., 2017; Fonseca et al., 2021; Slingerland, Fonseca, et al., 2020) and architecture
(Avouris and Yiannoutsou, 2012; Naliuka et al., 2010; Söbke and Streicher, 2016), have yet
to be brought together in cohesive guidelines.

This thesis addresses these knowledge gaps: it 1) explores factors and perspectives that
play a role in social cohesion and its upkeep (including social interaction), 2) unveils re-
quirements for local social interaction using an LBG, and 3) advances knowledge on the
design of an LBG for social interaction in the neighbourhood of players. The primary focus
of this thesis is to understand user requirements, the implications for the design of LBGs,
and the evaluation of the extent to which a prototype designed and developed within the
context of this thesis fosters social interaction in different neighbourhoods in The Nether-
lands. The thesis provides a theoretical underpinning of the concept of social cohesion, and
proposes a framework with which to characterise social cohesion: this framework identifies
levels and possible factors related to cohesion that need to be taken into account to help de-
sign interventions. Social interaction is established as a key requirement for more complex
social constructs such as cohesion to emerge. This thesis then explores user requirements
for location-based games centred on interaction, and proposes several guidelines (gameplay
requirements, and design guidelines for game content targeting interaction) based on their
needs, to inform future designers of games for social interaction. The thesis also offers in-
sights on the types of social interaction triggered by the created game prototype2 and how
certain forms of interaction have been shown to be meaningful to players. This thesis takes
a technical perspective to the problems identified, which is also the lens used in the topic of
social cohesion.

The following sections describe the research objective, approach, and outline of the the-
sis.

1.1. RESEARCH OBJECTIVE
Considering the aim and gaps identified, this study asks the following research question:
"Can location-based games be designed for meaningful social interaction in public

2which is publicly available open source to the community.
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space?"
Answering this research question requires understanding of how players ideally interact

with each other (from their own perspective) to be able to define requirements formeaningful
gameplay. To be able to address the question whether location-based games can be designed,
this thesis creates a design, builds a prototype based on the lessons learned, and tests it with
players based on requirements gathered. Answering this research question also entails a set
of steps detailing how location-based games can be designed for such purpose, as design
recommendations. As such, this thesis answers the research question using a step-by-step
approach, addressing the following three sub-research questions:

1. "Which needs and requirements are essential in location-based games for social
interaction in public space?"

2. "Can a generic system design be created and implemented for location-based
games for meaningful social interaction?"

3. "Can design recommendations be identified for interaction in location-based
games for social interaction in public space?"

1.2. RESEARCH APPROACH
Addressing the stated research questions requires establishment of new knowledge. A struc-
tured approach to the formation of knowledge mandates a comprehensive understanding of
the way this knowledge can be found, what establishes knowledge validity, and therefore
what is there to be known and bywhom3. This knowledge comes from a research philosophy
that establishes what is deemed acceptable, which also enables researchers to approach their
set of research questions through different lenses and sets of methods. This section describes
the research philosophy followed in this thesis, the perspective followed, and methods used
to address the posed questions.

1.2.1. RESEARCH PHILOSOPHY
This thesis uses a post-positivist philosophy as a lens to interpret the findings. Post posi-
tivism is a research philosophy created during the twentieth century as a theoretical point
of view aiming to amend positivism, that had been the traditional point of view to reveal
objective truth (Crossan, 2003). Rooted in the previous century, positivism aligns with phi-
losophy of the age of Enlightenment in the West, that underpins a classical view and an
empirical view (Alvesson and Skoldberg, 2009; Crossan, 2003). Positivism’s etymology
derives from a Latin verbal noun that signifies "to place down, to put" (Alvesson and Skold-
berg, 2009). The object to which this action applies to is the objective truth that is present
and can be found in reality by a researcher via empirical observation, measurements, and
the collection of data (Voulis, 2019). This methodology of discovering knowledge is re-
peatable, as the researcher stands independently from what is being studied (Alvesson and
Skoldberg, 2009; Hirschheim, 1985; Weber, 2004).

Positivism’s philosophical view is criticised by post-positivism, primarily based on the
fact that the researcher is inseparable from the subject of its study (Alvesson and Skoldberg,
3https://plato.stanford.edu/entries/epistemology, Stanford Encyclopaedia of Philosophy, page 4, last visited on De-
cember 23, 2020.

https://plato.stanford.edu/entries/epistemology
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2009; Crossan, 2003). Post-positivism recognises the researchers’ background, prior expe-
riences, and their own motivation to pursue the research as biases (Crossan, 2003; Ryan,
2006). Therefore, post-positivism does not reject the perspective of an objective truth as
posited by positivism, but argues that the observations and measurements are objective
whilst recognising the effects of (Alvesson and Skoldberg, 2009; Floden, 2009). The quest
for the objective truth is therefore done from different viewpoints, such as for e.g. those
from different researchers or techniques, with observations and measurements interpreted as
manifestations of larger, underlying patterns (Alvesson and Skoldberg, 2009; Floden, 2009).
Unlike positivists, whom argue for the reduction of the scope of the problem to its simplest
possible elements, post-positivists embrace more complex problems in their own context,
thus considering them as a whole (Crossan, 2003). Post-positivists accept and consider that
research can have an open-ended and exploratory character, with one of the consequences
thus being the argumentation that both quantitative and qualitative methods are sound to
capture knowledge (unlike positivism, which only recognises quantitative methods) (Alves-
son and Skoldberg, 2009; Crossan, 2003; Ryan, 2006).

Investigation of a researcher’s own biases and their potential impact on the conducted
research is essential to a post-positivist approach (Ryan, 2006). The insights and means
explored in this thesis are inseparable from the larger perspective that is discussed next.

1.2.2. RESEARCH STRATEGY
With the overarching motivation to foster social cohesion and resilience in local communi-
ties, this research has the aim of creating and enabling gameplay experiences based on col-
lective activities designed for meaningful social interaction. Given that "meaningful social
interaction" is dependent on the users and how they experience and attribute significance to
the gameplay generated by "location-based games", this thesis takes the strategy of research
through design (RtD) (Zimmerman et al., 2007).

RtD relies on the use of design exercises in the research process, and that distinguishes it-
self frommore traditional user-centred practices4. It deploys design as a tool to gain new and
better quality knowledge about the users (Zimmerman and Forlizzi, 2014). New and existing
artefacts are combined or assembled in new ways to trigger discussions with participants, to
create new interaction-based experiences not explored by other traditional practices. These
experiences, in turn, are analysed based on scientific methods to generate knowledge (i.e.
findings with scientific value) for further theoretical understanding, and novel innovation
(Gaver, 2012). With RtD, informed interaction-based research contributions are proposed
based on how the world should be transformed, and these contributions are evaluated in their
process, invention, relevance, and extensibility (Zimmerman et al., 2007).

Regarding the process, its quality is not assessed based on the reproducibility of the exact
same results, but on the rigour applied in the documentation of the contributions and ratio-
nale followed for the deployed methods. The evaluation of invention must significantly con-
tribute with novelty, demonstrable through extensive literature reviews (that proves where
the world is and what gap is being addressed), and detailing of the technical invention(s)
(where the technical implementation(s) and the opportunities of their adoption are passed
as guidelines). With regard to relevance, relevance is the benchmark in RtD that replaces
4https://mobeedick.com/blog/research-through-design-in-what-way-it-facilitates-innovation/, Research through
Design – in what way it facilitates innovation?, last visited on December 23, 2020.

https://mobeedick.com/blog/research-through-design-in-what-way-it-facilitates-innovation/
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traditional scientific validity and reproducibility of results. Given that different designs can
be produced with the same problem or problem framing, argumentation is needed to jus-
tify the design aims posed, together with a compelling justification for the reason why the
community should consider this design (i.e. the desired impact and relevance to the world).
Lastly, RtD evaluates the extensibility of a design: it is defined as the way to build on top
of what is designed in the future (lessons learned), whether from the process used, or from
the knowledge generated by the produced artefacts.

This thesis follows these criteria throughout the reported studies. The process used is
documented, so that future researchers, game design practitioners, and subject-matter ex-
perts are able to understand the overall process followed and the reasons for design choices
made. Each study reports on the state of the art, current gaps, and the novelty proposed,
focusing on the specific innovation and learnings (e.g. guidelines) attained. The relevance
is underlined in each study, with the "whys" and "hows" the community should consider.
Lastly, each study reported in this thesis proposes future work detailing how the community
can extend, complement, or enhance the designed research.

The strategy taken, RtD, is complemented by a combination of design thinking (Dorst,
2011) and systems thinking (Checkland, 1999). The experiences gained in the studies are
triggered by designed artefacts. These artefacts (location-based games) are based on tech-
nology that require the design and engineering of software to be built, which, in turn, must
address multiple technical and non-technical requirements. The purpose of this software
(to facilitate meaningful social interaction) can only be achieved by iteratively eliciting user
requirements, and iterating the subsequent developed designs based on these requirements.
On the one hand, design thinking provides strategic and practical processes that guide the
design of system artefacts (location-based games) based on such iterative requirements: it
defines processes to analyse contexts and problems, prototype based on creative processes
(such as creative thinking that can be used for requirements elicitation), and testing and
evaluation (Dym et al., 2005; Rowe, 1987). On the other hand, Systems thinking is an inter-
disciplinary theory that defines an ecosystem with smaller and interrelated parts, organised
by a structure, and put together in a fashion where its functionalities work together to serve
a purpose (Checkland, 1999; Sweeney and Meadows, 2010). Designing and engineering a
location-based game that is capable of providing the proposed user experience implies the
thinking of: a technical ecosystem, the multiple functionalities that can serve players in their
local settings, and the way these are put together to serve the defined purpose (meaningful
social interaction in public space). In addition, systems thinking also offers a framework
with which the role of users can be defined (M. Brown, 1996), which is a necessity in this
study.

The impact of the engineered prototypes developed during this thesis are evaluated in
user studies, mainly through qualitative data analysis but also through quantitative data anal-
ysis when appropriate.

1.2.3. RESEARCH PROJECT
This thesis takes a combined design thinking and systems thinking perspective. It is part of
a wider research project called "Engineering Social Technologies for a Responsible Digital



1.3. THESIS OUTLINE

1

7

Future"5, that is concerned with aspects such as, for e.g., participatory information sys-
tems, crowd sourced solutions, gamification, augmented reality, IoT-based real-time mea-
surement of externalities, co-creation tools, and virtual reality approaches (Helbing, 2016).
This program contrasts with existent digital frameworks known as "social media", which
have increasingly turned into tools to propagate hate speech, fake news, and further social
fragmentation on the basis of profit6.

This thesis advances current understanding on how societies can become more cohe-
sive in the future through the promotion of meaningful social interaction that is carefully
designed and sustained by technological artefacts such as location-based games. It aims to
face social isolation triggered by multiple factors, such as social ones (e.g. substantial im-
migration) and "man-made" (e.g. social filter bubbles and echo chambers (Helbing et al.,
2019)). It is part of two ongoing sets of studies both aiming at granting users’ privacy by
design, and designing systems of participation that citizens can trust.

With regard to users’ privacy by design, research done has prioritised actual experiments
that explore real-life interactions over lab-based agent-based modelling7. Games have been
explored8,9,10 for example to understand the willingness of users to share sensor information
explicitly against a reward scheme, while having users knowing at all times what they are
sharing and while giving them the power to share only when they want to. Other playful ap-
proaches with serious games exist, where initiatives for community building and sustainable
living11, and sustainable development through collective action are promoted12.

With regard to participatory systems’ research, this thesis falls in line with previous work
that explored how to co-design playful outdoor activities for place making (Slingerland,
Lukosch, and Brazier, 2020), how to make individual perceptions of different individuals
merge together (Lancel et al., 2019, 2020a, 2020b), how to promote citizen engagement with
the neighbourhood (Slingerland, Lukosch, Comes, et al., 2020), how to produce sustainable
change in society (Kusnandar et al., 2019), how to jointly share information across citizens
(Slingerland et al., 2018), and how to design for the well-being of the most fragile citizens
(Kniestedt et al., 2018).

1.3. THESIS OUTLINE
The structure of the thesis is as follows:

• Chapter 2 presents an in-depth literature review on social cohesion, in relation to the
design of meaningful social interaction. It proposes a definition of social cohesion,

5www.tbm.tudelft.nl/EngineeringSocialTechnologies, Engineering Social Technologies for a Responsible Digital
Future, last visited on December 23, 2020.

6https://www.thesocialdilemma.com/, The Social Dilemma, last seen December 23, 2020.
7https://www.nervousnet.ethz.ch/, Nervousnet, Social sensing by citizens for citizens, last visited on December 23,
2020.

8https://apkpure.ai/nervousnet-treasure-hunt, Nervousnet Treasure Hunt, last seen on December 23, 2020.
9https://www.apkmonk.com/app/ch.ethz.coss.nervous.competition/, NervousNet Competition Game, last seen on
today.

10https://www.pnas.org/content/113/30/8414.short, Peer review and competition in the Art Exhibition Game, last
seen on December 23, 2020.

11http://ena.amsterdam/, Experimental Network Autonomy (ENA), last visited on December 23, 2020.
12https://climatecitycup.org, The Climate City Cup, last seen on December 23, 2020.

www.tbm.tudelft.nl/EngineeringSocialTechnologies
https://www.thesocialdilemma.com/
https://www.nervousnet.ethz.ch/
https://apkpure.ai/nervousnet-treasure-hunt
https://www.apkmonk.com/app/ch.ethz.coss.nervous.competition/
https://www.pnas.org/content/113/30/8414.short
http://ena.amsterdam/
https://climatecitycup.org
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Figure 1.1: Thesis’ outline.

a framework in which the roles of an individual, his/her community, and the formal
environment are distinguished, and presents meaningful social interaction as a key
requirement for social cohesion to be sustained and promoted. Social interaction is
then defined, together with a discussion on 1) how to support social interaction, and
2) how it can be meaningful enough to link to social cohesion.

• Chapter 3 takes social interaction as key requirement and positions this thesis on
digital location-based games to this purpose. It offers a literature review on existing
knowledge about how to design location-based games for meaningful social interac-
tion in public space, by 1) providing an overview of playful approaches developed
in urban environments for playful engagement with the physical environment and the
people in it; 2) covering existing LBGs designed for social interaction, and existing
guidelines/requirements/theory on their design; and 3) presenting a technical perspec-
tive on requirements for LBGs from a system’s perspective.

• Chapter 4 focuses on user requirements for LBGs for social interaction in local public
space, i.e. user preferences, needs and desires. A series of 4 case studies explore these
requirements following an iterative requirement design approach with different users
(adolescents and adults), in different settings (Rotterdam, and The Hague), and with
different tools (game prototypes, and user-centred design techniques).

• Chapter 5 explores how LBGs are designed from the technical perspective to under-
stand the specific functionality required for an LBG for social interaction. This chapter
analyses a number of existing LBGs, and identifies key components, and their com-
monalities.

• Chapter 6 takes the lessons learned from previous chapters to create a game concept
implemented in a game architecture and prototype. This chapter details the game
concept, game architecture design, and the design choices made.
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• Chapter 7 presents the case study in which the game prototype presented in the pre-
vious chapter is validated with respect to meaningful social interaction. This chapter
proposes design recommendations that can support practitioners in the creation of
such games in the future.

• Chapter 8 concludes this thesis by discussing the results in relation to the initial re-
search questions posed, how the lessons learned throughout address these questions,
discussing implications of findings and directions for future work.





2
UNDERSTANDING SOCIAL

COHESION: A LITERATURE
REVIEW

The increasing segregation we have in our country geographically
and culturally has led to these pretty monolithic views of different
classes of people, and because of that, we’ve lost a certain amount

of cultural cohesion.

J. D. Vance

To address social cohesion, first, we need to understand what it is. This chapter offers a
literature review on social cohesion (not from the social science’s perspective, but from one
that wants to position this research). This chapter analyses how consistently social cohesion
has been defined over time, and discusses the different points of view on social cohesion
and how they all link together, while arguing about the points of view that benefit from
further research. This work 1) updates current definitions of social cohesion with one that
better matches the multicultural nature of current societies, 2) proposes a framework to help
identify what impacts social cohesion and can thus be used to foster it, and 3) argues that
social interaction is one of the major requirements to promote and sustain cohesion. Social
interaction is then defined, and a discussion is held on 1) how it can occur, and 2) how it can
be meaningful enough to link to social cohesion.
This chapter is based on the published article: X. Fonseca, S. Lukosch, and F. Brazier, Social Cohesion Revisited:
A New Definition and How to Characterize it, In Innovation: The European Journal of Social Science Research,
vol.32, no. 2, pp. 231-253, 2018 (Fonseca et al., 2018b).

11
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2.1. METHOD OF REVIEW
By using the Google™ search engine and searching for ’books on social cohesion’, and by
considering the first 10, the result is a fairly up-to-date starting point (ranging from the
years of publication between 1999 and 2016) (Bruhn, 2014; Dobbernack, 2016; Dragolov
et al., 2016; Gough and Olofsson, 1999; Hickman et al., 2012; Jenson, 2010; Larsen, 2013;
Mizukami, 2016; Reitz et al., 2009; Vertovec, 1999). The books were then studied one by
one, and the references lists of all of them were screened for a further in-depth analysis of
relevant articles on the concept of social cohesion alone. Three methodological approaches
(theoretical and empirical, experimental, and social network analysis) (Bruhn, 2009) are
discussed. This approach also indicated a relevant period from late nineteenth century and
today.

The initial analysis was complemented with further research on the experimental studies
on social cohesion in the same period and that were not alreadymentioned using the previous
method. This was done by searching on Google™ Scholar for experimental studies on social
cohesion with the criteria ’experimental’ AND ’studies’ AND ’social cohesion’. This review
considers the first relevant 100 results (from today backwards), where relevantmeans that the
whole experiment was motivated by social cohesion and applied to humans, which discards
publications that briefly mention social cohesion, study social cohesion in species other than
humans, had some analysis to offer in populated areas of the world (excluding the poles),
or that do not even use ’social cohesion’ as a term in neither the title, the abstract, or as
keyword.

2.2. PERSPECTIVES ON SOCIAL COHESION
Key research on social cohesion started from late 19th century, and has been addressed
by different disciplinary perspectives (Psychology, Social Psychology, Sociology, Mental
Health, and Public Health), and cover different scopes (from smaller groups, to larger so-
cietal groups). Studies on social cohesion are clustered around three methodological ap-
proaches throughout the centuries: on theoretical findings and empirical research, experi-
mental studies, and social network analysis (SNA) (Bruhn, 2009). Below, key research is
presented chronologically, and organised by these three distinct approaches. Each approach
offers different insights, and all contribute in their own way to the overall complex construct
of social cohesion.

2.3. THEORETICAL AND EMPIRICAL STUDIES
This section develops a timeline with key theoretical and empirical studies. Information
is presented in a way to convey three messages to the reader: 1) which researchers are,
and were, key to the development of social cohesion as a construct, 2) how social cohe-
sion has been defined over the centuries, both in general and specific terms, and 3) which
topics/factors on social cohesion have been associated over time. This timeline is visually
represented in figure 2.1, sums up points 1) in black, 2) in green and 3) in blue, and is
developed thereafter.

Major research in social cohesion starts with Le Bon with the theory of collective be-
haviour and contagion (Le Bon, 1897). He distinguishes different types of crowds or com-
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munities, and that these have a multiplicity of characteristics, opinions and beliefs that im-
pact the individuals in a crowd. In 1897, Durkheim defines social cohesion as a characteristic
of society that shows the interdependence in between individuals of that society (Berkman
et al., 2014), and coins to social cohesion 1) the absence of latent social conflict (any conflict
based on for e.g. wealth, ethnicity, race, and gender) and 2) the presence of strong social
bonds (e.g. civic society, responsive democracy, and impartial law enforcement) (Durkheim,
1897). Cooley presents in 1909 the idea of primary groups, as groups having intimate face-
to-face communications, dynamics of cooperation and conflict in between elements, and
high numbers of friendships stemming from a substantial time spent together, which, when
absent, can foster social disorganisation (Cooley, 1909).

In 1921, Freud supports Le Bon’s opinion about the unconscious identification of indi-
viduals, and defines social cohesion as the identification of one individual with others that
share the same characteristics and provide intense emotional ties (Freud, 1923). At the same
time, McDougall defines group cohesion as the intrinsic collective mentality with levels of
reciprocity and a common way of feeling and thinking (McDougall, 1920). Further ahead,
Lewin defines a group as a dynamic whole with its own size, organisation, and intimacy
(Lewin, 1946), and argues that individual behaviour is a product of both the person and
the social environment, relating therefore agency of the individual to what the surrounding
social context affords him/her.

In 1950, Festinger et al. come up with a definition of group cohesiveness that many
researchers use thereafter (Festinger et al., 1950). For them, group cohesion is the desire of
individuals to maintain their affiliation with a group, and this drive is measured by influence
and initiative, task competence, and especially like-dislike. Cartwright endorses Lewin’s
theory of power field by arguing that power is not a trait of an individual alone, but from
bilateral relationships that mediate formal or informal control (Cartwright, 1951). Homans
argues in 1958 that the higher the value of the rewards coming from the set of negotiated
exchanges in people’s friendships, the bigger the group’s cohesion (Homans, 1958). French
and Raven also follow Lewin’s field theory, and define seven sources of social power that
affect groups’ dynamics and cohesion (connection, expertise, information, legitimacy, ref-
erence, reward, and coerciveness) (French et al., 1959). Lott and Lott discover that the
degree of liking is an indicator of group cohesion (A. J. Lott and Lott, 1966), and advance
a new definition of social cohesion as a group property that is induced from the amount and
strength of reciprocal positive attitudes among individuals of a group (A. J. Lott and Lott,
1961). Janis describes pressures for conformity in collective decisions observed in cohesive
groups, even when these are wrong (Janis, 1972). Granovetter complements the theory of
primary groups by looking at the strength of weak ties. Social cohesion is affected by how
much the friendship networks of individuals of different groups overlap (Granovetter, 1977).
In 1983, Stokes supports previous studies on the degree of cohesion and quality of informa-
tion disclosed to other members, by defending that group cohesion is enhanced whenever
intimate topics are shared in between individuals of the group, and whenever individuals
adopt a balanced risk-taking behaviour (J. P. Stokes, 1983). Braaten defines group cohesion
as the equivalent of good relationship for an individual, which, when present, can help an
individual to become the person h/she strives to be. He researches factors like group cohe-
sion and its role in a good relationship, and creates a multidimensional model that supports
the establishment, support, and achievement of a high level of cohesion (Braaten, 1991).
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Maxwell suggests a first definition for social cohesion for the Canadian Policy Research
Networks: ’Social cohesion involves building shared values and communities of interpre-
tation, reducing disparities in wealth and income, and generally enabling people to have
a sense that they are engaged in a common enterprise, facing shared challenges, and that
they are members of the same community’ (Maxwell, 1996). Alaluf defends that cohesion
is promoted by the social system delimited by the nation, and defines it as a sense of a
nation (identity) as a whole (unified), as represented by distinctive traditions, culture, and
language1 (Alaluf, 1999). Lockwood defines social cohesion as the strength of primary and
secondary networks, which adds to the studies of Cooley (primary groups) and Granovetter
(weak ties) (Lockwood, 1999). He defends that social cohesion manifests in voluntary asso-
ciations and family organisation, in the absence of traditional crime, and that civic society
and social cohesion are linked via secondary associations.

1https://en.oxforddictionaries.com/definition/national_identity, Definition of national identity, last visited on De-
cember 23, 2020.

https://en.oxforddictionaries.com/definition/national_identity
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Figure 2.1: Theoretical and empirical studies.
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Beauvais defines social cohesion as an on-going process, with known group structures,
levels of solidarity and shared values between individuals, and with mechanisms to solve
conflict, while arguing that it is comprised of 5 different dimensions (belonging, inclusion,
participation, recognition, and legitimacy) (Beauvais and Jenson, 2002). Jeannotte updates
the definition of Maxwell in 2003 (and still in use today): ’the ongoing process of develop-
ing a community of shared values, shared challenges and equal opportunity within Canada,
based on a sense of trust, hope and reciprocity among all Canadians’ (Jeannotte, 2003). The
Council of Europe defines social cohesion as ’the capacity of a society to ensure the well-
being of all its members, minimising disparities and avoiding marginalisation’ (CoE, 2008)
with the following characteristics: 1) reciprocal loyalty and solidarity, 2) strength of social
relations and shared values, 3) sense of belonging, 4) trust among individuals of society (the
community), and 5) reduction of inequalities and exclusion. The Council of Europe (CoE)
still uses this definition today2. The OECD presents its concise definition that relies on three
independent pillars: social inclusion, social capital, and social mobility: ’A cohesive society
works towards the well-being of all its members, fights exclusion and marginalisation, cre-
ates a sense of belonging, promotes trust, and offers its members the opportunity of upward
mobility’ (de Cooperación y Desarrollo Económico, 2011). Parsons researches how poli-
tics, religion, family, education, and economics are functional for a society, and considers
social cohesion as levels of order and stability put together by shared norms and values in
society (T. Parsons, 1991). These enable individuals to identify and contribute to common
goals, and share moral and behavioural norms that function as a base for interpersonal re-
lationships. Larsen defines cohesion as the belief that citizens have on a given nation that
shares a moral compass, which in turn provides a common ground for trust (Larsen, 2013).
It is then defined and measured by the amount of individuals trusting each other in some
degree (national identification and belief).

2.4. EXPERIMENTAL STUDIES
Experimental studies on social cohesion have an exploratory approach and can be catego-
rized into three general types of experiments: 1) observational, 2) manipulation of group
cohesion or test of its resilience, and 3) experiments fostering social cohesion. Experiments
in the observational category regard measurements through observation of certain group
conditions that are recorded via some quantitative method (either a scale, a questionnaire,
or other form of annotation). Experiments in the manipulation of group cohesion or test of
its resilience are experiments in which experimenters directly influence the cohesiveness of
a group (or challenged it). Lastly, the experiments on fostering social cohesion fall into the
third category, by mainly changing initial test conditions and then letting the group change
its level of cohesion without further influence of the researchers.

This section develops each of the 3 types of experiments in subsections, each with a
respective timeline and chronological presentation of studies. These timelines on experi-
mental studies have two messages for the reader: 1) to show what the mentioned researchers
consider to be relevant in social cohesion, and what they researched/measured, and 2) what
researchers find. Each timeline presents a colour scheme to help the reader understand the
nature of the research covered, and how often it was covered.
2http://www.coe.int/t/dg3/, last visited on December 23, 2020.

http://www.coe.int/t/dg3/
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2.4.1. OBSERVATIONAL MEASUREMENT

Figure 2.2: Timeline experimental studies, observational measurement approach.

Moreno researches the existent structures of social groups and their group dynamics based
on forces of attraction and repulsion (Moreno, 1934). He discovers in 1934 that group dy-
namics are shaped by the choices and patterns individuals take in regard to their relation-
ships. Lippitt researches the impact of different leadership styles in group cohesion, and
argues that group cohesion is higher when the leader is democratic, as it is highly influenced
by whether individuals have their expectations met (Lippitt, 1943; Lippitt andWhite, 1943).
Polansky looks at how social behaviour and interaction is influenced by other individuals,
and finds out that the status in a group is an important determinant of both susceptibility and
actual instigation of contagion behaviour in others (N. Polansky et al., 1950). Carron studies
the theory of group dynamics, and defines a multidimensional model with several aspects
linked to cohesion and the relationship between the group and the individual (Carron et al.,
2005; Carron et al., 1985). He defines group cohesion as a process of remaining together
and united, with all the individuals’ needs met. Silbergeld researches the psycho-social at-
mosphere of different therapy groups, and creates a scale that measures group environment
and several indicators of both group cohesion and conformity (Harpine, 2011; Silbergeld
et al., 1975). Mackenzie analyses both the leaders’ skills and groups’ climates, and devel-
ops a questionnaire to measure group cohesion via the individual’s engagement, conflict,
and avoidance (MacKenzie, 1981; MacKenzie et al., 1987). Piper focuses on the percep-
tions that individuals have from other members of the group, the leader, and the group as a
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whole, and uses these to define group cohesion as the result of the set of bonds that exist in
a group (Piper et al., 1983).

Budman relates group cohesion with individuals’ perceptions of outcome in the group,
and defines 3 metrics to quantify social cohesion: 1) individuals acting together towards
a common goal, 2) positive engagement around common goals, and 3) a vulnerable and
trusting attitude that fosters the sharing of private materials (Budman et al., 1987; Fuhri-
man and Burlingame, 1994). Brawley researches the relationship between cohesion and the
behaviour of athletic teams and their individuals, and designs a questionnaire to measure
multiple aspects of perceived cohesion in groups. He manages to validate both the group
integration and individual attractions to the group as predictors of group cohesion (Brawley
et al., 1987). Meyer compares scores of two questionnaires (group environment and sport
orientation) on group cohesion and attitude towards competition of athletes (Meyer, 2000).
She finds out that cohesion of co-acting teams is more strongly related to individual or so-
cial factors than it is the overall focus or goal of a team. Vianen examines the relationship
between personality composition and team performance, and defends that 1) conscientious-
ness and agreeableness contribute to task cohesion, 2) levels of extroversion and emotional
stability fostered social cohesion, and 3) task characteristics are a substantial factor influenc-
ing group personality, group dynamics, and group performance (Van Vianen and De Dreu,
2001). In 2002, Carron analyses the relationship between task cohesiveness and group suc-
cess, while looking also at individuals’ perceptions of the group’s cohesion and how these
relate to group consistency (Carron et al., 2002). His analysis reveal that cohesiveness is a
shared perception, and that there is a strong relationship between cohesion and success.

Peterson defines social cohesion as a construct linked to community participation with
notions of trust, shared emotional commitment and reciprocity (Peterson andHughey, 2004).
While furthering this notion, he investigates whether gender interacts with social cohesion
to predict intrapersonal empowerment. He shows that the effects of social cohesion on in-
trapersonal empowerment are different for females and males, due to different participatory
experiences related to social connectedness. Groenewegen studies health, well-being, and
feelings of social safety, and looks at how social cohesion is affected by local green areas
(Groenewegen et al., 2006). He argues that attractive green areas in the neighbourhood may
serve as a focal point of tacit coordination for positive informal social interaction, which
strengthens social ties and social cohesion. Høigaard looks at the relationship between group
cohesion, group norms, and perceived social loafing, and discovers that the combination of
high social cohesion, low task cohesion, and low team norms seems to underlie perceptions
of social loafing (Høigaard et al., 2006). Echeverría examines the association between so-
cial cohesion and several mental health and health behaviour problems (Echeverria et al.,
2008). She associates less socially cohesive neighbourhoods with increased mental health
problems and poorer health habits, regardless of race/ethnicity. Kim researches the relation-
ship between social capital and health (public, mental, physical, health-related behaviours,
and ageing outcomes), and conceptualises social capital as an attribute of a cohesive group
(D. Kim et al., 2008). He points out that social relationships have, and produce, valued re-
sources (capital), which exist in cohesive groups. Ball examines the associations between
social participation of individuals, the neighbourhood’s interpersonal trust, and physical ac-
tivity among women, and argues that women are more likely to participate in leisure-time
physical activity when they participate in local groups or events taking place in neighbour-
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hoods where residents trust one another (Ball et al., 2010).
Mair analyses associations of neighbourhood stressors (perceived violence and disorder,

and physical decay and disorder) and social support (residential stability, family structure,
social cohesion, reciprocal exchange, social ties) with depressive symptoms, and argues that
depressive symptoms are both positively and negatively associated with, respectively, neigh-
bourhood stressors, and social support factors (Mair et al., 2010). Verkuyten studies in 2010
whether assimilation of information affects the relationship between ethnic self-esteem and
situational well-being (Verkuyten, 2010). He shows that ethnic self-esteem is positively
related to feelings of global self-worth and general life-satisfaction, particularly when infor-
mation undermines the individual’s ability to live their ethnic identity and threatens their
group’s positive distinctiveness. De Vries furthers the work of Groenewegen by focusing
on green spaces and in three particular mechanisms through which greenery might exert its
positive effect on health: stress reduction, stimulating physical activity and facilitating so-
cial cohesion (De Vries et al., 2013). His study confirms that green spaces of quality reduce
stress and facilitate social cohesion.

Gilligan studies in 2014 the effects of wartime violence on social cohesion, and discovers
that violence-affected communities exhibit higher levels of pro-social motivation, measured
by altruistic giving, public good contributions, investment in trust-based transactions, and
willingness to reciprocate trust-based investments (Gilligan et al., 2014). At the same time,
Whitton makes further analysis on the group environment questionnaire by accounting for
the hierarchical nature of group data collected, and her analysis suggests that cohesion is
a group-level construct (Whitton and Fletcher, 2014). Aletta investigates an open public
space used mainly as a pedestrian crossing to analyse the relationship between the audio
stimuli and peoples’ behaviours (Aletta et al., 2016). The results support the idea that the
acoustical manipulation of the existing sound environment could provide soundscape strate-
gies capable of promoting social cohesion in public spaces. Ohmer argues that low-income
communities can prevent violence and its extensive consequences by developing collective
efficacy (the sharing of norms and values, trust one another, and willingness to intervene
to address common problems) (Ohmer, 2016). She proves that the increase of collective
efficacy includes social capital and social cohesion.

2.4.2. MANIPULATION OF GROUP COHESION OR ITS RESILIENCE

Figure 2.3: Timeline experimental studies, manipulation of experimental studies approach.

Festinger investigates the way that face-to-face interactions in small groups impose pressure
upon individuals to follow group norms (Festinger et al., 1950). He argues that individuals
have a drive to be accurately self-evaluated, and this affects group formation and group
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structure. In the following year, Schachter researches productivity in a group, and finds out
that more cohesive groups are more successful at influencing their members (Schachter et
al., 1951). Asch argues that people want to be liked, and therefore conform more or less
depending on the forces opposing them in the group (Asch, 1952). He finds out that 75% of
the participants in his experiments change opinions at least once, especially when they are
the only ones with a contrary judgement.

Milgram experiments on both the theory of pressures of conformity and on resilience
of the cohesiveness of the group, and finds out that individuals go almost to any length
in harming others in order to conform to given orders (Milgram, 1965). Lott researches
how different individuals’ agencies in a group affect their positive attitudes towards other
members (A. J. Lott and Lott, 1969). He also researches interpersonal attitudes that involve
people who evoke attitudes, and supports the hypothesis that liked individuals can func-
tion as effective positive reinforcers and disliked individuals the opposite. Grieve examines
the cohesion-performance relationship, and his results indicate that performance has more
impact on cohesion than cohesion has on performance (Grieve et al., 2000). Blanchard re-
searches intrinsic and extrinsic motivations’ impact on group cohesion, and finds out that
individual perceptions of cohesiveness positively predict the satisfaction of the basic psy-
chological needs of individuals (Blanchard et al., 2009).

2.4.3. FOSTERING OFGROUPCOHESION (MANIPULATION OF INITIALVARI-
ABLES)

Figure 2.4: Timeline experimental studies, fostering of group cohesion approach.

Deutsch researches the influence of rewards on social cohesion based on cooperation and
competition (Deutsch, 1949). He finds that these have a substantial impact on social cohe-
sion: 1) groups that are rewarded on a cooperative basis are more cohesive than those on a
competition basis, and 2) group dynamics play a bigger role than the goal of the group when
it comes to member’s motivation to stay in the group. Sherif researches conflict, and how
common tasks can mitigate conflicts and promote social cohesion (Sherif and Sherif, 1969).
He learns that common activities, both in between different groups and with all members
together, result, respectively, in inter-group hostility, and inter-group cooperation (both with
high in-group bonds). Hogg discusses psychological group formation, and whether this is
linked to social cohesion (interpersonal attraction) or social identity (personal identifica-
tion), and his findings prove that groups are formed due to motives of personal identity and
not for existent social cohesion (Hogg and Turner, 1985).

2.5. SOCIAL NETWORK ANALYSIS’ STUDIES
Social Network Analysis (SNA) attempts to bridge the gap between different scopes of the
several scientific disciplines by looking at all network levels of society - individual, micro,



2.5. SOCIAL NETWORK ANALYSIS’ STUDIES

2

21

meso and macro (Persell et al., 1984; Phillips, 2006) - through the theories of networks and
graphs. SNA characterizes network structures through individuals and the ties connecting
them that represent the relationships or interactions (D’Andrea et al., 2010).

This section develops a timeline with the key studies on SNA. Information is presented
in a way to convey two messages to the reader: 1) the researchers responsible for furthering
the comprehension on social cohesion through SNA, and 2) the researched topics/factors
that these key studies focused on. This timeline is visually represented in figure 2.5, sums
up points 1) in green and 2) in black, and is developed thereafter.

Figure 2.5: Timeline SNA’s studies.

With the foundation of Sociometry in 1934, Moreno introduces basic analytical meth-
ods, and, twenty years later, Barnes studies social organisation of class and committees
while pinning SNA to explain patterns of ties, primary groups and social groups (Barnes,
1954). Rapoport and Horvath are also among the early developers of SNA by showing that
it is possible to measure higher-level networks by studying relationships’ dynamics through
them (Sociometry) (Rapoport and Horvath, 1961). Laumann creates social network surveys
to display ethnographic and religious structures of different classes of social networks at
higher levels than the individual (Laumann, 1973), and, at around the same time, Granovet-
ter contributes with his theory of the strength of weak ties, in which SNA is a central piece
to link society at both micro and macro levels (Granovetter, 1977).

White contributes in the 1960s to a well-developed methodology for SNA by devel-
oping models that combines patterns of relationships into descriptions of social structures
(White et al., 1976). Burt describes social differentiation in terms of interpersonal patterns
among individuals in a system (Burt, 1980), i.e. some network models treat relationships
among all individuals whilst others describe the relations in which an individual is involved.
Krackhardt uses SNA to affirm that a better perception of the shape of informal networks
can in itself be a base of power (Krackhardt, 1990), which is perceived to be well above
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the power attributable by formal structural hierarchies. At the same period, Wellman and
Wortley advance the definition of communities as personal networks no longer confined to
geographical areas and with the capability to provide with different kinds of supportive re-
sources (Wellman and Wortley, 1990). Still in 1990, Bollen and Hoyle look at the same
time at the perceptions of cohesion of members of a group at both the individual level (per-
ceived cohesion is the role of the group in the life of the member) and group level (the role
of members in the life of the group) (Bollen and Hoyle, 1990).

Ahuja and Carley use SNA to develop a simulation model for individual behaviour that
analyses how groups keep their distinctiveness throughout the intake of new members and
ideas (Ahuja and Carley, 1998, 1999). Moody and White define 1) the structural cohesion
of a network as the minimum number of individuals that needed to be in the group for it
not to become disconnected, and 2) the structural dimension of embeddedness as the tiered
nesting of cohesive structures in the network (Moody and White, 2003).

2.6. DEFINITION OF SOCIAL COHESION
Literature shows that there is a fragmented view of what social cohesion is. It is best de-
fined by the absence of conflict or crime (Durkheim, 1897), a characteristic of society (CoE,
2008), a desire for affiliation (Festinger et al., 1950), a group property (A. J. Lott and Lott,
1966), a degree of stability (T. Parsons, 1991), the strength of connections (Braaten, 1991),
as a transient state/process (Jeannotte, 2003), and the same as good relationships or a na-
tional identity (Alaluf, 1999) (which might not be true in current multicultural societies).
Some definitions (de Cooperación y Desarrollo Económico, 2011; Jeannotte, 2003) started
to be adopted worldwide (e.g. in European Union, Canada and Australia), likely because
these also considered the economic sphere of society along with the general well-being and
equal representation/opportunities in society. These more widely adopted definitions aim at
defining cohesion at a level that is wide enough for a whole society and not for small groups
only.

2.6.1. THREE LEVELS IN SOCIAL COHESION
There are certain perspectives that are consistently used to study social cohesion, and these
are seen to be levels that should be considered to acquire comprehensive understanding on
the complex construct that is social cohesion. The three levels (the individual, community,
and institutions) are described here under, and coined to the respective research(ers) as well.

Level of the Community. The level of community is, for e.g., the shared loyalties, mutual
moral support, social capital, strong social bonds, trust, social environment, formal and
informal control, overlap of individuals’ friendship networks, pressures for conformity and
caring, civic society, reciprocal loyalty and solidarity, strength of social relations, shared
values, common goals, moral behaviour and norms, values of rewards in groups, and process
performance and goal attainment.

In theoretical and empirical studies (e.g. from Durkheim (Durkheim, 1897), cohesion
started initially to be studied through the level of the community/society. Research on the
topic starts off with collective behaviour and group contagion, different groups and their
characteristics/beliefs, the interdependence between individuals and the importance of other
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people for the individual (primary or secondary social ties to the individual and how much
these overlap), the collective mentality of groups, the agency or power of the individual
that is highly affected by others in the community, the errors made by groups and not by
individuals alone, and the quality/intimacy of the topics shared in group. Cohesion is studied
in groups of individuals, and even understood as the quantity/quality/type of social capital
coming from the social relationships. The definition of social cohesion from the Council of
Europe (CoE, 2008) is linked to this level of the community through the shared values of
reciprocity, loyalty, and solidarity, and the quality of social relations that includes the value
of trust, a definition that is extended by Maxwell and Jeannote (Jeannotte, 2003; Maxwell,
1996). Adding to this level of the community are also the values of moral compass, national
identification and belief.

On to experimental studies, a sizeable amount of research done gives strength to the per-
spective on the community. Researchers focused for e.g. on the different group dynamics,
group goals, and all the processes that occur in between individuals. Carron (Carron et al.,
1985) and Deutsch (Deutsch, 1949) focus on group dynamics like competition vs. collab-
oration towards group goals, which relates to both Mackenzie’s work on group climate and
Budman’s experiments on individuals acting together towards common goals. Also cov-
ered are the in-group processes of group influence and leadership styles of Lippit (Lippitt,
1943), which relates to Polansky work on the status an individual has in a group and the
susceptibility and instigation of contagion behaviour in others (N. Polansky et al., 1950).
These studies also relate to the group processes studied by Lott and Sherif (A. J. Lott and
Lott, 1969; Sherif and Sherif, 1969), which looked at individuals as positive and negative
reinforcers for the group, alongside inter-group processes of hostility and cooperation.

Level of the Individual. The level of the individual is, for e.g., the individuals’ intimate
face-to-face communication, task competence, degree of like-dislike, initiative, individual
behaviour, quality of intimate topics shared, sense of belonging, inclusion, individual par-
ticipation, recognition and legitimacy.

Theoretical and empirical studies on social cohesion often take the point of view at the
level of the individual. This level was first brought by Freud’s work (Freud, 1923), with the
individual’s identification with the group, which focuses more on the motives of the individ-
ual to be part of a group. Festinger, Back and Schachter’s definition on social cohesion also
strengthens Freud’s argument on the role of the individual in cohesion and his/her desires
to belong to a group and stay in it (Festinger et al., 1950). This level of the individual is
also furthered through the importance of the degree of liking as a personal reward to belong
and maintain affiliation with a group - the amount of personal reward. Braaten adds to the
studies of these researchers by arguing that groups, when capable of bringing a good rela-
tionship to individuals, help them becomewho they desire to be (Braaten, 1991). This desire
of the individual also goes along with the argument from Beauvais (Beauvais and Jenson,
2002) and the definition of social cohesion from the Council of Europe (CoE, 2008), which
mention the degree of belonging of the individual, and how much it affects the degree of
participation in the group.

On experimental studies, researchers also cover this level well by for e.g. measuring
personal feelings and general attitudes towards other individuals. Researchers like Moreno
(Moreno, 1934), Asch (Asch, 1952) and Milgram (Milgram, 1965) study levels of lik-
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ing and disliking, degrees of likeability and conformity in the group, which relate to the
work of Piper on the individuals’ perceptions from other members of a group (Piper et al.,
1983), and the work of Lott on positive attitudes towards other members (A. J. Lott and
Lott, 1969). Many of these works also precede the study on individual engagement (namely
from Mackenzie and Budman - (Budman et al., 1989; MacKenzie et al., 1987), which also
consider aspects like conflict and avoidance, positive participation in group’s activities, vul-
nerable and trusting attitudes, and the sharing of personal data in between individuals.

Level of the Institutions. The level of institutions consists of, for e.g., social disorgani-
sation, lack of social conflict, life satisfaction, voting, social behaviour, suicide rates, civic
society, trust and multiculturalism, and reduction of inequalities and exclusion.

In theoretical and empirical studies, research identifies several relevant factors that play
a role in social cohesion and that consistently point out the need for a balanced society
with equal opportunities and rights for all citizens. Factors like impartial law enforcement,
civic society, and responsive democracy are mentioned now and then by researchers like
Durkheim and Lockwood, which underline the importance of social contexts and different
styles of governance in variables such as wealth, ethnicity, race, and gender. Durkheim shed
light on the role of the ’formal’ context of societies for cohesion, implying that the unequal
or ill-structured context of societies (affected by, for e.g. law-making) hinders cohesion
(Durkheim, 1897). Lockwood added a distinction of social integration (actors) and system
integration (structure), which covers the absence of traditional crime, voluntary associations
and family organisations (civic society) (Lockwood, 1999). This highlights the need to ac-
count for the role of formal institutions or societal bodies (that can aid citizens and intervene
for them) in the debate on social cohesion. This is also coherent with the need for inclusion
mentioned by Beauvais (Beauvais and Jenson, 2002), the reduction of inequalities and ex-
clusion mentioned by the Council of Europe (CoE, 2008), and the equal opportunities and
upwardmobility from the definition of the OECD (de Cooperación y Desarrollo Económico,
2011), which can be provided by governments and formal institutions (e.g. NGO’s) best.

To the best of our knowledge, the perspective formal institutions is not taken in experi-
mental studies on social cohesion, or merely not coined to the literature on social cohesion.
This means that future studies designed to research social cohesion should consider the per-
spective of institutions, as it does not seem to have been covered in a substantial way.

2.6.2. ABUNDANCE OF STUDIES AND THE THREE LEVELS
Theoretical and empirical studies are abundant, and so are most of the experimental ones.
On experimental studies, there is a lack of research that manipulate group cohesion or its re-
silience (figure 2.3), and also research that seeks to foster social cohesion by altering initial
conditions and testing these out (figure 2.4). The majority of the experimental studies focus
on observing group dynamics and individual behaviour in regard to a group (and collecting
data through scales or questionnaires), as shown in figure 2.2. These focus on observation
of group dynamics from a distance (without disturbing the pre-existent in-group processes),
and do not focus on manipulation of group cohesion or test of its resilience, or on trialling
different group configurations or initial variables (and assess whether these foster or hinder
cohesion). Particularly on experimental studies that aim at fostering group cohesion by ma-
nipulating initial variables only, the last recorded study is in 1985, and while this is not a
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scientific finding, it might be interesting to understand why this might be the case. In terms
of SNA’s studies, they focus on different levels and topologies of groups in society. They
focus on how well or loosely coupled individual links are connected to the overall group,
and on how these different topologies affect group characteristics like the overall cohesion
or connectedness of that group. Studies through SNA prove to enhance the understanding
of social cohesion in a way that experimental studies are not able to (for e.g. the strength
of weak ties (Granovetter, 1977) and overall ethnographic/religious social structures (Lau-
mann, 1973) that focus on the boundaries of groups at meso/macro levels).

As discussed in the following, it is not common to see research on social cohesion cov-
ering all three levels. Most of the studies cover the individual and the community, but they
mostly miss the role of governance and formal institutions in society that are responsible for,
for e.g., the social environment (and its structures, norms and values), for decision making,
conflict management, social upward mobility, or human rights like voting or access to basic
commodities. Researchers like Parsons consider the level of institutions in his definition (T.
Parsons, 1991), but do not cover the level of the individual, while others like Larsen focus
on the levels of individual and community, but fail to mention the role of formal institu-
tions (Larsen, 2013). The three levels do appear in some research. They can be observed
in several of the definitions of social cohesion widely used today, and, particularly, in those
from the Council of Europe (CoE, 2008), Jeannotte - used by the Canadian government
(Jeannotte, 2003), and from the OECD (de Cooperación y Desarrollo Económico, 2011).

Cohesion happens in the intersection of the threementioned levels, and therefore all three
levels need to be considered to understand social cohesion. An individual might have the
motivation to belong to a group and the drive to participate and perform in it, but if the formal
structure of the country does not allow citizens to act, then social cohesion is hampered. This
means that the environment of individuals dictates their agency, i.e. the individual’s freedom
to act and choose that is directly conducive to the well-being of the individual (Ibrahim
and Alkire, 2007). For individuals to act, they need favourable communities (climate with
compatible sets of norms and values) and institutions (formal structures, norms and values)
that do not forbid or limit the individual’s actions and choices. Further research is necessary
though, in order to understand how these are linked.

2.6.3. REDEFINITION OF SOCIAL COHESION
Current definitions of social cohesion do not cover the multiplicity of values and cultures
found in current societies, and, as a result, current societies might be governed and shaped
around a construct that can also contribute to substantial/chronic conflict.

Larsen made a pertinent argumentation about the globalized multiculturalism and how
it might go against the idea of similarity of mind and the shared values required to establish
trust (and cohesion to a bigger extent) (Larsen, 2013). He defended that heterogeneity of
society and all its diversity goes against social cohesion because a cohesive society shares
a moral compass (ground for trust). This implies that there cannot be generalized trust
among different clusters of individuals with different cultures and values3. Failure to achieve
acceptance towards all forms of human kind and their diverse expressions leads through
the course of time to a fragmented and negative cohesion (Cheong et al., 2007). Mixed
3https://www.merriam-webster.com/dictionary/morality, Definition of morality, last visited on December 23,
2020.

https://www.merriam-webster.com/dictionary/morality
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neighbourhoods are better than separated clusters of highly cohesive communities (negative
cohesion), as they offer a more open-ended engagement, vibrant opposition, and strike a
balance between cultural autonomy and social solidarity.

Table 2.1 shows three current definitions widely in use today, which, however, do not
fit current societies. For e.g., these mention the well-being of all its members, but while
referring to the ’shared values’, they do not stress the diversified nature these can have (i.e.
regardless of the background of the individual), along with the tolerance required from in-
dividuals to cohabit with others fundamentally different from them; ’fights exclusion and
marginalisation’ can happen simply within ’local’ ethnicities as well, ’reciprocity’ is men-
tioned without stressing the agency and personal motivation of the individual to belong and
act (voluntary social participation), and none of the three definitions addresses or stresses
the diversity of values - especially those rooted in different backgrounds.

Council of Europe (CoE, 2008) Canadian Government (Jeannotte, 2003) OECD (de Cooperación y Desarrollo Económico, 2011)

’... the capacity of a society to ensure the well-being
of all its members, minimising

disparities and avoiding
marginalisation’

’... the ongoing process of
developing a community of shared
values, shared challenges and equal
opportunity within Canada, based on
a sense of trust, hope and reciprocity

among all Canadians’

’A cohesive society works towards the
well-being of all its members, fights

exclusion and marginalisation, creates a
sense of belonging, promotes trust, and
offers its members the opportunity of

upward mobility’

Table 2.1: Definitions of social cohesion widely in use today.

Due to the fact that existent definitions fail to address the multicultural component of
current societies, this research offers a new definition of social cohesion. This study com-
bines the 3 definitions exposed in table 2.1 into one generic definition, while stressing the
important role of multiculturalism, and the values of tolerance, voluntary participation, and
diversity in society that embellish the construct of cohesion:

The ongoing process of developing well-being, sense of belonging, and
voluntary social participation of the members of society, while develop-
ing communities that tolerate and promote a nationwide multiplicity of
values and cultures, and granting at the same time equal rights and op-
portunities in society.’

2.7. SOCIAL COHESION FRAMEWORK
This section proposes a framework with which to analyse the levels and aspects that are
not always accounted for, regardless of the perspective taken (theoretical and empirical,
experimental, or SNA). This open generic framework is used to characterise social cohesion
(as a complex and dynamic concept), made up of multiple and smaller levels that can help
to quantify it. Figure 2.6 presents the generic social cohesion framework (SCF) with the
same three different but intertwined levels identified in the literature (and accounted for in
the definition).

The framework shows the connections and inter dependencies between the individual,
the community and institutions, needed to be taken into account to better comprehend and
study social cohesion in the future. For social cohesion to exist, individuals need to have
motives to want to belong to a group/society, which stem from the cognitive beliefs (norms
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Figure 2.6: Framework to characterise social cohesion.

and values) they have. Perceptions of the environment and cognitive beliefs of an individ-
ual are directly linked to the informal and formal environments individuals experience and
are able to experience. An individual can only feel in cohesion with the group and with
the ability to participate and perform in it if the rest of the group provides with a proper
environment with compatible norms and values. Equally, individuals can only take active
part in a group if public laws, regulations, norms and values allow them to. If the person
faces inequality, lack of representation and support of her position within a group or any
deeply rooted conflict, then her personal drive to stay in the group is likely to fade away. It
is therefore difficult to impact one of the three identified levels without ending up impacting
one or more factors of any other level, and as such, the framework depicts this intersection.

Each factor shown in the framework, and belonging to a different level, is important
to social cohesion and is inferred from the literature. At the level of the community, the
factor of social environment is related to the social climate that a group has, and can be
associated with the research done on for e.g. shared norms and values (Jeannotte, 2003),
formal/informal control (Cartwright, 1951), friendship networks (Granovetter, 1977), pres-
sures for conformity and caring (Janis, 1972), or civic society (Lockwood, 1999). The factor
of relationships and ties (community) regards the capital that the members of a group get,
and is linked to for e.g. social capital, trust (Larsen, 2013), reciprocal loyalties and solidarity
(CoE, 2008), moral support (Durkheim, 1897), or value of rewards in the group (Homans,
1958). The third factor defined at the community level (process performance and goal attain-
ment) regards the performance of the group and its common objectives, being thus linked
to common goals and moral behaviours/norms (T. Parsons, 1991).

On the level of the individual, thementioned factors (self-motivation, perceptions, norms
and values, and participation and performance) are also linked to what is done so far. The
factor of self-motivation relates to the reasons that lead the individual to be in a group,
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and links to the researched topics of for e.g. intimate face-to-face communication (Cooley,
1909), quality of intimate topics shared (J. P. Stokes, 1983), and recognition and legitimacy
(Beauvais and Jenson, 2002). The factor of perceptions, norms and values regards the indi-
vidual view the individual has over the group he is in and his own belief system, being thus
pinned to the research done on for e.g. degree of like-dislike (A. J. Lott and Lott, 1966), and
sense of belonging (CoE, 2008). The last factor on the level of the individual is participation
and performance, regards the drive that the individual has to act and take responsibility in
the group, and can be linked to the research done on for e.g. initiative (Lockwood, 1999),
individual participation (Braaten, 1991), task competence (Festinger et al., 1950), and indi-
vidual behaviour (Cartwright, 1951).

The last level, the one on institutions, defines the factors of conflict management and
decision making, human rights, and environment (structures, norms and values). The fac-
tor of conflict management and decision making is considered as the governance of formal
institutions in society, and can be associated with for e.g. social disorganisation or conflict
(Cooley, 1909), and the reduction of inequalities and exclusion (CoE, 2008; Maxwell, 1996).
The factor on human rights regards the agency, access and freedom of the individual while
in a group/society, and research done in this direction is for e.g. voting (de Cooperación y
Desarrollo Económico, 2011). Lastly, the factor of environment (structures, norms and val-
ues) regards the formal institutions and actors in society that are responsible for its upkeep,
and can be coined to the research done on for e.g. social stability (T. Parsons, 1991), suicide
rates (de Cooperación y Desarrollo Económico, 2011), trust and multiculturalism (Larsen,
2013), and civic society (Lockwood, 1999).

The factors included in each of the three levels propose measures to impact and measure
cohesion, while being at the same time generic enough to be extended by other factors not
currently mentioned for clarity purposes.

2.8. SOCIAL INTERACTION AS MAIN REQUIREMENT FOR CO-
HESION

From the reported findings, this research argues that social interaction is a key requirement
for the existence of social cohesion and its influencing. The presented volume of research on
social cohesion shows that 3 different perspectives (The Individual, Community, and Insti-
tutions, section 2.7) are at play when comprehending societies and their levels of cohesion.
These perspectives analyse cohesion at different levels (micro, meso, and macro), and reveal
unique insights on the multiple social processes and actors at play.

Social interaction is a basic social exchange that supports complex interpersonal pro-
cesses that are at the core of social cohesion. This exchange is considered by literature as
happening at the micro-level, but it also argues that macro-level phenomena (like those re-
ported influencing cohesion, like gender inequality) have an impact onmicro-level processes
(e.g. those related to emotions)4 (Beard, 2014; Berger and Luckmann, 1991; Goffman et al.,
1978; Hochschild, 1979). The pillars of the Individual and Community are associated with
social interaction, for example, through the concept of "presentation of self", i.e. a perfor-
mance with gestures and routines sometimes associated with social roles that individuals
4https://opentextbc.ca/introductiontosociology2ndedition/chapter/chapter-22-social-interaction/, Chapter 22: So-
cial Interaction, last visited on December 23, 2020.

https://opentextbc.ca/introductiontosociology2ndedition/chapter/chapter-22-social-interaction/
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enact to influence others. These pillars are associated with interaction, as it can be part of
the individuals’ motivation to present themselves, which in turn influences the degrees of
like-dislike between themselves and the group, promotes intimate face-to-face discussions,
can strengthen relationships, and help individuals feel they belong to the group. Regard-
ing the pillar of Institutions, formal institutions balance the behaviour of societies (e.g. its
conflict levels, life satisfaction rates, reduction of inequalities and exclusion, and levels of
trust and multiculturalism) by defining interaction structures throughout society (e.g. social
integration). These interaction structures define factors such as democracy and law enforce-
ment5, which set and enforce rights that may or may not provide (for example) equality or
integration to its citizens. As such, more complex social constructs such as cohesion exist
and are influenced by social interaction.

2.8.1. SOCIAL INTERACTION: DEFINITION AND CHARACTERISATION
The definition used in this research for social interaction is "a social exchange between
individuals", i.e. a dynamic and reciprocal exchange of social actions and reactions (Lu-
menLearning, 2018). These exchanges are defined as "social processes" that contain several
characteristics (e.g. purpose, repetition, structure, direction, and quality). Interaction can
happen between oneself (intrapersonal), person to person, person to group, and between
groups: the intrapersonal interaction is seen as having zero degree of social interaction (i.e.
social isolation), whereas the other forms of social interaction (between 2 or more individ-
uals/groups) display different degrees of intensity of social exchange (Bardis, 1979).

Figure 2.7: Types of Social Interaction.

The forms of social interaction are defined by literature in their nature, and in their types
of exchanges. On the one hand, the nature of social interaction is defined by literature as
5https://www.jrf.org.uk/report/social-interactions-urban-public-places, Social interactions in urban public places,
last visited on December 23, 2020.

https://www.jrf.org.uk/report/social-interactions-urban-public-places
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focused (i.e. people with common goals, e.g. a group) and unfocused (i.e. no common
goal, no familiar or common aspects, even during the process of interacting)6 (Bardis, 1979;
Coutts and Schneider, 1975; Mondada, 2009). On the other hand, literature argues that so-
cial interaction occurs through several types of exchanges (synthesis offered in figure 2.7)
(Bardis, 1979; Goffman, 1961, 2008; LumenLearning, 2018). Often it regards face-to-face
encounters, but it is also common for interaction to be remotely mediated through digital
communication via technological artefacts (Gião et al., 2016; LumenLearning, 2018). Both
befall the symbolic type of communication, as they communicate through symbols (either
images/icons, or language as a structured exchange of symbols) that bear meaning to the in-
terlocutors7. The symbolic type of communication, together with interaction through phys-
ical actions such as for e.g. fighting or touching, fall into the direct type of exchange: they
can occur synchronous or asynchronously, use multiple channels (e.g. voice, or the form
of speaking – paralanguage), but they occur directly between the interlocutors interacting8.
Alternatively, interlocutors A and B can also interact through the involvement of intermedi-
ary people, which propagate the message from A to B. These fall within an indirect form of
interaction, as direct interaction occurs between the intermediaries, but no direct interaction
between A and B. Mode detailed coverage on social interaction and related concepts can be
found in 6,8,9 (Bardis, 1979; Goffman, 1961, 2008).

2.8.2. MEANINGFUL SOCIAL INTERACTION AS A WAY FOR COHESION
To promote social cohesion, social interaction should be meaningful to those interacting
(of Communities and Government, 2009). Local communities are cohesive when for ex-
ample the people living in them know and respect their neighbours, are resilient towards
negative forces external to the neighbourhood, and when people ideally form and maintain
long lasting relationships irrespective of their backgrounds (Broadwood and Sugden, 2009;
Lownsbrough and Beunderman, 2007; of Communities and Government, 2009). Accord-
ing to Blears (of Communities and Government, 2009), social interaction, whenmeaningful,
can break down stereotypes and prejudice, empower people’s agencies to act, has a positive
impact on cohesion, emerges at people’s own pace, and addresses conflict.

Given that the motivation for this research is on social cohesion and its betterment, then
social interaction, a key requirement for the existence of social cohesion, should be mean-
ingful. Given that the concept of meaning is complex, is influenced by numerous factors
(e.g. religion), and is person-dependent (Putnam, 1975), meaningful social interaction, for
the remainder of this research, is defined as "an overall enjoyable experience for a player,
and enjoyable or neutral for individuals involved in the gameplay".

6https://www.lifepersona.com/social-interaction-characteristics-and-main-types, Social interaction: Characteris-
tics and Main Types, last visited on December 23, 2020.

7https://www.dictionary.com/browse/language, Language, last visited on December 23, 2020.
8https://www.sociologylearners.com/types-of-social-interaction/, Types of social interaction, last visited on De-
cember 23, 2020.

9http://studylecturenotes.com/social-interaction-definition-elements-types-forms/, Social interaction, Definition,
Elements, Types & Forms, last visited on December 23, 2020.

https://www.lifepersona.com/social-interaction-characteristics-and-main-types
https://www.dictionary.com/browse/language
https://www.sociologylearners.com/types-of-social-interaction/
http://studylecturenotes.com/social-interaction-definition-elements-types-forms/
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2.9. DISCUSSION AND SUMMARY
This chapter takes the motivation of promoting social cohesion in current societies, and
zooms in on what it actually is. It presents a comprehensive survey of key studies on social
cohesion, while highlighting different perspectives on social cohesion, what aspects they
study, what findings have emerged from them, and how researchers have defined social co-
hesion over time. The way cohesion is consistently viewed reveals lack of consensus: as
absence of conflict in groups, as a characteristic, group property, an individual drive for
affiliation, strength of connections, and, among other things, as a process. It has been thor-
oughly studied over centuries, particularly through the perspective of theoretical and empir-
ical studies, but also through the experimental studies that measure social cohesion through
observation. Different approaches in experimental studies (to observe and measure, influ-
ence group cohesion or its resilience, and fostering social cohesion) also point to a plurality
of ways to study social cohesion.

From the lessons learned, this work 1) updates current definitions of social cohesion with
one that better matches the multicultural nature of current societies, 2) proposes a frame-
work to help identify what impacts social cohesion and can thus be used to foster it, and 3)
argues that social interaction is a major requirement to promote and influence cohesion. It
argues that social interaction is a key exchange upon which more complex social constructs
such as cohesion exist, in particular when interaction is meaningful to those interacting.

Lessons learned from this chapter start from the fact that social cohesion is a complex
social construct in which specialists don’t share consensus. It is clear that social cohesion is
a complex and dense construct with multiple and interrelated phenomena influencing it, and
that social interaction is a major requirement for it to exist and be fostered. As such, the rest
of the thesis zooms in on social interaction, and how it can be fostered in a meaningful
way.
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as the first requirement for the motivation of social cohesion and its promotion in local
communities. Social interaction can occur in many different ways (figure 2.7), and this
means that researchers have numerous opportunities and tools at their disposal to promote
it.

Games are particularly suitable when social cohesion is the motivation, because they are
versatile (i.e. can be used for a given serious purpose rather explicitly or not), all the while
promoting playful behaviour. When the topic is social cohesion, the ability to promote
playful behaviour is particularly appropriate: if certain local communities are argued to
benefit from more cohesion and social togetherness, then it is likely that they display social
issues (e.g. fragmentation, or lack of neighbourhood engagement) that social interaction
could address in a playful way. To this end, this thesis explores games as a tool that is
known to be able to promote some forms of social interaction. In particular, it looks at
digital location-based games, for they display the ability to leverage on real positioning and
the social context of players to provide a gameplay in the real neighbourhood, which is novel
when compared to traditional games.

This chapter offers a literature review on existent knowledge about how to design location-
based games for meaningful social interaction in public space. Firstly, it gives an overview
on how playful approaches have been explored to encourage playful behaviour, engagement
with the physical environment, and social interaction in urban environments. It looks at
how technology, and smartphones in particular, have been explored to these purposes, and
how location-based games have consistently been designed to offer in-situ gameplay that
involves other people. Secondly, it delves into how location-based games have been built,
to uncover what it is known so far: guidelines and requirements that can be used to de-
sign a game specifically for social interaction in public space, and existent theory on game
characteristics leading to specific behaviour. Thirdly, it takes a technical perspective and
researches what location-based games require from the systems’ perspective to deliver the
mentioned gameplay. At the end of this chapter, a discussion is held on the learnings and
knowledge gaps found, so that this thesis can build upon them.

3.1. GAMES FOR SOCIAL INTERACTION IN PUBLIC SPACE
Over the past decades, technology has been turning cities around the world into smart urban
environments, with initiatives encouraging playful behaviour and social interaction (Fonseca
et al., 2021; Foth et al., 2011; Hirsch, 2011; Hornbek and Jensen, n.d.; Ling andWong, 2011;
Paulos et al., 2011). Location-based playful experiences are considered to be increasingly
important for people to interact and explore their surroundings (Arango-López et al., 2017).
These can be facilitated in many ways including (1) urban playgrounds without specific
support by technology, (2) location-based media (devices with sensors such as smartphones
that can detect location and other contextual information), or (3) custom-made technological
installations (Yang and Liu, 2017).

An example of an urban playground is "A playful street" with multiple traditional play-
grounds throughout several neighbourhoods of Dublin, Ireland, designed to promote open
play behaviour for the young and elderly alike1. This initiative aimed at increasing playful
behaviour and community formation, and, even though it created discrete events only, they
1https://www.aplayfulcity.com/, "A playful Street" project, last visited on December 23, 2020.

https://www.aplayfulcity.com/
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were successful at making children think about the future of their neighbourhood.
Examples of the use of location-based media include: ’Koppelkiek’2 and ’Hello Lamp

Post’3. ’Koppelkiek’ fosters playful meetings and social interactions throughout public
spaces in the neighbourhood in Utrecht, the Netherlands. Over the period of 3 weeks, the
game increased engagement of citizens with their environment: players signed up to take
and submit photos with other people from the neighbourhood, and it included people that
would otherwise not see themselves as gamers. Every participant gave positive feedback
about the impact of the game in their neighbourhood, and found the game nice. ’Hello
Lamp Post’ enables citizens to chat with chat bots (via a mobile app) attached to co-located
objects (such as street furniture) in the public spaces of Bristol, United Kingdom. This game
was played in several cities, and even though it is not clear what is the level of engagement
it created, thousands of citizens engaged with these co-located objects.

Examples of custom-made technological installations include the ’Social Stairs’ (Ni-
jholt, 2017a), ’Shadowing’4, ’Urbanimals’5, ’ActiWait’6, ’Dancing Light’7, the ’MoodCloud’
(Kasapakis and Gavalas, 2015), and the ’Jokebox’ (Fischer et al., 2007). ’Social Stairs’ was
designed to seduce citizens to have a playful musical stair experience entailing physical ex-
ertion in city subways, as opposed to using the escalator. The researchers found out that peo-
ple’s curiosity to find whether the stairs still produce sound is enough to make them take the
stairs and change behaviour in their environment. ’Shadowing’ records and augments shad-
ows of citizens in specific locations in a neighbourhood (using infra-red cameras), creating a
new synthesis of images to facilitate a new type of awareness of fellow passers-by’s during a
day. During its limited trial, this game recorded and played back the shadows of citizens that
passed underneath, and made citizens substantially engage with these lights in playful man-
ner. ’Urbanimals’ uses similar technology to augment physical spaces with tailored-made
animated images of animals, to explicitly encourage urban exploration through playful in-
teraction with media artefacts placed throughout the city. This project reached several cities,
and, in Bristol alone, over 26,000 people engaged in city discovery through interaction with
these animated animals. ’ActiWait’ and ’Dancing Light’ are examples that use street furni-
ture to create playful out-of-the-ordinary experiences to citizens and target fun: the former
is a prototype that enabled people to play pong while waiting for the green light, and the lat-
ter is a campaign that showed real-time dance performances of people in a co-located dance
booth. The Dancing Light, in particular, aimed at making people stop at the traffic red light,
and it was substantially successful at that (81% more people stopped, and they enjoyed it).
The ’Mood Cloud’ (Kasapakis and Gavalas, 2015) and the ’Jokebox’ (Fischer et al., 2007)
mentioned above are two particular installations designed to support social interaction and
a sense of community. The Mood Cloud is a physical installation that allows participants to
express their individual mood and combines these inputs to a coloured display of the cur-
2https://whatsthehubbub.nl/projects/koppelkiek/, Koppelkiek, ’couple snapshot’ in Dutch, last visited on Decem-
ber 23, 2020.

3http://www.hellolamppost.co.uk/, Hello Lamp Post, The playful city wide system, last visited on December 23,
2020.

4https://cargocollective.com/shadowing, "Shadowing" project, last visited on December 23, 2020.
5https://www.playablecity.com/projects/urbanimals/, "Urbanimals" project, last visited on December 23, 2020.
6http://urban-invention.com/, "ActiWait" project, last visited on December 23, 2020.
7https://www.youtube.com/watch?v=SB_0vRnkeOk, "The Dancing Traffic Light by smart", last visited on De-
cember 23, 2020.

https://whatsthehubbub.nl/projects/koppelkiek/
http://www.hellolamppost.co.uk/
https://cargocollective.com/shadowing
https://www.playablecity.com/projects/urbanimals/
http://urban-invention.com/
https://www.youtube.com/watch?v=SB_0vRnkeOk
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rent moods of people in their direct environment. It was installed at the entry space of a
multi-store college campus, and was successful at both making participants reflect on how
much the mood cloud affects them, but also in influencing the mood of other individuals
in a purposeful way. The Jokebox, on the other hand, is a box-based installation designed
to require two passers-by to synchronise their behaviour to hear a joke, and aims at "ice-
breaking" through physical coordination and eye-contact. This installation was designed to
facilitate social interaction in public spaces, and researchers report that it was capable of
that at two different levels. On the one hand, people stopped to understand how these boxes
work together, which made people talk and even laugh together. On the other hand, people
had more elaborate discussions on the reason why the Jokebox was in that location to begin
with.

The presented examples show that location-based playful experiences can successfully
trigger playful and engaging behaviour in in/outdoor social settings through technology and
innovative design. However, many of these experiences are based on technology and in-
stallations, which, together with the often unique topology of the space, render the whole
playful experience hardly scalable and reusable in other locations in a practical way. Digital
location-based games (LBGs), running in mobile media such as smartphones, can address
this, and be designed to scale and adapt to environments and their singularities (Slingerland,
Fonseca, et al., 2020). They can be specifically designed to support citizen engagement with
their environment, in order to 1) gain information about specific locations and objects (Peitz
et al., 2007) in a neighbourhood (such as objects with a medieval history (Ballagas et al.,
2007)), 2) support activities at specific locations (such as prolonged walking (Pyae et al.,
2017)), and 3) increase communication and social interaction during game play (Hodson,
2012). LBGs merge digital game play with the physical world around a player’s real loca-
tion8 (Paavilainen et al., 2009), and can make players work together or play against each
other, in a distributed or co-located manner in outdoor public space (Brazier and Nevejan,
2014; Wagner-Greene et al., 2017), through mobile technology with features such as aug-
mented reality (AR) and networking capabilities (Slingerland et al., 2018). Examples of
such games, both prototype games for research and entertainment ones, are Pokemon GO
(Clark and Clark, 2016), Google Ingress (Hodson, 2012), BotFighters (Sotamaa, 2002),
Shadow Cities9, Feeding Yoshi10, Insectopia (Peitz et al., 2007), Field Trip11, Endgame:
Proving Ground (Pyae et al., 2017), Mythical: The Mobile Awakening (Korhonen et al.,
2008), Day of the Figurines (Flintham et al., 2007), Mogi (later called Geocaching)12, and
CityConqueror (Papangelis et al., 2017).

BotFighters, Shadow Cities, Field Trip, EndGame Proving Ground, Pokemon GO, Feed-
ing Yoshi,Google Ingress, andMogi/Geocaching, are commercial games that motivate play-
ers to walk around the real environment and collect digital and real items, explore individ-
ually or in a group, compete with other players in battles for the ownership of items such as
8These games aremainly supported by smartphones andmobile devices, because they are networked, full of sensors
(predominantly GPS and Wi-Fi), widespread, and easily accessible (Crabtree et al., 2007; Korhonen et al., 2008)
.

9https://www.giantbomb.com/shadow-cities/3030-35591/, Shadow Cities, last visited on December 23, 2020.
10http://www.freewarepocketpc.net/ppc-download-feeding-yoshi-v1-2.html, Feeding Yoshi v1.2, last visited on
December 23, 2020.

11https://itunes.apple.com/us/app/field-trip/id567841460?mt=8, Field Trip, last visited on December 23, 2020.
12https://www.geocaching.com/play, Geocaching, last visited on December 23, 2020.

https://www.giantbomb.com/shadow-cities/3030-35591/
http://www.freewarepocketpc.net/ppc-download-feeding-yoshi-v1-2.html
https://itunes.apple.com/us/app/field-trip/id567841460?mt=8
https://www.geocaching.com/play
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Pokemons or landmarks in the real world, and collaborate with other people in unique digi-
tal item exchanges or team formation. On the research side, Insectopia is a prototype game
that allows players to digitally compete for the collection of the biggest number of insects. It
advocates for social interaction and nudges players into sending insects to any other player
in the game at any time. Mythical: The Mobile Awakening is a mobile game designed for
players to play together as wizards in a parallel reality. It exploits asynchronous game play to
allow players’ avatars to interact with one another during encounters, even though the play-
ers are not online at the same time. Day of the Figurines is a physical board game in which
players build a shared narrative of a digital city in a cooperative way. During the players’
daily routines and throughout several weeks, they send text messages to interrupt the stories
of other players and advance the narrative of the game. Lastly, CityConqueror is a game
that promotes competition through beating other players in the ownership of digital terri-
tory layered on top of the real environment. The researchers of this game explicitly chose
digital mechanisms of interaction such as friendly fire and the attack of a region by fellow
team members to maximise digital interaction between players (Papangelis et al., 2017).

These examples show that numerous attempts have been made at creating LBGs capable
of triggering dynamics of play that invite citizens to engage with their surrounding environ-
ment and have social play. However, by analysing the literature and information release
online, often it is seen that it is not known how these games were put together. Regarding
Koppelkiek, the researchers reported online2 that the process of game development started
off with a fruitful in-house idea generation stage, followed by quick play tests with people
on the streets of Utrecht. In parallel to those play tests, they did a field study to discover
useful information to be later added on to the final concept of the game, which was again
resultant from in-house choices. In Mythical: The Mobile Awakening, the researchers chose
to develop a game to elicit an initial set of design guidelines for pervasive mobile games, and
used game elements such as contextual information, asynchronous game play, and prede-
fined interval updates (Korhonen et al., 2008). The description of the design process of this
game clearly shows that the requirements used for this game idea stem from the researcher’s
choices (Korhonen et al., 2008). For Day of the Figurines, the requirements and why those
and not others were chosen are unknown. Again, the researchers’ reasoning suggests that
the design decisions that were made came from them (e.g. "to ensure as many players as
possible would be able to play the game using their own mobile phones, it was decided early
on ... to base the game on SMS text messaging" (Flintham et al., 2007)). CityConqueror has
design choices made by the authors (e.g. no story line such as in Pokemon GO, a real map
of the city, and the turn-based game mechanic) that are simply justified with the rationale
"as it is popular in ...", and do not have a better motive to support them. The Hello Lamp is
a playful initiative where it is not clear how it was conceived with regard to requirements.
When it comes to commercial games, it is even more difficult to know what the processes
used were and to find the justification as to why certain requirements were used.

When it comes to requirements for social interaction, each of the presented games seems
to be an experiment of the designers to see what works or not, after being designed by a set
of choices that came from the designers themselves and play-tested later on. As a result, it
is not clear whether the presented games were developed explicitly for social interaction, or
whether triggered interaction was just a by-product of games developed for other purposes.
This poses as a knowledge gap, for it is not known what works for LBGs specifically for
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the promotion of social interaction in public space, and how it links to the players. Next
section looks at understanding how such games can be put together, from the perspectives of
gameplay requirements, game components that might be known to trigger social interaction,
and how practitioners have been building LBGs from a systems’ perspective.

3.2. HOW TO DESIGN FOR MEANINGFUL SOCIAL INTERAC-
TION IN PUBLIC SPACE

The following sub-sub-chapters delve into specific literature on how LBGs for the identi-
fied purpose can be put together, by: 1) analysing if there are heuristics, guidelines, design
patterns, or requirements that lead to successful LBGs for social interaction, 2) researching
whether there is knowledge on designing games for specific behaviour elicitation or not (e.g.
meaningful interaction), and 3) investigating how to put LBGs together from the systems’
architecture, in such a way to make such games trigger social interaction in public space,
and support meaningful experiences.

3.2.1. ANALYSIS OF GUIDELINES AND REQUIREMENTS SPECIFIC TO SOCIAL
INTERACTION

To the best of our knowledge, there are no gameplay requirements specific to location-based
games fostering social interaction in public space. Game design practitioners in gaming
companies do a non-user-centred requirements elicitation phase during the early-stages of
game conceptualisation, which makes it tacit knowledge not available to the "outer world"
(Daneva, 2014). The requirements that are documented are scattered across different types
of games, such as for pervasive games in general (Eriksson, 2005; Ermi and Mäyrä, 2005;
Korhonen et al., 2008), serious games (Duin and Thoben, 2011; Gennari et al., 2019; Mascio
et al., 2013; D. Parsons et al., 2006), movement-based exergames (Consolvo et al., 2006;
Florian ’Floyd’ Mueller and Vetere, 2014; K. M. Gerling et al., 2010; K. Gerling et al.,
2012; Isbister and Mueller, 2015; F. ’. Mueller et al., 2017; F. Mueller et al., 2010; J. Yim
and Graham, 2007), online gaming sites (Choi and Kim, 2004), electronic computer games
(Bostan and Ogut, 2011; Miesenberger et al., 2008; Straker et al., 2014), mobile multiplayer
(AR) games (Chilufya, 2014; Ganapathy, 2013; Korhonen and Koivisto, 2007; Wetzel et al.,
2008), massive multiplayer online games (Daneva, 2017), non-digital multiplayer games
(Zagal et al., 2000), and AR (augmented reality) indoor-based games (Al Mahmud et al.,
2010; Hauge et al., 2019; Hinske et al., 2008; Nilsen, 2006). While this shows an exis-
tent volume of research on guidelines and requirements on how digital games should be,
these are not aiming specifically for the promotion of social interaction. These guidelines,
requirements, and heuristics are offered mostly to children and the elderly, cover quality re-
quirements for emotions, exertion, motivation, engagement and awareness levels, behaviour
education, presence, social adaptability, accessibility, inter-generational and indoor game
plays both with computers, toys and table tops, and they also include recommendations
specific to user experience for impaired users, mobile learning experiences, and user-game
interaction.

Nonetheless, this existent literature is helpful in understanding how the different types
of games have been exploring social interaction as a sub-component of serious games. In
(Zagal et al., 2000), the authors consider social interaction as purposeful bilateral commu-
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nication that is either natural (spontaneous) or stimulated (necessary to the game), and that
these can either be triggered by the game (e.g. via competition and cooperation that can be
synchronous or not), or in the existence of meta-gaming (side-games in parallel to the actual
game). Other researchers strengthen this point, which argue that communication outside
the game world is key for a gameplay happening in public space, both in line with meta-
gaming (Korhonen and Koivisto, 2007) and natural face-to-face communication (Korhonen
et al., 2008). Even though digital interaction is still the most common form of interaction
advocated across literature (D. Parsons et al., 2006), research regarding a balanced game-
play between a pure virtual and real world game play experience, with the use of multiple
communication channels, appears multiple times (Eriksson, 2005; Nilsen, 2006; Wetzel et
al., 2008). This suggests that social interaction is best triggered when involving play set-
tings allowing for the full range of exchanges between individuals (players and non-players
alike) in a balanced way (Al Mahmud et al., 2010; Straker et al., 2014; Valente et al., 2017).
Involving people from different generations can contribute to a richer and more unique so-
cial experience (Chilufya, 2014; Grimaldo et al., 2014), and the employment of tangible
objects bear the power of bringing people to the same space and set novel ways of inter-
action (Hinske et al., 2008). Exceptions exist, however, when players are afflicted with an
impairment, which can display an unwillingness to play with other people (Mascio et al.,
2013).

Most of the presented design recommendations stem either from literature (Chilufya,
2014; Eriksson, 2005; Ganapathy, 2013; Grimaldo et al., 2014; Isbister and Mueller, 2015;
Miesenberger et al., 2008; Nilsen, 2006; D. Parsons et al., 2006; Straker et al., 2014; Valente
et al., 2017; J. Yim and Graham, 2007; Zagal et al., 2000), game analyses (Bostan and Ogut,
2011; Korhonen and Koivisto, 2007; Korhonen et al., 2008; Mandryk et al., 2014), or the
making experience of practitioners in the field (Consolvo et al., 2006; K. Gerling et al.,
2012; Hinske et al., 2008; Isbister and Mueller, 2015; Wetzel et al., 2008). A study was
found as exception, i.e. as proposing user-centred guidelines with some connection to social
interaction. Choi et al. (Choi and Kim, 2004) created a large survey study to understand
which features players thought were responsible for optimal engagement in online games.
Even though digital interaction is covered in their guidelines (e.g. chatting functions and
a user id for communication), these focus on online user engagement and completely leave
offline-based forms of interaction unexploited. Such insights are valuable when aiming at
social interaction in public space via digital games. However, given that the vast majority are
not player-centric (i.e. do not come from the players) but play-centric (i.e. game prototypes
are firstly created by companies, then users are involved) (Daneva, 2014), these do not shed
light into which gaming activities player prefer having in their neighbourhood most. This is
a knowledge gap, for it is not known what other gaming activities could be used to expose
players to the public space of their neighbourhood and the people in it.

3.2.2. GAME COMPONENTS LEADING TO SPECIFIC PLAYER BEHAVIOUR
Games have shown to be able to invite citizens to engage with the public space and oth-
ers in their own surroundings (Fonseca et al., 2018a), by fostering play and participation
of citizens, nurturing bonding and social relations (Ball et al., 2010; Fonseca et al., 2018b;
Galinsky et al., 2005; Peters et al., 2010), and being capable of inciting behavioural change,
regardless of the domain of application or goal (e.g. entertainment, competition, or educa-
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tion) (Egenfeldt-Nielsen et al., 2019). Players can become seriously engaged in game play
and can even go as far as having a sensation of "flow" and detachment from their reality
(E. Brown and Cairns, 2004; Egenfeldt-Nielsen et al., 2019; Fitz-Walter, 2015). Despite
attempts to understand the effects of individual game elements (Fitz-Walter, 2015; Malone,
1981), through theories and methods of analysis of games (Boyle et al., 2011; Fitz-Walter,
2015; Harteveld, 2011; Hunicke et al., 2004; Menestrina, 2017), it is, as yet, still unclear
which design choices lead to which behaviour/behavioural change (Egenfeldt-Nielsen et al.,
2019; Reer and Krämer, 2019). There is, for example, no agreement on whether a game
with specific characteristics (e.g. a violent game) leads to specific behaviour (e.g. violent
behaviour) (Anderson, 2004; Barker and Petley, 2013; Egenfeldt-Nielsen et al., 2019; of
Pediatrics et al., 2009; Zendle et al., 2018).

Motivation and behavioural change has shown to be achieved via numerous combina-
tions of game elements (e.g. graphics, rules, a storyline, or levels) (Deterding et al., 2011),
and via more complex game mechanics and dynamics that are only observable during game
play mediated by the game (Hunicke et al., 2004). However, researchers are still actively
trying to understand the strategic applicability, usefulness, and impact of specific design
choices on games, in particular serious games, as these can have a positive and negative
effect on players (Fitz-Walter, 2015). This knowledge can enable a greater understanding of
individuals, their relationships, their social networks, the environment in which they live,
and help designers design artefacts that adhere to citizen’s preferences, desires, and needs
(Fonseca, Lukosch, Lukosch, and Brazier, 2020; Foth et al., 2011). Researchers have been
in pursuit of such understanding by focusing on highly specific case studies, and then try-
ing to generalise their findings to serious games. Such knowledge includes the values that
designers should have in mind when designing games for purpose (Arrasvuori et al., 2010;
Blythe andMonk, 2018; de Freitas and Routledge, 2013; Fitz-Walter, 2015; Liu et al., 2011;
Malone, 1981; Preece et al., 2015), the applicability of games in specific domains (Cheok
et al., 2014; Egenfeldt-Nielsen et al., 2019; Nijholt, 2017b), and even design guidelines to
help researchers design and develop serious games for specific domains that are most often
successful (K. M. Gerling et al., 2010; Kroeze and Olivier, 2012; Tsekleves et al., 2016).
Regarding the values that are important for serious games and gamified serious tools, these
go from traditional usability goals such as efficiency, learnability, good utility, and ease of
use (Fitz-Walter, 2015), to values such as fun (Malone, 1981), play and playful experiences
(Arrasvuori et al., 2010; Blythe and Monk, 2018), motivation (Liu et al., 2011), emotional
fulfilment (Preece et al., 2015), and learning (de Freitas and Routledge, 2013). These val-
ues are essential for responsible design, in particular when designing for meaningful social
interaction for civic engagement.

Guidelines that are specific to meaningful social interaction in public spaces, to the best
of our knowledge, have yet to be formulated. As indicated above (sub-chapter 3.2.1), the
vast majority of the guidelines and requirements implemented as characteristics of LBGs
(i.e. game elements, mechanics, and dynamics) are neither specific to social interaction,
nor player-centred. This is a problem: designing for meaningful social interaction requires
consideration of player preferences, needs and requirements to support interaction that is
both desired and meaningful to those interacting, and that includes playful behaviour with
the environment and others (Fonseca et al., 2018a, 2018b; Fonseca, Lukosch, Lukosch, and
Brazier, 2020; Fonseca et al., 2017; Slingerland, Fonseca, et al., 2020). Questions that
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relate to these preferences, needs and requirements include: Do players prefer dynamics of
verbal communication and close physical encounters with other people? Or do they prefer to
leave digital messages in the real environment? Should there be collaboration, competition,
points, easy challenges, and/or challenging riddles to crack? When does social interaction
become meaningful to players? This is a knowledge gap, for it is not known which game
components, when combined, lead players to engage openly with passers-by in their own
neighbourhood, and invite them to meaningfully interact.

3.2.3. LOCATION-BASED GAMES AND THEIR SYSTEMS’ ARCHITECTURE
So far, this thesis discusses the knowledge gap on how to build LBGs for meaningful social
interaction in public space, by analysing if there are heuristics, guidelines, design patterns, or
requirements that lead to successful LBGs for social interaction, and 2) researching whether
there is knowledge on designing games for specific behaviour elicitation or not (e.g. mean-
ingful interaction). In this sub-sub-chapter, it argues as well that it is important to investigate
how to put LBGs together from the systems’ perspective, in such a way to make such games
trigger social interaction in public space, and support meaningful experiences.

LBGs are unique from the systems’ perspective, when compared to traditional games,
but research on software architectures for LBGs show a lack of consensus at various levels on
what these should offer. A few architectural components are proposed consistently, such as
the mobile device (and the application it runs), the servers supporting the game, and content
management systems with authoring capabilities (Kasapakis and Gavalas, 2015; Nolêto et
al., 2015; Paelke et al., 2008; Söbke and Streicher, 2016). Most of the components proposed,
however, are either 1) unique when compared to components other designers and developers
propose, 2) use distinct names for components that are nonetheless similar in functionalities,
or 3) do not refer to the system’s architecture.

With regard to different components and names being used to describe similar func-
tionalities, examples of components include: a content management system and authoring
tools (Söbke and Streicher, 2016), game content generation (Kasapakis and Gavalas, 2015),
map-based authoring (Paelke et al., 2008), or simply editor (Nolêto et al., 2015). All four
focus on management of the content provided by a game, and even the ability to author such
content. However, these names leave room for interpretation on the exact functionality these
components provide: is the content to be linked directly to a map and the surroundings of the
player; is it superimposed on a map; is it some other type of information provided to players;
or does it refer to game art? Examples of key components that have been proposed as such,
but are not necessarily key to LBGs in general include client-server-middleware handling
request management (Söbke and Streicher, 2016), and components to support multiple ex-
ternal service providers (Nolêto et al., 2015; Paelke et al., 2008). Such lack of consensus
leads to confusion on what is actually needed in an LBG at large.

Several articles on LBGs focus on guidance but not from the system’s perspective. These
include 1) design frameworks, 2) design patterns, 3) game engines, and 4) functionality
that is key to application design, not the system itself . Frameworks and patterns ( 1 and
2) guide game creators in selecting individual application related functionality (Björk and
Holopainen, 2006) and knowing how to combine them to solve a particular problem (Bjork
and Holopainen, 2004; Dormann et al., 2013; Reuter et al., 2014). With respect to game
engines (3) the guidance provided is at the level of programming frameworks and software
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environments (Cowan and Kapralos, 2014, 2017; Craighead et al., 2008; Kasapakis and
Gavalas, 2015; McShaffry, 2014; Siakavaras et al., 2018), on the smartphone. With regard
to functionality that is key to application design (4), several articles refer to functionality
such as storytelling (Naliuka et al., 2010), and design and play setups (Avouris and Yian-
noutsou, 2012), that address the design of the application itself and not the overall software
architecture and its components.

As a result descriptions of LBGs are not consistent on focus or terminology. With re-
spect to the mobile device, for example, recent work either does not refer to the functionality
needed/provided (Söbke and Streicher, 2016), or it refers to functionality to which other re-
searchers do not refer (e.g. an interface, content, middleware, and positioning technology
in (Paelke et al., 2008), rendering, data exchange, and game input in (Nolêto et al., 2015),
or simply GPS and internet in (Jacob and Coelho, 2011)). Descriptions of LBGs differ sig-
nificantly with respect to the description of the servers involved: they can be centralised
or dedicated (Kasapakis and Gavalas, 2015), linked over a ’networking layer’ (Nolêto et
al., 2015; Paelke et al., 2008), and/or provide multiple services (e.g. management of mis-
sions, mechanics, messages, components, and players (Jacob and Coelho, 2011; Nolêto et
al., 2015; Paelke et al., 2008)).

These different approaches to LBGs contribute to the misinformation and lack of guid-
ance, for the multitude of approaches and different perspectives, different names used for
similar functionalities, and unique functionality not stressed elsewhere, conceal what should
really be offered in such games. This creates a clear need for a software architecture that can
guide game designers and developers in the creation of future LBGs. Such an architecture
can bear the ability to provide a high-level perspective of the design of LBGs from a sys-
tem’s perspective, and distinguish key components for key functionality. It can also further
the understanding of LBGs by not only contributing with knowledge on what is required
and why, but also serve as catalyst for other software architectures to emerge that can pro-
vide guidance on LBGs developed for different purposes (Fonseca, Lukosch, and Brazier,
2020a).

3.3. DISCUSSION AND SUMMARY
This chapter shows that there are multiple ways to promote playful behaviour involving in-
teraction in urban environments, some involving more technology than others. Smartphones
are an easily accessible medium that is already owned by most citizens, which render them
attractive to explore neighbourhoods. Location-based games (LBGs) have been designed
to invite citizens to engage with their neighbourhood and the people in it. Nonetheless, we
learned that it is not clear how such LBGs came to be. By looking at actual LBGs, we
learned that the gameplay requirements are either not known, or that they came mostly from
game designers. We also learned that this informational gap is deepened by the inexistence
of design guidelines that are appropriate and specific to social interaction in public space.
Those that exist are 1) not specific to social interaction in public space (or only cover digital
communication), and 2) are based on play-centred approaches and not user-centred. From
the literature, we also know that there are no known game characteristics (i.e. elements,
mechanics, or dynamics) associated specifically to social interaction, thus showing a gap
in the existent knowledge on how to specifically trigger behaviour leading to meaningful
social interaction. Lastly, literature on the systems perspective of LBGs reveals that there
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is no consensus on what system components are essential for this type of games to work.
Different names are used for the same components, researchers stress the importance of dif-
ferent components that are unique (not appearing in other studies), which reveals the gap of
clarity: research on the topic benefit from a greater understanding on what is essential for
such games to successfully promote and sustain interaction.

Literature shows multiple research gaps, presented in this chapter, which show it is un-
clear how to design LBGs for meaningful social interaction in public space. It is not known
which game components, when combined, lead players to engage openly with passers-by
in their own neighbourhood, and invite them to meaningfully interact. Existent LBGs are
mostly not based on users’ requirements, and this thesis argues this to be a problem, for
social interaction to be meaningful to players, it needs to be tailored to the ways they prefer
interacting, and the locations they desire. This thesis argues that, for such gameplay to suc-
cessfully occur, it is required consideration for players’ preferences, needs and requirements
to support interaction that is both desired and meaningful to those interacting, and that in-
cludes playful behaviour that is tailored to players. Insights into the ways that users want
to interact can further advance our current understanding on how to appropriately design
for social interaction, which gameplay should be explored to captivate players, and how to
build LBGs that could potentially lead to meaningful social exchanges.

This thesis also argues that, for such LBGs to be successful at sustaining social interac-
tion in public space, a clearer technical perspective on how to do it needs to exist. Designers
and developers of games have no guidance on how to create such games from the perspec-
tive of system design, and do not share a consensus on which components LBGs in general
should implement. This thesis argues that LBGs aiming at fostering interaction in public
space have system requirements that are distinct from traditional games, that requirements
for social interactionmake these LBGs demand a specific systems architecture that is capable
of sustaining the desired game play, and that the current understanding should be enhanced,
on which key architectural components must go into such games. These are knowledge gaps
hindering practitioners in the creation of future LBGs for social interaction in public space
that are tailored to the preferences, needs and desires of users.





4
UNDERSTANDING USER

REQUIREMENTS

This chapter focuses on understanding the requirements users have for LBGs for social in-
teraction in public space, and what works with them. It was identified a gap in the previous
chapter, where LBGs are mostly not based on users’ requirements, and how they are usu-
ally involved only at later stages of game development. This is a problem, given that for
social interaction to be meaningful to players it needs to be tailored to the ways the users
prefer interacting. This chapter presents a series of 4 case studies aimed at exploring such
requirements: an iterative requirements design approach is followed to probe different users
(adolescents and adults), in different settings (Rotterdam, and The Hague), and with differ-
ent tools (game prototypes, and user-centred design techniques). The first case study aims
at comprehending the social context of adolescents in challenging neighbourhoods, and to
explore requirements at the gameplay level. This is done by using low-tech brainstorming
techniques to allow users to inform on their preferences, desires and needs. Second and third
case studies aim at exploring such information (gameplay requirements) to further under-
stand what users (adults) want to see in a game of this type in regard to content. In both the
second and third case studies an iterative approach in designing and developing a game pro-
totype was followed, so that the participants of the multiple workshops could be probed on
what works for them in a playful way. The last case study explores if what adolescents want
to play goes in line with the lessons learned from adults in the 2nd and 3rd case studies, and
aims at having a better understanding of both 1) specific gaming activities that appeal to this
target group, and 2) the theoretical relationship that the types of activities desired by users
have with the interaction they foster. This is done by walking with the adolescents around
their neighbourhood and by using low-tech equipment to support the creative process and
co-design game challenges, which, at a later stage, are analysed on the nature and types of
interaction they can trigger. This chapter thus researches how and what users want to play
in their own neighbourhood.
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4.1. CASE STUDY 1: USER REQUIREMENTS FROM ADOLES-
CENTS IN ROTTERDAM

Your soul is infinitely creative. It is alive and expansive in nature.
It is curious and playful, changing with the tides of time.

Debbie Ford

This research has the main goal of fostering social interaction, as a way to positively influ-
ence social cohesion (of Communities and Government, 2009). Literature on social cohe-
sion argues that there are three types of actors that should be taken into account to impact
social cohesion best (the individual, the community, and formal institutions) (Fonseca et al.,
2018b), and as such, this research involves all three types. It started off by involving formal
institutions playing a role in the lives of the citizens of Rotterdam, NL, (the municipality of
Rotterdam and the Dutch Police), which pointed out to local communities in Feijenoord, a
neighbourhood in the south of Rotterdam, that could benefit from a positive approach to-
wards social cohesion. From the communities’ perspective, a cultural think tank and two
different secondary schools were involved, given their knowledge and strong connection
to individuals from the neighbourhoods being studied. Lastly, the individuals involved are
living in the neighbourhoods indicated by the municipality, and in close connection with
the selected schools. This research learned from these actors that it is important to have
people interacting again on the streets and talking to each other. They argue that there are
neighbourhoods (particularly in the south of Rotterdam) that have more than 50% of their
inhabitants being immigrants, that there is a substantial expression of crime and social un-
dermining (Duffy et al., 2002), and that a "smart" way of addressing the situation would be
to have a "positive" approach for such reality.

Their feedback resonates with public statistics of the city. In 2019, Rotterdam is a city
that contains an estimated number of 644,527 people with 50.3% is of foreign ethnicity1
(figure 4.1), and it ranks as the top city in the Netherlands with the highest rate of reported
crime incidents2. Feijenoord is even more diverse with regard to ethnicities, with less than
40% being native Dutch, while ranking low in the social and safety quality indexes that re-
gard for e.g. contact with local residents, crime and nuisance3. The mentioned actors argue
This case study is based on the submitted article: X. Fonseca, S. Lukosch, H. Lukosch, and F. Brazier, Requirements
for Location-based Games for Social Interaction, 2020 (Submitted to IEEE Transactions on Games, currently in
review).
This case study is based on the published article: X. Fonseca, S. Lukosch, H. Lukosch, S. Tiemersma, and F.
Brazier, Requirements and Game Ideas for Social Interaction in Mobile Outdoor Games, CHI PLAY ’17 Extended
Abstracts, Publication of the Annual Symposium on Computer-Human Interaction in Play, pp. 331 - 337, 2017.
1https://www.citypopulation.de/php/netherlands-admin.php?adm2id=0599, Provinces and municipalities in the
boundaries of January 2019, last visited on December 23, 2020.

2https://www.numbeo.com/crime/country_result.jsp?country=Netherlands, Crime in the Netherlands, last visited
on December 23, 2020.

3https://wijkprofiel.rotterdam.nl/nl/2018/rotterdam/feijenoord, Feijenoord, last visited on December 23, 2020.

https://www.citypopulation.de/php/netherlands-admin.php?adm2id=0599
https://www.numbeo.com/crime/country_result.jsp?country=Netherlands
https://wijkprofiel.rotterdam.nl/nl/2018/rotterdam/feijenoord
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that a serious game targeting young adolescents, if engaging enough, could trigger a cascad-
ing interest strong enough to reach their parents and fellow neighbours in the area, which
they hope would bring more people to the streets and enhance security overall. The selected
target group is thus adolescents from 12-16 years of age, not only because games have char-
acteristics that appeal to this target group (Prensky, 2001), but also because older ages (17
onwards) are likely to start changing their lives substantially (including the neighbourhood
they live in)4, and, on average, 69% of European adolescents use smartphones (Docomo,
2014).

Figure 4.1: Birth Country of Citizens in Rotterdam5.

4.1.1. RESEARCH DESIGN FOR REQUIREMENTS ELICITATION
The methodology of research deployed in this study is research through design (RtD) (Zim-
merman et al., 2007), and cooperative inquiry (Fails et al., 2013; Nesset and Large, 2004).
RtD uses methods and processes of design practice to develop new knowledge (Zimmerman
and Forlizzi, 2014). The knowledge developed in this study is knowledge of the preferences,
needs and desires adolescents have with respect to the use of a location-based game designed
for interaction with other citizens in their neighbourhood (which are translated into require-
ments). This knowledge comes from the adolescents themselves, the future players of such
games, and as such involves cooperative inquiry, that draws from the design methods of par-
ticipatory design and contextual inquiry (Fails et al., 2013; Schuler and Namioka, 1993).

To elicit preferences, needs and desires of adolescents, and understand the way they pre-
fer to interact socially in their own neighbourhood, adolescents were involved as informants
in a set of structured workshops. The role of informant is one of several that end-users can
be given in the making and shaping of digital technology, and each role (as users, testers,
informants, design partners, or protagonists) warrants different degrees of involvement (Kin-
nula and Iivari, 2019). The degrees and depth of involvement in participation, the several
dimensions that cut across them, the multiple methods and techniques of designing with
4http://www.amchp.org/programsandtopics/AdolescentHealth/projects/Documents/SAHRC%
20AYADevelopment%20LateAdolescentYoungAdulthood.pdf, Late adolescence, last visited on December
23, 2020.

5https://www.citypopulation.de/php/netherlands-admin.php?adm2id=0599, Provinces and municipalities in the
boundaries of January 2019, last visited on December 23, 2020.

http://www.amchp.org/programsandtopics/AdolescentHealth/projects/Documents/SAHRC%20AYADevelopment%20LateAdolescentYoungAdulthood.pdf
http://www.amchp.org/programsandtopics/AdolescentHealth/projects/Documents/SAHRC%20AYADevelopment%20LateAdolescentYoungAdulthood.pdf
https://www.citypopulation.de/php/netherlands-admin.php?adm2id=0599
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participants, and the numerous philosophies upon which these are built, can be found in
(Benford et al., 2000; Druin, 2002; Fails et al., 2013; Guha et al., 2004; Hourcade, 2008;
Iversen et al., 2017; Nesset and Large, 2004).

For this study two game design workshops were organised at two different schools in Fei-
jenoord to increase understanding of adolescents’ preferences with respect to 1) the types of
games they would like to play in their neighbourhood, 2) co-players - with whom they would
prefer to play, and 3) locations within their neighbourhood. The structure of both workshops
is based on the Triadic Game Design (TGD) approach, following a design philosophy that
aims to balance the three elements of reality (of players), meaning (goal for the game), and
play (the game play) (Harteveld, 2011). The gamification techniques used during the work-
shops included game elements and dynamics of collaboration, competition, points, prizes at
the end, and a commercial card deck toolkit to trigger adolescents’ creativity.

The selection of the participants for the twoworkshops was handled by the schools them-
selves, with no influence from the researchers. and no restrictions (e.g. gender or ethnicity)
other than their age and the neighbourhood. The two schools announced the workshops
within their schools as an event for students living locally (in the area of Feijenoord ) in
the target group age of which they could volunteer, and contacted adolescents personally.
To those interested, consent forms for parent approval for both participation and data col-
lection were distributed (and collected) by the schools. The schools were the "Rotterdams
Vakcollege De Hef" (RVC De Hef), and the "Scheepvaart en Transport College" (STC).

All participants were told beforehand that they will be asked to think of a game that (1)
is fun, (2) is meant to be played in your neighbourhood, (3) with your smartphone, and (4)
involving everyone in it, providing an initial frame of reference.

WORKSHOP STRUCTURE
The structure of both workshops followed a modified version of the TGD approach, in-
cluding all three of its elements, reality, meaning, and play (Harteveld, 2011). The world
of reality describes the reality of the players, i.e. the social situation in which gameplay
occurs. It contains information about the actors responsible for either the problem or its so-
lution/mitigation, and the relationships between them. The world of meaning is intertwined
with the purpose of the game, i.e. the creation of value (in this case, social interaction that
is meaningful to players). This value proposal is the value that the game brings beyond
the game itself, or the purpose intended for the game to achieve. The world of play is the
medium used to deliver such value, i.e. the tools, elements and mechanisms used to land the
desired game play. The game can have different genres (game characteristics), scenarios,
and technology used for it to be played. These three worlds were defined for the workshops
with the adolescents as: the characterisation of the neighbourhood (adolescents’ reality),
brainstorming on game requirements (the meaning to give to the game), and the design of a
game (what and how to play).

The structure of the workshops focuses on the three dimensions of TGD (figure 4.2).
Each of the three major worlds is characterized by specific questions previously prepared by
the researchers and stem from TGD. For reality, the characterization of the neighbourhood,
the questions are:

1. "Identify your neighbourhood by indicating the area on a map of Rotterdam"
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2. "Characterise the neighbourhood, and the things and people that play a role in your
neighbourhood (people, organisations, artefacts, phenomena, etc.)"

3. "Draw a picture showing the relations between the identified people/objects"

Figure 4.2: Triadic Game Design philosophy (Harteveld, 2011).

For the brainstorming of the game requirements, the following questions are answered
in smaller groups:

1. "Figure activities for you to do (or could do) with other people"
2. "Brainstorm activities that would lead to the joint game activities"
3. "Identify the major players of the game (who do you think should be part of the game,

even if not directly playing the game)"
4. "Where (major locations), when (the game is to be played), and how (with which

devices) will the game be played?"
For the design of a game, the workshop follows a gamified approach through a com-

mercial card deck6, to help participants generate game ideas by proposing game mechanics,
social mechanics, player motivators, and victory conditions (Fonseca et al., 2017). This ap-
proach follows the technique "bags of stuff" from the cooperative inquiry, to create multiple
solutions (Fails et al., 2013). The card deck supports a process of 5 steps: (1) definition of
title, topic, and audience of a game, (2) definition of motivations to play the game, (3) def-
inition of victory conditions, (4) setup of the rules of play, and (5) making the game social
6http://gamification.playgen.com/, AddingPlay, powered by PlayGen, last visited on December 23, 2020.

http://gamification.playgen.com/
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(how players can interact with others). Adolescents draw a number of cards (the number
differs per step) that, in turn, are used to create the game they have in mind. These cards act
as creativity triggers that guide the adolescents by incrementally exploring how their idea(s)
translate to their own world of play. The gamified card deck was translated to Dutch for the
target group, and was chosen because it offers a playful focus on game design in a simpler
and easier to learn and use way (Sisarica, 2015) when compared to other tools in standard
practice for the brainstorming of game mechanics (de Freitas and Routledge, 2013; Garris
et al., 2002; Gunter et al., 2006; Salen et al., 2004; Zichermann and Cunningham, 2011).
With this workshop structure, the worlds of reality, meaning, and play of the participants
are defined in a flexible way, which in turn are used to inform the researchers in this study
on their preferences, needs and desires (and the resulting requirements).
PROCEDURE
Following the workshop structure, the resulting overall procedure is:

1. Execution of the first workshop
2. Analysis of how well the execution went
3. Revision and improvement of the workshop structure
4. Execution of the second workshop
5. Analysis on how well the second execution went
Information was collected from three types of sources: The first is the feedback pro-

vided by the facilitators of both workshops, and written down right after each workshop;
the second are the notes and other writings made by facilitators and participants during the
workshops at group level; the third is the audio recordings made during the workshops.

This information includes observations from the facilitators on how the workshops went,
on the process of the workshops, game ideas, and remarksmade. It also includes information
on activities that participants normally like to do, locations where they would like to play,
and with whom they would consider playing a game.
WORKSHOP 1: PRACTICAL SECONDARY SCHOOL DE HEF
The first workshop is set up to last three and half hours with one break in between, and
is composed of the three major parts described above: characterisation of the neighbour-
hood, brainstorming on game requirements, and the design of a game. Characterisation
of the neighbourhood is based on questions presented above to describe their own neigh-
bourhoods in terms of where they are on the map, positioning and describing people and/or
organisations, artefacts and activities (phenomena), and drawing relationships between the
identified people/objects on a separate piece of paper. Participants are asked to indicate the
ideal location for their envisioned gameplay on a map of Rotterdam South.

Brainstorming on game requirements is introduced as a challenge. Participants are
primed with several videos that showcase the goals defined above: a game that (1) is fun, (2)
is meant to be played in your neighbourhood, (3) with your smartphone, and (4) involving
everyone in it. The videos show examples of relatively well-known games (e.g. Pokemon
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Go7, and Google Ingress8), but also examples of hardware artefacts that they could use in
their game (e.g. interactive projections9, 3D projection mapping10, and art installations11).
After showing the videos, each small group identifies a set of activities that they like to do
(or could do) on their own, and a set of activities that they would like (or would like) to do
with other people in the identified neighbourhood. As indicated above participants brain-
storm on the types of activities that could lead to joint game activities, and by whom (i.e.
the major players) The adolescents then define where (major locations), when (the game is
to be played), and how (with which devices) the game is to be played, and agree on a name
for the game.

The design of the game ideas, the last part, follows the procedure described above. Gam-
ification of this phase for the adolescents in this study entailed inclusion of competition be-
tween the groups: the group with the best game idea determined on the basis of voting wins
a prize. Groups are advised to have at least one game idea throughout this process, with at
most three ideas at any one point. Once each of the groups has agreed on their game idea
they are asked to pitch this idea to the other groups; all participants vote for the game idea
they like best (other than that of their own group).

Once the winning game is identified, there is an open debriefing session with all par-
ticipants, which explores why the participants chose the games they did, what they liked
the most about those games, and what they liked about the games they did not choose. The
feedback is given verbally and audio recorded.
A. Execution of Workshop 1
The first workshop had 16 participants (4 girls, 12 boys) between 12 and 16 years old. After
the introduction, these adolescents were divided into 3 smaller groups (5-6 people each).
Each group had two facilitators (teachers and researchers) to help with group dynamics.

The participants were interested in creating a game and working together. During the
course of the workshop they realised that they would not be creating a game, but that they
would be creating a game idea. Despite chocolates, snacks and drinks during breaks, it
became clear to the facilitators that the planned duration of 3.5 hours was too long and pro-
longed participant engagement was an issue. Thus, the workshop was shortened to 2.5 hours
total, including the debriefing session.
B. Results of Workshop 1
In total 5 game ideas, a set of activities participants would like to play, with whom, and
where, were identified, as described below.

From the data collected (in Workshop structure), a total of 5 game ideas, a set of activ-
ities participants would like to play, with whom, and where, were identified, as described
below.

7https://www.pokemongo.com/en-us/, Pokemon Go, last visited on December 23, 2020.
8https://www.ingress.com/, Google Ingress, last visited on December 23, 2020.
9https://www.youtube.com/watch?v=t9hniaziHXY, Urban interaction design - Projected Games, last visited on
December 23, 2020.

10https://www.youtube.com/watch?v=CpRLwLcLHNA, ’Axioma’ - 3D projection mapping, last visited on De-
cember 23, 2020.

11https://www.youtube.com/watch?v=BZNqOSP5w9Y, Best Art installations, last visited on December 23, 2020.

https://www.pokemongo.com/en-us/
https://www.ingress.com/
https://www.youtube.com/watch?v=t9hniaziHXY
https://www.youtube.com/watch?v=CpRLwLcLHNA
https://www.youtube.com/watch?v=BZNqOSP5w9Y
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Game Ideas

1. Keep on Running: Accomplish challenges given by other players, earn ’gold’, the vir-
tual currency of the game, with them, and showcase players’ progress with a virtual
avatar. The game fosters competition between two groups of players, by allowing
each group (and individual members) to create new challenges for the other group to
complete (and therefore rendering the winning group some points). Players who cre-
ate challenges receive a small amount of ’gold’, and a bit more when the other team
completes their challenge. The game can also produce random tasks for both groups,
and the group that accomplishes the challenge first wins the ’gold’. The challenges are
of physical nature (in the real world), but also in the virtual game, where the players
have to deal with monsters that try to hinder the team in their quest to accomplish the
task at hand. One example of a challenge is having players looking for virtual and/or
physical objects in the environment, or accomplishing activities in the environment
such as running, sprinting, or dancing. When a challenge is performed as a group,
all of the elements involved have to provide partial solutions for the challenge for the
group to win the ’gold’. Players can also choose a single-player mode, where individ-
ual contributions or physical exercises are attributed to their group (e.g. going to the
box club, or sports club). Players have a digital avatar that is representative of their
condition in the game: the leaner the avatar, the stronger the player’s commitment in
the game. Items collected through challenges can be used to personalise and enhance
the avatar. The game starts when someone enters the game world and forms a group;
to do this, a player can send out messages to anyone in the game who is nearby and
wants to join the game.

2. RealCraft Zuiderpark: This game idea is based onMinecraft™©, in which players can
collect assets and build virtual objects. The game has a storyline and allows for players
to fight against enemies (e.g. zombies, and the creeper as in Minecraft™©. Players
can collect assets from the environment (e.g. wood, stone, or sand), earn points with
battles won but also based on their objects built, improve and customise their avatar
(new clothes, more colours, more haircuts, etc.), exchange messages (e.g. to trade,
collaborate, or build), trade and exchange assets with other players they meet in the
game, and build virtual objects in the environment (when together with other players
and with a combination of different types of assets). Once such virtual objects are
built, other players can see them too, and at first it is meant to be played in Zuiderpark
(but could scale up to whole Rotterdam/The Netherlands).

3. The Voice of South: The game consists of recording people singing or making music
at a specific spot in the neighbourhood, and the game would enable others around to
listen to it on the spot and rate player’s performances. The best songs/raps/clips would
be on top of the leader boards resulting in increased social status and visibility.

4. Water Ball: This game idea consists of having people throw virtual balls at each other
with their smartphone. Instead of losing when being hit, a player receives points from
the thrower/attacker, and he or she only receives points when different people throw
balls at him/her. The purpose of the game is to increase contact on the street, as a
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means to meet new people. This game of throwing balls is considered to be a way of
interacting.

5. Eat & Go: This game consists of collecting points by walking around Zuiderpark, a
park in the south of Rotterdam, or challenging other people in sports competitions.
The points collected by the players (either individually or as a group) can be used to
acquire food from supporting companies for free, and the more points collected, the
more variety of food the player can get. This game can be adapted to things other than
food, and can also consider joint activities among the players (e.g. Flash Mobs, vol-
untary work like garbage collection or helping others repairing things). Players ran-
domly encounter challenges while walking around Zuiderpark, and these challenges
make players win or lose points.

Which Activities? Participants like to slide, to climb, run, free running, basketball, dance
or break dance, do sports, cannoning, swim, make music, eat with others, barbecuing, get
to know people, visit each other, doing things together, send messages, sit under the sun,
chill outside in the evenings, challenge each other, throw water balloons, fight, play Hide
and Seek, Call of Duty, Counter Strike, Mario Kart;
With whom? Participants like to play with parents, friends, boys, girls, 10-20 year aged, sick
people, antisocial adolescents, people that do activities, everybody; the police, war refugees;
Where? Participants would like to play in parks, a residential area, outside, bakery, square,
market, swimming pool, stores, cinema, on the grass, supermarket, football club, every-
where in the neighbourhood, hangout place.
C. Analysis of Workshop 1
The first workshop worked well in general, with 3 groups with 2 facilitators each . The ado-
lescents were willing to talk about their homes, where they lived, but also about criminality
and boredom. In some cases facilitator intervention was needed to prompt participant con-
tribution. The examples of real games and game elements presented in the brainstorming
part of the workshop seemed to work well, as did the competitive nature of the challenge
to design the best game idea (as reported by the facilitators and participants). The structure
and duration of the workshop, however, were problematic as indicated above.

The levels of productivity, interest in participation, collaborative attitude, and disruptive
behaviour varied across groups (despite the voluntary nature of their participation). Adoles-
cents also varied in their knowledge of the area (i.e. was often very limited; some were not
allowed to play on the streets by their parents), and their map reading skills were limited.
The main challenge was, however, that the participants thought they would be creating a
real game and not "just" a game idea.

The toolkit used to support game design was perceived by most to be more complex
than necessary, and the rules of the competition between groups (i.e. the gamification of the
workshop, the pitch of the ideas, attribution of the points, a winner and rewards) were not
clear to all participants from the start).

The debriefing session was not as productive as envisioned: a few participants con-
tributed to the discussion indicating which game they liked best (and for which they had
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voted) and which activities they liked best. All others agreed with what had been said,
adding very little to the discussion.
WORKSHOP 2: SECONDARY SCHOOL STC
The workshop structure was revised on the basis of the experience described above. The title
of the workshop was changed from "Ontwerp een Game" (Design a Game), to "Bedenk een
Game" (Devise a Game) to manage participant expectations: to indicate that the workshop
is to explore and devise ideas for games, but not to create them.

The second change related to the structure of the workshop and its duration. The work-
shop is based on TGD’s worlds of reality, meaning, and play, and all three are of impor-
tance. Insights on the world of reality, namely characterisation of the neighbourhood, were
acquired during the first part of Workshop 1.

The structure of Workshop 2 was therefore slightly different: the first part of the work-
shop on neighbourhood characterisation was replaced by a short physical game.
A. Execution of Workshop 2
The second workshop had 15 participants (12 boys, 3 girls) between 12-16 years of age. It
started with an introduction of the purpose of the workshop, followed by the actual play of a
game outside (Moon Ball (Sweeney and Meadows, 2010)). Thereafter, participants moved
inside and were introduced to the challenge of the workshop and its competitive nature, were
primed in the same way as the 1st workshop, and were further divided into groups of 5. One
of the groups had only one facilitator (a researcher), and the other two groups had two fa-
cilitators per group (one researcher, and one teacher from the school) to help with group
dynamics.
B. Results of Workshop 2
In total 4 game ideas, a set of activities participants would like to play, with whom, and
where, were identified.
Game Ideas

1. Minecraft™© Go: The game idea is to play Minecraft™© in the real world, i.e. to
place Minecraft™© content in the neighbourhood and to create places to play and
meet each other. Players can perceive and become part of the fantasy of others, and
see whether their own buildings withstand natural disasters (e.g. flood, earthquake,
or volcanoes). Players can choose a specific style of building, have a personal logo,
an avatar with its own style, and compete with other players for the largest number
of buildings built with the different types of resources. Players can advance through-
out the game by making friends with other players, trading construction objects and
building with them, and going through the storyline and assignments of the game (e.g.
build a structure with 100 other players). The game enables ownership of a region,
i.e. for players to build walls, create their villages, and invite friends to build in their
villages. Players need to move around the neighbourhood to collect unique resources,
and to trade those with others.

2. GTA Rotterdam: As in the "normal" GTA™©, a player receives assignments to follow
someone, to find something or someone, to kidnap someone, or to discover hidden
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drugs. In the course of the game, players are equipped with a water-gun and a virtual
dog to help in chasing suspects. The faster a player is in his or her assignments, the
better he/she scores. The less water he/she uses from his or her water gun, the more
points the player earns. Players can negotiate with other players about assignments
or support for each other. They can message each other with their mobile phone. As
each player can also be chased by others, there are also safe places in the environment.
The winner is the player who earns the highest number of points.

3. Habiba Challenge: Habiba is a challenge game, related to sports and other activities.
Players can assign challenges to each other, and they can collaborate and teach each
other new skills, like tricks on a bike. They can also develop challenges, like eating
the most chicken, or hitting each other with a soft ball. Points are gained by winning
a challenge; the player with the highest score wins.

4. The Walking Egg: This game is similar to Pokemon Go™©, as it consists of actions
related to objects in the real surroundings. Each player has a map at his or her disposal
showing a map with the real surroundings, the main mission (throwing digital eggs
at each other to gain points) and side missions. Bonus points can be collected via the
side missions and collectable items (e.g. Chicken Drops that drop extra eggs, quick
egg-throwing weapons, or golden eggs that multiply the points earned), but also by
walking around in real life. The players have to throw eggs to acquire points to build
their farm. Every player has a farm which h/she has to manage, and new elements can
be added to the farm (with either points or items collected in the virtual game). Points
can be used to buy upgrades for the farm, and real money can be used to acquire such
points as well.

Which Activities? Participants like to play football, dance, free running, cycle, throw eggs,
make music, look for trouble, irritate people, hang out, build ships and sail them, listening
to music, eat, chill, see who can eat the most chicken, play treasure hunt, playing catch, hit
ball, hide and seek, play Monopoly, card games, shooting games, Minecraft™©, Pokemon
GO™©, FIFA™© 17, Assassin’s Creed™©, Candy Crush™©, Call of Duty™©, Ship Simu-
lator;
With whom? Participants like to play with friends, boys/girls from the neighbourhood,
people doing groceries, people with dogs, delivery people, young people, mediocre people,
old people, black, white, and Asian, everyone except creepy people, police agents, soldiers,
problematic youth, with everyone, including people that participants do not know yet, as
long as they are close to the participants’ same age;
Where? Participant like to play in parks, school square, shopping streets, shops, bus stops,
water park, skate lanes, around in the neighbourhood, anywhere in the neighbourhood, any
time (preferably during evening), spare time (i.e. afternoons, weekends, and at night);
C. Analysis of Workshop 2
The second workshop was reported by the facilitators to be more effective than the first
workshop. They reported that in two of the three groups much less support was required
from the facilitators. Most adolescents enjoyed thinking of elements for the game, and were
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less disruptive. The shorter set-up and focus on the play aspect resulted in more engagement
with the card toolkit. Some of the cards in the card deck were still too difficult, although
some of the adolescents really read the cards and tried to implement the elements in the
game. The "world of meaning" was done in less than half an hour, while the world of
play and the process of creating the drawings for the game took longer than the allotted 40
minutes.

Even though gaming is a mutual part of the participants’ culture, and the participants
understand the elements of a game the task of thinking about games does require some at-
tention and conceptual thinking skills. In one particular group (the one that produced the
game ideas: GTA Rotterdam, and Habiba), the facilitator noticed early on that part of this
group had a clear preference for shooter games with some level of violence. The choice of
facilitation was to allow for unrestrained flow of thoughts (which then resulted in the GTA
Rotterdam). The group dynamics were challenging: the facilitator reported that not all par-
ticipants were in favour of violence but that two of the older boys constantly tried to dominate
the discussion and to intimidate the facilitator and other participants through aggressive be-
haviour and jokes. The game Habiba was the result of the facilitator’s intervention to guide
the design process to support a game idea without violence on purpose, in particular for the
younger participants of that group whom seemed to be open to collaborative games, and
activities that can be shared and are challenging.

The debriefing session was slightly more effective than in Workshop 1. One facilitator
indicated that this workshop was more effective than the first and that one of the games
was much more detailed and therefore better (while referring to The Walking Egg) than
the games devised during the first workshop. One of the groups debated "older" people’s
willingness to engage in a game, and the feasibility of going outside and doing "something
with strangers in their neighbourhood" although appealing.

4.1.2. DATA ANALYSIS
Games often purposefully evoke different emotions in players by deploying a certain number
of game dynamics. Understanding the emotions and the related game dynamics of a game is
therefore an important step in the analysis of game requirements for a certain purpose, such
as social interaction. The MDA framework (Hunicke et al., 2004) distinguishes 9 possible
aesthetics defined as "desirable emotional responses evoked in the player": sensation, fan-
tasy, narrative, challenge, fellowship, discovery, expression, submission, and competition.
Hunicke et al. (Hunicke et al., 2004) define game dynamics as: "the run-time behaviour
of the mechanics acting on player inputs and each other’s outputs over time". Building
upon these aesthetics, this article employs the MDA framework for the requirements analy-
sis. Though several other frameworks exist (Mora et al., 2015; O’Shea and Freeman, 2019)
(e.g. Elemental Tetrad (Schell, 2008), MTDA+N (Ralph andMonu, 2014), DPE (Mellecker
et al., 2013), DDE (Walk et al., 2017), and gamification-related (Chou, 2015; Jiménez and
Escribano, 2017; Kumar, 2013; Morschheuser et al., 2017; Werbach and Hunter, 2012)),
the MDA framework, in comparison, enables game developers and practitioners to decom-
pose, study, and design game designs and artefacts in a structured way, and provides one
fundamental approach to game design: it decomposes every game into a set of rules that
lead to a system of play, and that, in turn, generate a "fun"-based play experience (Hunicke
et al., 2004). MDA establishes a counterpart relationship (from the rules → system → play
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experience) that provides a functionality-oriented perspective (mechanics → dynamics →
aesthetics) that has shown to be useful to analyse games (Duarte, 2015). MDA offers a
"workable" mental model for how information is created and received in a game, and sim-
plifies the chain of events by creating a hierarchy of game components and basic elements
(where mechanics are at the foundation of a game) (Polansky, 2015). This model makes
it possible to analyse existing game ideas and designs in their underlying functionality, to
identify requirements on which they are based.

In summary, this research uses the MDA framework due to 1) its wide acceptance by the
scientific community (Walk et al., 2017), 2) its practical functionality-oriented approach,
3) its grounding in emotions (aesthetics) and involvement of players, and 4) its value for
analysis of game ideas and identification of requirements reported in this case study (see
appendix A).

The novel requirements analysis process described in this section focuses on understand-
ing the aesthetics of the 9 game ideas and the game dynamics proposed. All game ideas are
analysed firstly at the level of the aesthetics (emotions) they elicit, and secondly at the level
of dynamics used for their implementation. Other results produced during the workshops
(those regarding "which activities", "with whom", and "where") were informative but not
with respect to the aesthetics and dynamics involved. Detailed analysis on the game ideas
can be found in appendix A.
PROTOCOL OF ANALYSIS
Each of the game ideas developed by the adolescents was analysed by 2 researchers to iden-
tify the aesthetics invoked and the game dynamics responsible for their invocation. The set
of possible game dynamics used during the analysis is based on different sources: a library of
game mechanics (Järvinen, 2009), game mechanics from the AddingPlay card deck toolkit
(Sisarica, 2015), and the SCVNGR’s secret game mechanics/dynamics play deck12. In the
first stage of analysis, two researchers independently analysed and classified the aesthetics
they identified in the game ideas given by the participants. In the second stage of analy-
sis, they used this set of possible game dynamics to code, per game idea, the way that the
identified aesthetics are technically supported. The resulting lists of aesthetics and game dy-
namics were cross-validated, adapted when necessary through agreement on what dynamics
best describe the entailed gameplay aesthetics/experience. The supplement material to this
case study (appendix A) provides a detailed account on the identified list of dynamics, and
where and how often each of them occurs.
GAME DYNAMICS FOR LOCATION-BASED GAMES FOSTERING SOCIAL INTERACTION
Table 4.1 shows the several game dynamics that were identified in the game ideas from the
two workshops. This list presents the name of the dynamic on the left column, and, on the
right one, the descriptions derived from the game ideas.

Dynamic Description

Achievement Provide a sense of accomplishment to the player, either as an individual
or as a group, resultant from task completion.

12https://techcrunch.com/2010/08/25/scvngr-game-mechanics/, SCVNGR’s Secret Game Mechanics Playdeck,
last visited on December 23, 2020.

https://techcrunch.com/2010/08/25/scvngr-game-mechanics/
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Table 4.1 (continued)

Collaboration Enable players to achieve a shared goal by working together, that may
be necessary to advance the game play.

Collection

Promote player’s return to the game by creating an objective of collect-
ing items in the game that can be accomplished over time and several
gameplay sessions. Collection is the act of gathering game elements in
the game environment (either digital or real world) for the purpose of
ownership, trade, or improvement of condition.

Community
Contribution

Impact the real environment, outside of the game, by involving other
people whom are not actively playing the game, or by creating positive
influence of gameplay for the neighbourhood.

Digital Inter-
action

Promote play and engagement by influencing communication between
players, whilst also allowing them to influence the gameplay of other
players in the digital world. Digital interaction happens for example
in the form of communication, digital group formation, or multiplayer
mode.

Exertion
Motivate players to do activities involving physical effort, to advance in
the game. This involves physical effort that is required to perform an
activity or solve a challenge linked to the game.

Lottery Add surprise to the game and prevent the player from getting used to
the game with random events that affect the gameplay or its outcome.

Mission
Add fantasy and overall purpose to the gameplay, through a tale, gen-
eral narrative, or as overall mission or smaller missions that add to the
overall tale.

Ownership
Enable players to participate, own and be responsible for part of the
game content, to (partially) own the game and influence other players’
gameplay.

Reinforcement Foster play and engagement, e.g. provide a reward when a certain action
or outcome occurs.

Real-world
Play

Embed the play in the physical environment and allow players to be
physically active.

Social Inter-
action

Establish interaction and face-to-face communication, either with other
players or with other people not actively playing the game.

Virtual Rep-
resentation

Increase the player’s presence in the game by digitally representing the
player’s state, visibility, or social status.

Winning
Condition

Quantify success and accomplishment within the game. Awinning con-
dition either implies a comparison and competition between players, or
a competition between the player and the game. These are required con-
ditions to complete game tasks.

Table 4.1: Game dynamics resulting from the game idea analysis.

Table 4.2 shows the number of times the game dynamics identified in table 4.1 were
found for each aesthetic and each game, in a descending order. In theory, with 9 game ideas
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and 9 aesthetics, a given game dynamic could be counted up to 81 times (9 game ideas x 9
aesthetics per game idea).

Dynamics Frequency Literature
Achievement 45 (Consolvo et al., 2006; Hinske et al., 2008; D. Parsons et al.,

2006; J. Yim and Graham, 2007)
Real-world play 27 (Eriksson, 2005; Hinske et al., 2008; Nilsen, 2006; Straker et al.,

2014; Valente et al., 2017; Wetzel et al., 2008; Zagal et al., 2000)
Reinforcement 25 (Chilufya, 2014; Consolvo et al., 2006; Gennari et al., 2019;

Mascio et al., 2013; D. Parsons et al., 2006; J. Yim and Graham,
2007)

Social Interaction 24 (Chilufya, 2014; Eriksson, 2005; Ermi andMäyrä, 2005; Hinske
et al., 2008; Isbister and Mueller, 2015; Korhonen and Koivisto,
2007; Straker et al., 2014; Valente et al., 2017; Wetzel et al.,
2008; J. Yim and Graham, 2007; Zagal et al., 2000)

Collaboration 18 (Chilufya, 2014; Eriksson, 2005; Ermi andMäyrä, 2005; Hinske
et al., 2008; Korhonen and Koivisto, 2007; Nilsen, 2006; D. Par-
sons et al., 2006; Valente et al., 2017; Wetzel et al., 2008; Zagal
et al., 2000)

Digital Interac-
tion

17 (Choi and Kim, 2004; Consolvo et al., 2006; Eriksson, 2005;
Ermi andMäyrä, 2005; Korhonen andKoivisto, 2007; Korhonen
et al., 2008; D. Parsons et al., 2006; Valente et al., 2017; Wetzel
et al., 2008; J. Yim and Graham, 2007; Zagal et al., 2000)

Ownership 17 (Consolvo et al., 2006; D. Parsons et al., 2006)
Winning Condi-
tion

12 (Consolvo et al., 2006; Ermi and Mäyrä, 2005; D. Parsons et al.,
2006; Zagal et al., 2000)

Collection 10 (Al Mahmud et al., 2010; Ermi and Mäyrä, 2005; Hinske et al.,
2008; Nilsen, 2006; Valente et al., 2017; Wetzel et al., 2008; J.
Yim and Graham, 2007)

Exertion 10 (Consolvo et al., 2006; Eriksson, 2005; Ermi and Mäyrä, 2005;
K. Gerling et al., 2012; Hinske et al., 2008; Korhonen and
Koivisto, 2007; D. Parsons et al., 2006; Straker et al., 2014; Va-
lente et al., 2017; Wetzel et al., 2008; Zagal et al., 2000)

Virtual Represen-
tation

10 (Ermi and Mäyrä, 2005; Isbister and Mueller, 2015; Mascio et
al., 2013; D. Parsons et al., 2006; Straker et al., 2014; Wetzel
et al., 2008)

Mission 8 (Chilufya, 2014; Ermi and Mäyrä, 2005; Hinske et al., 2008;
Mascio et al., 2013; D. Parsons et al., 2006; J. Yim and Graham,
2007)
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Table 4.2 (continued)
Community Con-
tribution

6 (Chilufya, 2014; Eriksson, 2005; Ermi andMäyrä, 2005; Korho-
nen and Koivisto, 2007; Korhonen et al., 2008; Nilsen, 2006; D.
Parsons et al., 2006; Straker et al., 2014; Valente et al., 2017;
Wetzel et al., 2008; Zagal et al., 2000)

Lottery 3 (Al Mahmud et al., 2010)
Table 4.2: Frequency (Frequency) of the game dynamics (Dynamics) in the game ideas (refer to the supplementary
materials for a full analysis). Also shows references to the literature (Literature), i.e. how each requirement
compares to other guidelines.

Table 4.2 shows that achievement occurs most frequently, 45/81 times. Real-world play
(27/81), reinforcement (25/81), social interaction (24/81), and collaboration (18/81) are the
dynamics that are then most frequently deployed. Digital interaction, ownership, and win-
ning condition (17/81) scored equally. On the lower spectrum, collection (12/81), exertion
(10/81), virtual representation (10/81), mission (8/81), community contribution (6/81), and
lottery (3/81) are the dynamics least used by the participants.

This sorted list of game dynamics reflects what the participants in this target group pre-
fer and desire with regard to gameplay and functionality of future location-based games
designed for social interaction. This list, in fact, represents these participants’ high-level
requirements.

4.1.3. DISCUSSION AND LIMITATIONS
This sub-chapter discusses the results of this research, as well as how they compare to ex-
istent non-user-centred guidelines and requirements found in the literature (the rightmost
column in table 4.2). A new aesthetic is proposed in this discussion, and limitations dis-
cussed.

DISCUSSION OF RESULTS
From the sorted list of game dynamics found in table 4.2 the game dynamic achievement
stands out most (it is present in 56% of the aesthetics in the game ideas). This means that
a sense of accomplishment is of importance to this target group. At a lower level but still
prominent are the dynamics real-world play, reinforcement, and social interaction, men-
tioned for just over 30% of the aesthetics in the game ideas. This means that after the sense
of accomplishment, the participants prefer gameplay with physical movement embedded in
the real world, with rewards, and with interaction with people. In addition collaboration
(22%), digital interaction, ownership (21%), and winning condition (15%), and to a lesser
extent, the dynamics collection (12%), exertion (12%), virtual representation (12%),mission
(9.8%), community contribution (7.4%), and lottery (3.7%) appear to interest adolescents as
well. Future designers of a location-based game for social interaction can take heed of these
preferences, i.e. requirements of this target group in future design.

COMPARISON BETWEEN RESULTS AND EXISTENT GUIDELINES
Research on social interaction recommends that players have "multiple channels for commu-
nication" at their disposal (Eriksson, 2005). This is in line with the Ermi et al.’s guidelines
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(Ermi andMäyrä, 2005), to "allow different modes of play and support various player types",
to "allow as much free communication between players as possible" and "support the form-
ing of teams and alliances". Korhonen et al.’s (Korhonen and Koivisto, 2007; Korhonen
et al., 2008) guidelines include playability heuristics for online player-to-player interaction
with mobile phones, and off-line communication with others. Zagal et al.’s (Zagal et al.,
2000) guidelines distinguish natural (out-of-the-game) and stimulated (in-game) interac-
tion, how collaboration and competition occur in both, and how games should allow for
meta-gaming (with physical interaction).

The guidelines proposed by the above-mentioned authors link to the requirements this
case-study proposes for digital and social interaction (collaboration, exertion, real-world
play, and community contribution) and to those related to different modes of play to support
different types of gaming activities based on collaboration, winning conditions, collection,
exertion, and small/large missions.

Other guidelines stress digital interaction more, or in-door interaction. Design of social
interaction in the digital world only is supported by guidelines proposed by (Choi and Kim,
2004; Isbister andMueller, 2015; Straker et al., 2014) for virtual representation, anonymity,
and self-expression. Research on indoor social interaction focuses on in-class behavioural
education (Gennari et al., 2019), and stresses that points and progression bars on interactive
solutions help the development of children (which links to our requirement on reinforce-
ment).

Research on physical mobility focuses on the different possibilities that real-world play
affords, whether it be for exertion or for interaction afforded specifically by tangible objects
described below. Research on AR games proposes games that do not stay digital (links to
collection), use the real environment (links to real-world play, exertion, social interaction,
and community contribution), and that use various social elements (links to virtual represen-
tation, social and digital interaction, community contribution, and collaboration) (Wetzel et
al., 2008). Regarding exertion, work encouraging physical activity is vast (Chilufya, 2014;
Consolvo et al., 2006; K. Gerling et al., 2012) and recommends support for social influence
(social pressure, support, and communication), fun, along with awareness of the activity
level, and recognition of users. Straker et al. (Straker et al., 2014) propose recommendations
for players to "be social", "swap sedentary with active games", and to promote games with
"positive social content" that lead to "fun". These recommendations link to our requirements
on real-world play, exertion, community contribution, achievement, reinforcement, winning
condition, social/digital interaction, and indirectly to the recognition that users acquire by
contributing to game design (ownership). Our requirements of reinforcement, achievement,
collection, mission, and social/digital interaction are further linked to the sense of progres-
sion, achievable short-term goals, and the assistance of team formation that are found in (J.
Yim and Graham, 2007).

Regarding tangible objects, Mahmud et al.’s work on inter generational indoor games
(Al Mahmud et al., 2010) provides insights on social interaction that are linked to the use of
lottery and tangible objects, as ways to add appreciated uncertainty in the game. The quality
requirements proposed by (Valente et al., 2017) with respect to AR-based games include "so-
cial communication", "involving non-players", "game object tangibility", and "local-space
redefinition". Guidelines stress not only the importance of novel interactions afforded by
tangible objects, but also of the interface (and how to balance all of the elements of the
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game) (Nilsen, 2006), and the inclusion of players of different ages (Chilufya, 2014). Other
guidelines (Al Mahmud et al., 2010; Chilufya, 2014; Hinske et al., 2008; Nilsen, 2006; Va-
lente et al., 2017) discuss object tangibility and the interpersonal interactions these support,
and link directly to a few of the requirements proposed in this article (digital and social in-
teraction, exertion, community contribution, real-world play, collection, collaboration, and
collaboration), all the while having implications (or be used) by others (lottery, mission,
and achievement).

Lastly, social interaction is included in guidelines for games with very different goals
such as learning environments (Gennari et al., 2019; D. Parsons et al., 2006), for children
with special needs such as deaf children (Mascio et al., 2013), but also for blogs, wikis, and
discussion groups (D. Parsons et al., 2006). Such guidelines link to our requirements of re-
inforcement, mission, virtual representation, ownership, community contribution, exertion,
collaboration, winning condition, achievement, and digital interaction, with one exception.
Mascio et al.’s work reports that deaf children do not enjoy interaction with others and that
they often suffer from excessive distractions by other people (i.e. multiple communica-
tion channel reported above) (Mascio et al., 2013). Often their (single player) gameplay,
however, does require support from other people (parents or teachers), with progressive
challenges, explicit in-game rewards, and collaborative customisable avatars, that resonate
with many of the requirements this case-study proposes (mission, reinforcement, and virtual
representation) and the support they give to players.

This comparison shows that the requirements proposed in this article that stem from
adolescents, are linked with existing work in different ways. These results, however, can
be misleading. Although there is overlap, there are also differences: not all guidelines are
aligned. The lack of consensus is primarily due to differences in the types of games and
purposes on which they focus, and none of the research discussed focused specifically on
location-based games for social interaction.

Two of the requirements proposed in this case study (ownership and lottery) are not
strongly linked to existing guidelines, and are thus novel to the adolescents in the studied
neighbourhoods of Rotterdam.

SUITABILITY OF THE MDA FRAMEWORK
The aesthetics identified by the MDA framework, and the game dynamics to which they
were related provided a strong basis for requirement analysis. One game idea, however, was
not covered by the 9 aesthetics the framework distinguishes. The game description of Eat
and Go mentions the adaptation of the game to aspects other than food, to joint deeds such
as voluntary work or providing help in repairing assets for others, or engaging in activities
such as cooking or eating (without winning conditions). For this case in particular, this case-
study proposes to extend Hunicke et al’s list of aesthetics (Hunicke et al., 2004) to include
Care, an aesthetic for players looking for a gameplay aimed at contributing to the community.
Games with this aesthetic invite players to engage in offline community building, care for
the community, the environment, and the people in it.

The list of game dynamics identified in this research is not extensive, complete, or closed,
and results from the two described workshops. New game ideas can potentially extend
and advance these definitions of dynamics. Nonetheless, the list of game dynamics is well
founded, and can guide future game design for social interaction.
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ATHLETE AND INVENTOR: TWO TYPES OF GAMING ACTIVITIES DESIRED BY USERS
The activities that participants informed wanting to do, with whom, and where, shed light
on the type of content that they want to play in a game for their neighbourhood. Many
activities have a physical nature (or even of exertion, e.g. to climb, to run), and these make
a substantial part of what they mentioned liking. Another type of activities they reported
enjoying involve creativity (e.g. make music, treasure hunt, build ships and sail them). This
can be linked to the neighbourhood and how to enable adolescents to think about ways to
improve their own world and make it more liveable (Fonseca et al., 2017). Therefore, this
case study proposes two types of activities that users seem to want to play in a game fostering
social interaction in their neighbourhood13:

Athlete: Athlete type of challenge requires physical activity to solve the
challenge. The challenge can be solved by either doing a specific activity
requiring physical action (e.g. engaging with at least five people for a given
purpose), or by varying the quality of the performance itself (e.g. see who
can finish the free-running the fastest).
Inventor: Inventor type of challenge require players to propose new ideas to
address an issue in the neighbourhood. Players in this type of challenge may
explore interventions for their neighbourhood, and explore opportunities to
increase the livability of their neighbourhood. Examples of this challenge
are possible interventions to change their neighbourhood, designing a new
playground, or a new colour scheme for the location.

LIMITATIONS
A major limitation of this study is the small data set gathered from the participants. More
game ideas, from a varied pool of participants, can in future address this limitation and
provide support for more significant claims. The results reported in this case-study are,
however, of scientific value, especially due to the exploratory nature of the study in com-
plex and realistic settings to understand adolescents’ preferences for interaction with the
neighbourhood in which they live, and the people it includes.

Participation in the study was voluntary, and the selection procedure open. The assump-
tion was that adolescents who volunteer to participate in workshops for the design of a game
are motivated and interested in this challenge. As indicated above adolescents’ expectations
for the first workshop were not aligned with the goals of the workshop, and was thus adapted
for the second workshop: a limitation in itself.

In addition with respect to gender, the sample of participants in total is not gender-
balanced (of the 31 participants, 24 were boys and 7 were girls). This fact may skew the
findings towards more male-oriented values and styles of gameplay, which, when coupled
with the gamified workshops (designed towards mild competition. The sample of partici-
pants was, however, judged by the schools to be representative of both the students in these
schools and of the neighbourhoods involved. Future work can explore the effects of this
possible bias on requirements for LBGs for social interaction.
13This lesson learned is also included in the published article: G. Slingerland, X. Fonseca, S. Lukosch, and F.
Brazier, Location-based Challenges for Playful Neighbourhood Exploration, Behaviour and Information Tech-
nology, doi: https://doi.org/10.1080/0144929X.2020.1829707, 2020.

https://doi.org/10.1080/0144929X.2020.1829707
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An aspect not covered in this case study is the priming effect of participants’ prior knowl-
edge of non-location-based games. Game ideas such as RealCraft ZuiderPark, Minecraft
Go, GTA Rotterdam, and The Walking Egg are similar to location-based counterparts of
known commercial games such as GTA, Minecraft, and Pokemon Go. Future work should
take previous gaming experience of participants into account.
SUMMARY
This case study seeks to understand the preferences, needs and desires of adolescents liv-
ing in two neighbourhoods in the south of Rotterdam, The Netherlands. It explores which
requirements adolescents have to play outdoor digital games for social interaction in their
neighbourhood, and understand their context. Different social contexts, even inside the same
country, can potentially reveal details that are not apparent to game designers, highlighting
not only the importance of involving future players in the process of requirements elicita-
tion, but also the potential for games to explore novel ways to expose adolescents to their
surroundings and the people in them.

A list of game dynamics as high-level requirements for location-based games fostering
social interaction is proposed, based on in-depth analysis of aesthetics and dynamics us-
ing the MDA framework (Hunicke et al., 2004). This article proposes to extend the MDA
framework with a new aesthetic called "Care", given that the original set of aesthetics does
not cover certain details that are important to the participants. This aesthetic covers games
aimed at contributing to the community, by caring for the neighbourhood in general, and
promoting engagement meant to nurture and maintain it. The game dynamic achievement
is predominant (in over 50% of the aesthetics and game ideas) indicating the adolescents’
strong need to have a sense of accomplishment, resultant from completing tasks either by
themselves or with others. This research argues that all identified game dynamics are impor-
tant, and indicates to a varying degree what participants of this age would like to experience
in future games fostering social interaction.

For future work it is important to understand how different participants in different loca-
tions can contribute to the proposed list of game dynamics for location-based games foster-
ing social interaction (even from the same target group used). The identified game dynamics
are at a high level and need to be further specified, e.g. proposing possible design patterns
describing how to put game mechanics and elements together to provide these dynamics of
play. As human emotions are numerous and complex, further research is recommended on
the topic: having a more complete taxonomy of aesthetics can help structure the process
of game design and make it less dependent on individual game designer’s preferences. In
addition, the relationship between the list of game dynamics identified in this case study
and the degree to which social interaction is fostered, should be further explored. That will
shed light on the relative importance of each requirement with respect to (the type of) social
interaction involved.
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4.2. CASE STUDY 2: USER REQUIREMENTS FROM ADULTS IN
THE HAGUE

All grown-ups were once children... but only few of them remember it.

Antoine de Saint-Exupéry

The second case study aims at exploring gaming activities that are designed according to
the literature on social cohesion and interaction (thus non-user-centred), and assess their
efficacy in triggering social interaction in environments that are not-known to users. It ex-
plores the design of gaming activities, named challenges, to probe users in different ways of
interacting, and understand their requirements from the perspective of adults. It uses 5 types
of challenges guided by literature to probe how users react to the prepared gameplay. These
challenges are supported by an LBG prototype that is developed as a game framework to
run them. This LBG is a prototype built on top of the information reported in case study 1
(gameplay requirements from adolescents). This case study tests this LBG plus challenges
in its ability to provide a gameplay experience with different players (adults) that do not
know each other, and in a location not-known to them.

By doing so, this case study explores user requirements from the perspective of adults
and adds to the perspective of adolescents, for it is assessed in which way the prepared
gameplay (i.e. the 5 types of challenges) meet the users’ preferences, needs, and desires.
Following sections briefly describe the game framework used, focus on the experiment,
report on 5 different types of challenges played by strangers in an environment not-known
to them, and discuss the lessons learned on the appropriateness of the challenge designs
offered to players.

4.2.1. GAME PROTOTYPE
The created game prototype is a location-based game that lets players walk around their
neighbourhood and other public spaces, engage with people they (might) have never seen or
spoken to before, go to places that they might have never been or seen before, and solve chal-
lenges together with other people (actively playing the game or not) to advance throughout
the game. It is designed to support people playing together, hunting for QR codes that other
people have, perform in multiplayer challenges, and solving single player quiz challenges
designed for face-to-face interaction in the neighbourhood.

Challenges within the game framework are purposefully placed in specific places in the
environment. These places can be related for e.g. to the history of a city (e.g. the birth of
a legend, the biggest port in the world, a local star) or to local activities. This prototype
supports two different types of challenges, quiz and multiplayer: quizzes are designed for
This chapter is based on the published article: X. Fonseca, S. Lukosch, and F. Brazier, Fostering Social Interaction
in Playful Cities, in Interactivity, Game Creation, Design, Learning, and Innovation, vol. 265, Part of the Lecture
Notes of the Institute for Computer Sciences, Social Informatics and Telecommunications Engineering book series:
pp. 286-295, Springer, 2019.
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single player gameplay, and multiplayer challenges for groups of people playing together
in teams (teams against teams). This study explores multiplayer challenges in which teams
solve a challenge, get points/rewards for the quality of their performance, and compete with
other teams.

Figure 4.3: LBG prototype used.

4.2.2. CHALLENGE DESIGNS
To foster social interaction in public space, this case study explores the impact of 5 differ-
ent challenges for scenarios in which people (most likely) do not know each other before-
hand (common fact in public space). It explores the goal of fostering social interaction,
and uses several factors from the social cohesion framework (Fonseca et al., 2018b) to de-
sign these challenges. This framework distinguishes 3 factors that influence social cohe-
sion with regard to an individual (in contrast to communities and formal institutions): (1)
self-motivation, (2) perceptions, norms and values, and (3) participation and performance.
Social interaction, a means to acquire social cohesion (Festinger et al., 1950; Groenewegen
et al., 2006; N. Polansky et al., 1950), is influenced by aspects such as for e.g. intimate
face-to-face communication (Cooley, 1909), quality of intimate topics shared (J. P. Stokes,
1983), degree of like-dislike (A. J. Lott and Lott, 1966), sense of belonging (CoE, 2008),
individual participation (Braaten, 1991), and task competence (Festinger et al., 1950). Ta-
ble 4.3 lists both the factors linked to social interaction in this framework, and aspects of
influence.

This research uses these factors to create game challenges that are not user-centred, but
that can guide what is offered to users in a purposeful way. The following challenges are
designed to explore the influence of these factors in practice and promote social interaction,
and are explained below (the description of the challenges actually presented to participants
can be found in appendix B:

• Challenge 1: Guess if you can. The objective of this challenge is to introduce players
of a team with each other to jointly solve in a collective problem solving task. It
consists of estimating the precise volume of a big and complex building at a given
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Factors fostering social interaction Aspect influencing the factors

Self-motivation 1. Intimate face-to-face communication (Cooley, 1909)
2. Quality of intimate topics shared (J. P. Stokes, 1983)

Perceptions, norms and values 3. Degree of like-dislike (A. J. Lott and Lott, 1966)
4. Sense of belonging (CoE, 2008)

Participation and performance 5. Individual participation (Braaten, 1991)
6. Task competence (Festinger et al., 1950)

Table 4.3: Main goals for challenge designs, and aspects that can achieve them.

location, while stipulating a time limit of 5 minutes. This exercise is designed to
require the least effort and act as ice breaker. It addresses the aspects in table 4.3 by
initiating communication and collaboration in the same location (aspects 4, 5) without
need for intimacy, and making people solve a common problem with time pressure
(aspect 6).

• Challenge 2: Shape in. The objective of this challenge is to interact in a fun and
different way, and to tap into each other’s creativity. It consists of having all team
members putting on blindfolds and forming a large circle with a rope on the floor.
Together they must create a geometric shape with the rope by communicating. It
addresses the aspects in table 4.3 by requiring imagination (aspect 6), using blind-
folds (aspects 1, 4, 5), and implementing intercommunication to coordinate the task
(aspects 1, 3, 4) in close body proximity (aspect 1, 2, 4).

• Challenge 3: Creative dance. This challenge is designed to stretch comfort zones,
and foster the thrill of creative effort in an engaging and fun way. The team can earn
rewards by uniting as a group and making a performance of the three musketeers
fighting for a princess (they choose the princess). This entails placing a speaker on
the floor, playing music of choice, and team performance. It addresses table 4.3 by
creating memorable experiences via a joint dance (aspects 1, 3, 5, 6), and stretching
comfort zones in close body proximity (aspects 1, 2, 3).

• Challenge 4: Creative talk. This challenge is designed to overcome communication
barriers through creativity, to build on each other’s knowledge and consider other per-
spectives. This is done by making the team coordinate without speaking out loud. A
unique secret number is whispered to each person, and the team has to line itself up
in a numerical order without talking. Difficulty can be added by using numbers from
11 to 99. It addresses the aspects in table 4.3 by deploying blindfolds (aspects 1, 4,
5), requiring creativity in new ways of communication (aspects 5, 6), inviting com-
munication through gestures and close proximity (aspects 1, 2), and inviting touching
between players (aspects 3, 4).

• Challenge 5: Knot. This challenge seeks to enable team members to provide support
to each other to solve a problem. It requires players to create a knot with their own
hands, and untangle themselves. To do so, they are asked to form a circle, stretch their
right arm forward and grab a random hand. They then do the samewith their left arms.
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It addresses table 4.3 by deploying touching (aspects 1, 2, 4), mutual support (aspect
4), and close body proximity (aspects 1, 2, 3, 4).

Below, the suitability of these challenges for playful social interaction are explored,
within the mentioned existent game framework, and targeting strangers within an urban out-
door environment. The order of the challenges is relevant, because there are challenges that
require levels of intimacy (due to blindfolds, touching, and dancing acts) to be played, and
build on top of previous interactions. The following section explores whether these chal-
lenges foster interaction between strangers (attending a scientific meeting), in an environ-
ment they do not know à priori, through reported levels of 1) self-motivation, 2) perceptions,
norms and values, and 3) participation and performance.

4.2.3. RESEARCH DESIGN
An experiment was conducted to assess the validity of the proposed challenges introduced
in the prototyped game framework. It was executed within the context of the TMP graduate
consortium14 in The Hague, an annual meeting for doctoral candidates, their direct super-
visors, and faculty member representatives from around the world. This meeting provided
an opportunity to test the challenge designs with people in a (for most) new location, whom
belong to a varied age group, do not know each other, and are in the city for a 2-day visit.

PARTICIPANTS
Of the 26 participants of the workshop, 14 people participated in the experiment: 6 women,
and 8 men. The participants’ ages were within the range of 25 to 62 years of age, and
only 2 had been to The Hague before. Of the 14, 1 is a male full professor aged 62, 3
professors/researchers aged 35 (2 males, 1 female), 2 female researchers aged 31 and 32, 4
researchers aged between 28-29 (1 male, 3 females), and 4 younger male researchers aged
between 25-27.

PROCEDURE
The gameplay was executed between two points A and B in the centre of The Hague, where
A is the consortium’s venue, and B the restaurant where all the participants had a joint dinner
on the first evening of the event. Participants signed consent forms for data collection, and
when possible installed the game on their own phones or phone provided (not all phones
met the specific requirements of the game).

Participants were divided into 3 groups of up to 5 people with at least 2 smartphones
with the game running per group. The geographical position of the 5 challenges provided
the context of the activities involved. Each position was also marked by a facilitator whose
task was to oversee and rate each team’s performances. After 30 minutes of gameplay, the
winning team was rewarded with free drinks at the restaurant.

METHOD
Each group was followed by one or two observers whom did not interfere with the gameplay.
Each observer collected video recordings of his/her group’s gameplay, for each challenge
14https://www.tudelft.nl/en/tpm/current/tmp-consortium/technology-management-policy-consortium/, Technol-
ogy, Management and Policy graduate consortium, last visited on December 23, 2020.

https://www.tudelft.nl/en/tpm/current/tmp-consortium/technology-management-policy-consortium/
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and across all challenges. The three groups of participants, the 5 facilitators and 4 observers
were interviewed at the end of the gameplay. The interviews were semi-structured, address-
ing what the participants thought of the game itself, their overall game experience, whether
they had noticed any difference in social interaction resultant from having played the game
and the challenges, and which challenges worked best. The results reported below are based
on the transcriptions of these interviews. The transcriptions label all the participants as PX
(being X the number of participant; e.g. P1, P5), and these labels are used when citing
what a participant has stated. The video recordings are used to better understand both the
gameplay and the feedback from the interviews.
RESULTS
Game experience: In general, players said that the game experience was positive, it did
not take much effort to play, the challenges were within a comfortable walking distance,
the overall game mechanics of collaboration and meeting other people in and out of the
group was appreciated, and that it was overall a repeatable experience. The challenges were
reported to be good ice breakers and good to create experiences with people on the street
that they can remember later on. They also mentioned enjoying particular challenges that
had a nice themed description (for e.g., prisoners back in the era did...), as a powerful means
to learn about the history of the place. They said that not all participants were as active as
others (some refused to play certain challenges), and that leadership behaviour was noticed
in some teams.

Challenges: Challenge 1 was reported to be a positive warming up experience that pro-
vided limited opportunity for communication. Challenge 2 was reported to be very positive
because they were blindfolded and that it required a bit of imagination while still being
achievable. Challenge 3 was reported to be weird, with the dancing and singing being too
much. They said that role playing is nice and should be kept, but that more appropriate
music, in line with the history of the place, should be used. Players thought challenge 4 was
too difficult and frustrating. Challenge 5 was too easy to solve (mostly solvable within 10
seconds) and groups did not have strong opinions except that holding hands at that stage was
already within their comfort zone. In general, they reported that themed challenges should
be used. The use of rope in the challenge 2 was named as a prime example of disconnection
between the places and the challenge. They also reported that two blindfolded challenges
were too much, even though they felt comfortable performing these tasks.

Impact of game: Players recognise that the game with the challenges was designed for
social interaction and that it did that. They argued that, if they would not have played the
game, they would not have had the chance to talk as much as they did with other players.
They reported that the gameplay forced them to collaborate, and that this provided them
with circumstances to have natural conversations outside the scope of the game. They also
reported that some of the activities ended up being fun, but that the overall experience could
have been better if technical difficulties had not occurred. They also referred to a good build-
up of the comfort zone within the group across the challenges: the first ones did not require
touching but the last ones did.

Gameplay with/out smartphone: Team players without a smartphone with the game
running reported a more frustrating and mixed overall experience than those with phones
with the game. These players communicated a greater difficulty to participate, lower en-
gagement, perceived the existence of bigger technical difficulties when reported by other
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players with the game as compared to the reports of the players that actually played (for e.g.,
"...every time we tried to do something, it was, like, it didn’t really work..." (P5)).

4.2.4. DISCUSSION AND LIMITATIONS
This case study aimed to explore user requirements from the perspective of adults, and assess
the efficacy of literature-based gaming activities in triggering social interaction in environ-
ments that are not-known to users. Social interaction was triggered with varying success
through the developed prototype, and the lessons learned on the appropriateness of the ap-
plied challenge designs are now discussed.
TRIGGERED SOCIAL INTERACTION, LEVELS OF INTIMACY, AND LIKE-DISLIKE
The challenges were designed to promote participants’ self-motivation to interact, by influ-
encing their levels of intimacy (intimate face-to-face communication and quality of intimate
topics shared). In and between challenges, players had plenty of opportunities to have nat-
ural conversations outside the scope of the game, which might have led to certain levels of
bonding observed at the end of the gameplay. The order of the challenges proved to be rel-
evant: challenges requiring intimacy due to specific requirements (e.g. blindfolds, touching
other people, and dancing in public space) were built on top of previous interactions, which
also helped to provide with circumstances to initiate dialogue. Results from the execution
of challenge 3 show that, when players are faced with a task that demands too much inti-
macy, their degree of like-dislike is negatively affected and they end up not participating. It
was observed and reported during the interviews that groups behaved friendlier and closer
after the gameplay, being an anecdotal remark that a WhatsApp group was created with the
participants of the winning team, which is something that would otherwise not have hap-
pened ("this happened because of the game" (P3)). The impact of the group’s cohesion of
the winning team was also observed through the act of taking selfies of the group when they
were announced as the winners, which shows a certain pride and happiness in their overall
performance.
BALANCE OF DIFFICULTY, AND PLAYER’S SKILLS
The challenges were reported to be good ice breakers and good at creating memorable ex-
periences with people on the street. All groups commented on the high difficulty level of
challenge 4, but none commented on how easy a challenge was (namely, challenge 5, where
all groups took less than 10 seconds to solve). This resonates with existent literature advo-
cating that a wrong adaptation of the difficulty of a game to players has a negative effect in
them (Alexander et al., 2013; Qin et al., 2010), and raises the question on the level of dif-
ficulty that is most appropriate to facilitate social interaction and gradual participation and
performance to occur. On the one hand, harder challenges might imply a bigger barrier for
participation than easier challenges, but an easier challenge might fail to mediate observable
face-to-face social interaction. On the other hand, a harder challenge does not necessarily
imply lack of self-motivation to play, as all participants performed challenge 4 (allegedly the
hardest) but not all of them performed challenge 3 (which has a lower level of complexity
than challenge 4). Regarding players’ skills, the degree of like-dislike seems to be affected
by the players’ perceptions of how good or bad they think they will perform, which could
be observed by seeing certain players purposefully avoiding doing certain challenges that
could be perceived as rendering them more exposed to the public eye (e.g. dancing).
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DETECTIVE AND EXPLORER: TWO TYPES OF GAMING ACTIVITIES DESIRED BY USERS
Players mentioned liking particular challenges that had a nice themed description (e.g. chal-
lenge 3, presented in appendix B), with two particular reasons. The first relates to the will-
ingness of participants to relate to their surroundings and understand its local history, which
makes them learn about their unknown surroundings. The second reason mentioned by par-
ticipants is the creation of scenarios that are motivating enough to make participants want
to explore their physical location. This feedback from participants informs this research
on what users would like to see in a game of this nature, with regard to gaming activities
(content of the game). Therefore, this case study expands current understanding on users’
requirements, of types of activities they want to have (i.e. linked to their surrounding’s
context)15:

Detective: Detective type of challenges require finding information and an-
swering questions about factual knowledge related to the surrounding envi-
ronment. Players have to search for information in their neighbourhood, such
as asking people about local heroes depicted in tiles in the footpaths in their
neighbourhood.
Explorer: Explorer type of challenges require players to explore their neigh-
bourhood, i.e. by learning and comprehending more about their own neigh-
bourhood and the people who live there. Challenges of this type might in-
clude discovering the origins of a neighbourhood. This type of challenge
might lead a player to an unknown point of interest of the neighbourhood
(e.g. an old building, a local initiative) and ask them to engage with random
people to discover its origins.

These two types of gaming activities that the users from this case study mentioned are
consistent with existent literature. Slingerland et al. (Slingerland et al., 2018) identified that
information about activities or places for activities and information about people from the
neighbourhood are very important for citizens to be proud of their neighbourhood, which
gives intrinsic motivation for players to research and be detectives of information that is
important in the context of the neighbourhood. They also argue that there are scenarios that
are motivating enough to make citizens want to explore their neighbourhood, particularly
the scenarios of Social Engagement, Offering Help, Providing Tips, and Linking residents.
This goes in line with the challenge type Explorer, as it aims to make players go and explore
what is happening around, engage with fellow neighbours about trivialities, and promote
situations where social interaction can happen more easily.
LIMITATIONS
This case study was designed to explore how people attending a scientific conference would
interact via, and because of, the created game prototype. The setting explored allowed to
extract useful insights on the comfort zones people that do not know one another have, and
their flexibility to change them during game play. The setting used provides a limitation to
the motivation of this thesis, as the participants used do not live in the neighbourhood where
15This lesson learned is also included on the published article: G. Slingerland, X. Fonseca, S. Lukosch, and F.
Brazier, Location-based Challenges for Playful Neighbourhood Exploration, Behaviour and Information Tech-
nology, doi: https://doi.org/10.1080/0144929X.2020.1829707, 2020.

https://doi.org/10.1080/0144929X.2020.1829707
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they played the game. Participants were in The Hague for business, for a 2 day period
only, and this could have served as either an extra motive for exploration of the physical
environment, or as a hindrance preventing participants to caremuch about their surroundings
and its local history.

Another limitation of this case study is the game prototype used, which could have been
technically more mature to support the game play. One challenge was mistakenly placed in-
side a public building (a mall), which created technical difficulties in playing the game (no
GPS coverage). Even though the number of participants is not statistically relevant, techni-
cal issues did affect the game play experience, and this was aggravated by those not having
a smartphone with the game. This last point is also a limitation in itself, because not enough
smartphones were available to provide participants with the same user experience. As such,
a few participants used their own Android smartphones (with different technical specifica-
tions), and those participants not having an Android smartphone either used smartphones
provided by researchers, or had to accompany other players with a smartphone capable of
running the game. Due to this, participants reported different levels of engagement in the
game simply based on whether they had a smartphone with the game or not.

Nonetheless, the case study was successful at exploring the users’ preferences regarding
a gameplay for social interaction in public space, and at creating situations where researchers
could observe the behaviour of players and how it changed throughout the 5 challenges.
Despite the identified limitations, the learnings are considered valuable.
SUMMARY
This case study explores the design of gaming activities, named challenges, to probe users
in different ways of interacting, and understand their requirements from the perspective of
adults. It uses 5 types of challenges guided by literature to probe how users react to the
prepared gameplay, and, supported by an LBG prototype, it tested how individuals that
know neither each other nor their location interact with the designed game activities. The
results from the executed experiment provide insights on the appropriateness of the proposed
challenge designs for the fostering of 1) self-motivation, 2) perceptions, norms and values,
and 3) participation and performance between team members: they show that the overall
experience of the players was pleasant, that there was a desire to keep playing these types
of challenges and games in the future, and that levels of comfort were apparent during and
after the gameplay, both between players and in regard to the challenges themselves. This
indicates that the proposed challenges within the used game framework were appreciated
and appropriate for these participants.

Regarding lessons learned, this case study discovers that the dynamics of play alone
(found in chapter 4.1) are not enough to trigger social interaction in adults. The appro-
priateness of the design of each challenge is key to its success, and aspects such as 1) the
balance of the difficulty level, and 2) the adaptation of the game play to the historical con-
text of the location, must be taken into account to promote social interaction that users feel
comfortable having in public space. This type of gameplay can be challenging to players not
feeling comfortable with a given public exposure, and the wrong design for a game activity
can have the opposite effect: players refusing to play the game. This lead to the proposition
of two types of game activities that adults want to have, to relate to their context: Detective,
and Explorer.
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4.3. CASE STUDY 3: USER REQUIREMENTS FROM ADULTS IN
THE HAGUE

It seems like we’re aiming at a child audience, but everyone
can laugh at the basic human traits that are funny. It’s playful,

the humour is playful, the world is playful. You can kind of let go.

Stephen Hillenburg

Case study 1 explores the activities that adolescents prefer having in their neighbourhood,
which motivates the challenge types Athlete (centred on physical activities) and Inventor
(centred on creativity). Case study 2 focuses on adults, and describes a research design
focusing on the appropriateness of gaming activities designed according to literature on in-
teraction and cohesion. Its findings lead to two more types of challenges, the Detective
and Explorer. The former is centred on retrieving information from people and the neigh-
bourhood, and the later refers to the creation of scenarios that motivate the discovery of the
neighbourhood.

This 3rd case study picks up on the findings on users’ requirements regarding the type
of activities (game content) that a location-based game should provide to promote social in-
teraction in public space. It is designed to address one specific limitation presented in case
study 2, which is the relationship between participants and their neighbourhood. It specifi-
cally investigates which type of location-based activities encourage citizens to interact with
their neighbours and playfully explore their own neighbourhood, to explore how physical
surroundings and their contextual information plays a role on social interaction. In this case
study in the Hague (NL), a group of adults known to be interested in contributing to the
livability and safety of their neighbourhood, participate in co-creating and game-playing
sessions to explore their neighbourhood. It aims at further understanding if the types of
challenges found in the case studies 1 and 2 (i.e., Athlete, Detective, Explorer, and In-
ventor) hold, or if these change in some way. To do that, two workshops are held: one,
to have participants play the existent 4 types of gaming activities, and another, for partici-
pants to co-create activities that they want to have for their own neighbourhood. For the first
workshop, the game prototype used for case study 2 was further developed to accommodate
the types of challenges found in the case studies 1 and 2, and to offer more robust game
play sessions based on these types of challenges that users mentioned wanting to play (both
adolescents and adults). The challenge designs explored in the first workshop are tailored
to a specific neighbourhood, and are meant to be played by citizens living in that environ-
ment. The second workshop enables citizens to inform this research on what they require
for gaming activities, and the reasons for their preferences.
This chapter is based on the published article: G. Slingerland, X. Fonseca, S. Lukosch, and F. Brazier, Location-
based Challenges for Playful Neighbourhood Exploration, Behaviour and Information Technology, doi: https:
//doi.org/10.1080/0144929X.2020.1829707, 2020.

https://doi.org/10.1080/0144929X.2020.1829707
https://doi.org/10.1080/0144929X.2020.1829707
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4.3.1. CONTEXT OF THE CHOSEN NEIGHBOURHOOD
This case study took place in Bouwlust (a neighbourhood in The Hague, within the district
of Escamp, with over 100.000 inhabitants). This neighbourhood once started as an upper-
class area for civil servants, but has gradually transitioned into an area with livability and
safety issues with significant numbers of burglaries and above average drug related crimes
and abuse. Many households are low-income (with a minimum income) and about 70% of
the residences is in social housing (Haag, 2017). In the last decades, many residents from
outside The Netherlands migrated to this neighbourhood, currently representing almost 60%
of the inhabitants. The neighbourhood is, thus, very diverse.

Despite its issues, this neighbourhood has several (volunteer) citizen initiatives ongo-
ing, some financially supported by the city, some not. The community centre, for example,
organises many activities as do more local ’neighbourhood living rooms’. Residents also or-
ganise themselves based on ethnicity. The Turkish community, for example, comes together
on Saturdays to eat together and sing traditional songs. Representatives of these ethnic com-
munity groups hold monthly meetings, to find ways to connect the various cultures to one
another, aiming for a more cohesive community.

The number of initiatives and small citizen community groups within Bouwlust indicate
that citizens are interested in contributing to a safer and more liveable environment. They
use Whatsapp and Facebook groups to share information. However, these efforts remain
only visible in the digital space for those who are connected. They do not make use of the
physical environment. This case study investigates the potential of a location-based game
in this context, to couple digital and face-to-face interaction, and to connect these activities
to the physical locations of the neighbourhood.

4.3.2. EXPERIMENT DESIGN
To study which type of challenges are preferred for social interaction two consecutive work-
shops were organised at the community centre in Bouwlust, using the location-based game
prototype mentioned in case study 2, and modified to offer the 4 types of challenges found
in the two previous case studies. Table 4.4 shows what was done in each of the workshops.
During the first workshop, participants play tested the game with challenges designed by
the research team, presented below. All participants were given a smartphone on which
the game was pre-installed. During the second workshop participants were asked to design
their own challenges based on their experience of playing the game. The detailed workshop
procedure, participants, and methods for data collection and analysis are further described
in the next sections.
Date Workshop Activity Collected data
24-01-2019 Workshop 1 Play testing SotS with pre-designed

challenges, debriefing.
Observations, debriefing notes, SUS
questionnaire, survey.

31-01-2019 Workshop 2 Brainstorming challenges, presenting and
discussing the outcomes.

Audio recordings of workshop,
challenge designs.

Table 4.4: Two workshops with participants construct the main part of this research.
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RESEARCH METHODOLOGY
The purpose of this research is to identify what activities citizens prefer in a location-based
game that fosters social interaction. Therefore, the leading research question is: What kind
of location-based activities do citizens prefer for social interaction and to playfully explore
their neighbourhood? Research through design (RtD) (Zimmerman et al., 2007) is used as a
methodology, as the answer to this question cannot be devised rationally, but needs to follow
from constructive design research in the field (Koskinen et al., 2011). RtD supports a holis-
tic perspective (Zimmerman and Forlizzi, 2014), and uses methods and processes of design
practice to generate new knowledge (Zimmerman et al., 2007). The knowledge generated
in this study is related to the preferences of citizens for certain types of challenge activities
which foster social interaction. This knowledge needs to come from the citizens themselves
and consequently, co-creation (Brooke, 1996) is a fundamental approach throughout the
research. Co-creation sessions allow researchers to acquire knowledge on the tacit and la-
tent knowledge of participants, which represents what they know, feel, and desire (Brooke,
1996). The next sections describe how citizens first play tested the game to understand its
possibilities, and during the second session were invited to co-create their own challenges.
By enabling citizens to become participants in the design of the game, a deeper under-
standing is acquired on what citizens prefer as challenge activities and the reasons for their
preferences.
CHALLENGE DESIGNS
Five challenges were designed in advance for the case studies. These challenges were de-
signed to give participants an impression of the types of activities that could be performed
within the game, in line with the four types of activities mentioned above:

• Challenge 1 - "Make the neighbourhood yours": Players are asked to pretend that
the municipality would like to build a museum focused on their neighbourhood, phys-
ically positioned within their neighbourhood, and that they have been asked to provide
information on their neighbourhood that needs to be considered. They are asked to
collectively think about and discuss characteristics of their neighbourhood, to create
a word cloud and/or drawings on a sheet of paper. Their ’artworks’ will be put to
vote, and the names of the authors of the winning ideas will be mentioned in the fic-
titious museum. As part of the challenge, at the end, all players see the other players’
creations and together decide which is best by voting.
This challenge is of the type Inventor as it fosters creation of something for the neigh-
bourhood museum by working together - in this case a word cloud or drawing. This
challenge invites participants to reflect on their perspective of the neighbourhood and
the views of others during and after the creation process.

• Challenge 2 - "Discover your neighbourhood": In this challenge, players are asked
to find a specific point of interest to complete this challenge: de Buurtkamer (the
’neighbourhood room’). They are asked to walk to this location to answer some quiz
questions about the location, namely 1) What types of activities are possible at this
location - what could a neighbour be doing here?, 2) Can a neighbour also organise
something him or herself?, and 3) Who should a neighbour contact to find out more?.
Answers can be discovered either by talking to someone in de Buurtkamer, or, if this
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is not an option, by finding QR codes posted outside for this purpose (when QR codes
are scanned, answers are provided, and points attributed).
This challenge is of the type Detective. Questions are asked about what can be done
at a specific location in the neighbourhood, specific people need to be found, and the
information asked might be new to the players.

• Challenge 3 - "Interview your neighbours": This challenge seeks to find out more
about a neighbourhood by asking players to explore the best places in their neigh-
bourhood. Players are requested to ask five people on the streets about their favourite
places in the neighbourhood. Pens and papers are handed out, so that people’s re-
sponses can be written down.
This challenge is of the type Explorer. The question is open, without a clear or correct
answer, and seeks to make players discover the best places in their neighbourhood,
requiring orientation and exploration.

• Challenge 4 - "Photo story": Players are asked to make a photo story of the rhythm
of their neighbourhood. They are asked to take pictures of their daily routine, and to
illustrate the life rhythm of their neighbourhood. When do people go to the parks or
do their groceries nearby? They are asked to document what happens around them.
This challenge is also of the type Explorer.
This challenge is very open, players are free to focus on activities of their choice: they
can take pictures of activities in parks, cars, buildings, schools, of people, animals,
and anything else of interest in their exploration of their neighbourhood.

• Challenge 5 - "Get to know each other": Players are asked to first think about
characteristics of their neighbourhood. One word from the winning word cloud from
Challenge 1 is chosen, all participants are blindfolded, and asked to represent that
word using a piece of rope. This exercise is done by all teams together, facilitated
by mediators (to guarantee safety), requiring collaboration to solve this challenge.
Rewards are awarded on the basis of quality of performance.
This challenge is of the type Athlete. Players have to physically work together and
collaborate to solve the challenge (shaping the rope while blindfolded).

The above five challenge designs are designed to potentially enable different types of
behaviour to increase social interaction, while doing so in a playful manner. Players are
required to interact with each other and with others on the street. The first challenge is an
introductory challenge designed to introduce players to each other and to think creatively
about their neighbourhood. Challenges 2, 3 and 4 are designed to expose players to the peo-
ple and public spaces in the neighbourhood through out-of-ordinary dynamics that enable
them to engage in a playful way, to discover more about their neighbourhood, its rhythm
and activities. Lastly, challenge 5 aims at bringing players together to foster social inter-
action between them, both via physical contact, communication face-to-face, and playful
interaction.
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PARTICIPANTS
The only requirement for participation in activities organised in the community centre in
Bouwlust, during the past two years and in the context of the joint effort between the Mu-
nicipality of the Hague and TU Delft’s research group, has been that citizens are interested
in improving their neighbourhood and contributing to its livability and safety. A citizen net-
work has emerged with approximately 45 participants. Participants for the two workshops
were recruited from this network.

Each member of this network was invited to two workshops, either in person, by phone,
or email. In total, ten citizens agreed to participate of whom seven (five female, two male;
age group 36-75 years) actually attended the first workshop, four (two female, two male) of
whom also attended the second. Unfortunately, the second workshop had fewer participants
due to unexpected time constraints, and severe weather conditions. The workshops focused
on co-creation and game-play.
WORKSHOP 1: PLAY TESTING
The first workshop held in January 2019. Participants were introduced to the research chal-
lenges and the workshop schedule. They were also requested to formally provide informed
consent for participation in this research project and use of experimental data acquired. To
start, all participants were handed a story about a new resident in the neighbourhood with
gaps that participants were asked to fill in as an activity to warm them up for the game play
that followed (see figure 4.4).

Figure 4.4: Participants working on the warm up exercise inside the community centre (left) and one of the warm-up
stories filled in (right).

WORKSHOP 2: DESIGNING CHALLENGES
The second workshop held a week later focused on designing challenges. Using simple
brainstorm exercises, participants were asked to design challenges for their neighbourhood.
Participants were first asked to do a brain-writing exercise to think about different elements
for challenges: such as locations, interactions, and activities. Table 4.5 shows the questions
and triggers used in this exercise. Participants had five minutes for each question.

After a short break, participants were split up in teams of two to design challenges based
on the different elements they generated in the previous exercise. Each team was handed
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Figure 4.5: Participants discussing their daily rhythms during the Photo story challenge.

Brainstorm Question Triggers used
Which locations in your neighbourhood would be appropriate to play a challenge? Maps of neighbourhood
What things do people like to talk about? Pictures of neighbourhood
What do you know about the history of the neighbourhood? No triggers used
How can people interact with each other on the street? Pictures of neighbourhood
What activities are happening in the neighbourhood? Pictures of neighbourhood

Table 4.5: Brainstorm questions and triggers.

sheets of paper that contained several boxes with which the game elements in a challenge
could be described, see figure 4.6.

These included: challenge location, type of interaction players are to pursue while play-
ing the challenge, type of challenge, which information is to be shared while playing the
challenge, and the challenge activity. Participants were given 20 minutes to design chal-
lenges after which they presented their designs to each other. The workshop ended with a
brief discussion amongst participants about their challenge designs:

• Why and how did the participants interact with each other and the neighbourhood
while playing the game?

• Which type of challenge activities are preferred by the participants (and why)?
• Which physical elements in the neighbourhood (locations/objects/people/etc.) are

considered by participants to be fruitful for exploration?
Two researchers independently reviewed the data and marked data fragments relating
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Figure 4.6: Participants working on their challenge designs.

to the questions. Each fragment was coded independently and compared. The researchers
discussed differences between their codes and jointly decided to add, remove, or re-code
a data fragment when both researchers agreed. They collaboratively defined meaningful
clusters of codes, and clustered the codes to address the main research question.

4.3.3. RESULTS
The following sections describe the challenge types and activities participants considered
for playful social interaction, the physical elements in the neighbourhood that stimulated
exploration, and the types of interaction participants preferred for exploring their neigh-
bourhood.

Note that although there were only five challenges and teams were free to choose which
of the challenge they played (after the first) not all challenges were played by all teams. In
fact, the Photo Story challenge was the only challenge played by all teams. The challenge
Discover Your Neighbourhood was played by two teams. The Interview Your Neighbours
challenge was played by only one team. Participants all played three of the four different
types of challenges (Detective, Explorer, and Inventor) during the workshops.
CHALLENGE ACTIVITIES FOR PLAYFUL SOCIAL INTERACTION
Data from the open question survey, observation notes, and the challenges participants de-
signed themselves provided insight into which kinds of challenge activities participants con-
sidered for social interaction, and believed that can foster it.
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A. Discovering the neighbourhood
All of the challenges designed by participants involved discovering the neighbourhood. For
example, one challenge design guides citizens towards particular landmarks in the neigh-
bourhood and the challenge is solved by hunting down these landmarks and scanning QR
codes to be placed to this purpose. The purpose of this challenge was, according to its
designers, to "show what things are around in our neighbourhood" (P3, P4; workshop 2).
Such preference for enabling others to discover their neighbourhood was also reflected when
participants were playing the game: in one of the teams, one participant (P3, workshop 1)
spontaneously started to show the other two around the area, telling them stories on the
shops that used to be there and how the neighbourhood had developed over the years.

B. Preference for familiar technology
During the gameplay and challenge co-creation sessions, all participants indicated a prefer-
ence for technology with which they are familiar, above pen and paper writing. Participants
had access to different means of with which to support exploration of the neighbourhood
within gameplay. They could scan QR codes, take pictures, write text into the game, dis-
cuss amongst each other, or use pen and paper to write and draw. When designing their
own challenges, all four participants chose to use QR codes (used in two challenge designs)
or pictures (used in three challenge designs) to solve challenges, and two challenge designs
proposed writing text in the game to answer questions. However, face-to-face discussion or
pen and paper writing were not preferred by participants. These ways of sharing information
about the neighbourhood were not considered to be engaging, as reflected in the observation
notes. When playing the ’Make the neighbourhood yours’ challenge, for which participants
needed to create a word cloud about their neighbourhood on paper, all teams were "taking
the task very seriously" (observer 2) and "divided the tasks amongst team members" (ob-
server 1 and 3). They did not express behaviour that indicates fun, such as laughing, nor did
they interact a lot while solving this challenge.

C. Relevance of sharing information
The challenges participants played allowed them to share information about the neighbour-
hood in different ways. In the survey after the gameplay, one participant indicated that
sharing information "broadens her horizon" (P1, workshop 1). One observer noted that
participants discussed mutual problems, such as street youth, and possible ways of solving
these problems. In the challenges participants designed themselves, the information re-
quired to be shared was about specific landmarks or stories about a location or object in the
neighbourhood. For example, two participants (P1, P2; workshop 2) designed a challenge
for which players needed to discover the meaning behind street names. One participant (P2,
workshop 2) also mentioned that stories on the development of the neighbourhood are po-
tentially interesting to be shared. The stories told by participants were, for example, about
where the city used to end and how the city has gradually ’stolen’ land to expand. All four
participants (workshop 2) seemed to find stories that include a kind of controversy interest-
ing for challenge activities.

D. Designing challenges with purpose
When participants presented their own challenge designs to each other, it became clear that



4.3. CASE STUDY 3: USER REQUIREMENTS FROM ADULTS IN THE HAGUE

4

81

they had designed each challenge with a particular purpose. They deliberately designed
challenges to acquire input from their neighbours on a local topic (one challenge design, P3,
P4; workshop 2), bring a certain issue to the attention of residents (one challenge design,
P1, P2; workshop 2), or stimulate a discussion amongst neighbours (one challenge design,
P3, P4; workshop 2). The explanations participants provided in the survey on what they
liked about the game and why showed that participants enjoyed challenges that connected
to their daily life. This was notable in the Photo Story challenge, in which observers noted
that one team was very engaged and having fun in discussing their daily rhythm and taking
pictures to document this rhythm, while another team did not enjoy this challenge because
it was not at a location they usually frequent, and thus not connected to their daily life.

PHYSICAL ELEMENTS IN THE NEIGHBOURHOOD
This section describes the locations and objects in which participants expressed interest to
explore, and the information they wished to share about these places.

A. Locations
In addition to naming specific locations in their neighbourhood, such as religious buildings,
schools, or playgrounds, participants also named necessary characteristics of such locations.
Participants mentioned several preferences regarding the proximity and distribution of chal-
lenge locations: even distribution throughout the neighbourhood, but also close to the centre.
Challenge locations need to be close to each other, for those whom are less mobile to be able
to play (P2, workshop 2) and to enable multiple challenges to be solved within a short time
frame (P1, workshop 2).

Social locations, where activities happen and people gather, were also named specifi-
cally. For example, one challenge design was created by participants to be played at ’De
Uithof’, because "there are many activities being organised there" (P1, P2; workshop 2).
For these locations, the two participants expressed that a good atmosphere is important.
One team (P3, P4, P5; workshop 1) discussed that their preference for a specific commu-
nity space to drink coffee and meet neighbours was solely determined by this factor. The
other factor that influenced choice of locations was their aesthetic appearance, such as parks
or streets with beautiful trees around. One participant stated that "there are only beautiful
streets in our neighbourhood", and that it is kind of a "tree museum" when you walk around
(P3, workshop 2).

B. Objects
Objects in the neighbourhood that are considered to be appropriate for exploration aremainly
landmarks. Often, the suggested landmarks are related to the historical development of the
neighbourhood or they are suggested because they are simply remarkable in their design or
location. Landmarks suggested by participants were, amongst others, bridges, statues, or
historical landmarks. The latter is not necessarily interesting due to the object itself, but
rather because of the story that can be told about this object. For example, one participant
(P4, workshop 2) told the group about two milestones that were placed in the neighbour-
hood, to mark the history of the Roman Empire, and that this specific place had once been
in Roman hands.
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C. Sharing information about physical elements
Interestingly, all four participants (workshop 2) proposed challenges related to information
sharing connected to a physical location, although the physical location itself was not neces-
sarily of significance. For example, participants discussed how information about activities
in the neighbourhood, stories and initiatives could be physically distributed in the neigh-
bourhood, using a specific challenge. They also discussed the use of other types of media
such as a local newsletter that could be used to this purpose (not necessarily related to the
game). These spontaneous discussions indicate that participants had a high need for in-
formation in their neighbourhood, and that currently a solution for sharing information is
lacking.

INTERACTION LEADING TO EXPLORATION
The game play supports several types of interaction and players are free to choose which
type of interaction they apply to solve challenges. The way participants, thus, interacted
while playing the game provides insight in their preferred type of interaction. The data also
indicated that specific types of interaction and behaviour were triggered by the game.
A. Enjoying natural conversations
All seven participants (workshop 1) enjoyed natural conversations with other citizens, who
were not necessarily participating in the game, during gameplay. Participants interacted
with their teammates and people on the streets. They engaged in natural conversations with
them, by asking questions or simply talking to them. In the survey, participants mentioned
that they enjoyed meeting people (all participants; workshop 1) and interacting with them
during the game play (P1, P5, P6, P7; workshop 1). The same can be concluded from the
observation notes. Interactions with familiar people, such as their teammates, were experi-
enced as bonding with friends, while greeting and talking to strangers was perceived as a
way to create useful contacts. When visiting the Buurtkamer, for example, four participants
(P1, P2, P6, P7; workshop 1) promised the representative of the Buurtkamer to come again
and join one of the activities in the near future.
B. Collaboration
Participants worked in teams to solve the challenges, so collaboration was an important part
of the game play. Participants were also able to take on different roles, such as the leader,
during the game play. In the survey, three participants (P2, P5, P7; workshop 1) explicitly
mentioned that collaboration was important to them and that they enjoyed this about the
game. However, not all challenges necessarily required interaction according to the par-
ticipants. Some challenges were solved rather independently, some by dividing the tasks.
Nonetheless, in the challenges participants designed themselves, they indicated that team-
work and collaboration were important aspects.
C. Lowering the barrier to interact
For some participants (P1, P6, P7; workshop 1) the game activities lowered the barrier to
interact, as they engaged with strangers on the streets. They greeted strangers while playing
the game or interviewed them about their favourite place in the neighbourhood to solve
one of the challenges. Some of them did this naturally, while for others the boundary was
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lowered due to the gameplay. One participant mentioned in the survey: "Apparently for me
the threshold to just walk in, and ask what they are doing and if I can join in, is high" (P1;
workshop 1). This indicates how the game has the potential to stimulate social behaviour
and interaction.
USABILITY OF THE GAME
The results so far mainly describe how participants behaved in the gameplay and which ac-
tivities they enjoyed. As the game used was a prototype, the usability might have influenced
the experience of participants. The resulting average score for the SUS questionnaire af-
ter playing the game (although not significant due to the low number of participants) is 62,
and 68 is considered to be an indication of generally good usability (Brooke, 1996). The
paragraphs hereafter describe the two usability issues observed.

Even though not all participants, especially the ones belonging to the age group of 65+,
were proficient with a smartphone, but in general they navigated through the game without
help. All participants were able to find the list of challenges, open one, and to start navigating
to its location. However, each team member had his/her ’own’ phone with the game and
the phones did not always show the same distances or directions to the required location,
causing confusion within teams. All teams fixed this by just focusing on one phone to not
allow further disturbance of the gameplay. The precision of the GPS receivers in the phones
were the cause of the differences.

A second issue occurred when participants arrived at a challenge location and the chal-
lenge on the phone did not open because their GPS location was not close enough to the pre-
determined coordinates. This led to some frustration. This also distracted participants from
engaging with the neighbourhood, as one observer noted: "This player is mainly engaged
in figuring out why the game is not working, even though I told her multiple times to just
join the discussion and use the other player’s phone to answer the questions. However, she
kept on focusing on the phone and did not engage in the discussion with the Buurtkamer co-
ordinator" (observer 1). Despite these two usability issues, the conclusion that participants
generally understood how to use the game and their experience was not severely impacted,
seems warranted.
DISCOVERY THROUGH LOCAL INFORMATION SHARING
The theme of Discovery through local information sharing seems to be intertwined through
all results: It plays a role in challenge activities, physical elements, and interaction. Par-
ticipants can become motivated to explore the neighbourhood with the expectation of dis-
covering an interesting location or story they do not know about. The workshops show
that participants became very engaged with the game when they were learning new things,
whether it was getting to know new people or stories on how the neighbourhood developed.
Their curiosity was triggered during the game play; participants came up with questions
themselves rather than following the game questions.

Considering everything that participants said and that was written in the observation
notes, participants seemed to have enjoyed activities in which they share information about
their neighbourhood. They told stories or presented interesting locations which they feel
other citizens should know about. When discovering new locations themselves, as for ex-
ample required for the challenge with the Buurtkamer during the workshop, participants
became very excited, as reflected in their responses in the open survey (six participants
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named this explicitly) and the observations made. This illustrates that discovery is some-
thing participants highly valued and appreciated in the gameplay.

One crucial element for discovery in the neighbourhood is local information. The pur-
pose participants assigned to challenges are related to stimulating information sharing: ei-
ther about a particular local issue that needs awareness, or an interesting activity that is being
organised but not many people know about. It is clear from these suggestions that currently,
there is a lack of information sharing in the neighbourhood and participants would like to
change this.

However, the results express a paradox related to familiarity in the neighbourhood, which
links to social interaction. On the one hand, participants want to play at a location they do not
know yet to discover new things. On the other hand, they want to engage with citizens from
their own neighbourhood, and want locations to connect to their daily lives. This paradox
was illustrated in the Photostory challenge, when one team did not enjoy this challenge
because they were not at a location they usually frequent. This is similar for the familiarity
of people that participants play with: they enjoy to be in teams with people they know, but
also really like to meet new people during the game play. This illustrates the necessary
balance that needs to be found between familiarity and discovery.

4.3.4. DISCUSSION AND LIMITATIONS
This case study picked up on previous findings on users’ requirements regarding the type of
activities that a location-based game should provide to promote social interaction in public
space, and further explored the potential use of LBGs for this purpose. It investigated which
types of gaming activities are preferred by citizens to interact with their neighbours and
playfully explore their own neighbourhood, and learns that 1) discovery of the physical
environment needs to be balanced with familiar elements; 3) collaboration is important to
users; and 3) not only the 4 tested types of gaming activities hold, but that 3 more emerge.

DISCOVERY VERSUS FAMILIARITY
The preferences of citizens for location-based activities creates a paradox for design: citizens
want to discover new things at places that are familiar. Designing a location-based game for
social interaction in public space involves neighbourhood exploration, and it needs to put
discovery as a strong element in the game play. Citizens expressed, both verbally as through
their behaviour, that they enjoyed exploring locations in their neighbourhood which they
had never visited before, they liked to get to know new people from their neighbourhood,
and they took pleasure in hearing novel stories about their neighbourhood. This insight
resonates with previous work, although there the focus was on learning as a motivator for
participation, not stressing discovery specifically (Robertson and Simonsen, 2012). In the
research of (DiSalvo et al., 2008), for example, citizens used simple sensing robots to explore
their neighbourhood and becamemore engaged with the project when they started to acquire
new insights on their neighbourhood, like the high sound levels of cars at a certain crossroad,
based on the data they collected with the sensing device. Discovering what is happening in
the neighbourhood and what are the so-called matters of concern (Bjögvinsson et al., 2012)
is a motivator for citizens to engage and become active (Erete, 2015; Gooch et al., 2018).
This insight, specifically, is supported by this research as well.
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Discovering experiences can be facilitated by distributing challenges in areas known to
players, as well as areas they do not often frequent. For this to happen, game designers or
researchers need to understand which areas and locations are familiar to players, to make a
good distribution of challenge locations. This interplay between design and the environment
around it is also acknowledged by others (Cila et al., 2015; Ehn, 2008). Location-based
activities for social interaction in public space can, therefore, not be designed without taking
the surrounding neighbourhood into account. The locations need to be appropriate for the
designed activities and be relevant for the citizens who will engage with them (Kuijer et
al., 2013). It is, therefore, vital that researchers and designers engage with citizens of the
neighbourhood through extensive field research, to understand which challenge locations
and activities are appropriate for the specific context for which groups of citizens (Kendall
and Dearden, 2018).

Even though citizens can be motivated through the promise of discovering new places,
people, and stories, citizens do not like to explore a place that is completely unfamiliar and
unrelated to them. This finding corresponds with previous work (Papangelis et al., 2017), in
which participants reported that playing at locations they connect with is more meaningful
than places they had never seen before. People have different ways of connecting to places
(Friedmann, 2010; Pink, 2008) and this research revealed that citizens connect through the
frequency of visiting a place. Therefore, it supports earlier findings that citizens prefer to
play in areas and teams that are familiar to them and connect to their daily life.
COLLABORATION AS AN IMPORTANT GAME DYNAMIC
The location-based games and other urban playful experiences that were reviewed in the
literature review (chapter 3), show a dominance of using a competitive dynamic in the game
play (e.g. (Clark and Clark, 2016; Hodson, 2012; Papangelis et al., 2017; Peitz et al., 2007;
Pyae et al., 2017; Sotamaa, 2002). Collaboration and cooperation as game dynamics were
used in previous research, for example in Epidemic Menace (Fischer et al., 2007). In this
game, players had to collaborate as a team and compete against other teams in finding who
released the virus. They reported they enjoyed communicating and working in pairs while
competing with the opposing team. Players indicated cooperation as a positive element
of the gameplay, which corresponds with the results from the current study; namely that
citizens have a strong preference for challenge activities based on collaboration.

Citizens expressed that collaboration in their neighbourhood community is important to
them, and specifically designed challenges for which players need to work together to be
solved. The games discussed in the background mainly use the game dynamic competition
and not collaboration, though it plays a major role for building citizen communities (Collins
et al., 2014; Y.-C. Kim and Ball-Rokeach, 2006; McMillan and Chavis, 1986; Nicotera,
2008; Slingerland et al., 2019). For such communities to thrive, citizens need to experience
that they can work together and achieve something. This research further shows that citizens
prefer collaborative activities if they jointly explore the neighbourhood in a playful way.
Consequently, game activities that aim to support social interaction in public space require
to use collaboration as a game dynamic, for citizens to be motivated to play.
HUNTER, ARTIST, AND VOLUNTEER: THREE NEW TYPES OF GAMING ACTIVITIES
Three new challenge types are proposed based on the challenges citizens designed them-
selves as part of this research. Citizens deliberately came up with challenges that served a
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particular purpose. These challenges differ from the current challenge types in the kind of
behaviour they prompt from players. However, all aim to foster social interactions with peo-
ple on the street or learning about the neighbourhood and its stories. The three new types of
challenges proposed by the participants in this study extend the current classification with
four challenge types to include:

Hunter: The behaviour elicited by this type of challenge is linked to find-
ing specific type of people or objects, as opposed to finding random people.
Hunter is about finding tangible things that can be human, animal, or an ob-
ject. For example, finding the person responsible for the community centre
to ask what types of activities can be done there. If and when such people
cannot be found at a given time, players can findways to still address the chal-
lenge (e.g. finding a QR code attached to the community centre explaining
exactly what they would like to ask the person).
Artist: This type of challenge requires players to design artwork in and about
their neighbourhood, based on creative processes individually or collabora-
tively. Such artwork might be abstract and personal or collective, and repre-
sents a creative expression about the player’s neighbourhood. For example,
creating a song or musical performance (rapping), writing a poem, or story-
telling.
Volunteer: This type of challenge invites players to contribute towards the
community, and incites behaviour to help others or contribute to the qual-
ity of life in the neighbourhood. An example of a challenge of this type is
picking up trash at a specific location to make a nice piece of art with it, and
taking a picture of it to publish in the media of the local community, before
the trash is collected.

These three challenge types, together with the other four (Athlete, Detective, Explorer,
and Inventor), are all desired by the participants, and ask for different type of play behaviour
and interaction to solve a challenge. They require players to do physical activities (Athlete),
find information and factual knowledge (Detective), explore the neighbourhood (Explorer),
propose ideas and explore opportunities (Inventor), find specific things or people (Hunter),
create and express thoughts, feelings, interests in some form (Artist), and contribute to the
environment and help others (Volunteer).
LIMITATIONS
This case study comes with some limitations regarding the generalisation and applicability
of the findings. It is based on one location only (The Hague, The Netherlands). Even though
the effort to involve as many citizens as possible, and to have a group of participants that is
representative of the chosen location, the participant sample was small and not representa-
tive for the neighbourhood. The majority of participants in the first workshop were women,
and in the second workshop both male and female genders were equally represented. Di-
versity in ethnic background, age, and therefore the preferences of these non-represented
citizens is not accounted for. Nonetheless, measures were taken to ensure credibility of the
work. This study applied triangulation regarding researchers, and regarding data collection.
Researcher triangulation was achieved by having three different researchers observing the
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teams playing the challenges. Triangulation regarding data collection was achieved by hav-
ing two researchers independently coding the data resultant from the workshops. The results
are, therefore, considered trustworthy and can be transferred to other neighbourhoods that
are similar to the presented case study area.

Further research is needed to explore the applicability of this study in locations not sim-
ilar to the presented case study. Similar studies in different locations could render different
results due to different social rhythms, norms and values of both individuals and commu-
nities. However, the results reported in this study are still considered to be relevant. The
reported types of challenges are considered to be stable, as they are not solely based on this
study.
NEW QUESTIONS AND FUTURE WORK
Several guidelines were identified in this study on how to playfully foster social interaction
throughout the neighbourhood. These findings also lead to new questions and thus chal-
lenges for future work. The first finding states that discovery is an important motivator for
citizens to explore their neighbourhood. Discovery is something that can be done only once
per location, person, or story. Accordingly, the question pops up how discovery needs be to
be addressed on the long run. For example, can players re-do challenges, for which every
time they discover more details about a place or story? Research of, for example, Jones et al.
(Jones et al., 2019) shows that this is an option: games can facilitate reflection on a familiar
place to support discovery of newmeaning. Another option could be to allow citizens to add
challenges, that entail discovery, themselves, and this would acquire citizens to know which
places might be interesting to be discovered by others. Hence, one challenge that needs to
be addressed in future work is how discovery in the game can be addressed on the long run.

This case study shows that discovery needs to be balanced with familiarity, to make
sure the items that are discovered relate to the daily lives of players. That this is complex
was shown during the workshops. Participants had different levels of familiarity with areas
in the neighbourhood in which the game was played, but this did not directly impact their
engagement during gameplay. This means that also other factors played a role, such as the
challenge activity or personal interests. Hence, for certain types of challenges discoverymay
be more important as a motivator than for others. This balance needs to be explored further
in future research, because this research only identified some indicators of this balance, but
not how it exactly should be manifested. In general, future work could focus on exploring
these mechanics as well as scaling the research up by involving more participants and from
a wider age group.

Three new challenge types were proposed as a result of this research. Future work should
investigate whether these challenge types are able to foster social interaction, and whether
they are preferred by citizens to be played with this purpose in mind. The challenge types
can be related to the work of Bartle (Bartle, 1996, 2005) on player types, describing roles
often seen in games that evoke social play (Bartle, 1996; Salen et al., 2004). The challenge
typology can also be associated with the player traits and characteristics described in other
research (Tondello et al., 2019; Tondello and Nacke, 2019). A direct overlap between these
preferences of players and the challenge types cannot be found, possibly because they are
based on virtual or pervasive games respectively. Future research could, however, inves-
tigate the relationship between player traits and the proposed challenge types, to create a
coherent and consistent classification of challenges for social interaction in public space.
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SUMMARY
This case study examined the types of gaming activities that a location-based game should
provide to promote social interaction in public space. It asks the question: What kind of
location-based activities do citizens prefer to interact with their neighbours and to playfully
explore their neighbourhood? Two workshops were organised in the Hague in which adults
played different gaming activities (challenges) on an LBG prototype, and then designed
their own challenges for this game. The challenges designed for the first workshop were
successful at triggering natural conversations, make participants collaborate, and be exposed
to the barrier of public interaction. After the co-creation session in the second workshop,
lessons learned include:

• A classification of 7 different types of location-based activities (4 previously found
and strengthened in this case study, and 3 newly found in this case study);

• Citizens prefer playing challenges in which they jointly discover something about their
neighbourhood, such as a location or an activity, but that these discoveries, in order
to be engaging, need to relate to their daily lives;

• Collaboration is an important game dynamic for stimulating exploration and interac-
tion, while many current games for this purpose are based on competition;

Game designers and researchers can use these findings as a guidance in creating playful
experiences aimed at fostering social interaction in the future.
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4.4. CASE STUDY 4: UNDERSTANDING ADOLESCENTS’ PREF-
ERENCES FOR CO-LOCATED SOCIAL INTERACTION VIA CO-
DESIGN

It’s sort of a mental attitude about critical thinking and curiosity.
It’s about mindset of looking at the world in a playful and curious

and creative way.

Adam Savage

Case studies presented so far on user requirements (in sections 4.1, 4.2, and 4.3), for location-
based games (LBGs) designed for the promotion of social interaction in public space, argue
that there are 7 types of activities that users want to play with such games within their
neighbourhood. Research done with adolescents (section 4.1, (Fonseca, Lukosch, Lukosch,
and Brazier, 2020; Fonseca et al., 2017)) informs that activities of the type Athlete and In-
ventor are of specific interest to this target group: gaming activities that require physical
exertion to solve the proposed task (Athlete) and activities that require creative solutions
(Inventor). In the next phase of this research, adults were consulted. Adults showed inter-
est in a broader scope of activities in their neighbourhood (sections 4.2 and 4.3, (Fonseca
et al., 2018a; Slingerland, Fonseca, et al., 2020)): Detective, Explorer, Hunter, Artist, and
Volunteer. Gaming activities designed based onDetective invite players to search for factual
knowledge of the environment; those based on Explorer require players to explore any infor-
mation of their neighbourhood by engaging with it and with random people; Hunter-based
activities require players to find specific people or objects; Artist-based activities invite play-
ers to create artwork and share it; and Volunteer-based activities invite players to contribute
towards a better community.

This section explores the validity of these findings for adolescents. This case study
explores 1) whether the 7 types of activities distinguished above are also of interest to ado-
lescents, and 2) whether the types of interaction required for the 7 types of activities differ.
To address these questions, this section starts by exploring which specific game activities
are of interest to adolescents in their own neighbourhood. It reports on a case study where
adolescents are exposed to their neighbourhood and co-design content for actual LBGs in
the future (as done in this thesis in chapters 6 and 7, and appendix C). This content is then
analysed in the dynamics of play ideated by adolescents, to understand if and how these fit
with current knowledge on the types of activities LBGs for this purpose should offer (or
whether this set of types needs to be expanded/changed). By doing so, this section 1) offers
an understanding of what adolescents want to play specifically in their neighbourhood, 2)
explores if what adolescents want to play is in line with current knowledge on the types of
activities found so far (mostly based on adults), and, ideally, 3) empowers users in the future
by inviting them to play their own co-located ideas. This, together with an understanding
This chapter is based on the submitted article: X. Fonseca, S. Lukosch, and F. Brazier,What Works? A Framework
for the Design and Analysis of Activity Types for Location-based Games for Social Interaction in Public Space,
2020 (Submitted to Special issue on: ’Smart Cities at Play: Playful Approaches to Urban Space, and Problems of
Participation’, International journal of human-computer interaction, currently in review).
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of the nature of interaction promoted during gameplay, can help future researchers design
interventions to foster social interaction in public space that is based on what users wish to
play.

4.4.1. RESEARCH DESIGN
To explore the above-mentioned questions a dedicated workshop was organised for young
adolescents in which they participated in the design of challenges in their neighbourhood as
design partners as described in (Slingerland, Lukosch, and Brazier, 2020).

PARTICIPANTS AND LOCATION
Young adolescents (10-11 years of age) in the same overall area (Feijenoord and Tarwewijk,
Rotterdam, the Netherlands) as the case study reported in section 4.1, participated in this
study. As 5th and 6th form pupils of a primary school in the area (Christelijke Basisschool De
Akker), 64 in total (3 classes in total), they participated in this study in the context of their
technology curriculum. The group was balanced in terms of gender mix, and, according to
their teachers and the school director, representative of the local neighbourhood with respect
to ethnicities.

PROCEDURE
Each of the 3 classes of students participated in the workshop over a course of 2 days.

On the first day, two researchers visited the class of students to brief them about the con-
text of the research (on location-based games for social interaction tailored to their neigh-
bourhood), to provide them with examples of activities that could be played, to explain that
3 routes would be walked a week later, and to provide them with a hand-out with exercises
with which they could prepare: to find more information on the neighbourhood and its local
history (e.g. by asking their parents), and told that their ideas would be implemented in a
LBG for them to play at a later date. They were also handed consent forms for both par-
ticipants and data collection, to be signed by their legal guardians/parents to be returned to
school prior to the second day of the workshop (a week later).

On the second day of the workshop the class was split up into smaller groups of 4-
6 adolescents each (by the teachers), with at least 2 researchers and one teacher for each.
Each group was randomly attributed to one of the 3 predefined routes. These 3 routes (figure
4.7) were on average1.4 kilometres long, around the school (with start and finish points at
school), and participants walked their assigned route for a period of up to 1 hour and half.
Each group was tasked to propose gaming activities en route to be included in a LBG at a
later date. Lastly, on return to school, participants were asked to reflect on their experience,
again briefed on what would happen to their ideas (i.e. to be included in an LBG prototype),
and reminded that a few months later the researchers would come back for them to test their
ideas in a gameplay session (see chapter 7).

The two days per class were held sequentially, and are summarised as follows:
• Day 1

– Briefing of research context and purpose of workshop with examples
– Explanation of the homework, and of day 2
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– Attribution of consent forms for participation and data collection
• Day 2

– Division of class into smaller groups
– Attribution of teachers and researchers, and random attribution of a route, to
each group

– Attribution of materials to participants (booklets, smartphones, and writing ma-
terials)

– Walk around the neighbourhood on the attributed route
– Debriefing session on how it went, and on next steps

Figure 4.7: 3 Routes used in Tarwewijk and Feijenoord: 1 (top left), 2 (top right), and 3 (bottom).
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METHOD AND DATA COLLECTION
During the walk of each route, the teacher and researchers were responsible for guarantee-
ing that the young adolescents would stay en route, participating in, and fostering, debate
on what participants found interesting to do and where, and writing observations down on
paper. Each participant was assigned an initial role: Interviewer, Photographer, Note Taker,
Recorder, orNavigator. The Interviewer role entailed asking questions both to other partici-
pants, teachers, researchers, and passers-by. The Photographer role entailed taking pictures
of points of interest for playing games around the neighbourhood, with a smartphone given
by the researchers at the beginning of the walk, and taking pictures of people and discus-
sions en route. The role Note Taker involved writing down ideas and thoughts with regard
to activities h/she/the group wants to play, and its respective location (if not known, the
teacher and/or researchers would help). To this end, writing materials (pen, paper, and a
hard clipboard) were handed out at the beginning of the walk. The Recorder role recorded
interviews, interaction with passers-by and group debates in audio, on a smartphone also
handed out at the beginning of the walk. Finally, the Navigator role consisted of keeping
the group on track, making sure they followed the path associated to the route. To this end, a
booklet containing turn-by-turn instructions with pictures of the attributed route was handed
out at the beginning of the walk. Participants could change roles throughout the route, to
try new tasks and maintain engagement.

Data collected consists thus of observations made by researchers written down on paper,
writings of participants, audio recordings, and photos.
DATA PROCESSING AND ANALYSIS
Data collected was then processed through a 2-step approach that produced one list of spe-
cific game ideas desired by the participants to play in their own neighbourhood. As a first
step, transcriptions of the audio recordings collected by the adolescents were analysed by 2
Dutch-speaking research staff, whom annotated the ideas of gaming activities proposed. As
a second step, the researchers associated the annotated ideas with the writings of the partic-
ipants, and, when available, with the pictures taken. This step increased understanding of
the data produced by participants (which was not always comprehensible, e.g. in writing,
or ideas expressed), and to curate the data into a list of gaming ideas. The result was then
translated to English by the researchers.
RESULTS
56 game ideas result from the workshop and from the data processing documented above:

# Description of the game idea
1 More swing seats.
2 More colour challenges. coming up with a colour scheme for the square, the

nicest wins.
3 Cleaning up challenge: the person who collects the most litter wins the challenge.
4 Come up with ideas for new street names in the neighbourhood.
5 Increase attractiveness of the location: make a plan to increase the amount of

lights at the location.
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Table 4.6 (continued)
6 Hang up big bulletin boards and make sure people write or hang stuff on them.
7 How long does the school exist? Ask somebody for the answer.
8 For what is wheat used? Think about it or ask somebody. Come up with 5

products that contain wheat.
9 Try to communicate without talking the same language. Play together.
10 Count the number of languages present.
11 Choose a word and translate it into 5 languages.
12 Make a picture [...] (unreadable).
13 Call names and find the corresponding tile (e.g. Johan Cruiff) [famous local

football players of Rotterdam]. Ask people to come up with 3 player names and
find their tiles [these are tiles with names that can be found on the floor or walls
throughout the city].

14 Which stores are here? Why did they build it and when, and which kind of stores
can be found at Zuidplein (e.g. Albert Heijn, Primark, KFC,...)?

15 Understanding how it works or what it is: There is a tube on the ground, what
kind of water goes through it?

16 Garage Zuidplein: How many kilos can go into the elevator? (answer is 3000 kg).
17 Name 5 tasks/services that are done in garages? (e.g. APK, maintenance, selling

stuff, etc.).
18 Making parkour in Millinx park, run and race on it. How long does it take to

finish all the parkours? (23s).
19 Investigating the houses: How high are the apartments? Measure, ask the

residents or a construction worker.
20 Race and playing twister challenge: play against each other.
21 Who spots them first? Be the first person to spot a white license plate on a car.
22 Challenge people to go to their work using a specific transportation mean (such as

only using the subway).
23 Find, within 1 minute, 10 people that use the metro.
24 Count how many Kilometres there are between one stop and the next stop.
25 Count how long does it take for the metro to pass by: play against somebody, the

person who wins receives a metro ticket of the other player.
26 Run with the metro to see if you can beat its speed.
27 Playing "tikkertje" [tag game] or running against each other.
28 Acquire knowledge of the neighbourhood, with questions such as: 1) there are

many stores around, find 3; 2) which trees are here? 3) Talk to the elderly, check a
biology or history book in the shed of free books.
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Table 4.6 (continued)
29 Knowledge of the neighbourhood: investigating the buildings, talking to

volunteers at the community centre, finding recommendations on the
neighbourhood.

30 Collect information about Zuidplein, walk around or find it on Google.
31 Going around [the river] on Maashaven, swimming.
32 How many metros pass by each day?
33 Why are you not allowed to park your car here?
34 What can you do here? What is there to eat?
35 Who can make the most challenges?
36 What can you do here? What are these people doing here? How long does it take

somebody to park their car?
37 How many challenges can you make within one minute?
38 What can you buy here?
39 How many schools are there? (talk to people, read the signs).
40 When was the neighbourhood built?
41 Play together without speaking the same language, like Play hide and seek,

"tikkertje" [tag game], soccer, etc.
42 Be sporty, be the fastest, climb in a tree challenge.
43 Statue challenge: make statue of people in the neighbourhood.
44 Poetry challenge: write a poem about the neighbourhood.
45 Metro quiz: answer questions about the metro, and give the right answers.
46 Find the tile, and lure people to the tile.
47 Interviewing people about what they do at Zuidplein.
48 Find nice things and make a picture of that.
49 Do the parkours.
50 Which flag hangs here?
51 What are the names of the supermarkets here? What are the statues here?
52 Acquire knowledge on the neighbourhood, with questions such as: 1) how long is

this street?
53 What is not allowed here? (dogs) [sticker on the door].
54 Now & Wow. (E.g.: Bread factory Meneba used to be a Shell fuel station. The

silo that is now used as a party venue used to be for wheat production).
55 Name as many languages as you can.
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Table 4.6 (continued)
56 Play together without speaking the same language: Painting.

Table 4.6: Game Ideas from participants.

4.4.2. DATA ANALYSIS
From the results presented above, data is further analysed with the intention of answering
the two research questions this case study addresses: 1) whether the 7 types of activities
distinguished above are also of interest to adolescents, and 2) whether the types of in-
teraction required for the 7 types of activities differ.
PROTOCOL OF ANALYSIS
To address the first question asked by this case study, all game ideas were categorised on the
basis of their description as depicted in table 4.7 by one researcher into the 7 types of activ-
ities, and this distribution was double checked by a second researcher. The categorisation
made it possible to see whether 1) all game ideas could be represented by these definitions
(or whether new types of activities were needed), and 2) whether there were types of activi-
ties for which no game ideas were proposed (thus representing that that type of activity was
not thought of by any participant). With regard to the second question, the analysis aims to
provide a theoretical grounding of the types of activities on the forms of social interaction
fostered. A researcher analysed the definitions of each type of activity from 4.7 and coded
each type against the literature on 1) the nature of the social interaction (focused or unfo-
cused, as defined in section 2.8, and 2) the type of interaction (see figure 4.8 and section
2.8). The coding scheme was also double checked by a second researcher. For convenience
the information used for the coding is repeated below:
A. User-centred Types of game activities

Type Description
Artist This type of activity requires players to design artwork in and about their neigh-

bourhood, based on creative processes individually or collaboratively. Such
artwork might be abstract and personal or collective, and represents a creative
expression about the player’s neighbourhood. For example, creating a song or
musical performance (rapping), writing a poem, or storytelling.

Athlete This type of activity requires physical activity to be solved. The activity can
be solved by either doing a specific challenge requiring physical action (e.g.
engaging with at least five people for a given purpose), or by varying the quality
of the performance itself (e.g. see who can finish the free-running the fastest).

Detective This type of activity requires finding information and answering questions
about factual knowledge related to the surrounding environment. Players have
to search for information in their neighbourhood, such as asking people about
local heroes depicted in tiles in the footpaths in their neighbourhood.
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Table 4.7 (continued)
Explorer Players are required to explore their neighbourhood, i.e. by learning and com-

prehendingmore about their own neighbourhood and the people who live there.
Activities of this type might include discovering the origins of a neighbour-
hood. It might lead players to an unknown point of interest of the neighbour-
hood (e.g. an old building, a local initiative) and ask them to engage with
random people to discover its origins.

Hunter The behaviour elicited by this type of activity is linked to finding specific type
of people or objects, as opposed to finding random people. Hunter is about
finding tangible things that can be human, animal, or an object. For example,
finding the person responsible for the community centre to ask what types of
activities can be done there. If and when such people cannot be found at a
given time, players can find ways to still address the challenge (e.g. finding a
QR code attached to the community centre explaining exactly what they would
like to ask the person).

Inventor Inventor type of activity requires players to propose new ideas to address an
issue in the neighbourhood. Players in this type of challenge may explore in-
terventions for their neighbourhood, and explore opportunities to increase the
livability of their neighbourhood. Examples of this activity are possible inter-
ventions to change their neighbourhood, designing a new playground, or a new
colour scheme for the location.

Volunteer Players are invited to contribute towards the community, and are incited to help
others or contribute to the quality of life in the neighbourhood. An example of
an activity of this type is picking up trash at a specific location to make a nice
piece of art with it, and taking a picture of it to publish in the media of the local
community, before the trash is collected.

Table 4.7: User-centred types of activities for LBGs for social interaction in public space. See sections 4.1-4.3.

B. Nature of social interaction
Definitions used in this research for focused and unfocused interaction are the ones originally
published by Bartis (Bardis, 1979) and Goffman (Goffman, 1955, 1961):

"Focused interaction is interaction in a group of persons that have a common
goal. These persons may have been familiar with one another in the past or
they may become familiar for the first time during their focused interaction
(e.g. a group of students studying together for a final examination)" (Bardis,
1979)
"Unfocused interaction includes neither a common goal nor such familiarity
even during the process of interaction. In fact, the interacting persons may be
unaware of their interaction (e.g. interaction between pedestrians who avoid
disastrous collisions by following traffic etiquette and regulation)" (Bardis,
1979)

C. Types of social interaction
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The types of social interaction discussed in section 2.8 (and depicted in figure 4.8) are re-
peated here:

Figure 4.8: Types of social interaction (same as Figure 2.7).

YOUNG ADOLESCENTS WANT THE SAME ACTIVITIES AS ADULTS, THOUGH WITH DISTINCT
PREFERENCES
From the game ideas on table 4.6, the attempt to distribute the 56 game ideas into the existent
types of activities is shown in table 4.8.

Type Game Ideas Total
Artist 2, 12 , 44, 48, 56 5
Athlete 9, 18, 20, 21, 22, 23, 24, 25, 26, 27, 31, 35, 37, 41, 42, 43, 49 17
Detective 7, 16, 19, 32, 39, 40, 45, 51, 52 9
Explorer 4, 8, 10, 11, 14, 15, 17, 28, 29, 30, 33, 34, 36, 38, 47, 54, 55 17
Hunter 13, 46, 50, 53 4
Inventor 1, 5, 6 3
Volunteer 3 1

Table 4.8: Distribution of game ideas into each type of activity.

This attempt was successful at categorising all of the ideas that the participants gave,
which means that the existent framework of types of activities also represents what these
participants prefer to do in their neighbourhood. Yet, it is possible to see that even though
all the types have a corresponding game idea, the ideas cluster more into specific types.
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Figure 4.9 shows how the game ideas cluster into each of the types, and reveals that the types
Explorer and Athlete together constitute ≈61% of the preferences of adolescents (≈30% the
former, and ≈30% the later). Following these two types is Detective (≈16%), Artist (≈9%),
Hunter (≈7%), Inventor (≈5%), and Volunteer (≈2%). This indicates that these adolescents
really have a preference for exploring the neighbourhood and finding more information by
engaging with the environment and the people in it, while also playing activities that are
physical and fun.

Figure 4.9: Distribution of game ideas per game activity: number of ideas per type (top), and percentages of
distribution (down). Same colour scheme used in both graphs.

This research proposes the studied 7 types as a framework of types of activities that users,
both adolescents and adults, want to play in their neighbourhood for social interaction. This
framework, presented as a framework in figure 4.10, provides a simplified definition for
each of the 7 types discussed, and indicates the types of activities existent research with
both user groups prefer to play with regard to activities for social interaction in the public
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space of their neighbourhood.

Figure 4.10: User-centred framework of types of activities for social interaction in public space (Fonseca, Lukosch,
and Brazier, 2020b).

As previously indicated, all 7 types mentioned in the framework are preferred by both
adults and young adolescents (both indicated in the centre of the framework). The frame-
work of figure 4.10 distinguishes (with a green gradient at the centre) the types of activities
preferred most by adolescents in particular, in line with the distributions shown in figure
4.9: more than half of the adolescents that participated in this study want to play the Athlete
and Explorer types of activities, while also having a substantial inclination for the Detective
type to a varying degree. To a lesser extent, the types Hunter, Artist, Inventor and Volun-
teer combined were also mentioned by ≈23% of the participants, which, while showing not
being of their highest preference, indicates these types are also appealing to adolescents.

TYPES OF ACTIVITIES AND THEIR ASSOCIATED FORM OF INTERACTION
The analysis sheds light on the forms of interaction required for each of the game ideas.
These forms of interaction are documented per type of activity, and summarised graphically
in figure 4.11:

Types of activities and the analysed interactions:

• Artist: Ideas fitting this type of activity are for example proposing a colour scheme,
creating pictures or poems, and painting together without speaking to one another.
These ideas invite players to do activities together with the group, thus having a com-
mon purpose (focused interaction). Interaction within a group of players can be both
indirect and direct. On the one hand, indirect interaction can happen because indi-
rect means are used by the first interlocutor to communicate (e.g. drawing, poetry), a
means that which will likely be converted into meaning by a second unknown inter-
locutor. On the other hand, direct interaction occurs when players of these activities
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perform, i.e. during a performance (physical action), for e.g. in the activity of paint-
ing together, there is direct coordination between painters. Direct interaction also
happens via symbolic communication, that is materialised in both verbal (talking
while performing) and non-verbal (the way people perform) communication, both
face-to-face.

• Athlete: Ideas fitting this type of activity are those involving physical performance,
for example playing together (e.g. hide and seek) without talking the same language,
doing an activity (e.g. climbing a tree) and counting how long it takes (e.g. finding
the number of people that commute with the metro within 1 minute), and playing
twister/tag and sports (e.g. soccer, or parkour). The ideas for activities fitting this
type are both focused and unfocused: a number are to occur within a competing group
(focused), with a common goal (often involving competition); and a number contain
goals (e.g. finding under 1 minute 10 people that use the metro) that are fast paced
and do not really set a "stage" for the interlocutors to get to know one another or
share an overall goal (unfocused). All of the ideas within involve direct interaction
between both a group of players and passers-by in the neighbourhood, and potentially
involve physical actions (e.g. touching/grabbing) and the use of verbal and non-
verbal communication during face-to-face encounters.

• Detective: Ideas mentioned for this type of activity require players to find specific in-
formation (e.g. how long does the school exist) and investigate a specific topic (e.g. a
given house, a street, or the quantity of schools in the neighbourhood). These activities
are all focused in nature: the person interacting has to find specific information. The
type of interaction is direct, and is mostly based on face-to-face dialogues (verbal)
and the way these are conducted (non-verbal).

• Explorer: These activities invite players to engage with both the environment and
the people in it, thus providing both focused and unfocused interactions. Focused
interactions occur in the activities where there is a clear goal (e.g. finding what can
be done in the community centre, by talking to the people working there). In turn,
unfocused interactions can also occur with this type, when activities are not so clear
in purpose (e.g. collect information about the neighbourhood, or interview people
about what they do). With both focused and unfocused, players engage directly with
both the group (e.g. coming up with ideas for new street names together) and with
passers-by (e.g. interview people), which use face-to-face verbal and non-verbal
language.

• Hunter: The ideas fitting this type invite players to find specific objects around the
neighbourhood (e.g. tiles, flags, stickers), or ask about specific information to passers-
by. The nature of this interaction is focused: players have an objective to find specific
information or objects, even when talking to strangers. Communication is symbolic
and can occur in two ways, either digitally, or face-to-face. Digital communica-
tion occurs when players have to find given objects that can contain messages left
by another unknown person (e.g. a QR code displaying text or a picture linked to
the activity). In turn, face-to-face communication occurs when players engage with
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passers-by to find information and solve the activity, in situations where both verbal
and non-verbal types of interaction can occur.

• Inventor: Ideas fitting this type aim at solving problems, to for example provide more
options to share information (e.g. more bulletin boards) and improve the neighbour-
hood (e.g. more swing seats, more lights). The nature of the interaction is focused,
as there is a clear goal (proposing ideas), and it occurs through indirect and direct
means. Similar to the type Artist, indirect means are used by the first interlocutor
to propose new ideas (e.g. designs, sketches), that are likely to be interpreted by a
second interlocutor not known à priori by the first one. Direct communication, on the
other hand, happens in activities where players solve/perform an activity together, that
can include both physical action (e.g. while sharing the same canvas) and symbolic
communication during face-to-face exchanges. The latter can, in turn, be verbal
(e.g. discussing ideas), or non-verbal (e.g. the design itself can contain symbols).

• Volunteer: The ideas fitting this type (cleaning up challenge: the person who col-
lects the most litter wins) promotes a focused and unfocused exchange: focused,
because there is a goal among players competing; and unfocused, because the act
of cleaning the neighbourhood can set up dialogues with passers-by that are random
(e.g. someone asking what players are doing and why). These exchanges also may
require indirect and direct communication. On the one hand, indirect communica-
tion happens when a player contributes to the community including people in that
community: cleaning the neighbourhood (in this example) sends an indirect message
to other members of the community saying that that specific person cares about the
neighbourhood, which in turn can have a cascading effect. On the other hand, direct
communication happens between 1) a group of players competing to win an activity,
and 2) passers-by. A group of people whom perform this activity together can physi-
cally interact with one another while performing (physical action). At the same time,
this type of activity also promotes face-to-face dialogues both between players and
strangers, whom use verbal and non-verbal cues to communicate.
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Figure 4.11: Framework of activity types and the forms of interaction theoretically fostered.
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4.4.3. DISCUSSION AND LIMITATIONS
This research starts from the previous knowledge on types of activities that users wish to do
in location-based games developed to foster social interaction in their own neighbourhood.
This knowledge, initially based on workshops with adults, consists of 7 types of activities.
This research strengths these findings by focusing on adolescents and what they desire, and
develops a case study to answer two questions: 1) whether the 7 types of activities distin-
guished above are also of interest to adolescents, and 2)whether the types of interaction
required for the 7 types of activities differ.

The first research question can be answered affirmatively: the 7 types of activities pre-
viously identified were also proposed by young adolescents. The analysis further explores
the preferences of adolescents: the types Athlete, Explorer and Detective top the list, while,
to a lesser extent the types Hunter, Artist, Inventor and Volunteer are still appealing to play.

With regard to the second research question, this research argues towards the forms of
interaction that each type is expected to promote. Lessons learned from the literature-based
analysis are that each type of activity promotes a gameplay with a clear (focused) or unclear
(unfocused) goal for the interaction. Beyond its nature, interaction can occur in a direct or in-
direct way, depending on whether indirect means of expression or communication are used.
In the cases where interaction occurs in close encounters (directly between interlocutors),
it is further categorised into several types: involving physical interaction (physical action),
symbols (e.g. language, signs), and other forms of communication present in face-to-face
exchanges (verbal, and non-verbal) or digital ones (e.g. asynchronous messages).

This research shows that the types Inventor, Hunter, Detective, and Artist offer activi-
ties that are clearer in purpose and guide social interaction both within a group of players
and passers-by, whereas activities of the type Athlete, Explorer, and Volunteer involve less
purposeful engagement with people on the street. The types Artist and Inventor include ex-
amples of activities where players are invited to draw, sketch, write a poem, or express an
idea for improvement of the environment in which they live. The activities of type Volunteer
also promote indirect interaction, but in such cases the interaction is indirectly communi-
cated through giving an example of behaviour. In direct interactions: the types Inventor,
Volunteer, Artist, Athlete invite players to do activities with physical exchanges (e.g. touch-
ing, grabbing); the typeHunter is the only type that includes examples of activities involving
explicit digital communication; and all types of activities with face-to-face interaction, af-
ford both verbal and non-verbal exchanges.

As such, this research strengthens our earlier findings on what users want to play in
games of this type (Fonseca et al., 2018a; Fonseca, Lukosch, Lukosch, and Brazier, 2020;
Fonseca et al., 2017; Slingerland, Fonseca, et al., 2020), and more strongly clarifies the
preferences that adolescents have for activities fostering social interaction. It also advances
current knowledge on the forms of interaction that each type of activity is likely to promote,
thus providing a bridge between the gameplay offered by each type of activity and the form
of interaction it can promote in public space.

LIMITATIONS
This case study explores 2 research questions with young adolescents in the areas of Tar-
wewijk and Feijenoord in Rotterdam. The first limitation of this study is that the findings are
based on the preferences of these participants, and further research is required to generalise
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these both with regard to different locations and other participants of the same target group.
A second limitation of this study is in the association made between the types of activities
users want to play and the form of interactions they trigger. The analysis offered in this case
study is based on literature alone, and the strength of the findings can be enhanced with case
studies designed to practically experiment and observe the triggered interactions, and cor-
relate those with the types of activities. Lastly, this study sought to validate the existing list
of types of activities (Slingerland, Fonseca, et al., 2020), and the findings of this case study
are in line with previous research done. It is, however, possible that future research reveals
more types of activities, or that the preferences of users change for example in function of
time (different generations) or place (different countries). Nonetheless, the findings of this
case study, even though applicable to the participants studied, are not weakened by these
limitations.
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4.5. OVERALL DISCUSSION
This chapter focuses on increasing understanding of what users require of location-based
games for meaningful gameplay experience for games designed to invite social interaction
in the public places surrounding them. A series of 4 case studies explore the preferences,
needs and desires of users for meaningful and engaging social exchanges. Lessons learned
cover 1) user requirements at the level of gameplay, 2) user requirements for the content
that such LBGs should offer (types of activities), 3) knowledge on the ways adolescents and
adults prefer to interact with other people and to be exposed to the neighbourhood, and 4)
a clearer understanding of the relationship between the activities users want to play and the
forms of interaction they potentially trigger.

Different social settings (Rotterdam - with socially challenging neighbourhoods, and
The Hague - for neighbourhood engagement) reveal that, as expected, users differ in their
preference for types of activities to be performed in a game. Yet, a common ground on the
types of activities is found across the studied locations and users: they want to be Artists,
Volunteers, Inventors, Hunters, Detectives, Athletes, and Explorers. Young adolescents
have a strong preference for the last 3 types of activities.

This chapter also shows that involving users as informants and co-designers of activities
for games: 1) provides "food for thought" for game/activity design, and 2) enables a better
comprehension on the ways users prefer to interact with other people and their environment.
With respect to the latter point, adolescents showed to prefer activities that 1) involve phys-
ical exertion and contact with friends, and that 2) explore the world surrounding them and
engage with face-to-face conversations with people living in their neighbourhood. In turn,
adults enjoy activities where they 1) discover the neighbourhood (also through digital means
such as QR codes, as long as the technology used is familiar to them), 2) see there is a pur-
pose (e.g. sharing meaningful information about the neighbourhood with others) and that
use historic land marks, and 3) have opportunities for natural conversations and face-to-face
collaboration with other people. An interesting finding is the desire users have for a balance
between known and unknown locations. Users reported that, on the one side, they enjoy
the prospect of exploring new neighbourhoods, but that, on the other side, they also require
a bit of familiarity. The specific game ideas can be reused by practitioners of game design
when preparing future games targeting the same neighbourhoods studied, and/or serve as
inspiration for similar game activities for LBGs for social interaction in public space.

As such, a location-based game for social interaction in public space, to provide mean-
ingful and engaging opportunities for players to interact, needs to take these lessons learned
into account and consider them as requirements.
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The solution often turns out more beautiful than the puzzle.

Richard Dawkins

Previous chapter explored the many sorts of requirements users have, by involving them in
an iterative requirements design approach with multiple techniques to probe them. This ap-
proach involved adolescents and adults as informants on their preferences, needs and desires
for gaming activities in their neighbourhoods, and studied, through different methods and
tools, how these change across different users and locations. It advances design guidelines
for gameplay requirements, discovers 7 types of activities that LBGs for social interaction
in public place should offer to these users, and reveals specific gaming activities they want
to play.

However, before these lessons learned can be put into a game design and be tested in
a real LBG prototype, this research explores how LBGs are put together from the techni-
cal perspective. This is important because LBGs offer unique gaming experiences, through
unique functionalities, when compared to traditional games (Couch, 2017; Oppermann and
Slussareff, 2016). Some examples of such distinctive features are the adaptation of a game
concept to an environment’s space using digital overlays with context-based information,
This chapter is based on the submitted article: X. Fonseca, S. Lukosch, and F. Brazier,Modular Software Architec-
ture for Location-based Games Designed for Social Interaction in Public Space, 2020 (Submitted to Entertainment
Computing Journal, currently in review).
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with interaction required with the environment and other people to advance the game, and
potential support for different levels of exertion (Fonseca et al., 2021; Mullen, 2013; Op-
permann and Slussareff, 2016). Such games have been shown to be capable of triggering
engagement from players worldwide in playful ways (Paelke et al., 2008), and yet, designers
and developers of games have no guidance on how to create such games from the perspec-
tive of system design. On the one hand, different components and names are used in the
literature to describe similar functionality, which in turn leaves room for interpretation on
the precise functionality provided. On the other hand, completely different components are
proposed by designers and developers as key, causing lack of consensus on what is actually
needed in an LBG at large. In addition, designers and developers discuss key functionality
that are not key to the game architecture itself (Avouris and Yiannoutsou, 2012; Naliuka
et al., 2010), but to its application.

This chapter seeks to gather current understanding on what system components are
needed to sustain social interaction in public space, so that such key information is taken into
account when proposing a game design that embodies the users’ requirements in a way that
works. To do that, this chapter analyses a number of existing LBGs that players love(d) to
play, and looks into which components are key for such games to work, and what is common
across them.

5.1. RESEARCH METHODOLOGY
This chapter focuses on LBGs, i.e. games that use locative features of smartphones, and
that potentially trigger social interaction (direct or indirect, offline or digitally) in outdoor
space. It starts off by selecting the games to be analysed (in the following chapter). The
selection procedure started with an online search for lists of the best LBGs, containing re-
views and public opinions of what players love(d) to play. The online search was conducted
using DuckDuckGo© and Google© search engines, both with the query "best location-based
games" . Five websites with lists of games1,2,3,4,5 with LBGs up to the period of 2018 were
chosen. The following criteria were used to select a limited number of games from these
lists: games displaying 1) strong potential for social interaction, 2) with millions of players,
and 3) mentioned multiple times across these websites. The rationale for these criteria is
that location-based games fostering interaction, particularly face-to-face, are the focus of
this research. Games that are capable of bringing players physically together, either because
they want to play together/against one another or because they need other people to explore
new modes of play, bear a potential for games with more serious purposes. Games that
contain millions of players, and are mentioned multiple times across the internet, show their
success, and can highlight features that worked for them and might prove to be essential for
1https://www.quertime.com/article/20-extremely-addicting-gps-location-based-mobile-games/, 20 extremely ad-
dicting GPS location-based mobile games, July 2018, last visited on December 23, 2020.

2https://www.pockettactics.com/guides/location-based-games-ios-android/, The best location-based & GPS
games on mobile, Jan. 2020, last visited on December 23, 2020.

3https://www.redbytes.in/gps-mobile-game-development-ios-android-2018/, Best GPS location-based games on
iOS and Android 2018, Oct. 2017, last visited on December 23, 2020.

4https://www.digitaltrends.com/gaming/best-location-based-gps-games/, 5 great location-based games that aren’t
’Pokemon Go’, Jul. 2016, last visited on December 23, 2020.

5https://beebom.com/best-location-based-gps-games/, 8 Best location based GPS games you can play, Jul. 2017,
last visited on December 23, 2020.

https://www.quertime.com/article/20-extremely-addicting-gps-location-based-mobile-games/
https://www.pockettactics.com/guides/location-based-games-ios-android/
https://www.redbytes.in/gps-mobile-game-development-ios-android-2018/
https://www.digitaltrends.com/gaming/best-location-based-gps-games/
https://beebom.com/best-location-based-gps-games/
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the desired type of game play.
With regard to data analysis, the selected games were analysed with the focus of un-

derstanding their key functional components. The analysis focuses on 1) their goals, 2)
prominent features, and, when possible, 3) choices at the software/system architecture level
that are clearly needed to support the game. The next step consisted of cross checking the
identified components across all analysed games, to identify commonalities in high-level
functionality, as high-level features. These high-level features are then used to propose key
components for a software architecture with a modular structure that allows developers to
choose different ways of implementation.

5.2. ANALYSIS OF LOCATION-BASED GAMES TRIGGERING SO-
CIAL INTERACTION

Based on the first criterion from sub-chapter 5.1 (heavy social interaction, preferably of-
fline), Geocaching, Recoil, Pokemon Go, Ingress and Orna are selected due to their strong
capacity to instigate dynamics of play with multiple people offline. Geocaching and Orna
bring people together to form teams; Pokemon Go and Ingress offer events worldwide where
people compete in-situ; and Recoil is a multiplayer-based game where people have to come
physically together to play. Regarding the second criterion (millions of players), Pokemon
Go andParallel Kingdom are selected, as the former reported 45million players worldwide6,
and the latter 2 millions7. Other potential choices could be Ingress and Landlord, both with
little over 400 thousand players each, but no other game comes close to these numbers of
players. Lastly, CodeRunner, Ingress, Pokemon Go, and Geocaching are selected because
they are mentioned multiple times across the selected websites (at least 3 out of 5 times).

Based on the selection of all the criteria, 7 gameswere selected for the analysis: CodeRun-
ner, Geocaching, Ingress, Orna, Parallel Kingdom, Pokemon GO, and Recoil. Other cri-
teria and other games could be selected for this game analysis, yet, the purpose is to un-
derstand what are the essential building blocks for such games to be successful from the
design and software/system’s perspective. This can be done, not by analysing an exhaus-
tive list of games, but by selecting games that are different and vary from one another, and
that were/are substantially played and enjoyed by large communities of players. The criteria
used reflects this. The analysis done was based on play testing and consultation of online
reviews whenever possible.

5.2.1. CODERUNNER (DATE: 2012)
CodeRunner immerses players in spying and conspiracy through audio storytelling that is
complemented by augmented reality. The game pays substantial emphasis on the fictitious
storytelling: players are recruited as agents for governmental department, and they need to
hack objects such as tower antennas or electrical boxes, eavesdrop other people’s commu-
nications, hack and disable power grids, take pictures of real world objects, and pass as ’the
good guys’. There is a strong dynamic of pressure set by the game, based on the secrecy of
6https://www.businessofapps.com/data/pokemon-go-statistics/, Pokemon Go revenue and usage statistics (2019),
May 2019, last visited on December 23, 2020.

7https://www.pocketgamer.com/games/004719/parallel-kingdom/, Parallel Kingdom, last visited on December 23,
2020.

https://www.businessofapps.com/data/pokemon-go-statistics/
https://www.pocketgamer.com/games/004719/parallel-kingdom/
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the activities involved, and the dynamic of not being caught doing fictitious illicit activities.
Regarding social interaction, players act as agents that interact with the evidence left behind
in the real world by other agents. Players can interact with other players by chance in real
life and get to know part of their play, but most of the interaction appears to be promoted in
the ’shadow’ of the player.

Some of the main features of the game are based on players walking in the real envi-
ronment with a 2D map overlaid with information. Audio transmissions tell players how to
navigate the real world and proceed, and the game offers a feature which is the advancement
of the storytelling that is bound to the context of the player (e.g. a target inside a bus in the
story, to the closest bus stop to the player), which aims at blending the storytelling of the
game and the real world.

Interactions between game and player, the environment, and players, are central to the
game. The game interacts with the player through audio, which aims at immersing the player
into the narrative. Players have to interact with the digital map (touch and swipe), to navigate
their surroundings and create drop points for other players to interact with. The game is also
strongly based on interacting with the real environment and leaving objects behind, which
is also a mechanism of interaction between players.

Task completion is a big feature of the game, based on stealing private data and upload-
ing it. Tasks mandate breaking and entering into locations through solving puzzles found in
game objects. Players go to specific locations (’drop points’), hack them to steal evidence,
and move on to the next challenge. This is heavily dependent on player participation: the
mini challenges offered by the game are created by players. They leave real objects behind
that contain private data, and signal those locations on the map. Other players have to find
these and solve the puzzles to open them.

Player participation is a regulated by a community effort, that enforces best practices of
play: players can flag poor contributions of other players to be removed from the game. This
reveals a top-down management of players and their contributions.

5.2.2. GEOCACHING (DATE: 2000)
This is a digital treasure hunt game where players hunt ’caches’ of different types (physical
or digital), sizes, difficulties, characteristics, and containing a ledger and trading object(s).
Players have the purpose to find these caches in secrecy, log their visit, and optionally ex-
change objects by leaving them behind. Distinct game plays are triggered with different
types of caches: 1) caches with one exact location, 2) multiple dependent stages and lo-
cations, 3) which require players to find information in the surroundings to solve a puzzle,
4) with IoT devices, 5) moving caches, and 6) digital caches solvable by sending an email
with the solution to the owner. Social interaction is triggered through a sizeable community
online where players can befriend others, and get together offline to play together.

Key to the game are elements that position players and help them advance: a map, a list
of caches with their distances and directions, and a compass. The map has several icons
representing the caches overlaid on it, and each icon represents a type of cache. Players
navigate by using the compass to locate a cache, or by searching the environment for infor-
mation on the final coordinates, to mark it as solved. The main interaction made by players
is with the physical caches in the environment, which involves writing on them and trading
objects. Regarding the interaction with the digital game, players select caches via the game
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interface (touch), and use it to introduce the answers and mark them as solved, or find digital
caches instead.

Another important feature for the prolonged life span of this game is statistics. The game
is played without a strong digital component, but the evolution of the game play throughout
time is marked by the comparison that players can make across themselves. It is based on 1)
the quantity of caches solved and their different types, and 2) how many of these were firstly
solved by each player, which establishes competition and collaboration between themselves.

Geocaching revolves around a strong community of players, which is responsible for the
sustainability of the game and the maintenance of its secrecy and other desired behaviour
during play. Players may be compelled to hold onto paid tradeable objects, place caches in
dangerous places, or flag caches that require maintenance, and it is up to the community to
flag ill behaviour and less than ideal situations.

From the system’s perspective, this game requires smartphones and other mobile devices
to be played, and offers an online platform for several functionalities linked both to the game
play and the report of disagreements between players, which the company can act upon. This
highlights the features of central orchestration and administration of content and players.

5.2.3. INGRESS (DATE: 2013)
A ’capture the flag’ based game where players search, acquire, and link digital ’portals’
together. Portals are located in real-world points of interest (POIs), and players have to
capture them for their faction. Storytelling centres around the leakage of matter in this
world, and what each faction believes should be done with it. Portals belong to one of the
two factions, or are unclaimed. The game offers events around the world for players to
physically gather together and battle in tournaments.

The game amplifies the player’s understanding of the surroundings, supports naviga-
tion, and offers interaction with the digital portals. A map highlights portals with different
colours, and shows which are linked together based on the dominance of the factions in the
area. This also informs the player on where to walk: if the player can contribute to conquer
a prominent portal and connect different, unconnected areas owned by the same faction, the
dominance of this faction will be improved (figure 5.1).

Figure 5.1: Dominance of the resistance faction in Ingress, based on connected portals8.
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The game play is based on touching on the digital map, portals, and game items required
to destroy and conquer portals. Players interact with these, and a mechanism of interaction
based on audio feedback informs players on the current situation of the game.

The game presents key features that fuel collaboration and competition between players.
Higher player level secures stronger items and portals, and bigger regions of connected
portals means stronger factions in the region (figure 5.1, blue area). It is also shown how far
players are in the game through a leader board with the factions, showing who is winning
and the best 50 players per faction.

The game reveals some coordination and administration done by the company both at the
content and functionality levels. Events9 are organised world-wide for thousands of players
to come together and fight in tournaments, talk to one another and get together to conquer
portals, which means that the company set up and manages the architecture of the game
in such a way to scale up and support a substantial load of players, both during events and
across the world.

A recent functionality rolled out by the game is the participation of the community in
content creation10. It enables players to participate by suggesting new locations for portals
online that can be used in Ingress and other products of the company. Players have to have
a minimum level to be able to propose suggestions, and they can review the suggestions
of other players under safety guidelines11. The company then chooses what to do with the
content, which reveals administration of content and players.

5.2.4. ORNA (DATE: 2018)
Orna is a role-playing game in which players turn their real world into a land of monsters,
explore it and defeat monsters and bosses in turn-based battles, collect items and learn spells
to be used in battle, and conquer real-world points of interest around the world. Players have
to level up, create or join kingdoms, and unlock functionalities that allow them to engage
with other players (to fight alongside or against them).

Orna presents players with a 2D map representing their positioning in the real world,
which augments players’ notion of what exists around them and enables further engagement
with the game. Icons overlaid on the map allow them to engage with monsters, shops and
dungeons around them, which are key for players to advance (e.g. blacksmith, to upgrade
the player’s armour). These are put in specific real world locations, which makes players on
the lookout for kingdoms and key icons around the environment.

The game indicates where players have to go to complete game quests, and these end up
leading players to different locations on the map. Figure 5.2 (left) shows these indications:
an icon acting as compass, a text with a cue (e.g. a mysterious local fountain), and the
distance in meters. Icons closer to the player can be immediately interacted with.
8http://www.anarchogeekreview.com/video-games/ingress, The Anarcho-geek review, Aug. 2015, last visited on
December 23, 2020.

9https://www.ingress.com/events, Ingress Prime Upcoming Events, last visited on December 23, 2020.
10https://nianticlabs.com/blog/poi-devinsights/, Developer Insights: Engaging Player Participation in our new
PokeStop Nomination Program, Sep. 2018, last visited on December 23, 2020.

11https://wayfarer.nianticlabs.com/, Niantic© Wayfarer!, last visited on December 23, 2020.
12https://cdn.mobilesyrup.com/wp-content/uploads/2019/11/orna-screens2.jpg, Orna is the GPS RPG Pokemon
Go never was, last visited on December 23, 2020.

http://www.anarchogeekreview.com/video-games/ingress
https://www.ingress.com/events
https://nianticlabs.com/blog/poi-devinsights/
https://wayfarer.nianticlabs.com/
https://cdn.mobilesyrup.com/wp-content/uploads/2019/11/orna-screens2.jpg
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Figure 5.2: Navigation based on objectives (left), and Events offered by the game (right)12.

The game offers two types of interactions: between the player and game, and between
players. Regarding the former, it can be seen best in turn-based battles, where players use
a menu during battles to for e.g. attack or flee. The latter is also based on the same menu-
based mechanisms that are activated only from a certain level onwards: players can digitally
fight between themselves, or create parties of players (when in close physical proximity) to
raid bosses and battle together.

The game revolves around the development of the player’s character to unlock new parts
of the game. Defeating monsters in battle renders players some experience points and key
items to level up and unlock new modes of play and content, such as the conquering of new
territory. Kingdoms are formed once players claim new points of interest in the real world,
join existent kingdoms, or create their own.

Orna players can contribute to the game media with assets, art, or audio13. This content
is then potentially curated by the game company, used as is, discarded, or reused in future
games of the company. This means that the game is co-created with players, even though the
real player’s contribution can be changed. This also reveals orchestration done by the com-
pany, as it decides on what goes into the game content or not from the pool of contributions
of players. Still on the orchestration of the game, the company creates seasonal bosses on a
monthly basis (figure 5.2, right), and is responsible for community building and providing
support (e.g. reddit and discord).

13https://playorna.com/contribute/, Leave your Legacy, last visited on December 23, 2020.

https://playorna.com/contribute/


5

114
5. KEY ARCHITECTURAL COMPONENTS FOR LOCATION-BASED GAMES FOR SOCIAL

INTERACTION

5.2.5. PARALLEL KINGDOM (DATE: 2009-2016)
Parallel Kingdom was a game that would turn the real world into a parallel medieval one.
Players had to follow prophecies, find scrolls, fight monsters, and claim territories. Players
could discover new locations in the game world by physically walking while using a map
of the surroundings. Players would explore the digital world for unclaimed territories and
resources, and fight monsters and place flags to claim them. They could teleport to known
locations, harvest fruits in trees to enhance their characters, and be invited to a strategic
play, where they would have to select which equipment is most appropriate to defeat a given
opponent. Players could tap on monsters to find information about them, which would help
them prepare with the most effective items against those opponents.

Central to the game is the positioning of players in the real world and the navigation
required to advance the game play. A digital map with colours are used to overlay the terri-
tories that are controlled by other players. These, together with icons representing resources
and monsters, augment players understanding on the overall game situation, and on what is
possible to do in the game. The icons, together with the topology of the territories, makes
players navigate throughout the game.

Key to the game is its genre: real time strategy and role playing, which sets a particular
dynamic of play. Based on tapping, players are offered an interaction with the game that
is context dependent: icons on the map reveal actions specific to them, and the menus of
the game are used to command actions based on the location and the items closest to the
player. Functionalities that set player-to-player interaction add to this interaction: players
can engage in player-to-player trading, interact directly through messages, forge alliances,
and fight together by meeting in person, which promotes offline interaction.

The game is centred on evolution, making players level up by gathering resources, trad-
ing them for food, and maintaining a full health bar. Resources can be sacked from enemies,
or farmed and harvested, which can be strategically put on the map. The game offered over
20 leader boards that would reward players on a weekly basis and set a competitive game
progression for the higher ranks and higher number of resources and land, making statistics
and rewards key features in the game.

The game had centralized orchestration, visible in control exerted in public APIs (Appli-
cation Program Interfaces) offered by the game, and in the initiatives for community engage-
ment done by the company. APIs were made available14 for players to access a complete
list of trades of the previous day, and players were subjected to rules to access them. This
orchestration is also seen in the weekly community events and updates6 constantly offered
to players, that helped to maintain the game and its community of 2 million players during
its lifespan.

5.2.6. POKEMON GO (DATE: 2016)
PokemonGO requires players to collect all virtual types of monsters spread across the world,
and use them to train and win battles in arenas. The game positions players in the real
world, where players can visualise ’Pokemons’ with and without augmented reality, lure and
capture them, and evolve them in real-world POIs. The game promotes quests for players
to complete for mythical monsters, and offers a teamwork experience where players can be
14https://rapidapi.com/blog/directory/parallel-kingdom-trade-data/, Parallel KingdomTradeData API, last visited
on December 23, 2020.

https://rapidapi.com/blog/directory/parallel-kingdom-trade-data/
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part of teams to occupy and defend gymnasiums, raid battles, and defeat powerful Pokemons
together.

The game focuses on augmenting the environment of players, and in directing/orienting
them to interact with monsters and objects around them. A 3D map is used to reveal the
location of battles the player can fight with other players, monsters that have a type dependent
to the context of the player (e.g. water type Pokemons at a lake), and this is used by players
to search for specific Pokemons only found in specific geographies around the world. A
3D character is also shown on the map, and that is used to show where the real player is
faced and assist him/her in the game play. On top of the 3D map and character, the way
players navigate in the real world affects how fast they progress in the game (moving faster
does not contribute to hatching Pokemon eggs), which influences how to navigate best in the
world. The functionalities related to augmentation and direction/orientation highlight the
way players interact with the game. Players interact by tapping, swiping and pinching, which
are used across the game to manipulate the map view or engage with the game content.

A set of key functionalities the game offers is related to the evolution of players in the
game. In-game items are essential, and player level as well. When players attempt to catch
a monster, their success depends on the previous catch rate, and type of items used. Players
have a maximum level of 40 (linked to the ability of catching stronger monsters), and can
be reached by gathering experience points throughout the game. Features are progressively
unlocked through experience points, and the quest system also makes players advance.

Central orchestration is also key to the game: 1) events organised by the company ro-
tate around multiple localizations each month, 2) legendary monsters are released during
a limited time frame and specific real-world regions, 3) the game was released in a phased
manner across the world to support the load of players in the system, 4) content differentia-
tion, as different Pokemons live in different parts of the world, 5) the game needs to handle
concurrent access to multiplayer battles, and 6) the company assesses players’ contributions
on content. Similar to Ingress, players co-create content at level 40 by proposing POIs based
on pictures of a location and an explanation of why they believe it should be included.

5.2.7. RECOIL (DATE: 2017)
This game turns public space into immersive first-person shooter battle fields. It is a mul-
tiplayer game where up to 16 players use physical objects to set the stage (e.g. covers such
as couches or garages), fight with laser guns, and deploy a WIFI hub to set up a game
zone stretching over 70 meters. The game provides players with objectives, offers locations
where ammunition can be collected, and tracks every player’s movement. Players can or-
der air strikes in the game, complete augmented-reality-based missions, communicate with
friends and foes at the same time, and set the objectives of the game play (e.g. search and
destroy, or team death match), which allows for multiple strategies and game play.

The game positions players in a real scenario, and offers an engaging way for players
to interact. Laser tag guns with physical buttons, illuminated tips, haptic feedback and 3D
audio positioning augments players’ awareness of grenade drops, air strikes, crossfire, and
the location of other players in real-time. The mobile application not only augments the
game play, but also helps players navigate the environment: a screen with a map is used to
track player’s movement, overlay points of interest, and provide arrows and a compass for
players to move to drop-offs or go back to the re-spawning site.
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The game consists of setting up teams to kill one another, through divide-and-conquer.
This progressive competition is key to the game, as it sets a winning team by the end of a
set of matches. During each match, players have to collect ammunition and health packs
distributed around the playing field, which invites players towards a divide and conquer
strategy: players kill one another one by one, recover their condition from the previous
combat, and move onto the next target. Different playing modes make players kill 10 players
instead of a time-based play, which also promotes the progressive step-based play.

The structure of the game is unique: the smartphone connects dedicated hardware (e.g.
guns) with the central infrastructure (hub), which, in turn, connects players and synchronises
the game. In terms of game content, it is clear that players administrate the game play, though
content is not produced by them. The company adds content and new features to the game
by putting new versions of the game in the mobile application stores, and then it is up to
players to manage each game session as they see fit. This ad-hoc administration is central
to the game, which does not use mobile data plans to connect players to the internet.

The creators of the game made the choice of releasing the source codes of the firmware
deployed in the hardware, so that the community could play the gamewith different, custom-
made hardware. Players have the possibility to reuse standard off-the-self hardware and use
such firmware to reuse that hardware and customise its behaviour. Nonetheless, it invites no
further participation from players, and since 2018 that such code is not maintained.
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5.2.8. SUMMARY

Table 5.1: Summary of the game analysis. Grey boxes are features not common or apparently included; green
check mark for games that include the feature; vertical blue bars for the number of games sharing the feature.

Table 5.1 depicts the key functionalities identified during game analysis, and shows if, and
how often, these functionalities are implemented in the 7 games analysed.

5.3. KEY COMPONENTS FOR A SOFTWARE ARCHITECTURE
The above game analysis led to the identification of 6 distinct structural components: Aug-
mentation, Navigation, Interaction, State Progression, Participation, and Administration.
These are argued to be essential for any location-based game designed to foster social inter-
action in public space:
Augmentation: All of the analysed games provide players with some form of positioning in
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the real world, and of relating that position with the surroundings of players. In CodeRun-
ner, players have an audio recording instructing them to move to new locations, and the
game uses locations such as bus stops and other POIs to show players where they should
go on the map. Geocaching shows a list of caches on the map, Ingress presents a map with
coloured territories and portals to conquer or destroy, Orna shows icons of caves and ani-
mals on the map, Parallel Kingdom showed coloured territories of players and several icons
on the map, Pokemon Go shows a map with 3D Pokemons around the player’s location,
and Recoil shows a mini 2D map with the location of other players. These games provide
players with a map, and overlay information of the game on that map, whether in form of
icons, arrows, or colours. This positioning, and matching of the overlaid information with
the real surroundings of players, expand players’ awareness of what "exists" around them in
the digital game world, and what is possible to do within the game.

Navigation: All games reveal some form of visual orientation of players towards the main
goals of the game, and players have to pay attention to these game mechanics in order to
even play the game. CodeRunner shows drop-off points on the map that tells players where
they need to go, and these reveal textual hints on what to do once they get there. Geocaching
provides players with a compass, that appears once players select a cache from either a list
of caches or an icon put on the map. Ingress shows portals and territories on the map, and
these colours guide players in selecting a direction to destroy or conquer portals. The game
negates players the access to these portals unless they are within close range. InOrna, play-
ers find clues of hidden icons on themap, and arrowswith these clues and respective distance
from the player are constantly shown and updated. Parallel Kingdom allows players to tele-
port to locations already known to them. The icons shown on the map also guide players on
where they need to go. Pokemon Go shows the 3D character of the player in the centre of
the main screen, and it is oriented by the magnetic compass of the smartphone. Similarly,
icons dynamically put on the map influence the navigation of players, and the speed of this
navigation influences the completion of game goals (e.g. hatching an egg). Lastly, Recoil
uses arrows that point to enemies or POI surrounding them (e.g. ammunition), together with
a text containing the remaining distance to such locations. Navigation is therefore a recur-
rent feature in all of these location-based games, with game mechanics that enable players
to walk towards specific locations to advance in the game.

Interaction: The analysed games support different forms of interaction to play. Among
the most common ways to play these games are: tapping on the screen to interact with
menus, engaging with icons on a map (done by all the analysed games), and manipulating
the view of a map to get a better perspective (Pokemon Go, and Ingress). A few games
go much further and include interaction with physical objects in the real environment of
the player (CodeRunner, and Geocaching), and dedicated hardware with haptic feedback
(Recoil), while also maintaining the touch-based methods of interaction. Offline social in-
teraction is also recognised in most games (Geocaching, Ingress, Orna, Parallel Kingdom,
Pokemon Go, and Recoil), as their gameplay incites players to meet offline to have fun play-
ing together or to advance the gameplay. All of these features boil down to the way players
interact, not only with the game, but also with other players.
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State Progression: The analysed location-based games have a clear component of "game",
e.g. 1) game elements and mechanics that incite dynamics of collaboration and competition
between players, and 2) task completion for rewards. All of the games have task comple-
tion, missions and side objectives. CodeRunner and Geocaching present players with the
need to solve puzzles and riddles left by other players. Orna, Parallel Kingdom, and Recoil
have missions that make players collect resources and progress in the game. Geocaching,
Ingress, Parallel Kingdom, and Pokemon Go provide a player with a level, and players can
only unlock new parts of the game, and acquire access to new andmore powerful items, once
they achieve certain levels. Game statistics (e.g. quantity of caches solved), leader boards,
and resources collected, are also included in Geocaching, Ingress, Orna, Parallel Kingdom,
and Pokemon Go. These game elements and mechanics indicate the state of progression of
players within the game, instigating players to keep playing the game, and are, in one way
or another, present in the games analysed.

Participation: With the exception of Parallel Kingdom, all games reveal some form of
player participation. This participation takes various forms, and is usually facilitated by an
online authoring tool (submission system). Orna offers the possibility of contributing with
new game media. In CodeRunner and Geocaching, players create physical containers and
hide them in public places for other players to find them. Both Ingress and Pokemon Go have
an online system in which players can suggest new POI and reason why. In other games, the
participation of players is observed in (un)official online communities, where questions can
be asked, improvements proposed, moral values for the game play discussed, and players re-
ported (CodeRunner,Geocaching, Ingress). In Recoil, community participation is invited in
a unique way: the company releases the source code of the dedicated hardware built by them,
and players can attempt to modify, use it, or release it to other players. Modifications include
alteration of haptic feedback or light colours, and the re-usage of off-the-self hardware (e.g.
routers, or custom made guns) instead of having to purchase the required hardware. This
means that the analysed games consider important the participation of players in the game
and their online communities, to sustain and prolong their momentum throughout the years,
or simply help other players in enjoying the game play.

Administration: Centralised management and orchestration of gameplay, players, content,
and players’ contributions, is present in all games analysed. The content offered by several
games varies across different locations, and this can be seen when players walk in terrain
offering different properties (Pokemon Go). This means that the content is offered in a
differentiated way, and is often altered dynamically (e.g. rare Pokemons in specific dates).
Other games offer unique events that vary dynamically over time, which have to be set up
and managed centrally by the game owner (Ingress, Orna, Parallel Kingdom, and Pokemon
Go). Content, and players, are administered by the game owners when: new content is
proposed by players and accepted or not (CodeRunner, Ingress, Orna, and Pokemon Go),
players’ behaviours and disagreements have to be settled (Geocaching), community support
is done (Orna), and new features are constantly released (Parallel Kingdom, Pokemon Go,
and Recoil). Lastly, administration is also observed when the game reveals some form of
control, e.g. API control in Parallel Kingdom, or the gradual scaling up of a game to other
countries (Ingress). Beyond the scalability worldwide, management of content, players, and
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players’ contributions and behaviours are shared features across the analysed games, and are
essential for their maintenance and player participation.

These 6 key components: positioning of players in their environment (Augmentation),
direction and orientation of players in space through informational and visual cues (Navi-
gation), multi-modal interaction with other players and the environment (Interaction), pro-
gression of a game (State Progression), contribution and involvement of players both at the
level of content and maintenance of game play (Participation), and the centralised orches-
tration and management of the game (Administration), have shown to be included in the
7 games analysed as shown in table 5.2. As such, these components are considered to be
essential for a high-level software architecture for location-based game designed to foster
social interaction in public space.
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Table 5.2: Summary of key functionalities of the analysed games.
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5.3.1. MODULAR SOFTWARE ARCHITECTURE FOR LOCATION-BASED GAMES
Figure 5.3 depicts amodular software architecture featuring the 6 identified key components.
It serves as a skeleton for location-based games designed to foster social interaction in pub-
lic space, and refers to a mobile computing device (MCD), services required to support the
game, and a Portal. The hardware (including communication devices, memory, sensor and
actuators) and software (including an operating system and libraries) on the MCD are ca-
pable of running a mobile game application. NOTE - MEMORY IS NOT IN PICTURE.
Services can be implemented by the developers or hired to 3rd party companies, thus en-
abling their implementation in a modular way. The portal refers to an interface (e.g. local,
or web-based) that players can use to submit, and potentially also author contributions to
the game.

Figure 5.3: Modular software architecture for a location-based game for social interaction. Monochromatic colour
scheme represents layers usually not built during game development; Polychromatic colour scheme otherwise.

The 6 key components, defined in table 5.3, are represented in figure 5.3 as follows: the
first three components Augmentation, Navigation, and Interaction are inside the Game Ap-
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plication (under the same names); the components State Progression, Participation, and Ad-
ministration, map respectively to State Progression Service, Authoring Service, and Ad-
ministrative Service. The key components Augmentation and Navigation are supported by
the Positioning Service, responsible for localisation and context awareness services work-
ing in tandem with the locative features of the MCD. The Authoring Service powers the
Portal, i.e. an interface (e.g. Desktop, or webpage) with a storage system that can cap-
ture the contributions of players, and that might have authoring capabilities included. The
Administrative Service enables the access to any interface (e.g. MCD, or the Portal) to
administer/manage the game.

Key
Component

Description

Administration

Management of the state of the game and all of its components, from
statistics, players, and game content. Also included is community sup-
port, event creation, mediation of conflict between players, control of the
access to the game through APIs, targeting of content to players, and the
release of new features and updates. If players contribute content, that
content is approved, rejected, or curated by the administrator.

Augmentation

Enhancement of the perception of the player on his/her real-world sur-
roundings and the digital game state. The game positions players in rela-
tion to the real world, represents them digitally in relation to a referential
(earth), shows other players in the vicinity, and displays areas in the real
world where players should attend to in order to advance the game play
in their favour. This component makes the game location-aware, and can
deploy technologies such as maps or augmented reality.

Interaction

Mechanisms used by players to control or interact with the digital game
world. Interaction also includes dynamics of interaction between play-
ers offline (e.g. team formation) required to access new modes of play.
This component supports the components of augmentation and naviga-
tion, and can be based on, for e.g., interfaces based on menus, interaction
based on touch, smell, auditory, or haptic, artificial intelligence, brain-
computer interfaces, eye gaze, movement tracking, tangible interfaces,
and multi-player interaction mechanisms such as voting on content left
by other players.

Navigation

Player support in navigation from its current location towards another lo-
cation. This support needs to be straightforward and successful in provid-
ing the player with for e.g. a position, direction, duration of the naviga-
tion, and orientation. It should also be effective at providing players with
the correct orientation, and disappear when not needed.
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Table 5.3 (continued)

Participation

The contribution made by players towards the game, whether it is the con-
tent (storyline, individual tasks, or physical objects), community mainte-
nance, or game art media. This contribution allows players to take partial
ownership of the game through co-creation, and provides a sustained and
prolonged game play fuelled by players themselves. Players are capable
of creating and/or manage their contributions via an authoring service or
tool that supports their participation in the game.

State
Progression

Game-like mechanisms and elements that support gameplay throughout
time, enabling players to return to the same state left in the game, to differ-
entiate players’ performances, and to create opportunities for dynamics of
collaboration and competition. These mechanisms refer to both the inner
workings of the game, and the display of the game state to the player: task
completion, game statistics (e.g. leader boards, resources, scores), char-
acter levels, rare items unique to experienced players, voting for other
players’ content, different modes of play, and the counting of resources
found in the real/digital world.

Table 5.3: Definition of Key Components offered by the software architecture.

5.4. DISCUSSION AND SUMMARY
This chapter sought to gather current understanding on what system components are needed
to sustain social interaction in public space, so that such key information can be taken into
account when proposing a game design that embodies the users’ requirements in a way that
works. It zooms in on the lack of guidance from a system’s perspective that designers and
developers face when creating a LBG, and focuses on which architectural components are
key for LBGs of this purpose to work.

Commonalities in essential functionality provided by 7 such LBGs have been presented,
i.e. functionality without which these gameswould not be capable of delivering the designed
game play. Six key components were identified: Augmentation, Navigation, Interaction,
State Progression, Participation, and Administration. These components are key because
without them: the game would not be able to represent the environment of the player (Aug-
mentation) or assist him/her in the location-based game play that is central to this genre
(Navigation); multi-modal interaction with other players and the environment would not
be possible (Interaction); tracking of the interaction with physical/digital objects, the game
play, and every game-like progression would not exist (State Progression); contribution and
involvement of players both at the level of content and maintenance of game play would not
be possible, rendering long-term game play of an LBG designed for social interaction obso-
lete (Participation); and the centralised orchestration andmanagement of the game, required
for the consistency of the game, would render the game unplayable (Administration).

A modular software architecture based on the key components is proposed. The mod-
ular software architecture guarantees that not only designers and developers know which
components to include, but also that they benefit from a modular approach that grants free-
dom of implementation. It provides guidance on how to create a system for an LBG that
can potentially trigger social interaction in public space, all the while granting game de-
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signers and developers with freedom of choice (of how to implement each component) that
does not constraint their creativity (through a too detailed method). This modular software
architecture supports the six components identified, and can be extended to include other
components for other types of functionality as needed.

Chapter 6 presents the applicability of this modular software architecture in a LBG pro-
totype. It presents the game design that incorporates the proposed architecture, and chapter
7 offers a case study where this prototype, which embodies not only this architecture but
also the user requirements from chapter 4, is put to test.
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THE GAME

It’s not that I’m a serious person; I’m playful and stuff like that,
but I take characters very seriously and the work very seriously.

Bryce Dallas Howard

This thesis begins with the motivation of impacting social cohesion. In such exploration,
this research learned that social interaction is a key requirement for the promotion of social
cohesion (Fonseca et al., 2018b). From this requirement (the central requirement in figure
6.1), followed the exploration of LBGs with players engaging 1) within their own neigh-
bourhood, and 2) in meaningful interaction with friends and passers-by. To this purpose, 4
characteristics were identified for the targeted type of gameplay: an LBG that 1) is played
with the smartphone, is 2) fun to play, and that 3) involves known and unknown people 4)
in the neighbourhood of the player (marked as a 2nd ring on figure 6.1).

This chapter is based on the published article: X. Fonseca, S. Lukosch, and F. Brazier, Secrets of the South: A
Location-based Game for the Development of 21st Century Social Skills and Promotion of Social Interaction,
Proceedings of DELbA 2020 Workshop on Designing and Facilitating Educational Location-based Applications
co-located with the Fifteenth European Conference on Technology Enhanced Learning (EC-TEL 2020), Heidel-
berg, Germany, 2020.
This chapter is based on an appendix submitted together with the article: X. Fonseca, S. Lukosch, and F. Brazier,
Modular Software Architecture for Location-based Games Designed for Social Interaction in Public Space, 2020
(Submitted to Entertainment Computing Journal, currently in review).
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Figure 6.1: Requirement for social cohesion and initial constraints.

6.1. METHODOLOGY

Figure 6.2: Iterative design process followed in the process of game design, development and validation with
(potential) players.

The game design presented in this chapter is a product of an iterative design approach
(Nielsen, 1993). Research in game design argues that an interactive system requires an itera-
tive design approach with iterations of requirements and (partial) design artefacts/prototypes
(Ballagas et al., 2007; Dix et al., 2003; Gould and Lewis, 1985). The specific stages of an
iterative approach named in the literature vary (Bailey, 1993; Gossain and Anderson, 1990;
Ishii et al., 1994), but all describe a stage in which an artefact is firstly designed, then pro-
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totyped, and evaluated/validated1,2,3. These 3 steps can be repeated a number of times,
until the product meets the designers’ goals/mission and system requirements, as depicted
in figure 6.2.

The design process for the LBG on which this paper reports took close to two years in
duration, and had the following structure:

1. Requirements elicitation from adolescents, in case study 1 (chapter 4.1) (schools of
Rotterdams Vakcollege de Hef, and Scheepvaart en Transport College, Rotterdam,
NL) (Fonseca et al., 2017).

2. Research on requirements for a systems’ architecture for LBGs for social interaction
(chapter 5) (Fonseca, Lukosch, and Brazier, 2020a).

3. Design: conceptualisation of initial game design (described in (Fonseca et al., 2018a)).
4. Development of the first game prototype.
5. Evaluation of first prototype in case study 2 with adults (chapter 4.2). Feedback of

participants was collected to inform further design and development (Fonseca et al.,
2018a).

6. Redesign of the prototype for case study 3: Analysis of required functionality, and
learnings from previous steps are used to improve the game prototype (described in
(Slingerland, Fonseca, et al., 2020)).

7. Development of the second version of the game prototype.
8. Evaluation of the second version of the game prototype as case study 3 with adults

(chapter 4.3) (Slingerland, Fonseca, et al., 2020).
9. Co-design of gaming activities as case study 4 with children (school Christelijke Ba-

sisschool De Akker). Outcome is a list of specific challenges (i.e. specific activities,
with specific locations in the neighbourhood), to be adapted to the game prototype as
content (chapter 4.4).

10. Development of 3rd and final version of game prototype, with the defined game con-
tent from previous step, and more intuitive interface.

11. Evaluation of 3rd and final version of the game prototype with children (same of step
9) (Fonseca et al., 2021) (chapter 7).

The products of these stages, organised around the adopted iterative design methodol-
ogy, are 1) a 4-step general procedure to create LBGs for meaningful social interaction in
public space (section 6.2), and 2) the game design of a fully open-source LBG prototype for
the identified purpose, ’Secrets of the South’ (SotS) (section 6.3).
1https://www.enginess.io/insights/what-is-iterative-design, What is iterative design?, last visited on December 23,
2020.

2https://www.bipsync.com/blog/iterativeproductdesign/, Iterative product design, last visited on December 23,
2020.

3https://www.meee-services.com/why-prototype-iteration-in-a-product-development-is-needed/,Why is proto-
type iteration in a product development needed?, last visited on December 23, 2020.

https://www.enginess.io/insights/what-is-iterative-design
https://www.bipsync.com/blog/iterativeproductdesign/
https://www.meee-services.com/why-prototype-iteration-in-a-product-development-is-needed/
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6.2. 4 STEPS TO BUILD LBGS FOR MEANINGFUL SOCIAL IN-
TERACTION IN PUBLIC SPACE

Given that the social interaction sought is one that bears meaning to players, this research
studied how to design LBGs for such purpose both from the technical perspective and user
perspective. From the research methodology described above, 4 steps are recommended
as general procedure to design and build an LBG capable of inviting and sustaining social
interaction in public space that appeals to players:

• Step 1. Discovering a set of game dynamics in which players are interested.
• Step 2. Distinguishing types of activities, that a game of this type should be able to

offer to children, adolescents and adults.
• Step 3. Developing ideas for challenges by potential players involving the activities

distinguished in step 2.
• Step 4. Identifying the architectural components that are key for such type of games

to work.
These 4 steps were taken by this research to create the ’Secrets of the South’ (see section

6.3). The process is described in the following way and summarised in figure 6.3:
Step 1 - For the involved players and social context considered, the desired set of game dy-
namics are: achievement, real-world play, reinforcement, social interaction, collaboration,
digital interaction, ownership, winning condition, collection, exertion, virtual representa-
tion, mission, community contribution, and lottery. These dynamics relate to the design of
the game world (i.e., the digital game), and are considered to be high-level requirements
regarding the functionality of the game: they guide the choice and arrangement of game
elements and mechanisms to provide the run-time dynamics of play desired by players (or-
ganised in the upper left quadrant in figure 6.3) (Fonseca, Lukosch, Lukosch, and Brazier,
2020; Fonseca et al., 2017).
Step 2 - For the reported goal and setup, 7 types of activities are distinguished: activities
that require players to do physical activities (Athlete), find information and factual knowl-
edge (Detective), explore their neighbourhood (Explorer), propose ideas and explore op-
portunities (Inventor), find specific things or people (Hunter), create and express thoughts,
feelings, interests in some form (Artist), and contribute to the environment and help others
(Fonseca et al., 2018a; Slingerland, Fonseca, et al., 2020) (Volunteer) - upper right quadrant
in figure 6.3.
Step 3 - For the studied neighbourhoods in Rotterdam, 56 game ideas were devised, indi-
cating the types of activities that appeal to potential players (see bottom right quadrant in
figure 6.3).
Step 4 - For social interaction in public space via LBGs, essential architectural compo-
nents are (Fonseca, Lukosch, and Brazier, 2020a): Augmentation, Navigation, Interac-
tion, State Progression, Participation, and Administration. These components, offered
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in amodular software architecture, provide the functionality needed to represent the environ-
ment of players, locate them, facilitate interaction with other players/environment/physical
objects, track the gameplay state, enable long-term play for players through contributions,
and manage the game (see bottom left quadrant in figure 6.3).

Figure 6.3 summarises the 4 steps recommended as general procedure, together with
the major requirement and characteristics identified in this study. From the methodology
reported (out of which these 4 steps emerge), a game concept was then developed based on
what players prefer, want, and desire to play in their own neighbourhood. This concept is
an actual game prototype that is developed and tested in chapter 7. This game concept is
described next, and the design choices that were taken are discussed after.

Figure 6.3: Information for the creation of location-based games for social interaction tailored to the public space
surrounding users: user-centred requirements, and key architectural components.

6.3. GAME DESIGN: SECRETS OF THE SOUTH
The game ’Secrets of the South’4,5 (SotS) is a pervasive location-based game that uses
smartphones to mediate outdoor activities (called challenges) for social interaction. Players
are presented with challenges to enable them to engage with both strangers, friends, or other
players, walk around outdoor public spaces in their neighbourhood, and search for solutions
to complete challenges and advance in the game (figure 6.4).
4http://secretsofthesouth.tbm.tudelft.nl/, Secrets of the South, last visited on December 23, 2020.
5https://github.com/xavierfonsecaphd/SecretsOfTheSouth, Secrets of the South source code, last visited on De-
cember 23, 2020.

http://secretsofthesouth.tbm.tudelft.nl/
https://github.com/xavierfonsecaphd/SecretsOfTheSouth
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Figure 6.4: In Secrets of the South, challenges allow players to encounter people or locations that otherwise stay
unnoticed (Slingerland, Fonseca, et al., 2020).

These challenges are designed to foster social interaction both in the real world (e.g. in
the form of face-to-face communication with others, or physical contact such as shaking
hands), and in the digital world (e.g. exchanging messages and images left behind in the
neighbourhood through QR codes). These challenges provide players with opportunities to
encounter and engagewith other people in their surroundings, and are strategically located to
expose players to both places and local activities often unnoticed around the neighbourhood
(e.g. local heroes, or the most important landmark in the country). Players can scan other
players’ QR codes (i.e. their identities) to acquire points in the game, and to count other
players’ friendships. Points represent the players’ progress in the game, relating to both
the number of challenges solved and to the number of players befriended. The SotS is a
pervasive game that shows the real surroundings of the player (always represented by a
rabbit). The player has access to a 3D map of the surrounding environment (figure 6.4.b
and c), and can see animated 3D icons that represent the challenges h/she can do on the map
(these are rotating around themselves). When players tap on the screen, on top of the 3D
icons representing the challenges, but are too far from the challenge’s location (50 meters),
a message is displayed saying that they need to walk closer to the challenge. If they are
close enough the location of the challenge, a new screen containing the information about
the challenge and what players have to do to solve them is revealed (figure 6.4.d).

The game provides a degree of configuration and flexibility. Common functionalities of
the game can be accessed through a menu placed on the main screen, which triggers a drop-
down set of options that allows players to access the main menu, access a list of challenges
surrounding them, visualise the team of the player, show the player’s QR identity, and open
up the QR reader (figure 6.5.a). Inside the main menu (figure 6.5.b), players start off by
seeing their avatar and their statistics (which include how many players they scanned the
QR codes, number of challenges solved, number of challenges where the player was the first
to solve, amount of gold, and how many challenges did the player create himself in the SotS
online game platform). Players also have access to other important sub-menus, such as the
leader board of people met (which indicates which players interacted the most with the game
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by scanning individual QR codes) (figure 6.5.g), the teams that have the most multiplayer
challenges solved, and the settings menu (figure 6.5.h).

Figure 6.5: Common functionalities of SotS. Figure a - top left) shows the dropdown menu containing options,
b) the Main Menu (to the right of Figure a), c) the list of challenges surrounding the player and their distance, d)
the team of the player, e) the player’s QR identification (bottom left), f) the QR reader of the game (to the right of
Figure e), g) the rank of players’ interaction, and h) the settings menu.

In the list of challenges, players can see which challenges are surrounding them at the
time, and the distance they are to each of them (figure 6.5.c). In the team of the player
sub-menu (figure 6.5.d), players have at their disposal the possibility to visualise the team
they are currently on (which includes a name and a team crest randomly generated by the
game), remove their association to that team, or create a new team. In the player’s QR
identification sub-menu (figure 6.5.e), it is shown a QR code that is unique to the player,
and that serves the purpose to be scanned by other players. When players scan each other’s
identification QR code, the game increments one interaction for both players (labelled as
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"People Met"). Players can also scan any QR code related to the SotS in the last option
of the drop-down menu (figure 6.5.f), which enables players to interact with other players
and count such encounters, join other teams already formed, and solve challenges that are
solvable by finding their specific QR code. These challenges can also be solved by making
players find objects containing QR codes, which allows for a treasure hunt dynamic.

In the settings menu (figure 6.5.h), the game allows for players to set a different language,
change their avatar picture (by copy-pasting a different URL that players can find on an
online search engine), set the maximum distance in kilometres that the game should scan
for nearby challenges, flush permissions of the player (in case a players received them from
the administrator), and to delete that player’s account from the game (the game only asks for
login credentials once at the beginning, and this option allows for a change of player).The
game is available in English, Portuguese, and Dutch. It can be downloaded both from the
Google Play Store6 (for the mobile game application, with the existent background server
running inside TU Delft’s premises at the time of this writing4), and the GitHub repository5
(for the entire source code, publicly available).

6.3.1. FUNCTIONAL CHALLENGE TYPES
The SotS offers different sorts of activities to players, and these require different function-
alities from the game. The game offers 6 functional types of challenges for players to solve
(different from the framework of types of activities of chapter 4): Quiz, Multiplayer, Timed
Task, Hunter, Open Quiz, and Voting. These functional types involve different game me-
chanics, and require different things from the player to be marked as completed. The type
Quiz asks a closed question (e.g. "In which year ..."), and expects a closed answer (e.g.
"1987"). Multiplayer aims to facilitate group-based game play, i.e., in-group interaction be-
tween players and their friends. Challenges of this type ask players to perform a task (e.g.
"Jump up and down 10 times at the same time") in the presence of an external facilitator.
Timed task presents players with a challenge (e.g. "High-five at least 6 people under 2 min-
utes"), and this needs to be solved within a time frame (figure 6.6.d). The type Hunter asks
a closed question (e.g. "What is the agenda of the cinema for tonight at 20h? Go ask at
the counter."), but enables players to also mark the challenge as solved by scanning a QR
code in the environment (figure 6.6.a). The type Open Quiz is suitable for open questions
(e.g. "What do you think of this neighbourhood?"), because they allow for players to give
any answer and always marks the challenge as successfully solved (figure 6.6.b). Lastly,
the type Voting makes players solve a challenge by taking a picture, and uploading it to the
challenge. Once that is done, players can access the pictures that previous players uploaded
to the game, and leave their vote behind (figure 6.6.c).

Most type of challenges that the SotS mediates are completely managed by the game.
When opened, these ask something from the player to be marked as solved (an answer,
or a task like taking a photograph and uploading it into the game, or even scanning a QR
code from the environment). Upon the introduction of the solution (closed answer, an open
answer, a picture, a vote on other player’s picture, or a number), the game validates the
expected answer (if there is one), and attributes points to the player for the completion of
the challenge (5 points for incorrect or almost correct answers, 10 points otherwise).
6https://play.google.com/store/apps/details?id=com.Xav13rua.SecretsOfTheSouthv2, Secrets of the South,
Google Play Store, last visited on December 23, 2020.

https://play.google.com/store/apps/details?id=com.Xav13rua.SecretsOfTheSouthv2
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Figure 6.6: Game Challenges. a) Example of a QR code placeable in the environment. b) Answer area of Open
Quiz. c) Solutions of a Voting challenge. d) Timer of a Timed Task.

TheMultiplayer type of challenge cannot be automatically validated in-game as the other
types. It involves a performance of a group of players playing together, and only an external
observer is capable of validating the completion of the task for every player involved. This
type of challenge only appears in the player list of challenges when h/she is in a team. Once
a team is formed, players can navigate towards this type of challenge and access its content.
However, these challenges do not provide an answer box. The way these challenges are
marked as solved is by having external game facilitators in the location of the challenge,
observing the group’s performance, and evaluating it in the game application.

Figure 6.7: Evaluation in Multiplayer challenges. a) Permissions of players. b) Evaluation of team’s performance.

To do this evaluation, a facilitator needs to have a SotS account with elevated permis-
sions only attributed by an administrator of the game (figure 6.7.a). Once with those per-
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missions, the facilitator has access to a hidden sub-menu for the evaluation of teams, and
can scan that team’s QR code to rate its performance. The facilitator’s subjective evalua-
tion assesses the levels of fun, collaboration, and participation that h/she observed in the
group during the completion of the challenge (figure 6.7.b). After a successful evaluation,
the team’s performance is updated in the overall board of teams that is present in the main
menu. This update is done by computing an average of all three elements assessed.

6.3.2. PARTICIPATORY SYSTEM

Figure 6.8: Participatory system, and the visual exploration of the location of challenges.

A key feature of the game is its ability to enable players to contribute with content to the
game, by being able to use a participatory system online to create challenges for other play-
ers to solve. This makes players author their own challenges, partially own the game, and
promote a longer-term gameplay.

In this system, the administrator can create new accounts for players (or anyone) to go
online and create challenges for players to play, or do this by him/herself (process of account
creation is described here5). Any player that is not the administrator can create challenges,
and see andmanage his or her own challenges only. Every time a new challenge is created by
a player, an email is sent to the administrator saying that a new challenge was created. The
administrator then has to log into the system and manually approve the new challenge. This
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is a security measure that gives more control over the content created within the SotS (e.g.
language used), which might be needed for certain target groups (e.g. younger adolescents).
Contributors have access to a map where they can zoom in and out to find challenges across
the whole world, and scroll down to see the entire list of challenges currently introduced in
the participatory system. Players can click on the icons of challenges that the map shows,
and the system reveals the type and name of the challenge that that icon represents (figure
6.8).

Figure 6.9: Introduction of a new Quiz challenge into the SotS participatory system.

The participatory system allows for players to introduce one of 6 types of challenges,
each of which requiring different information to be successfully introduced into the system.
In figure 6.9, it can be seen an example of the type of information that is required for the
player to fill in for a Quiz challenge: the player clicks on the map to place the location
of the challenge, gives a title and a description for the challenge, and a question that the
player should answer. This type of challenge requires a closed answer, and this should be
introduced here (later validated by the game). The user also needs to introduce a URL
link for a picture that h/she wants the player to see in the game’s window that shows the
challenge. This URL can be found using an internet search engine such as DuckDuckGo™©
or Google™©.

Lastly, the user can stipulate if this challenge should only appear to players doing a spe-
cific route (e.g. for a research case study, where participants are fragmented and attributed
to up to 3 different routes). If zero is introduced, all players can see the challenge, otherwise
the challenge will only be seen by players doing a specific route (this can be specified when
introducing a challenge in the system, with three possible routes available - 1, 2, or 3 - or
no route-specific challenge at all - 0). Other types of challenges have different details being
asked (e.g. if a text or image should be shown in the game when scanning a QR code in
Hunter challenges, or what is the time limit to solve a challenge in Timed Task). However,
the dynamic of introducing a challenge into the system is the same.
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6.4. DISCUSSION OF DESIGN CHOICES
The design choices taken throughout the implementation of the game are influenced by the
findings of chapters 2 to 5, which had direct influence in 1) the functionality developed
to support the game, 2) the game world, 3) the content designed for the game, and 4) all
the system components required by the ’Secrets of the South’ to successfully support the
designed game play. These design choices are further detailed in the following subsections.

6.4.1. INITIAL REQUIREMENTS

As shown in figure 6.3, the initial requirement is the development of a game that can trigger
social interaction (chapter 2), and do so while exposing people to the neighbourhood. This
led to the selection of the game genre location-based games, which are digital games that
use mobile technology with sensors and wireless connectivity to provide a pervasive game
experience. Still, to bring people to the street and interact, this research set 4 constraints
based on the lessons learned from chapter 3: 1) to be played with a smartphone, 2) in the
neighbourhood of the player, 3) in a way that can involve everyone located in the neighbour-
hood, and 4) in such a way that is fun to players (and ideally to everyone involved). These
constraints stem from the background check on existent location-based games that are ca-
pable of triggering dynamics of play that invite citizens to engage with their surrounding
environment and have social play. The numerous examples of LBGs mentioned show that
fun is a strong factor making people engage in play, which, when leveraged with the already
ubiquitous presence of the smartphone, provide inclusive and pervasive gaming experiences
that are enjoyed by players around the world. The affordances from these LBGs represent
a means to bring people to the street and potentially engage in interaction, and justify the
design choices of this research of using LBGs with smartphones in the public space of local
communities.

6.4.2. IMPLEMENTATION OF FUNCTIONAL TYPES OF CHALLENGES

Several of the lessons learned from chapter 4 influenced the choices of which functionality
the game SotS should have. Knowing the types of activities that users want to play (from
the framework of types), and having a pool of specific game ideas to adapt to the game, such
information led to the implementation of what it is referred in this thesis as functional types
of challenges: challenges offered by the SotS for players to solve and that are based on spe-
cific functionality asked by players. The functional types of challenges (Quiz, Multiplayer,
Timed Task, Hunter, Open Quiz, and Voting) are implemented based on the framework of
activities and the specific game ideas users gave, which shed light on the functionality that
the game should have to support a specific idea. The functionalities required, and design
decisions made to implement them, are justified per functional type of challenge:

Quiz Challenges:
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Figure 6.10: Design choices with the Quiz challenge (Question - left, Answer - middle, point attribution - right).

The Quiz challenge is materialised from the Detective type of activity, and the ideas fitting
this type. Users mentioned wanting to ask specific questions (e.g. "How long does the
school exist? Ask somebody for the answer"), and this requires the implementation of a
mechanism capable of prompting players with a closed question, providing a way for players
to introduce an answer, and validate if such answer is correct or not. This also justifies the
decision of implementing a reward system based on whether the answers given by players
are correct or not, to inform players on the quality of their answer. Another decision made in
the implementation of the Quiz challenge is the ability for players to re-take a quiz challenge
that they failed to answer in a right way. In such case, the challenge is not marked as solved.
With regard to the point attribution, it was decided to attribute points for the correct answer,
and count the quantity of challenges successfully solved (see figure 6.10).

Lastly, based on collected feedback from one of the case studies done, players revealed
that not getting an answer right did affect their engagement in the game. As such, a design
choice was made to still attribute a half amount of points per wrong answer. This can lead
players to attempt to cheat the system by keep introducing wrong answers, but given the
purpose of the SotS (social interaction in public space, through a fun-based gameplay), this
is not a problem.

Multiplayer Challenges:
The users were clear with regard to wanting to perform physical activities, which led to the
type of activity Athlete. This specific type of activity (e.g. doing parkour, communicating
without talking, or run with the metro) is difficult to convert into a digital activity that can be
tracked purelywith the smartphone (like theQuiz challenge). Not all activities can be tracked
with GPS (e.g. going from point A to B), and might be solved between multiple players
simultaneously (making validation even harder). Even some activities of the type Artist
require the performance to be observed (e.g. to create music), and require a mechanism of
marking these challenges as completed that is different from pure validation of text.
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Figure 6.11: Design choices with the Multiplayer challenges (a - team creation, b - the task window players see in
multiplayer, c - user permissions, and d - rating of a team’s performance).

As such, the first 2 design choices for this challenge are the request to have players
perform a task (instead of giving an answer - figure 6.11.b), and the need for them to form a
team to do this task or performance. Justifying this is the fact that the ideas given by users
involve a joint performance (e.g. race against one another), which makes these challenges
inherently multiplayer. Players can create a team by giving a name to it, and the game
suggests a random avatar for the team. Then, the player creating the team is shown a team
QR code, which can then be scanned by other players to join that team (a player can only be
part of one team).

Another design choice in this type of functional challenge was to not validate the per-
formance of players in their account, but to set up external validators (workshop facilitators
with a player account) by the location where such performances had to be done by play-
ers. This meant the implementation of user accounts with different levels of access (regular
player, evaluator, and administrator), and the creation of a way for users acting as evaluators
to rate a performance. When a team of players finishes the required performance, one mem-
ber of the team shows the team QR code to the person evaluating the performance, and h/she
assesses the team’s performance with 3 criteria: fun, participation, and collaboration. The
rating given on each of the criteria (from 1 to 5 stars) is then used to calculate one overall
score to be added to all the elements of that team, plus one challenge completed. The criteria
used for validation is a subjective method dependent on the perspective of the evaluator, but
it is not meant to be more meaningful than adding a way to validate the completion of these
challenges and differentiating the performance of each team for ranking purposes. The role
of the administrator was added to the game in order to allow for a dynamic attribution and
removal of the evaluator roles to/from different players, during the game play: the admin-
istrator does this management of attributions. Both the roles of evaluator and administrator
have access to more menu options than what it is shown to the role of regular player.
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Timed Task Challenges:
Part of the ideas that users gave in specific to the type Athlete require the track of time.
Ideas such as "how long does it take to...", "find within one minute 10 people that ...", "how
many ... can you make within 1 minute", and "be the fastest at...", all require two specific
functionality to be developed: 1) the countdown of a predefined amount of time, and 2)
the tracking of how much did the player do or collect. Therefore, these ideas require more
functionality that is not provided by the previous two challenge types Quiz andMultiplayer.
A Timed Task challenge is created in the game: this is a challenge that can be done by one
player (no need for a team), that invites players to do a task within a given amount of time.
When players encounter this type of challenge on the map, a window is offered where they
can read the question, and another that offers a way to start the timing whenever players are
ready to start the countdown. During this countdown, players can cancel the countdown,
click to stop the countdown and introduce their input, or simply let the countdown finish.
As the next step (the tracking of how much did the player do or collect), the game offers
a way for players to introduce a number. The design choice taken here is that the game
does not offer a mechanism of validation, and just accepts a number with a quantity of how
many "things" players did/collected. The reason for this is that offering a more meaningful
validation would require a much more complex process of double checking whether the
payer actually performed, which would hardly be solved with one external facilitator alone.

Figure 6.12: Design choices with the Timed Task challenges (a - main window inviting for the task, b - window
initiating the challenge, c - timer countdown, and d - the how many question at the end of the challenge).

When the player finishes the Timed Task, h/she gets a predefined amount of points (e.g.
10 points), which are then added the number of things the player did/collected on top. As
an example, if the task were for the player to convince at least 5 people within 2 minutes to
use the bicycle instead of the car, and if the player upon completion introduced 7 people,
h/she will get 17 points. This design choice for this type of functional challenge makes the
game blindly trust the honesty of players, which of course can invite dishonest play. Still, as
the purpose of the game is for players to have fun while being invited to have nice interac-
tions throughout the neighbourhood, that potential foreseen consequence is not substantially
harmful to the gameplay.
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Hunter Challenges:
The type of activitiesHunter from the framework translated to new functionality in a straight-
forward way, leading to this type of challenge. The ideas users gave that fit into this type
require players to 1) find specific objects in the environment (e.g. a specific flag, or a tile on
a wall), and to 2) learn more about that object (e.g. which flag hangs here, or the biography
of a soccer player whose name is engraved on a tile). As such, this type of activity requires
players to ask around for information concerning the meaning of a given object/topic, which
led to the first design choice of validating this type of challenge in the same way as Quiz
(the introduction of an answer to a closed question). A second design choice was the usage
of QR codes so that players can figure out about a given object in case no one is around to
find the required information.

Figure 6.13: Design choices with the Hunter challenges (a and b - activation of QR reader from main menu, c - text
message from a specific Hunter challenge QR code (schools in the neighbourhood), and d - message of recognition
that a QR code of this type of challenge was found).

These design choices are justified because one of the ideas were converted in a case
study to find out more information about what is done at a specific community centre of
the neighbourhood: in this idea, players should find out about the agenda offered by this
centre, and answer a specific question of "what happens at 8 p.m. on Fridays?". The answer
(e.g. game night), which is given by a person working at this centre, might not be possible
to get at all times. This led to the creation of QR codes that can be glued to the door of
the community centre, and can trigger the game to show the entire agenda for players to
seek the correct answer. This motivated the implementation of the display of either text or
image to be shown while scanning the QR code attached to an object, and, as the objective
here is to expose players to the neighbourhood, the Hunter challenge gets solved when 1)
players spoke to a person and introduced the correct answer, or 2) when they simply scan
the QR code (without further validation). This means that the main dynamic of solving
Hunter challenges is the one of finding a specific person that can help the player out, and
this is what is shown to players in the challenge window that pops up in the main screen
(the possibility to introduce the correct answer to the challenge, identical to what is shown
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for the Quiz challenges in figure 6.10). On top of this, Hunter challenges can also be solved
by finding a QR code, which is scanned through using the QR reader from the main drop
down menu. Figure 6.13 shows the implemented flow of solving this type of challenges by
scanning QR codes, which was chosen to be integrated with the already existent QR Reader
for all other types of QR codes offered within SotS (e.g. Player ID, and Team ID). With
these design choices, players can play the ideas where they solve challenges by finding a
specific object, all the while learning more about the neighbourhood even when no one is
around to communicate such information in person. They also allow for players to inquire
passers-by in the neighbourhood about important objects spread across the neighbourhood
(e.g. "ask people to come up with 3 names of soccer players from the neighbourhood and
find their tiles"), which in turn can be found and marked as solved around the clock.
Open Quiz Challenges:
Several ideas of activities from the users fitting the types Artist and Explorer indicate that
new functionality needed to be developed in order to capture the thoughts of players in an
open way. So far, challenge types like Quiz and Hunter ask closed questions of players, and
these, in turn, have to introduce a very short and specific answer to be validated. Yet, users
mentioned challenges such as "write a poem about the neighbourhood", "come up with ideas
for new street names", "for what is ... used", which all of them invite open answers (i.e. have
a varying length and no specific answer).

Figure 6.14: Design choices with the Open Quiz challenges.

As such, these ideas required the development of new functionality that allowed players
to introduce any sort of text content into a challenge, andmark this challenge as completed as
soon as that content is put into the game (with no further validation). This led to the design
choices of creating a new functional type of challenge (named Open Quiz), the display of a
full screen answering box (figure 6.14), the marking of the challenge as solved as soon as the
player introduces his/her answer, and, given that it is likely that the information is valuable
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and should be collected for future analysis, the answers given are stored in a database and
sent via email to the administrator of the SotS game (in case further analysis of the game
play, during play or after, is desired).
Voting Challenges:
The specific ideas from the users fitting the activity types of Artist, Inventor, and Volunteer
required new functionality not implemented with the other functional types of challenges.
In specific, ideas such as "make a picture", "come up with a colour scheme for the square",
"painting", and "make a plan to ..." all require the ability to either take a picture of some-
thing that players find interesting, or to document a creativity-based artefact (e.g. drawing,
painting, sketch, or schema). In a few of the ideas of the Volunteer type it is also possible to
see the usefulness of being able to document the performance of players in, for e.g., picking
up trash, or carrying someone else’s bag. Thus, these requirements led to the design choices
of implementing a new type of challenge (Voting), which prompts players to do something,
take a picture of it (or simply take a picture of something already existent), give a name they
want to attach publicly to the picture (can be theirs, can be anything they want), and upload
it into the game. The design choice of allowing players to attach any name they want to the
picture is to allow the participation of players that rather prefer having their identity/name
kept private. Pictures uploaded into the game are attached to that specific challenge as a
solution, and players get the challenge marked as solved once they submit a picture as the
answer (which, similarly to the other challenges, gives points to players). Only when a Vot-
ing challenge is marked as solved (by having the player submitting a picture) can the player
see all the pictures that other players submitted to that challenge in particular. Given that
this is a location-based game, this detail also motivated the design decision to only show the
solutions of that challenge when the player is co-located to the challenge.

When players submit their solution to the challenge and are then able to see the solutions
of other players, they can browse these pictures, see the names of their authors, and vote for
them (not for their own picture). The voting mechanism is a design choice motivated by
some of the ideas that are either competitive in nature (e.g. "the person who collects the
most litter wins"), or promote the ideation of an improvement for the neighbourhood (e.g.
"increase attractiveness of the location by ...") which, in the future, can actually inform
policy makers on how much players liked a given idea. It was not implemented any point
attribution for giving a vote.
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Figure 6.15: Design choices with the Voting challenges (a - main challenge window (top), b - functionality of
taking a picture (bottom left), c - solutions given by all the players to this challenge (right to figure b), d - the
details and votes of one picture, and e - voting for a picture).

6.4.3. IMPLEMENTATION OF GAMEPLAY REQUIREMENTS
The list of 14 game dynamics taken by this research as gameplay requirements (Achieve-
ment, Real-World Play, Reinforcement, Social Interaction, Collaboration, Digital Interac-
tion,Ownership,Winning Condition, Collection, Exertion, Virtual Representation,Mission,
Community Contribution, and Lottery) is a sorted list that provides an indication to game
designers and developers for what they should prioritise. It is a list that involves substantial
implementation and careful planning during the design of a game, which, depending on the
time and effort involved, might not be possible to be implemented entirely or coherently
under one game idea. As a game developed throughout the better part of 2 years, the SotS
contains design choices that implements all of the 14 dynamics, and these are explained next
(sorted by order of importance, first being the most important to users - see section 4.1):
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• Achievement: The SotS aims at providing a sense of achievement by offering small
challenges that can be quickly accomplished. When players solve a challenge, the
game displays a message of "Congratulations, you just solved a ... challenge. Well
done.", and get attributed points even when they introduce a completely wrong answer
to a closed question (in such case, half the points, for the recognition of the player’s
attempt).

• Real-World Play: The entire SotS game is designed to be implemented in the public
space of the neighbourhood of the player, as the GPS being a technology used that sets
a constraint in itself (does not work indoors). This, together with the fact that each
challenge offered by the game is designed to be played around the neighbourhood,
invite a game play centred in the real world. On top of this, most functional types of
challenges really stress the physical activity component, without which players cannot
find the answers or complete challenges.

• Reinforcement: The SotS aims at fostering play and engagement by implementing
the attribution of badges, points and gold, which are associated with 1) the successful
completion of challenges, 2) how many people the player met (by scanning other
players’ ID QR codes), and 3) the creation of challenges for other players to solve. A
few of the statistics of each player change its icon (badge) based on how high their
numbers are: for e.g., the number of people met (figure 6.10, right) changes from a
normal smile to a wider smile based on how many people the player crossed paths
with (and scanned the QR code).

• Social Interaction: The challenges offered by the game are designed for the involve-
ment of both other players (playing together as a group of friends) and passers-by
on the streets. This is set by requiring players to for e.g. speak to random people to
find out about specific information, or activities where players need to form a team to
complete a performance.

• Collaboration: TheMultiplayer type of challenge is one measure implemented in the
SotS to invite collaboration across players. They have to form a team in order to have
access to this type of challenges: without a team, the challenges that are listed within
a given radius from the player’s location do not include Multiplayer ones. Only when
a team is formed, the player receives a list of Multiplayer challenges surrounding
him/her and his/her fellow team members. On top of this design choice, collaboration
is also more subtly proposed in specific challenge ideas where some sort of brainstorm
or engagement with strangers is required. In the former case, ideas such as creating
a poem do invite discussion in-between a group of players for the best poem, and, in
the latter case, peer group support can help less extrovert players in such engagement.

• Digital Interaction: This form of interaction is implemented with asynchronous mes-
sage exchange through QR codes attached to theHunter challenges. Players can leave
messages behind within these QR codes, which are then scanned and seen by other
players. Another form of indirect digital interaction is through the voting mechanism
of Voting challenges: voting a picture does provide feedback to the creations of play-
ers. Lastly, digital interaction also occurs when players have to scan each other’s QR
codes, both to increase the number of people met, and to form a team of players.
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• Ownership: This game dynamic is implemented through the online participatory sys-
tem that allows players to introduce new challenges into the game. By doing so, play-
ers own part of what is shown in the SotS to players, as they share potentially unique
knowledge about the neighbourhood with the community of players.

• Winning Condition: Competition as a dynamic is set in the game firstly with the
Timed Task challenges, as it allows for competition for the fastest performances. Also,
the game offers points and badges throughout the gameplay, which places not only
players but also teams of players in leader boards seen by every player.

• Collection: This dynamic is indirectly implemented with the possibility of searching
for real objects and scanning their QR code (of Hunter challenges). These QR codes
are not meant for players to trade or own the objects, but to allow players to advance
their condition in the game by completing challenges, getting rewards with it, and
climbing the leader boards.

• Exertion: The SotS invites players to do activities involving physical effort in Mul-
tiplayer challenges, which often require exertion (e.g. do parkour). More indirectly,
challenges involving physical performances (e.g. being the first at spotting a white
license plate) or talking to at least a given number of people within a time frame (e.g.
convince 10 people to travel by metro within 2 minutes) also invite players to rush
around the environment.

• Virtual Representation: The SotS implements an avatar, which is randomly attributed
to players when they first enter the game. This avatar can be changed by the players
by going into the settings menu, and introducing a URL of an image that can be found
via an internet search engine (and copy-pasted into the game). This allows players to
represent themselves in the way they wish to.

• Mission: The entire SotS is built around small "missions" or challenges that fall within
the common theme "Secrets of the South", meant for players to find the secrets [of
Rotterdam] and engage with the neighbourhood and its citizens.

• Community Contribution: The challenge designs offered by the SotS, which are 1)
based onwhat users want, and 2) tailored for social interaction in public space, include
passers-by, but also the improvement of the neighbourhood. This improvement is
done by for e.g. cleaning trash on the street or having players doing volunteering such
as carrying bags for people, which are implemented within Voting challenges.

• Lottery: Serendipity is indirectly implemented in the game by allowing players to add
new challenges to the SotS. This means that players never know when new challenges
are available in the game until they open the mobile application to play (or go to the
online SotS portal and zoom into their neighbourhood).

6.4.4. SEPARATION OF CONTENT FROM FUNCTIONALITY
One of the design choices of the SotS was is implementation of an online content manage-
ment system (CMS), which, from the lessons learned from chapter 5 (the essential modules
of participation and administration), made this CMS be named SotS participatory system
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(figures 6.8 and 6.9). A justification for the creation of a CMS is the need to separate the
content of the game from the development of the hard-coded functionality leading to the
game. Different challenge designs had to be prepared and offered per case study (e.g., those
reported in 4.2 and 4.3), and having such design choice of separating the challenge designs
from the hard-coded functionality enabled a more dynamic adaptation of the game to the
different case studies. This, for e.g., would allow for the quick introduction of the several
game ideas users had in chapter 4.4, and test them in their provided game play. This led to
the implementation of an online information system in three stages: at a first stage of devel-
opment, challenges should be put into the system and synchronised with the mobile game
application; at a second stage, users should be able to introduce these challenges themselves;
at third stage, an administrator should double check the content proposed by users in its ap-
propriateness (e.g. foul language, or unsafe locations), or introduce challenges him/herself.
The first stage is a design choice that enabled the referred loose-coupling between the con-
tent of the game (the challenges) and the game world in itself. The second stage goes in
line with the essential architectural module of participation from chapter 5, meant to give
players a contributing role in the game that contributes to a recurrent game play over time.
The third stage goes in line with the essential architectural module of administration from
chapter 5, meant to enable centralised coordination and upkeeping of the entire game, the
content of the game, the players, and their statistics, all the while proposing challenges as
well.

6.4.5. IMPLEMENTATION OF THE ARCHITECTURE AND THE KEY COMPO-
NENTS

This subsection describes how the SotS implements the modular software architecture pro-
posed in chapter 5, and how the game implements its key components. By implementing
all of the services of the modular software architecture (figure 5.3), it was possible to build
a location-based game that is capable of promoting social interaction in public space, that
implements the key components. Figure 6.16 illustrates the outcome of this implementa-
tion, showing the game application and the game portal on the left, and detailing how the
services were implemented more specifically on the right.

The mobile computing device in figure 6.16 contains the Augmentation, Navigation
and Interaction key components, and requires support from the services indicated in the
same figure. The Augmentation and Navigation key components are supported by the
Positioning Service, that provides a 3D map and 3D buildings. The game sends the GPS
coordinate of a smartphone to this service, that, in turn, returns a stream of map tiles (and
their topology), covering hundreds of metres in every direction of a player’s location. This
is used by the game to position a player and the challenges in the real environment, for game
play based on true location. The Interaction key component is implemented in the game
application and is supported by the State Progression Service. The GUI the game provides
centres on the 3D representation of a player’s environment with touch and multi-finger map
manipulation using menus. The State Progression Service presents the challenges, and sup-
ports indirect interaction between players by providing the functionality needed for players
to attach pictures taken during a challenge, to view other players’ pictures, and to vote for
them.
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The State Progression key component is supported by State Progression Service. The
SotS provides players a personal area in the game that contains their game statistics (points
earned, challenges solved and their different types, challenges players were the first to solve,
and the number of challenges created by a player online), and a set of leader boards (one for
the players that met the highest number of other players by scanning QR codes; and the other
for the teams of players, ranking the teams that solved the highest number of multiplayer
challenges).

Figure 6.16: Implementation of the modular software architecture in the Secrets of the South7.

The SotS game portal implements the Participation and Administration key compo-
nents as follows. The Participation key component is implemented by theAuthoring Service.
Players can access the online game portal, which, after the login, provides a private area.
There they have access to a world map and a list of challenges. Both the map and the list
show all of the playable challenges in the game. The map enables users to acquire a gen-
eral perception of where the challenges are located (where they can be played). The list of
challenges also indicates which challenges were created by the logged player. The onlineAu-
thoring Service also enables players to propose an unlimited number of challenges, edit and
delete them. Lastly, the Administration key component is implemented by the Administra-
tive Service. A system of credentials is vital to game management and is managed in one of
3 ways: by 1) the online system (or at the database level), 2) the PlayFab service, and/or 3)
7Mapbox refers to Mapbox maps and location services provided by https://www.mapbox.com/; Microsoft Azure
Playfab refers to a complete backend platform for online games (https://playfab.com/); SotS custom server4 was
implemented with MeteorJS fullstack development framework together with MongoDB for data storage, both
deployed at a virtual server provided by TU Delft ICT services.

https://www.mapbox.com/
https://playfab.com/
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the mobile application. In 1), a user with specific rights (administrator) can not only partic-
ipate in content creation, he/she can also (in)validate other users’ challenges (only validated
challenges appear in the game application). An administrator can create/revoke challenges
and user accounts. In 2), an administrator can modify leader boards, global variables and
statistics. Lastly, in 3) the mobile application supports different types of user accounts (reg-
ular players, evaluators of Multiplayer challenges, and administrators). During game play,
administrators can manage the credentials of players by scanning their in-game QR codes
(either elevate, or demote). This changes the options offered in the menus of the game, to
support different dynamics of play while playing (e.g. a workshop, where the evaluators of
teams are not known beforehand).

Figure 6.17: Implemented interaction between components in the systems architecture of the Secrets of the South.

The overall interaction across all the components of the system is depicted in figure 6.17.
It illustrates how the overall system’s architecture is implemented with regard to both the
servers and the 3rd party services used, and also describes the way that the SotS mobile
game and portal interact with the services implemented. The implementation of the SotS
game application that runs on a mobile computing device communicates directly with the
Positioning, State Progression, and Administrative services to render the map and position a
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player according to the location of the device and the information provided by the Position-
ing Service (Navigation and Augmentation key components). It also enables the game to
provide a gameplay experience aiming at interaction with the game environment and peo-
ple (Interaction) that is supported by the State Progression Service (State Progression).
Finally, some administrative tasks can be performed by players with specific permissions
due to the link with the Administrative Service (Administration), e.g. player management.
The SotS game portal communicates directly with the Administrative Service for the same
purpose and all the other administrative tasks afforded by the game. The Administrative
Service also makes it possible for players to participate with their own challenges, through
the connection to the Authoring Service (Participation).

Note that all services are essential to gameplay. Without the Positioning Service, the
game would not be able to represent the environment of the player; the absence of Admin-
istrative Service would make the game incapable of adapting to the dynamic behaviour of
players, rendering it inconsistent and useless; not having an Authoring Service would make
players incapable of adapting the content offered by the game to the different types of social
interaction they desire; and not having State Progression Service would mean not having a
functional game.

6.4.6. SUMMARY
The Secrets of the South game design, proposed in this chapter, is based on the learnings
of previous chapters, which reflect not only the requirements users have, but also lessons
learned from the literature on how such LBGs should be put together. This game design,
fully explained in this chapter, is turned into an actual prototype, and the source code is
published online. This allows other researchers and game designers/developers to verify
the implementation of the prototype done, but also appropriate the project, build on it, or
even modify it for different purposes other than fostering social interaction in public space.
For full account on 1) the technology used, 2) the functional requirements and how these
were implemented in the game, and 3) the run-time execution of the game and its entire
behaviour through activity diagrams, please see appendix D. Next chapter details the testing
and validation of this prototype.
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PLAYING THE GAME

One day, you might look up and see me playing the game at 50.
Don’t laugh. Never say never, because limits, like fears, are often just an illusion.

Michael Jordan

This chapter aims at validating the SotS game prototype presented in the previous chapter,
which is created based on 1) the users’ choices for gaming activities, 2) the gameplay they
provide, and 3) the system’s architecture that such a game should have for the fostering of
interaction in the mentioned conditions. Two research questions are posed in this chapter
to evaluate: 1) if and when meaningful social interaction occurred during game play
and how, with which impact, and 2) the design choices/features that contributed to
(the experience of) meaningful social interaction. Recalling the definition used in this
work for meaningfulness (chapter 2.7), meaningful social interaction is an overall enjoyable
experience for a player, and enjoyable or neutral for individuals involved in the gameplay.
The SotS prototype is tested in this case study with the same adolescents producing the
56 specific game ideas from chapter 4.4, which are adapted to, and offered by, the game
(the challenges adapted to the game, from the original set of 56 game ideas, are shown in
Appendix C). By researching these 2 research questions, this chapter evaluates the SotS
game prototype in its ability to invite players into a game play that can lead to meaningful
social interaction in their own neighbourhood. In the event such goal can be achieve, this
chapter also seeks to offer design guidelines that can support practitioners in the creation of
such games in the future.

This chapter is based on the published article: X. Fonseca, G. Slingerland, S. Lukosch, and F. Brazier, Designing
for Meaningful Social Interaction in Digital Serious Games, Entertainment Computing, doi: https://doi.org/10.
1016/j.entcom.2020.100385, 2020.
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7.1. RESEARCH DESIGN FOR PLAY TESTING
Three play test sessions were organised with the same primary school (and adolescents)
involved in the design of the specific challenges reported in the case study of chapter 4.4,
in the district of Tarwewijk, to: 1) evaluate if social interaction occurs, how it occurs, and
understand its impact on the players, and 2) evaluate the SotS game in its capacity to provide
opportunities for meaningful social interaction.

Figure 7.1: Route 1 (lime green), route 2 (light grey), and route 3 (light blue). Icon with the green house marks
the school: the start and end point. Arrows mark the location of the 14 challenges per route, the dots the expected
path.

Figure 7.1 depicts the location of the school, the three routes (colour coded), and the
exact location of all of the challenges included in SotS for the adolescents to play. Each
route includes 14 challenges: 2 challenges per challenge type, where possible unique to the
route (e.g. a particular point of interest). Only a few challenges overlap across different
routes. During play testing each adolescent walks one route. The 14 challenges per route
are described in detail in Appendix C.

7.1.1. PROCEDURE
Three play test sessions were organised, one for each class, two in the morning of Day 1,
and one in the afternoon of Day 2 (not sequential):

• Day 1, 09:00-10:45, class 7B;
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• Day 1, 10:30-12:15, class 7A;
• Day 2, 13:00-14:45, class 8;
Each play testing session entailed:
• 10 to 15 min. of initial classroom instructions, forming of groups, and phone distri-

bution;
• 1 hour of play testing;
• 30 minutes of debriefing with adolescents in class (overall discussion on the game

play);
In total 64 adolescents between the ages of 10 and 11 participated in the play testing

sessions: 22 in the first session, 20 in the second and 22 in the third.
• The in-class instructions focused on : 1) the 1 hour to play, 2) that there are multiple

challenges located in the neighbourhood, 3) reminding them how to use the game
(they can use the game to see which challenges are the closest to them, then select
one challenge and walk to its location to play), 4) that if they do not want to play a
challenge they can choose another one, and 5) that they can only play the challenges
on that route they are assigned;

• After the initial instructions, teacher-defined groups of 5-6 adolescents with 1-2 fa-
cilitators were formed and each group assigned a route (by the researchers). The role
of the facilitators (teachers, researchers, assistants) was to oversee the adolescents’
safety, to provide guidance when needed, and to collect data through observation.
Each pair of adolescents was handed identical mobile phones on which the game and
the challenges were pre-installed1;

Figure 7.2 shows pictures of adolescents working together to solve challenges, convers-
ing with strangers, and competing against each other to tackle the challenges. The weather
was far from optimal for the first 2 groups (cold and windy). The third session was resched-
uled to a day with better weather conditions. The distribution of the groups per route, and
the number of adolescents per route, are depicted in table 7.1.

112 smartphones were used in the session 1, 10 in session 2, and 12 in session 3, all of the same brand, model with
the same specifications.
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Session 1 Session 2 Session 3
Group 7B (22 adolescents) Group 8 (22 adolescents) Group 7A (20 adolescents)

Groups Route Players Groups Route Players Groups Route Players
1 1 6 1 1 6 6 3 6
2 2 6 2 2 6 7 3 6
3 3 6 3 2 6 8 2 4
4 1 4 4 3 4 9 1 4

Table 7.1: Division of adolescents per play test session, groups and routes.

After the game play, the groups returned to school for a debriefing session in the class-
room. The following questions were asked by a researcher in a semi-structured way:

1. Who liked the game?
2. What was fun about it? What did you like? What did you not like?
3. Which challenges were the best? Why?
4. Who has played challenges where you had to work together? Was that nice? Why?
5. Who has played challenges where you had to play against each other? Was that nice?

Why?
6. Has anyone met a new person while playing? For example, someone on the street?

And how was that?
Questions 1, 2, and 3 address their experience of the game play, questions 4, 5, and 6

the quality and impact of social interaction.

7.1.2. DATA COLLECTION
Different types of data were collected during gameplay, both qualitative and quantitative.
Observations of the facilitators and (recordings and transcriptions of) the debriefing ses-
sions are qualitative data, whereas the data collected from the game and the game server
(GPS locations, answers given by players, photos taken by players as part of a challenge,
and data from the server of the game on which challenges were opened and solved) are quan-
titative. In addition, photos were taken by players during gameplay (independent of the task
at hand) for illustrative purposes. The answers to the challenges themselves, and the photos
taken by players, were collected and used when appropriate for a better understanding of the
quality of the game play. GPS data was collected with the purpose of plotting the locations
of players on the map, and analysing potential overlaps/interactions over time across players
(this did not reveal anything meaningful). Adolescents were interviewed during the debrief-
ing sessions as a whole class and by the same research interviewer (the teachers present in
these debriefing sessions varied per class).
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Figure 7.2: Examples of the game play of SotS, by different groups of adolescents: adolescents interviewing
strangers (top left), solving a challenge together (top right), competing against each other (bottom left), and playing
together (bottom right).

7.1.3. PROCEDURE FOR DATA ANALYSIS
Transcriptions of the audio recordings were translated from Dutch to English by Dutch re-
search staff, as were the observations of the facilitators. This data was sorted into nine
content areas: quotes and observations were separated for each challenge type (Athlete, In-
ventor, Detective, Explorer, Hunter, Artist, Volunteer), creating seven content areas. One
content area contained quotes from the debriefing sessions that did not concern a specific
challenge. The last content area was sorted from the overall observations of the facilita-
tors. Two independent researchers analysed the above content areas using qualitative con-
tent analysis (Graneheim and Lundman, 2004) to better understand the meaning of data in
relation to the two research questions this study addresses: 1) if and when meaningful so-
cial interaction occurred during game play and how, with which impact, and 2) the design
choices/features that contributed to (the experience of) meaningful social interaction. To ad-
dress these research questions, the researchers started their analysis of the content areas from
three more straightforward questions: 1) Was there social interaction, 2) How meaningful
(positive) was social interaction to the adolescents, and 3) How did the game support social
interaction (how was it played). The first two questions link to the first research question
and the last question links to the second one.
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This first step of the analysis required the two researchers to independently interpret all
the quotes and observations by assigning them to one of the three sub-questions and noting
down the meaning of the data excerpt as a code (Saldaña, 2015). Each researcher produced
their own list of codes and grouped these into a set of clustered codes that was big enough
to show the variety and richness in the data, and at the same time manageable to discuss
amongst the two researchers. These two sets of clustered codes were compared and dis-
cussed, resulting in a new framework of codes that was used to reclassify the original data
set (Axial coding (Saldaña, 2015)) to address the two research questions. Differences in
coding were discussed à-posteriori with a third researcher, also involved in the game play
test sessions. The final coding framework contained codes to describe the general play expe-
rience of adolescents as well as specific experiences for each challenge type. The columns
in figure 7.3 represent the results achieved with the final coding framework. The analysis
of the quantitative data was mainly arithmetic: the percentages of the overall number of
challenges that were opened and solved and the percentages for each of the challenge types
were calculated.

7.2. RESULTS
This section analyses the quantitative and qualitative data to address the two research ques-
tions.

7.2.1. QUANTITATIVE DATA
The quantitative data indicates: 1) the number of challenges players opened (how many
challenges players engaged with), 2) the number of opened challenges actually solved, and
3) the relation between opened and solved for each of the challenge types, as depicted in
table 7.2. Columns C. refer to a specific challenge that was played in all sessions (e.g. C.
1.5 refers to challenge 5 that was played in session 1). Sessions 1 and 2 had 12 players each,
and session 3 had 10 players.

As the number of players differed per session, a normalised average based on the min-
max normalisation method is used, for the purpose of comparison of the challenges opened
and solved across all the sessions. Equations 7.1 and 7.2 are used to calculate the overall
percentage of challenges opened and solved for each type of challenge: per each value,
equation 7.1 normalises the range of the value into [0-1], and is then added to equation 7.2
for the arithmetic mean. The min (x) is zero for all sessions, because a challenge could have
been played by any adolescent; however, max (x) varies per session (it equals 12 for values
from sessions 1 and 2, and 10 for those from session 3).

x′ =
x−min(x)

max(x)−min(x) (7.1)

AM = 1
n

n
∑

i=1
x′×100 (7.2)

Table 7.2 shows the normalised average number of challenges opened by players, and
challenges solved by players, per type of challenge, after the application of the equations
7.1 and 7.2. These averages show that more than half of the challenges were opened for
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each of the challenge types, and that, for most types of challenges, the participants solved
them. Less than 10% of the challenges opened were not solved for the challenge types Artist
(≈3%), Athlete (≈6%), Detective (≈9%), and Volunteer (≈3%) (based on the difference
in normalised averages for these types). This number was higher for the types Explorer
(≈21%), Inventor (≈14%), and Hunter (≈31%). Overall, of the 42 challenges (14 per route)
≈82% were opened, and ≈70% were solved.

Table 7.2: Distribution of the interaction of players with each challenge, organised per type of challenge: challenge
(C.) opened (Op.) and solved (Sol.) by players. The normalised average (Avg.) of opened and solved challenges
is shown per type of challenge (in percentage).

7.2.2. QUALITATIVE DATA
As each type of challenge is defined by the specific dynamics of play and interaction entailed,
expectations that the researchers had for the interaction during gameplay, and the interaction
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that actually occurred per type of challenge are compared. The following section presents
and analyses the results for both the general gameplay, and type-specific gameplay.

GENERAL GAMEPLAY
Both coders identified 3 to 4 times more statements on positive play experience and positive
interactions than negative:

• "You have multiple assignments... and you walk around in groups through the neigh-
bourhood. You do things and see things that you have not done before or have seen
before" (adolescent 3, session 1).

• [What did you like?] "Helping people. For example, lifting their grocery bags." (ado-
lescent 2, session 2).

Adolescents reported that the challenges they enjoyed most were the ones with physi-
cal exertion (e.g. running against one another), and those where they had to engage with
strangers, even more than in-group interaction:

• "[What did you like?]Ask people at the square what you can do there.", [and why was
that fun to do?], "You get to know more reasons to go to the square." (adolescent 6,
session 2).

• "We could talk about things together. For example, the rap. [another adolescent]
and I had to think of something together. And, for example, another group had also
thought of something together. And the teacher also came up with two sentences.",
[So, everyone helped?], "Yes." (adolescent 18, session 1).

These outcomes are in line with the observations made by the facilitators: most ob-
servations are positive, a few negative. Negative experience primarily related to external
play conditions such as the extreme cold weather, or the location of certain challenges (e.g.
stores) that were not young adolescent friendly. Statements regarding the perceived un-
willingness of people to interact, or their inability to speak the Dutch language, provided
an opportunity for reflection during the debriefing session together with their teachers and
workshop facilitator:

• "A few peoplewere arrogant.", [Whywas that?], "For example, ... [another adolescent]
went to ask another women, he asked something and that woman first laughed and
then she said no.", [that is not nice], "Especially because she thought it was funny."
(adolescent 19, session 3).

• "There was a lady who could only speak English and I didn’t understand it. Because
she just said a few words. So I looked at her like ’huh?’. But ... my teammate, did
talk to her so I understood it." (adolescent 19, session 1).

Adolescents were not aware of such reality in their neighbourhood (e.g. that people do
not speak their language), and such experiences, even though initially perceived as frustrat-
ing and negative, actually turned out to be a positive learning opportunity for the adolescents.
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TYPE-SPECIFIC GAMEPLAY
Each challenge has a type, and the researchers had expectations on the type of interaction
that each type of challenge could/would foster. Our results compare these expectations with
the actual outcomes of the game play, and are summarised in figure 7.3:

Artist: The expectation was that in-group collaboration, either with active or passive partic-
ipation in the performance would be appreciated by most. No interaction with strangers was
expected. Results show that, for some adolescents, it was really hard to do these challenges
and finish them (e.g. to rap), whilst others wanted to do these same challenges so badly that
they started running towards the location as soon as they found them in the game. It was ex-
perienced by some to be easy and by some to be hard (50% each). Nonetheless, adolescents
agreed that they really enjoyed these challenges: they worked together in collaboration, had
in-group interaction (which gave them a nice play experience), with no interaction with
strangers (as expected).

Athlete: This type of challenge is designed for physical performance (e.g. seeing who is
the fastest in climbing a tree). The expectation was that both non-verbal interaction (e.g.
touch, body language, posture, facial expression, gestures, or eye contact), and verbal com-
munication (e.g. speech on behaviour instigation), would be observed/perceived across play
dynamics of cooperation and competition in-group. Results show general competition, but
with substantial collaboration emerging. Adolescents collaborated to solve the challenges,
by e.g. agreeing on the rules, keeping track of time and scores, and encouraging each other
while doing the parkour. Interaction was primarily in-group (as expected), the challenges
were relatively easy to solve, and the number of remarks on how hard they were to do did
not seem to show an effect on their play experience. Adolescents liked these challenges,
had a positive play experience, and their comments related to the tennis ball (which was too
small) and the cold weather.

Detective: The expectations for this type were for adolescents to occasionally ask people
on the streets to provide them with the information they needed, thus mild engagement with
strangers, and most engagement within the group. These interactions were expected to be
based on verbal communication only. Results are in line with these expectations: collab-
oration and interaction within the group and with strangers are both observed. There was
also interaction with the physical space surrounding them (e.g. with the flags they were
trying to identify to retrieve the answer to the question, or when looking for a placard with
the answer). However, the adolescents did not enjoy this challenge type as much as others:
50% liked these challenges, 50% did not (some of the questions were not relevant to them,
or they did not care much about them). These challenges were successful in motivating
adolescents to work together and collaborate in interacting with strangers, the environment,
and in-group, but they did not, in general, lead to a positive play experience. The interaction
they had with strangers was considered to be neither positive nor negative, and thus neutral
to the adolescents.

Explorer: The expectations for this type were the same as for the type Detective. Results
show that, unlike the type Detective, these challenges were relatively easier for them to
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solve, and that they were enjoyed more by the adolescents. Comparable to the type Detec-
tive, these challenges lead to collaboration, substantial interaction both in-group and with
strangers, and mild interaction with their physical environment. In comparison, adolescents
also express and show positive interactions with strangers.
Hunter: As these challenges can be solved with a QR code, our expectations were that little
interaction with strangers was to be seen, and mild engagement/ collaboration within the
group (verbal communication, and joint physical performance). Results show that adoles-
cents liked the challenges, collaborated, and had positive social interaction with each other
and strangers. They experienced these challenges to be more often easier than harder for
them (though not that easy, they struggled as well). This type of challenge can also lead to
competition. The expectationswere to observemild engagement, but this typewas one of the
best for engagement in interaction with everyone. They engaged in-group, with strangers,
and with the physical environment, which resulted in a very positive play experience.
Inventor: For this type of challenge, the expectations were to observe individual behaviour
(no interaction), and mild in-group interaction only, with possible cooperation in the cre-
ative process. Results show that adolescents liked the challenges, with minimum collabo-
ration and no competition, some in-group interaction, and individual play (no interaction).
Adolescents thought the challenges of this type were difficult to play, especially the creative
exercises (e.g. coming up with ideas), but these provided a positive play experience to them.
Although the challenges were difficult for them to solve, they still enjoyed them.
Volunteer: Researchers expected to observe potential collaboration in-group, in doing the
same volunteering tasks (verbal interaction, perhaps with some physical coordination) and
some verbal interaction with strangers. The results show that adolescents liked to play these
challenges and had a positive play experience. They had equal interaction in-group and with
strangers, and collaborated, which falls exactly in line with the expectations.

Expected Outcome Actual Outcome

A
rt
ist • Collaboration in-group.

• No interaction with
strangers.

• Collaboration in-group.
• No interaction with strangers.
• Hard to solve, but deeply desired. Fun to do.

A
th
le
te

• Physical performance
with verbal and non-
verbal communication.

• Collaboration and com-
petition in-group.

• Physical performance with verbal and non-
verbal communication.

• Collaboration and competition in-group.
• More competition than collaboration.
• Adolescents liked and had positive game play.
• Relatively easy to solve.
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Table 7.3 (continued)
D
et
ec
tiv

e

• Mild engagement with
strangers.

• Most interaction in-
group.

• Mild engagement with strangers.
• Most interaction in-group.
• Strong collaboration. Very hard to solve.
• Interaction with the environment.
• 50% of adolescents liked this type, 50% did not.
• Negative play experience.
• Neutral interaction with strangers.

Ex
pl
or
er

• Most interaction in-
group.

• Mild engagement with
strangers.

• Substantial interaction in-group.
• Substantial interaction with strangers.
• Mild interaction with the environment.
• Easy to solve, liked by adolescents.
• Collaboration.
• Positive interactions with strangers.

H
un

te
r

• Rare to no engagement
with strangers.

• Mild engagement
in-group.

• Collaboration.
• Physical performance

with verbal + non-verbal
communication.

• Strong collaboration. Can lead to competition.
• Strong engagement in-group.
• Strong engagement with strangers.
• Strong engagement with the environment.
• Very positive play experience, liked by adoles-
cents.

• Positive interactions overall.
• Easier to solve, but with relative difficulty.

In
ve
nt
or

• Individual game play.
• Mild in-group interac-

tion.
• Possible collaboration.

• Minimum collaboration.
• Individual game play.
• Mild in-group interaction.
• No competition.
• Liked by adolescents.
• Hard to solve, but positive play experience.

Vo
lu
nt
ee
r

• Mild interaction with
strangers.

• Interaction in-group.
• Possible collaboration.
• Verbal communication

with potential physical
coordination.

• Mild interaction with strangers.
• Mild interaction in-group.
• Collaboration.
• Verbal communication.
• Liked by adolescents.
• Positive play experience.

Table 7.3: Summarisation of findings per type of challenge, with regard to the outcomes. Expectations that were
met are marked in lavender.

ANALYSIS OF RESULTS
Figure 7.3 summarises the qualitative data analysis done. Figure 7.4 summarises the quan-
titative data analysis on the percentage of the challenges that players opened, and, out of
which, solved. The columns in figure 7.3 represent the results achieved with the final cod-
ing framework, and are used to answer the research questions of this study: exchanges (indi-
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vidual play, in-group interaction, interaction with strangers, interaction with environment),
appreciation of players for the challenges, positive gameplay experience, easiness in solving
the challenge, levels of collaboration, and how meaningful interaction was.

Figure 7.3: Summary of the game play per type of challenge: type of interaction fostered, how positive it was to
players, and the dynamics and impact of the game play on players.

Figure 7.4: Engagement with challenge type.

The first column on the left of figure 7.3 ("Exchanges") addresses if there was interac-
tion, and examples of the coding scheme used are "collaboration in group", "collaboration
in pairs", "help each other proceed", "talking to strangers", "meeting new people", and "in-
teresting places". The 4 columns in the middle ("Liked the Challenges", "Positive Play
Experience", "Easy to Solve", and "Collaboration") address how the game supported so-
cial interaction. These categories were assessed based on coding schemes such as "ask for
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more challenges", "play one challenge multiple times", "urge to finish all challenges", and
"having fun as a group". The last column on the right ("Meaningful Interaction") addresses
the meaningfulness of the interaction players had. The coding scheme used for this cat-
egory consisted on clusters of codes for positive, neutral, and negative interaction. The
positive cluster of codes consisted of codes such as "helping others", "learn about neigh-
bourhood practices", "return to fun new places", "playful interaction with strangers", "being
recognised", and "getting to know people from the neighbourhood". Neutral codes were for
example "meeting new people", "overcoming language barriers", "unexpected response",
"persistence", and "surprised". Lastly, the negative codes were for example "being ignored",
"embarrassing", "not returning to discovered places", "not interested in challenge", "being
laughed at by strangers", and "scary places".

These columns, together with figure 7.4, guide the answering of the research questions
in the following subsections.

A. Social interaction that is meaningful
The first research question of this study asks: if and when meaningful social interaction
occurred during game play and how, with which impact?

Regarding the first part of the question, social interaction occurred . In-group interaction
was observed in all types of challenges, between pairs of adolescents holding smartphones,
and in-group interaction where adolescents worked together (not just in pairs). In 4 of the
7 types of challenges, the adolescents interacted intensively with strangers. In 3 of the 7
types of challenges, the adolescents interacted with the physical environment as well, that
also lead to other types of interaction. In some types of challenges, the adolescents had fun
but did not really interact (e.g. the type Inventor), whereas in others they interacted but did
not have fun (e.g. the type Detective).

Regarding the second part of the question on how interaction occurred, the adolescents
collaborated in all challenge types, and the level of collaboration was intense for most. Com-
petition occurred, but this competition mainly related to the improvement of an adolescent’s
own performance (rarely against other adolescents). The adolescents supported each other
in difficult tasks, and either instigated other adolescents to go talk to strangers, or the whole
group was involved. The adolescents also approached strangers as a group: they wanted to
interview them together, get to know what was possible to do in their neighbourhood, and
help other neighbours for free.

Regarding the third part of the question on the impact of interactions on the players, these
interactions mostly had a positive effect. The adolescents wanted to engage with as many
strangers as possible, they were observed to be kind and polite, asked many things, and, even
when they were not successful at carrying someone’s bag, they still felt great in trying. In
some other cases in which some adolescents felt rejected (the neutral experiences described
above in section 7.2.2), they sought to find a solution to the problems they encountered, by
trying, for example, to switch from Dutch to English. Very few statements were classified
as negative, and these were associated with people being perceived by the adolescents to be
arrogant.

The definition of meaningfulness in the context of social interaction defined above in
section 2.8.2 is that of an overall enjoyable experience for a player, and enjoyable or neu-
tral for individuals involved in the gameplay. On the basis of this definition the interaction
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that emerged within the challenge types Athlete, Inventor, Explorer, Hunter, Artist, and Vol-
unteer can be classified as more meaningful than not meaningful. The adolescents interacted
heavily in-group (which sometimes also included their teacher), and they had fun doing so
for the most part. The adolescents also interacted substantially with strangers in the chal-
lenges of the types Detective, Explorer, Hunter, and Volunteer, and, with the exception of
the type Detective, the adolescents enjoyed engaging with people on the street and learning
all sorts of things from them. The challenge type Detective was successful at fostering social
interaction with strangers, but was not experienced by the adolescents to be meaningful.

This, together with the success of the other types of challenges, can be used to reflect on
the appropriateness of the content provided by the game framework. Each type of challenge
was designed for different game play, to appeal to a more varied number of adolescents, and
to explore the neighbourhood in different ways. Most challenge designs were experienced
to be interesting and relevant for the adolescents, providing a positive play experience, with
an exception being the challenges of type Detective. Worth noting is that a challenge can be
designed in a way that is appealing to the target group, and yet provide the player with non-
meaningful social interaction (e.g. the types Explorer and Artist). This reflects the difficulty
to design for non-deterministic scenarios such as social encounters with other people, and
requires further research.

B. The game creates opportunities for social interaction
The second question this study addresses relates to the design choices/features that con-
tributed to (the experience of) meaningful social interaction (how well the game worked).
The game supports co-located experiences in the neighbourhood through interaction with
the physical and social environment. There was not one adolescent that did not like any
challenge at all. Anecdotally, difficult challenges provided an opportunity for adolescents
to find creative solutions such as involving their teachers in their task (e.g. contributing to
make a rap song): not the interaction most likely envisioned by the adolescents when they
designed this challenge, but an emergent form of social interaction.

Analysis of the specific types of challenges, and the expectations of the researchers ver-
sus the reality of how the game play shows the following: Detective, Explorer, and Hunter
are very comparable in terms of interaction (not in terms of easiness nor in terms of appreci-
ation). In terms of appreciation, Hunter and Explorer are similar: adolescents experienced
them very positively, and perceived them as relatively easy. Hunter can lead to competition,
which is different fromDetective and Explorer. Hunter was easier thanDetective, but it was
still sometimes challenging to solve. Detectivewas hard, Explorerwas easy, andHunterwas
in between. Both Detective and Artist were hard for the adolescents, but they liked Artist,
and did not like Detective as much. Adolescents prefer to be explorers than detectives: it
could be due to the questions asked, or due to the nature of the activity (this distinction can-
not be made). They seem to prefer challenges where they explore their environment (e.g.
which restaurants are in ...) than trying to find a specific answer in the environment (e.g.
how old the school is). Alternatively, they may prefer Explorer over Detective because the
challenges were easier for them to do. The design choice to include different types of (user-
defined) challenges with varying degrees of difficulty and types of interaction has shown to
be effective.

The SotS game framework worked in creating opportunities for players to socially in-
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teract with the neighbourhood, their friends, teachers, and people passing by. Players could
navigate the map offered by the game, and find the challenges to be solved. The challenges
require different tasks to be solved, exploit the topology of the neighbourhood and its points
of interest, and promote the game play to evolve on these spots. These opportunities could
only be created with a game that is aware of the location of players, and include people
passing by in the game as well. To this end, smartphones with GPS sensors, and with tac-
tile screens capable of providing guidance to players, proved to be efficient design choices
for meaningful social interaction. The navigation and orientation offered by the game was
challenging to many adolescents, particularly the younger ones (from classes 7A and 7B),
and future games for this purpose and target group should assist adolescents even further in
navigating the map.

7.3. DISCUSSION AND LIMITATIONS
The results of the design and evaluation of the SotS game, designed for meaningful social
interaction as discussed above, shed light on the effect of specific design choices in the
context of gameplay with adolescents in Rotterdam. This section summarises the findings
of this study as design recommendations, and relates these recommendations to the generic
design guidelines described in chapter 6.

7.3.1. DESIGN RECOMMENDATIONS
The recommendations, presented below in table 7.4, are not at the level of the design choices
made for the actual implementation of the game play, as the specific design requirements
and game dynamics (chapter 4.1), but refer to the design choices made during game concept
definition. These recommendations provide a basis for future designs of serious games for
meaningful social interaction, based on the experience reported in this chapter and in the
literature.

Guideline Reasoning

1.
Game play should be location-
aware.

Location-based gameplay in one’s own neighbour-
hood, with the people in it, and real-world points
of interest has shown to be successful.

2.
The game play should be aug-
mented and mediated.

Display technology (such as the screen of the
smartphone) supporting navigation of the environ-
ment throughout the game has shown to affect will-
ingness to play and overall play experience.

3.
Challenges must align with
their physical location.

Alignment of a challenge with its physical location
has shown to be essential (e.g. guarantee the store
to which a challenge refers is actually open).

4.
Challenges must be tailored to
the specific social context of
the game play.

Alignment of a challenge with its social context
has shown to be essential (e.g. taking language
barriers, accessibility into account).
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Table 7.4 (continued)

5.
Challenge content needs to
be relevant for the adoles-
cents and build on their un-
derstanding of the world.

Challenges designed by the target group relate to
their own world of experience. (The world of
adults, for example, is very different from that of
adolescents).

6.
Challenges that are played in
a group trigger more social
interaction than single player
ones.

Having a group work together to engage in interac-
tion with others in the neighbourhood has shown to
be more effective (with regard to experience) than
when approached by individual players.

7.
Provide different types of
challenges, to appeal to differ-
ent scenarios, difficulties, and
players.

Players are not all the same, and the game should
provide with enough variety to account for that.

8.
Include challenges with phys-
ical exertion and involvement
with other people (players and
non-players).

Challenges requiring (physical) interaction with
the physical and social environment have shown
to be the most motivating.

For meaningful social interaction

9. Of all types (in-group, with strangers, and with the environment): challenges
of type Hunter are recommended.

10.
Within the group and with strangers: Hunter and Explorer challenges are rec-
ommended the most. Detective challenges are recommended only if adolescents
relate to (or are fond of) the content of the challenge.

11. Primarily within the group: challenges of type Athlete are recommended the
most, followed by Hunter and Volunteer.

Table 7.4: Design guidelines for location-based games fostering meaningful social interaction in public space.

Laamarti et al’s guidelines to "provide guidance to players" and to make "use of the
display of the smartphone" (Laamarti et al., 2014), and to prevent players from feeling "lost"
or confused as proposed by (Consolvo et al., 2008; J. Yim and Graham, 2007), are related
to the first two recommendations in table 7.4. Their guidelines aim at providing the player
with the necessary knowledge to prevent them from feeling "lost" or confused, and the first
two recommendations in table 7.4 aim at providing the user with a greater understanding of
both the game play and the surrounding world (e.g. by augmenting it with a map showing
the location of a challenge).

Lin et al.’s guideline (Lin et al., 2006) to "avoid negative consequences" as the result of
the player’s low performance aligns with recommendations 3 and 4 of table 7.4: alignment of
the social and physical context is essential to avoid frustration and trigger negative emotions,
which, in turn, lead to lack of willingness to play. Yim (J. W. Yim, 2008)’s insight that
"multiplayer collaborative exercise games are more motivating and engaging than single-
player exercise games" is specific to online multiplayer collaborative games, rather than



7.3. DISCUSSION AND LIMITATIONS

7

169

competitive ones.
Recommendation 6 of table 7.4 is similar but for different reasons. Challenges where

the adolescents could propose new ideas on their own without involving others (e.g. type
Inventor) did not trigger substantial interaction of any type. On the contrary, challenges
where the adolescents had to compete against, and collaborate with, one another, were very
successful at maximising social interaction. Even during the challenges were the adolescents
were meant to engage with strangers (which could have triggered interaction with strangers
only), they supported one another because they were together (meaning more interaction
than single-player challenges). Recommendation 7 of table 7.4 relates to previous findings
(Inal and Cagiltay, 2007; Stein et al., 2018), that advocate adjustment of the difficulty of the
challenges to the adolescents to maximise their immersion in the game and improve overall
gaming experience.

Existent research on game rewards and physical activity (Smeddinck et al., 2019) is as-
sociated with recommendation 8, as game play sessions that include exercise, and reward
players for that, can lead to more motivation and further exercise. Still in regard to recom-
mendation 8, one guideline proposed by literature that this research does not directly endorse
is the "incorporation of music to motivate players to exercise" (Laamarti et al., 2014; J. Yim
and Graham, 2007). Statements collected from the adolescents during this research show
that the activities they enjoyed most were the ones where they had physical exertion and
the ones where they had to engage with strangers. The challenges that were designed for
physical exertion in this research (type Athlete) had no music involved, and yet, the ado-
lescents were strongly motivated by these, which makes us argue that physical exertion is a
key factor for adolescents’ motivation. In-game music was not considered at all in the game
design explored in this case study, but designers could explore its applicability for player
motivation in future games for meaningful social interaction in public space.

7.3.2. LIMITATIONS AND FUTURE WORK
All recommendations are based on our experience with the SotS game, a limitation in itself.
The data from this research is bound to the specific social context of the chosen location. The
studied environment is limited due to its uncontrollable restrictions such as the control that
the teachers and researchers had to maintain for the safety of the adolescents. This study had
certain experimental conditions that led to the reported findings of the study, which could
have been different had other experimental conditions been tried out (e.g. having adoles-
cents use their own smartphone, one smartphone for the whole group, or having adolescents
interacting only with their friends). This study was made with young adolescents, with a
narrow age range, and this limits the generalisation of the findings. Still, and even though
each group age has a specific predisposition for specific forms of interacting with others, the
SotS game is based on the requirements of the studied ages of adolescents and adults, which
not only contribute to gameplay sessions that go in line with the way the studied age groups
want to interact, but also strengthen the certainty on the findings of this study. Strangers
in particular were involuntary participants of this study, and the results of the study could
differ if only voluntary participants would be considered. Still, the researchers believe that
the mentioned uncontrollable restrictions add to the realism of the study, which aims at fos-
tering social interaction in a way that is meaningful to players: fostering interaction with
volunteers only would potentially influence the results, but arguably not in a realistic way.
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Further research is needed to understand whether similar findings hold for different so-
cial contexts and age groups that are bound to different countries, socio-economic realities,
and different cultural norms and values. Analyses of both the usability of the developed
technological artefact (Brooke, 1996), and the levels of engagement in the game (GEQ)
(Brockmyer et al., 2009) could shed light on aspects such as presence, flow, absorption,
and dissociation and possibly be related to meaningful social interaction: subject for future
research. No statistical analysis was made in this study, and future research can explore
potential statistical relationships between for example challenge categories and player expe-
rience with regard to social interaction, as well as system usability.

7.3.3. SUMMARY
This chapter presents a case study that aimed at exploring two research questions, meant
to evaluate the SotS game prototype in: 1) if and when meaningful social interaction oc-
curred during game play of this case study and how, with which impact, and 2) the design
choices/features that contributed to (the experience of) meaningful social interaction. It con-
ducts a case study where the gameplay of the same participants from chapter 4.4 (creators
of specific game ideas for their neighbourhood) test their preferred ideas, and reports on the
observations made and reports from users themselves on how they felt playing the SotS.
Regarding the first question, social interaction indeed occurred with the gameplay offered
by the SotS, the gameplay was enjoyed by players for the most part, and that, based on the
definition used in this research for meaningfulness, a few types of game activities provided
players with a meaningful interaction. The explored game design of the SotS supports co-
located experiences in the players’ neighbourhood, and different types of game activities
invite different forms of interaction, which vary for e.g. in their level of difficulty, expo-
sure to outside of the comfort zone, and competitive/collaborative levels. Regarding the
second question, this chapter analyses the different types of challenges and the dynamics
of play they afforded, through looking specifically at 1) levels of enjoyment players had in
playing the challenges, 2) positive play experiences, 3) levels of complexity in solving the
challenges, 4) behaviours of collaboration and competition elicited from players, 4) types of
interaction, 5) how meaningful such interaction was to players, and 6) levels of engagement
with the designed content of the game (i.e. challenges offered). Lessons learned led to the
guidelines offered, which help future practitioners in adapting future LBGs to the physical
space and its social context, to what users prefer playing, and successfully craft a gameplay
that can lead to meaningful social exchanges.
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I’m a chemistry guy. I believe you’ve got to play together to have a chance to win.

Tony Gwynn

This thesis started from the importance of communication and interpersonal relationships
that are core to mankind’s wellbeing, and from the fact that social interaction, when of
quality, can have far reaching implications that go well beyond the individual. This is of
particular importance given that the nature of current societies is highly diverse, and with
issues whose solutions are not really known. Many initiatives have been attempted to address
many of these issues and make societies more cohesive and resilient, yet not only cities are
organised in such a way that issues are perpetuated, but the very constructs of cohesion are
not well understood. These lead any initiative in society a delicate process, as failure to
properly understand what unites and how to meaningfully bring communities together can
lead initiatives to have the opposite effect and pull communities apart. This thesis addresses
this lack of understanding on what cohesion is, and takes the position that interaction-based
initiatives of quality can make societies more resilient and cohesive.

From that understanding, this thesis researched the use of play as a positive approach
to promote social interaction of quality in public space. Play has always "played" a role in
the formation of society, as it is a fun-based approach for the creation of room for enhance-
ment of culture and for meaning to be formed across individuals (Ehrmann et al., 1968;
Huizinga and Seresia, 1952). Particularly, it zoomed in on location-based games (LBGs),
as a technological form of play that is particularly suitable to inviting citizens to the streets
and engaging with others in play. LBGs offer potential to that end, as they are media packed
with locative sensors that position players and sense their contextual environment. Yet, they
are a relatively recent tool that require complex game designs capable of using technology to
its full potential and provide players with a gameplay that is appropriate to the way they want
to play. As a consequence, numerous LBGs have been created, both research prototypes and
commercial ones, that seem to be "blind" attempts to get such complex game designs right.
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This thesis argued that the use of LBGs specifically for the promotion of meaningful social
interaction raises several problems.

On the one hand, meaningful interactions are person-dependent (Putnam, 1975), and
LBGs for this specific purpose can only work if the users’ preferences, needs and desires
for their own interactions with their fellow neighbours are understood. This is of paramount
importance, as social interaction can occur in multiple ways (Bardis, 1979), and the prepa-
ration of a gameplay that can have positive impact on local social cohesion needs to account
for what is meaningful to players. On the other hand, it is not well understood how to build
location-based games for such purpose1 (Straker et al., 2014):

1. it is not known which requirements should be considered in the design of LBGs for
social interaction (Daneva, 2014; Fonseca, Lukosch, Lukosch, and Brazier, 2020;
Isbister and Mueller, 2015; Valente et al., 2017);

2. the involvement of future players in the design of LBGs have mostly been play-centric
(involved in play testing the game at later stages) and not user-centric (involved inmost
stages including requirements elicitation);

3. there are no known guidelines for the content that LBGs should present to players so
that they are invited to socially interact with others and be exposed to their neighbour-
hood;

4. to build LBGs, several perspectives and expertise are needed, and literature scarcely
covers a technical perspective mandatory for the creation of LBGs: that of the sys-
tems’ architecture (Avouris and Yiannoutsou, 2012; Naliuka et al., 2010; Söbke and
Streicher, 2016)

This thesis took the position that LBGs for social interaction have specific requirements
that require the implementation of specific functionality that must be covered at this tech-
nical level to be successful (Fonseca, Lukosch, Lukosch, and Brazier, 2020; Fonseca et al.,
2017; Fonseca et al., 2021; Slingerland, Fonseca, et al., 2020), and, at the level of game
design, requirements must be further understood to have LBGs lead players to the specific
behaviour of meaningful interactions in public space (Fonseca, Lukosch, Lukosch, and Bra-
zier, 2020; Fonseca et al., 2017).

8.1. RESEARCH QUESTIONS
Given such gaps and challenges, this thesis explored the following main research question:
"Can location-based games be designed for meaningful social interaction in public
space?". The main goal of this thesis was to investigate if and how it is possible to design
and build LBGs capable of triggering social interaction in public space, a form of interac-
tion that is meaningful to players. As a response to the main research question, this thesis
showed that it is possible to design and build an LBG that triggers meaningful social inter-
action in the neighbourhood of players. This thesis explored the type of requirements that
different target groups have to be exposed to their neighbourhood and engage in interactions
1https://mashable.com/2016/07/10/john-hanke-pokemon-go/?europe=true, How the gurus behind Google Earth
created ’Pokemon Go’, last visited on December 23, 2020.

https://mashable.com/2016/07/10/john-hanke-pokemon-go/?europe=true
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with both their fellow players and passers-by. It also explored what LBGs for social inter-
action require from a technical perspective to provide such gameplay, and, together with the
lessons learned from the users, it reported on a built and tested game prototype that is ca-
pable of offering gameplay experiences that are overall enjoyable for players, and enjoyable
or neutral for individuals involved in the gameplay.

To help answer themain research question, three sub-research questionswere elaborated,
the first of which being: "Which needs and requirements are essential in location-based
games for social interaction in public space?". Chapters 2, 3 and 4 addressed this sub-
research question by specifying specific needs and requirements.

Chapter 2 firstly focused on the lack of understanding on what social cohesion is, to
better comprehend the way to best position LBGs for a positive social impact. It offered
a comprehensive literature survey on the complex construct of cohesion, discusses multi-
ple definitions and perspectives that scholars have been using to study it, and 1) suggested
a more up-to-date definition with which to look at current multicultural and multi ethnic
communities, and 2) proposed a framework with which to characterise social cohesion and
different perspectives that can be taken to influence it. These contributions stem from the
numerous definitions and perspectives used by scholars to understand and define cohesion,
from which it is evident that 3 pillars exist. These (the individual, communities, and institu-
tions) inform this research on what influences the complex construct of cohesion, and what
can be considered to have positive impact. Chapter 2 concluded with social interaction be-
ing a basic social exchange supporting more complex social phenomena such as cohesion,
and as such it is defined as the very first and essential requirement for location-based games
for social interaction in public space.

Chapter 3 performed a background check on the literature related to games for social in-
teraction in public space, and what it is known so far on how to design them for meaningful
social interaction. It specifically covered any existent guidelines that might be useful in this
research, game components that are known to lead players to specific behaviour, and what
should be considered when building location-based games for social interaction in public
space (from the perspective of systems architecture). This chapter exposed current gaps in
knowledge on the way to prepare LBGs for this purpose, and informed on 1) the lack of
guidelines for the creation of these games, 2) the way practitioners make attempts to build-
ing these games without really involving future players from early stages of design, 3) the
fact that there is no consensus on what game elements to consider during game design for
deterministic behavioural outcomes, and 4) the lack of consensus on which architectural
components are key in LBGs for social interaction. This chapter concluded with the argu-
ment that location-based games for meaningful social interaction in public space mandate
the involvement of future players in early stages of game design, as their preferences, needs
and desires for their exposure to the public space and interaction with others are central to
the gameplay’s success.

Chapter 4 took on the conclusion from previous chapter, and expanded current under-
standing of players’ needs and requirements essential to them. It presented four case stud-
ies, 2 with adolescents in Rotterdam and 2 with adults in The Hague, where it is studied
the specific social contexts of future players, and researched their specific requirements
for the aimed gameplay. It discovered a specific set of game dynamics that adolescents
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want to have while playing LBGs for social interaction. These are: achievement, real-world
play, reinforcement, social interaction, collaboration, digital interaction, ownership, win-
ning condition, collection, exertion, virtual representation, mission, community contribu-
tion, and lottery. These were considered to be essential high-level requirements regarding
the functionality of the game: they guide the choice and arrangement of game elements and
mechanisms to provide the run-time dynamics of play desired by players.

Chapter 4 also addressed the sub-research question by discovering 7 types of activities
that both adolescents and adults desire to play: activities that require players to do physi-
cal activities (Athlete), find information and factual knowledge (Detective), explore their
neighbourhood (Explorer), propose ideas and explore opportunities (Inventor), find spe-
cific things or people (Hunter), create and express thoughts, feelings, interests in some
form (Artist), and contribute to the environment and help others (Fonseca et al., 2018a;
Slingerland, Fonseca, et al., 2020) (Volunteer). LBGs to be able to provide meaningful
social interaction must provide game content that players want to play, and these activity
types are therefore necessary to the defined aim. Chapter 4 further explored the needs and
desires of players by eliciting specific game ideas, and properly mapping them to the men-
tioned activity types. This set of activities was co-designed together with future players for
co-located social interaction, and inform exactly on 1) the activities they want to play (by
themselves and with others) and 2) the locations they want to play them at. These activi-
ties were also considered as requirements for the specific LBG pursued in this thesis, given
that they require specific functionality to be proposed to players during gameplay. Chapter
4 concluded with an analysis on the forms of social interaction triggered by each activity
type, which adds to current understanding on what should be presented to players to invite
specific interaction-based behaviour desired by them. These lessons learned were taken as
requirements, as they lead to the way users prefer to interact with others and their environ-
ment.

The second sub-research question this thesis asks was: "Can a generic system design
be created and implemented for location-based games for meaningful social interac-
tion?". Chapters 5 and 6 answered affirmatively to this sub-research question.

Chapter 5 explored LBGs from a technical perspective, gathered current understand-
ing on what system components are needed for them to sustain social interaction in public
space, and argued that essential architectural components for LBGs with this aim are (Fon-
seca, Lukosch, and Brazier, 2020a): Augmentation, Navigation, Interaction, State Pro-
gression, Participation, and Administration. These components provide the functionality
needed to represent the environment of players, locate them, facilitate interaction with other
players/environment/physical objects, track the gameplay state, enable long-term play for
players through participation, and manage the game. Chapter 5 concluded with a modular
software architecture being proposed that LBGs should implement to invite and sustain so-
cial interaction in public space, as it contains the mentioned key architectural components.
This answered the first part of the sub-research question, as a generic system design is pro-
posed in the form of this modular software architecture.

Chapter 6 gathered all the lessons learned from both the users’ essential needs and de-
sires, and the generic system design, and proposed the implementation of a fully open-source
game prototype: the ’Secrets of the South’ (SotS). This LBG is a product of an iterative
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design approach where user requirements were repeatedly elicited, and where all initial re-
quirements, constraints, and user requirements were taken into account to produce a game
capable of facilitating meaningful social interaction. The SotS implements the generic sys-
tem design proposed in the previous chapter, is an actual game that is capable of promoting
in-situ social interaction, and with a platform that allows users to contribute with what they
believe is important for other players to play. Chapter 6 concluded with a detailed account
on all the design choices taken throughout the process. The proposed system prototype an-
swered the second half of the second sub-research question, by proving that a location-based
system can be implemented for meaningful social interaction in public space.

The third and last sub-research question was: "Can design recommendations be iden-
tified for interaction in location-based games for social interaction in public space?".
Chapter 7 explored and proposed several design recommendations.

Chapter 7 validated the developed game prototype SotS presented in the previous chap-
ter, through a case study that assessed 1) if and when meaningful social interaction occurred
with it, and with which impact, and 2) the design features and choices that contributed to the
experience of meaningful social interaction. It showed that the SotS creates opportunities
for social interaction, specifically in-group interaction, interaction with people not known
by players, and engagement with the physical environment. Many of these interactions were
meaningful to players, as they were excited to engage with as many strangers as possible,
were kind to others, and felt great by simply trying to help others.

From the lessons learned, together with literature, Chapter 7 concluded with design rec-
ommendations that are applicable during the game concept definition. These recommenda-
tions provide a basis for future designs of LBGs aiming for meaningful social interaction.
For social interaction in specific, they should: 1) be location-aware, 2) augment and medi-
ate the gameplay, 3) offer game content aligned with the considered physical location, 4)
such content should be tailored to the social context where they are played, 5) the content
must be adjusted to players’ understanding of the world, 6) multiplayer challenges provide
greater social interaction, 7) provide game content that offers variety, and 8) consider phys-
ical exertion. On top of these, three design recommendations specific to meaningful social
interaction are also recommended: 9)Hunter-type challenges for all types of meaningful so-
cial interaction (in-group, with unknown people, and with environment); 10) mostly Hunter
and Explorer types of challenges for within group interaction and with unknown people; and
11) Hunter and Volunteer types of challenges for meaningful in-group interaction. These
answered affirmatively to the third sub-research question: design recommendations can be
identified for LBGs designed for social interaction in public space.

The lessons learned on this thesis help better understand 1) the process involved in the
creation of an LBG for meaningful social interaction in public space, and 2) the various
essential requirements involved for the success of such game. With regard to 1) (the pro-
cess), creating an LBG for this purpose involves a long and iterative approach that places
future players and their preferences and needs at its centre. By doing so, it is possible to
tailor the gameplay experience of the game around players, and elicit specific game con-
tent that engages them most. Design recommendations proposed in this thesis shed light
on what to consider in the design and development process, and offer better comprehen-
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sion on the specific forms of interaction that specific activity types foster. With regard to 2)
(requirements), essential requirements are revealed for LBGs with this purpose to be suc-
cessful. Firstly, gameplay requirements are proposed to help game designers focus on the
game world and the elements and mechanics required to implement the gameplay dynamics
desired by players. Secondly, specific activity types are revealed, and these shed light on
what players are looking forward to have as game content. Lastly, essential architectural
building blocks are identified, without which LBGs cannot successfully offer meaningful
social interaction in public space.

8.2. CONTRIBUTIONS
This thesis has the followingmain contributions: 1) a new definition for social cohesion, 2) a
social cohesion framework, 3) a set of gameplay requirements for LBGs aiming at fostering
social interaction in public space, 4) a framework of activity types for games of this type
and purpose, with a relationship between activity types and the form of interaction they
promote, 5) a set of specific and reusable game ideas for the identified purpose, 6) a list
of architectural components that are key for games of this type to support the mentioned
purpose, 7) a modular software architecture with the key architectural components, 8) an
LBG prototype, and 9) design recommendations.

The first contribution of this thesis is a new definition for social cohesion. Several defini-
tions have been commonly used for this complex social construct around the world, such as
those used by the Council of Europe (CoE, 2008), Canadian Government (Jeannotte, 2003),
and OECD (de Cooperación y Desarrollo Económico, 2011). However, these definitions
fail to address and embrace the multicultural facet of current societies. The proposed defi-
nition stresses the important role of multiculturalism, and the values of tolerance, voluntary
participation, and diversity in society that embellish the construct of cohesion.

The second contribution is a social cohesion framework. The framework shows the
connections and inter dependencies between the individual, the community and institutions,
needed to be taken into account to better comprehend and study social cohesion in the future.
It stems from all the factors, perspectives and levels found in the literature on cohesion,
and goes beyond the body of literature by clarifying which pillars sustain cohesion and
explaining which factors are associated to each pillar. The factors included in each of the
three levels propose measures to impact and measure cohesion, while being at the same time
generic enough to be extended by other factors not currently mentioned for clarity purposes.

The third contribution is a set of gameplay requirements for LBGs with the aim to foster
social interaction in public space. Even though the game dynamic achievement is predom-
inant, all of the identified game dynamics are important, and indicate to a varying degree
what adolescents would like to experience in future games fostering social interaction. This
set of gameplay requirements is proposed, based on in-depth analysis of aesthetics and dy-
namics using the MDA framework (Hunicke et al., 2004). A methodology for the analysis
of users’ requirements for location-based games is used (based on the Triadic Game Design
(Harteveld, 2011) - for the elicitation of the worlds of reality, meaning and play of future
players, and on the MDA framework - for the distillation of game dynamics from generated
game ideas), which can be used by other researchers and practitioners to derive gameplay
requirements from users. An extension of the MDA framework is suggested, with the in-
clusion of a new aesthetic called "Care" (required to cover aspects mentioned by users and
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specifically attached to social interaction).
The fourth contribution is a framework of activity types for LBGs for social interaction

in public space, with a relationship between these activity types and the form of interaction
they promote. This thesis proposes 7 types of activities that are most effective in fostering
social interaction in public space. All of these activity types initiate social interaction and
capture the real life gameplay needed to advance in the game. The framework offered by this
thesis also furthers current understanding of the interaction that different types of activities
elicit based on the nature and types of exchanges they entail, as it can be used by designers
in 1) the analysis of game activities in existing games (in which one or more of the 7 types of
activities are embrace), and 2) the design of new game activities to specifically target one or
more types of interaction. The proposed framework provides a means with which to increase
current understanding of the impact of LBGs for social interaction on local communities,
that in turn can be embraced to foster adolescents’ and adults’ sense of belonging towards
their own neighbourhood.

The fifth contribution of this thesis is a set of specific and reusable game ideas for LBGs
aiming at fostering social interaction in public space. This set provides "food for thought"
for game/activity design that different users (adolescents, and adults) prefer. Adolescents
showed to prefer activities that 1) involve physical exertion and contact with friends, and
that 2) explore the world surrounding them and engage with face-to-face conversations with
people living in their neighbourhood. In turn, adults enjoy activities where they 1) discover
the neighbourhood (also through digital means such as QR codes, as long as the technology
used is familiar to them), 2) see there is a purpose (e.g. sharing meaningful information
about the neighbourhood with others) and that use historic land marks, and 3) have op-
portunities for natural conversations and face-to-face collaboration with other people. The
specific game ideas can be reused by practitioners of game design when preparing future
games targeting the same neighbourhoods studied, and/or serve as inspiration for similar
game activities for LBGs for social interaction in public space.

The sixth contribution is a list of architectural components that are key for LBGs to suc-
cessfully support social interaction in public space. This list enhances the understanding on
which architectural components are essential to design and implement to support a type of
gameplay leading to the aimed purpose. It stems from commonalities in essential function-
ality that different successful LBGs2,3,4,5,6,7,8 share. These components are key because
without them: the game would not be able to represent the environment of the player (Aug-
mentation) or assist him/her in the location-based game play that is central to this genre
(Navigation); multi-modal interaction with other players and the environment would not
2https://www.geocaching.com/play, Geocaching, last visited on December 23, 2020.
3https://www.pockettactics.com/guides/location-based-games-ios-android/, The best location-based & GPS
games on mobile, Jan. 2020, last visited on December 23, 2020.

4https://www.redbytes.in/gps-mobile-game-development-ios-android-2018/, Best GPS location-based games on
iOS and Android 2018, Oct. 2017, last visited on December 23, 2020.

5https://beebom.com/best-location-based-gps-games/, 8 Best location based GPS games you can play, Jul. 2017,
last visited on December 23, 2020.

6https://www.businessofapps.com/data/pokemon-go-statistics/, Pokemon Go revenue and usage statistics (2019),
May 2019, last visited on December 23, 2020.

7https://www.pocketgamer.com/games/004719/parallel-kingdom/, Parallel Kingdom, last visited on December 23,
2020.

8https://wayfarer.nianticlabs.com/, Niantic© Wayfarer!, last visited on December 23, 2020.

https://www.geocaching.com/play
https://www.pockettactics.com/guides/location-based-games-ios-android/
https://www.redbytes.in/gps-mobile-game-development-ios-android-2018/
https://beebom.com/best-location-based-gps-games/
https://www.businessofapps.com/data/pokemon-go-statistics/
https://www.pocketgamer.com/games/004719/parallel-kingdom/
https://wayfarer.nianticlabs.com/
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be possible (Interaction); tracking of the interaction with physical/digital objects, the game
play, and every game-like progression would not exist (State Progression); contribution and
involvement of players both at the level of content and maintenance of game play would not
be possible, rendering long-term game play of an LBG designed for social interaction obso-
lete (Participation); and the centralised orchestration andmanagement of the game, required
for the consistency of the game, would render the game unplayable (Administration).

The seventh contribution of this thesis is a modular software architecture based on the
identified key architectural components. The modular software architecture not only guides
designers and developers on which components to include, but also that they benefit from
a modular approach that grants freedom of implementation. This aids designers and devel-
opers without constraining either their creativity (through a too detailed method) nor their
freedom of choice (of how to implement each component). The proposed modular software
architecture provides guidance on how to create a system for an LBG that can potentially
trigger social interaction in public space. This modular software architecture supports the
six components identified, and can be extended to include other components for other types
of functionality as needed. This architecture provides future game designers and developers
of LBGs support for less complex game design and development processes, while leaving
room for creativity and modular implementations.

The eighth contribution is an LBG prototype that is capable of inviting players to have
meaningful social interaction in public space. The LBG prototype (’Secrets of the South’
- SotS) has been developed and tested with children, adolescents and adults in The Hague
and Rotterdam, the Netherlands, where it was shown to successfully foster social interaction.
The SotS is proposed after a 4-step general procedure that put future players at its centre,
and implements 1) all the identified user requirements documented in this thesis, and 2)
the proposed modular software architecture with all key architectural components. SotS
provides opportunities for players to interact with both their friends and (un)known passers-
by, invites them to the real physical environment of the neighbourhood and its social context,
and offers opportunities for social interaction that is overall positive to players and positive
or neutral to others involved (Fonseca et al., 2021; Slingerland, Fonseca, et al., 2020).

Lastly, the ninth contribution of this thesis is a set of design recommendations. These
design recommendations regard design choices made during game concept definition, and
provide a basis for future designs of serious games for meaningful social interaction to be
made based on the experience reported in this thesis and in the literature. These design
recommendations are distinguished from the specific requirements on game dynamics for
the game world that LBGs with this purpose should implement which, unlike such game
dynamics, do not concern the actual implementation of the gameplay.

8.3. FUTURE WORK
With regard to the construct of social cohesion, future research should focus on the influence
of and between each of the levels (the individual, community, and institutions) on the design
and implementation of interventions for social cohesion. All three pillars play a role in
the upkeep of social cohesion, as well as the type of cohesion observed. Future research
should explore how local communities react and evolve based on interventions at the level
of each of the pillars individually and combined. This will enhance current understanding
on the relative importance of each of the pillars for cohesion, which in turn can result in
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more efficient designs of interventions. In turn, interdisciplinary studies can shed light on
interrelated processes affecting more than one pillar. The nature of each pillar mandates the
consideration and use of different disciplinary perspectives (potentially combined), and it
must be better understood up to which point cohesion-related phenomena are interrelated.
The improvement of current understanding on cohesion and what/how affects it must be
further studied to be clearly understood in which way current societies can become more
(socially) resilient.

The improvement of current understanding on what/how affects cohesion would also
potentially require an update to the social cohesion framework (SCF) that is proposed in
this thesis. The SCF is a tool with which social cohesion can be characterised in is levels
and aspects, regardless of the perspective taken. Future research can further develop the SCF
(a generic framework) into a more detailed tool. With a more detailed SCF, practitioners
and researchers can better characterise the social cohesion observed in different locations,
by comprehending which phenomena is playing a role in the observed cohesion. It would
also develop a better understanding of how it varies from one level (e.g. micro level - the
local community of the individual) to another (e.g. macro level - the overall society), and
the reasons why.

Another important aspect for future work is the need to further current understanding of
the preferences, needs, and desires of users. With regard to adolescents, this thesis explores
the requirements that adolescents of specific neighbourhoods in the South of Rotterdam,
The Netherlands, have. Different social contexts, even the same country, can potentially
reveal details that are not apparent to game designers, highlighting not only the importance
of involving future players in the process of requirements elicitation, but also the potential
for games to explore novel ways to expose adolescents to their surroundings and the people
in them. Future studies need to further current understanding of the studied target group,
by not only considering higher numbers of participants in the same/similar social contexts,
but also by considering the different participants of the same target group but completely
different social contexts.

Still with regard to the preferences, needs and desires of adolescents for social interaction
in their neighbourhood, a limitation of the type of case studies performed (based on gamified
workshops) is that it is possible that different preferences, game ideas, and ultimately desired
game dynamics can be elicited through similar, or even different workshop designs. Priming
of adolescents took place to aid the creative process of idea generation, and future work
should elicit the adolescents’ requirements through different setups than those documented
in this thesis. Such research can reveal if and how adolescents’ preferences change with
regard to the game dynamics desired by them, or if they tend to be similar/the same. This
thesis argues that all the lessons learned with regard to gameplay requirements are important
and indicate to a varying degree what users of this age group would like to experience in
future LBGs fostering social interaction. Yet, future work can reveal other predominant
game dynamics, particularly if the pool of participants becomes more gender balanced. Not
only on other predominant game dynamics, future work must further specify the identified
game dynamics which are at a high level, by for example proposing possible design patterns
that describe how to put game mechanics and elements together to provide these dynamics
of play. It is recommended that such future work includes a user-centric research through
design methodology, as it covers an often overlooked perspective that can bring about key
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knowledge on users, their context, and their preferences.
Beyond the gameplay requirements, another finding of this thesis that needs to be fur-

ther studied is the extension of the MDA framework (Hunicke et al., 2004) used to analyse
game ideas and extract dynamics of play. This thesis proposes the inclusion of "Care" as
aesthetic, given that the original framework did not completely cover everything that the
involved adolescents mentioned. Future work should propose an empirical analysis on the
validity of this new aesthetic, all the while researching what other aesthetics could exist
and be included. As human emotions are numerous and complex, having a more complete
taxonomy of aesthetics can help structure the process of game design and make it less de-
pendent on individual game designer’s preferences. In addition, the relationship between
the list of game dynamics identified in this paper and the degree to which social interac-
tion is fostered, should be further explored. Future work in this direction will shed light on
the relative importance of each requirement with respect to the form of social interaction
involved.

Future work can also go a step beyond and analyse what is known so far with regard to
the relationship between mechanics, dynamics and aesthetics, and potentially propose more
advanced tools to more efficiently extract actionable game dynamics/mechanics/elements
from game ideas proposed by users. This thesis makes an analysis at the levels of aesthetics
and game dynamics, as it considers that an analysis at the level of mechanics would be too
detailed. Yet, it is often not well understood what possible dynamics and mechanics there
are, and even though the concepts of game "mechanic" and "dynamic" are well defined, no
comprehensive tool of analysis exists, where a detailed and unanimously agreed upon list of
mechanics and dynamics is offered. Such comprehensive tool of analysis can be studied in
the future.

As continuation of this thesis, an avenue for further research is the improvement of en-
gagement levels that LBGs for social interaction can provide. The framework of activity
types that is proposed in this thesis is a product of several case studies on the way different
user groups prefer being exposed to their own neighbourhood and interact with the people
in it. Future work can further explore how these activity types can foster higher engagement
levels of immersion in the overall intended game experience, through a variety of game ele-
ments and novel technical artefacts such as augmented reality, puzzles, or sensors/actuators
from the internet of things more recently found in smart cities. Location-based games al-
ready offer numerous possibilities with ever evolving sets of hardware/software tool kits,
and future work should not only drive the game design further into what location-based
games can technically support, but also exploit 1) LBGs in combination with technology
that can more seamlessly interact with the real environment, and 2) combine elements and
mechanics to drive engagement towards purposeful interaction in public space.

This thesis researches different user groups and their preferences, needs and desires for
an interaction-based gameplay. In general, future work could focus on scaling the research
up by involving more participants and from a wider age group. With regard to adults, dis-
covery is an important motivator for citizens to explore their neighbourhood. Future work
should address discovery and how it can be properly used in the game design to sustain en-
gagement with a longer-term gameplay. Discovery is something that can be done only once
per location, person, or story. On the one hand, current research indicates that reflections on
a familiar place can support the discovery of new meaning (Jones et al., 2019), and future
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research can explore whether re-doing gaming activities in the same locations can be done
in such a way to gradually discover more details about a location or story. On the other hand,
games have been exploring ways to allow citizens to add game content and fuel a gameplay
that provides players with the possibility to keep discovering new parts of the game (Slinger-
land, Fonseca, et al., 2020). Future research can explore if player participation is enough to
fuel a longer engagement with the game and the play it invites. It is also subject of future
work the inclusion of other actors beyond citizens, in the longer-term maintenance of LBGs
for social interaction. The discussed gameplay takes place within the urban environment,
and public institutions, such as local governments or community centres, are actors that can
become players of the game and take a more participatory role in it. Future work can focus
on how different LBGs can bring different actors together, and promote player engagement
based on content and activities that appeal to the local social context of players.

Another way future research can address discovery is through the exploration of the bal-
ance between discovery and familiarity that works best for adults, given that the discoveries
that can be made through the game must relate to their daily lives. This is a complex re-
search avenue, for participants have different levels of familiarity even when it comes to
their neighbourhood, and lack of familiarity may not have a direct impact on engagement
during gameplay. The case studies with adults reported in this thesis argue that other factors
such as the gaming activities or personal interests played a role in player engagement, and
future research can shed light on exactly what factors played a role in player engagement
(and how exactly they manifest) in LBGs for social interaction.

With regard to adolescents, research shown in this thesis argues that adolescents have
distinct preferences for activity types when compared to adults. Yet, similar to the studies
done with adults in this thesis, only a limited number of participants, locations and social
contexts were used to research user preferences and needs. Further research is required to
generalise the lessons learned with regard to activity types, and it should consider different
locations, and other participants of the same target group. Future work will be able to map
in more detail the sort of activities that each target group likes (or has a tendency to like),
and, with each group, make a potential distinction based on gender or other criteria. It is also
possible that future research reveals more types of activities, or that the preferences of users
change for example in function of time (different generations) or place (different countries).

Still with regard to the activity types that LBGs should offer to engage players in social
interaction with (un)known people, future research needs to be done on the activity types
and the forms of interaction they are designed to promote. The analysis offered in this thesis
is based on literature alone, and the strength of the findings can be enhanced in future studies
with case studies designed to practically experiment and observe the triggered interactions,
and that correlate those interactions with the types of activities found. Such future research
can then expand the framework of activity types advanced in this thesis, and turn it into
a more detailed and reliable instrument with which 1) existent games can be analysed in
the forms of interaction they trigger, and 2) new game activities can be designed in such a
way to target a desired form of interaction. Furthermore, the temporality of the interactions
as a result of gameplay can be investigated further for all challenge types. For instance,
whether social interactions are sustained after gameplay and whether some challenge types
are more effective in supporting sustained interactions than others, between players and/or
people involved in the gameplay.
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In the context of this thesis, specific game ideas were co-designed with adolescents to
1) provide "food for thought" for game/activity design, and 2) better understand their pref-
erences, needs and desires. The specific game ideas generated in this thesis also represent a
two-fold limitation for future re-usability: they are specific to adolescents (the adolescents
that participated), and to the neighbourhoods studied. Even though the co-designed set of
ideas serve the purpose of serving as inspiration for the creation of future game content spe-
cific to adolescents and the studied areas, future work should address these limitations by
co-designing ideas that appeal to 1) similar target groups but other locations, and 2) different
target groups in both the same and different locations. Such work will help shed light into
specific game activities that engage players most, which can not only influence the actual
game designs proposed to future players but also further what is known about activity types
and forms of interaction.

This thesis proposed a list of architectural components that are key for LBGs to suc-
cessfully support social interaction in public space. Important aspects for future work are
the evolution of technology based on which LBGs can offer more engaging and successful
gameplay experiences, and the consideration of novel aspects in game design explored by
different and more recent LBGs. On the one hand, the technology available to LBGs dictates
what is possible to explore, and it is likely that future hardware/software innovations will
mandate the consideration for other architectural aspects currently not highlighted. On the
other hand, the list of architectural components that is proposed in this thesis is based on the
analysis of successful LBGs that are appreciated by millions of players, yet, newer games
are always being proposed. Future research should compare the list of architectural compo-
nents with newer successful games, and explore if there are other architectural components
that also play a key role in meaningful engagement with LBGs designed for interaction.
Further work should also empirically analyse the relative importance of each of the archi-
tectural components to the desired purpose: LBGs for social interaction in public space,
where players engage in neighbourhood exploration and social encounters with (un)known
people.

With regard to the modular software architecture proposed in this thesis, which also
builds on top of the identified list of architectural components, future work can further im-
prove and expand its level of detail. The proposed architecture aims at guaranteeing that
designers and developers know which architectural components to include, all the while
granting freedom of implementation. Future work can provide further ways to expand the
proposed architecture. Firstly, this can be done by exploring novel or existent frameworks,
online platforms, and online services that are specific to games and can sustain more com-
plex game designs. Doing so can lead to the use of more realistic maps or immersive game-
play experiences, and trigger other phenomena that was not considered in this thesis and
that can be studied in their impact on social interaction in public space (e.g. immersion,
flow). Secondly, research on the specific social context that local communities have, or
newer insights on social resilience, cohesion or interaction, can shed light on other interest-
ing gameplay experiences relevant for meaningful interaction. Considering an ever evolving
body of knowledge, and different ways of implementing the proposed modular architecture,
not only helps designers make interesting gameplays to ever changing players and require-
ments, but broadens up current understanding of how to technically build LBGs for social
interaction. Thirdly, future research can focus on exploring ways to expand the proposed
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software architecture with other secondary modules to target the provided architecture to
even more specific purposes within interaction (e.g. shared fun, cooperative public work,
or neighbourhood exploration). To these more specific interaction-based purposes, other
secondary modules may prove to be valuable extensions to the essential key components
proposed in this thesis. Lastly, the proposed architecture aims at making the process of
game design less complex, and it can be considered as the first step in that direction. Future
work can broaden the work done in this thesis to further simplify the design and development
of LBGs for social interaction. One example on how this can be done is the creation of IT
tools capable of generating a game skeleton, upon which developers can quickly implement
their specific game design and address all essential pieces for a successful game.

In the context of this thesis, the ’Secrets of the South’ (SotS) is a prototype of a location-
based game that is developed for social interaction in public space. However, at this stage
of design, it is not prepared to be used "out of the box" without technical expertise. In its
current version, the presented game could benefit from further development to make it more
readily accessible to other locations, easier to use and contribute with game content, and
lower the technical adoption barrier. Future work could focus on these aspects, propose an
online platform that offers the possibility for any citizen to promote gameplay in his/her lo-
cal community, and even make the SotS accessible to specific purposes that different social
actors may have. An example of this is schools, and the adaptation of the SotS to the devel-
opment of 21st century social skills in informal educational settings. Further work on such
an online platform could allow the SotS to be used to promote social encounters throughout
the city in a straightforward way (targeting the studied age groups), and allow different ac-
tors to be in charge of the design of the gaming activities (e.g. local tourism, neighbourhood
exploration). Such work should also create a set of guidelines based on those reported in
this thesis, to be easily accessible by those actors.

The SotS game prototype requires further evaluation to more strongly measure its im-
pact in different target groups, and within the same target groups in other social contexts.
The design recommendations reported in this research stem from our experience with the
SotS game, and future work should aim at generalising these recommendations. Further em-
pirical evaluations should be done with a bigger number of participants, in locations with
similar and different social contexts, different target groups, and even other LBGs designed
for the same purpose as the SotS. Further research is needed to understand whether sim-
ilar findings hold for different social contexts and age groups that are bound to different
countries, socio-economic realities, and different cultural norms and values. The referred
design recommendations are based on a game prototype that stems from what adolescents
with a narrow age range informed as preferences and needs. Therefore, the created game
prototype provides a gameplay experience that is biased towards specific forms of interact-
ing with others that are preferred by the studied age groups, which is a limitation that needs
to be addressed in the future. The SotS overall game prototype benefits as well from being
further tested in its usability (Brooke, 1996) and triggered engagement levels (Brockmyer
et al., 2009). Doing so can shed light on aspects such as presence, absorption, and dissocia-
tion, which can affect the triggered social interaction and its meaning to players. Such work
can be complemented with statistical analyses on the relationships between aspects offered
in the SotS, for example challenge categories and player experience with regard to social
interaction.
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Lastly, the research done aimed for gameplay experiences occurring during (or that are
close to) the real life of the participants involved (both players, and the unfamiliar people
involved in the gameplay). Such conditions are more complex to study, given that they
are permeated with uncontrollable restrictions (such as the control that the teachers and re-
searchers had to maintain for the safety of the adolescents), uncontrollable variables (such as
specific cars on the street or who is walking through a given location), and conditions that
influence lessons learned (different conditions can lead to different findings, such as hav-
ing participants use their own smartphone, one smartphone for the whole group, or having
participants interacting only with their friends). Strangers in particular were involuntary
participants of the reported case studies in this thesis, and the results could differ if only
voluntary participants would be considered. This thesis argues that the uncontrollable re-
strictions add to the realism of the study, which aims at fostering social interaction in a way
that is meaningful to players: fostering interaction with volunteers only would potentially
influence the results, but arguably not in a realistic way. Future work should explore both
realistic interaction settings and more controlled setups, as doing so would greatly expand
what is known about the best way to design for meaningful social interaction when mediated
by LBGs.



A
SUPPLEMENTARY MATERIAL OF

CASE STUDY IN SUB-CHAPTER 4.1
This appendix contains the material supporting the case study in chapter 4.1: the structures
of the workshops done, and the analysis done with the MDA tool, for the aesthetics and
dynamics composing the game ideas.
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A.1. STRUCTURE OF THE WORKSHOP 1

Table A.1: First structure for workshop 1.
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A.2. STRUCTURE OF THE WORKSHOP 2

Table A.2: Revised structure for workshop 2.
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A.3. GAME IDEA ANALYSIS: MDA
The MDA framework can be used to analyse game ideas through different but interrelated
ways: aesthetics, dynamics, and mechanics (Siriaraya et al., 2018). Aesthetics are the tar-
geted emotions evoked in the player, resultant from dynamics observable during the game
play, which are in turn implemented through several particular game mechanics. The MDA
framework advances a list of nine aesthetics, but does not do the same for neither dynamics
nor mechanics. On the one hand, aesthetics, defined as the emotions evoked in the player
during his or her interaction with the game, are on a very high level for requirements. On
the other hand, mechanics, or the particular components of the game, are too fine grained.
Dynamics are defined as "the run-time behaviour of the mechanics acting on player inputs
and each other’s outputs over time" (Siriaraya et al., 2018).

For the purpose of requirements analysis, this research analyses all game ideas at the
level of dynamics. Per game idea, it is analysed how each aesthetic is elicited from the
player, and then, per aesthetic, it is analysed how it is achieved in terms of dynamics. The 9
aesthetics are described as follows:

• Sensation is when the player experiences something completely unfamiliar to them;
• Fantasy is when the player gets caught up in an imaginary world, and tied in to some-

thing that they feel could exist. This is what fuels the player’s feeling of immersion;
• Narrative makes a story which drives the player to keep coming back, where the

player wants to figure things out;
• Challenge is when the player feels the need to master something. Planning for this

aesthetic is what boosts a game’s replay value;
• Fellowship is portrayed when a community is formed that the player is actively a part

of. Encouraging multiplayer interaction increases fellowship;
• Discovery is fuelled by the players need to explore. Vast worlds and secrets so players

can explore at their own will. Also, give the player reason to explore (special gear,
increased stats, bonus levels...);

• Expression occurs when players play to use their own creativity or leave their mark.
Character creation will allow players to showcase their avatars, and take pride in their
work;

• Submission is when a player literally ’submits’ themselves to the game. The player
is bound or constrained by mechanics, but they love it the entire time;

• Competition, in/explicit, (in)direct contest or rivalry;
Throughout the analysis of the game ideas, several game dynamics emerge. However,

to be easier for the reader to follow the analysis, and to allow a more concise presentation of
the analysis, the full list of game dynamics is presented and defined upfront. The definition
of these game dynamics are as follows:
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Dynamic Definition

Achievement Provide a sense of accomplishment to the player, either as an indi-
vidual or as a group, resultant from task completion;

Collaboration Enable players to achieve a shared goal by working together, which
may be necessary to advance the game play;

Collection
Promote the player returning to the game, by creating an objective
of collecting items in the game that can be accomplished throughout
time and several game plays. Collection is the act of gathering game
elements in the game environment (either digital or real world) for
the purpose of ownership, trade, or improvement of condition;

Community
Contribution

Impact the real environment, outside of the game, by involving peo-
ple not actively playing the game or creating positive consequences
of the game play in the rhythm of the neighbourhood;

Digital Interaction
Promote play and engagement by influencing communication be-
tween players, while also allowing them to influence the game play
of other players in the digital world. Digital interaction happens for
e.g. in the form of communication, digital group formation, or mul-
tiplayer mode;

Exertion
Motivate players to do activities involving physical effort, which cre-
ates a different approach for them to advance in the game. This in-
volves physical effort that is required to perform an activity or solve
a challenge linked to the game;

Lottery
Add surprise to what the game originally presents to the player, and
prevent the player from getting used to the game. It is done through
random events that affect the game play or its outcome;

Mission
Add fantasy and overall purpose to the game play, usually through a
tale, general narrative, or as overall mission. It can also be achieved
by smaller missions that add to the overall tale;

Ownership
Make players participate, own and be responsible for part of the game
content. Players participate in the game by bringing in content, and
that content is a contribution that makes players (partially) own the
game and influence other player’s game play;

Real-World Play Embed the play in the physical environment and allow the player to
be physically active;

Reinforcement Foster play and engagement, e.g. a reward given in case a certain
action or outcome occurs;

Social
Interaction

Establish interaction and face-to-face communication, either with
other players or with people not actively playing the game;

Virtual
Representation

Promote the player in the game by digitally representing the player’s
state, visibility, or social status;
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Table A.3 (continued)

Winning
Condition

Quantify success and accomplishment within the game. A winning
condition either implies a comparison and competition between play-
ers, or a competition between the player and the game. These are
required conditions to complete game tasks;

Table A.3: Aesthetics of the MDA framework (Hunicke et al., 2004).

The following tables show the full game analysis for each game idea. They show which
game aesthetics are present per game idea, and, per aesthetic, how the aesthetic is imple-
mented with the identified game dynamics.
A. G1 - Keep on Running

Aesthetic Dynamic Reasoning

Fantasy

Players deal with monsters in the team’s quest to accomplish tasks

Achievement
Present in the game as the sense of accomplishment from
dealing with monsters

Mission Used in this game for accomplishing tasks as a team

Challenge

Players accomplish challenges, finish assignments given by other players,
look for virtual and physical objects, have tasks being randomly assigned
to their group, and have challenges of different natures (virtual and phys-
ical).
Achievement Occurs when players accomplish challenges in this game

idea
Collection Players look for, and collect, virtual and physical objects
Digital
Interaction

Players create challenges for others, receive points with
the other team’s success, andmessages are sent for players
to form a team

Exertion The challenges in Keep on Running can be of physical
nature, such as running, sprinting, or dancing

Lottery Challenges are randomly assigned to teams
Social
Interaction

Players need to perform challenges together with other
players

Fellowship

Players send out messages to nearby players, enter the game and form
a group, have challenges being performed as a group, have individual
players partially contributing to the overall success of the group, and get
points from other team’s success.

Achievement
Players are capable of forming a group with other players
and jointly solve challenges

Collaboration
Challenges have to be performed as a group and partial
solutions count for the group’s progress
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Table A.4 (continued)
Digital Inter-
action

Players send out messages to nearby players and form a
group

Reinforcement The incentive of getting points from the other team’s suc-
cess

Social Inter-
action

Players physically perform challenges in close proximity
with the group

Discovery

Players look for virtual or physical objects in the environment to collect
items/gold, have the game throw random tasks to the groups, and have
challenges of virtual and physical nature that make them discover the sur-
roundings.
Collection Collect items/gold
Lottery Random tasks are thrown to the group
Real-world
Play

Players walk around and look for objects in the surround-
ing environment

Expression

The game allows players to use items to personalise the player’s avatar,
show the player’s progress with the avatar, represent the player’s state
with that avatar, and allows groups and individuals to create new chal-
lenges for the other group to complete.

Achievement
Player’s status in the game represents how far the player
is in the game

Ownership
Players participate in the game and own the challenges
created for the other team, which allows them to express
themselves

Reinforcement Personalised avatar shows progress in the game
Virtual Rep-
resentation

Players personalise their digital avatar and show their state
in the game via the avatar

Competition

The game fosters competitions between two groups of players, and players
can finish a challenge first, earn gold by accomplishing challenges and by
having a winning team.

Achievement
Finish challenges, create challenges for others, compete
and beat another group

Collaboration Compete with another group as a team
Exertion Challenges of physical nature, such as running or sprinting
Reinforcement Earn gold by winning
Winning
Condition

Players need to finish the challenge first, which is a win-
ning condition and leads to competition

N/A Aesthetics not present in game: Sensation, Narrative, Submission.

Table A.4: Game analysis of G1: aesthetics present (explained in italics), and dynamics implementing each aes-
thetic.
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B. G2 - RealCraft

Aesthetic Dynamic Reasoning

Sensation

The aesthetic sensation is included by having players discover other play-
ers’ creations. The game play of this game is also expected to be scalable
up to the whole city or country, which makes players potentially experi-
ence unfamiliar game play.
Achievement Players need to be able to discover the creations of others
Community
Contribution

This game has the potential to impact the livability of the
location where the game play occurs

Ownership Players own their creations
Virtual Rep-
resentation

The game promotes visibility, i.e., players can find other
players and their creations

Fantasy

The aesthetic fantasy is included by having players building virtual ob-
jects, fighting against enemies, and collecting assets from the environ-
ment.
Achievement Players are able to build objects they ideate
Collection Collecting assets
Real-world
play Walking around the environment

Narrative Present through the storyline of fighting against enemies.

Mission The game has a purpose that is clear to the player

Challenge

Included by having players collecting assets and building virtual objects,
fighting against enemies, winning battles and building objects, and doing
that when together with other players and in combination with different
types of assets.

Achievement
Players must fight and win, and build objects that are com-
plex ormade of different types of assets, which contributes
to sense of accomplishment when h/she is successful

Collection Players can build objects when together with other people
Real-world
play

Players have to walk around the environment to build ob-
jects in certain locations

Social Inter-
action Same as collection

Fellowship

Present by having the player building objects in the environment together
with other players, having other players being able to see the objects built
by a player, having players exchanging messages to trade, collaborating,
building, and actually trading and exchanging assets with other players.
Achievement Collaborate and build
Collaboration Players have to building objects together
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Table A.5 (continued)
Collection Trade objects
Digital Inter-
action

Send messages, trade objects
Ownership Built objects are left for others to see
Real-world
Play Walk around the environment to build

Discovery

Present through the collection of assets from the environment, and setting
of the environment at Zuiderpark.
Achievement Collecting several assets means being successful at that
Collection Collection of assets
Real-world
play Game play in the real environment

Expression

Included by having players improving and customising the avatar, and
using different combinations of types of assets to build their objects.

Achievement Players have to build more complex objects by combining
assets

Virtual Rep-
resentation The existence of avatars

N/A Aesthetics not present in game: Submission, Competition.

Table A.5: Game analysis of G2: aesthetics present (explained in italics), and dynamics implementing each aes-
thetic.

C. G3 - The Voice of South

Aesthetic Dynamic Reasoning

Sensation

Present in this game through the performance of players, and of making
music.

Ownership Players contribute with performances and are responsible
for them

Real-world
Play

Players have to do real performances in the real environ-
ment

Challenge

Players record people singing or making music in the neighbourhood.

Achievement
Players are able to perform, make music, and sing in the
neighbourhood, which contributes to the sense of accom-
plishment and success

Ownership Players own their performances and contribute to the
game

Real-world
Play Players perform in the real environment
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Table A.6 (continued)

Fellowship
The game enables other players to listen the performance of players on
the spot.

Reinforcement Players receive support while performing, and that allows
for togetherness to be fostered

Discovery

Players make music in the neighbourhood.

Real-world
Play

Players have to walk around in the neighbourhood and
choose the place to perform, the audience they have, and
everything related to the environment

Expression

Players perform (sing, rap, make music).

Achievement Sense of accomplishment after a successful performance
Exertion Performances (dancing) might involve physical effort.
Real-world
Play

Players need to walk around the neighbourhood to per-
form or record others

Competition

Included in the game idea by having the best songs/raps/clips of the
player’s performances being put on top of leader boards, and having so-
cial status and visibility as a result.

Reinforcement Leader boards, status, and visibility show the ranking (ap-
preciation) that the players got with their performances

Virtual Rep-
resentation

Players compete for the best social status and visibility of
the performer

Winning
Condition

The game allows players to differentiate performances by
ranking the best songs, which makes players compete for
the best rankings

N/A Aesthetics not present in game: Fantasy, Narrative, and Submission.

Table A.6: Game analysis of G3: aesthetics present (explained in italics), and dynamics implementing each aes-
thetic.

D. G4 - Water Ball

Aesthetic Dynamic Reasoning

Sensation

Incorporated in this game idea through the engagement with other play-
ers.
Digital Inter-
action

Players throw balls to people with the smartphone
Social Inter-
action

Face-to-face contact with people is promoted through the
virtual interaction mechanism

Challenge

Players throw virtual balls at each other, and get points from hitting dif-
ferent players.
Achievement To be able to find a different person and hit her
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Table A.7 (continued)
Collection Gather different contacts throughout the game play
Digital Inter-
action

Mechanism of interaction, of throwing digital balls to
players

Reinforcement Receive points for successful hits
Real-world
Play Find players in the real world

Fellowship

Present in the interaction occurring between the player and other players,
which makes them get to know one another.
Achievement Players have to find new people to interact with
Social Inter-
action

Face-to-face interaction with people that promotes com-
munication

Real-world
Play

Such communication happens in the real world environ-
ment

Reinforcement Successful interactions plus the points collected incentivefurther ones and reinforce fellowship

Discovery

Included when the player enters in contact with people in the environment
and has to search for people to hit with the ball.

Achievement
The player hast to hit other players, which in this case also
triggers further discovery

Social Inter-
action

Face-to-face interaction with people that promotes com-
munication

Real-world
Play Such discovery happens in the real world environment

Reinforcement Successful interactions plus the points collected incentivefurther ones and reinforce fellowship

Competition

Incorporated in the game idea by having players targeting different play-
ers due to the threshold put in place on the maximum points per per-
son, which makes the game distinguish players’ achievements through the
amount of points.
Achievement Players target several different people
Reinforcement Players earn points
Winning
Condition

There is a competition between the player and the game
on the number of points

N/A Aesthetics not present in game: Fantasy, Narrative, Expression and Sub-
mission.

Table A.7: Game analysis of G4: aesthetics present (explained in italics), and dynamics implementing each aes-
thetic.

E. G5 - Eat & Go
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Aesthetic Dynamic Reasoning

Sensation

Present when players are able to experience the excitement of beating
other players.
Achievement Players get to finish challenges and feel successful
Winning
Condition

Players are able to beat other players and be better than
them at a challenge

Challenge

Included when players challenge other people in sports, trade points
for free and more varied food over time, discover new food and be-
come healthier, and solve challenges randomly encountered while walk-
ing around.

Achievement Players perform in sports competition and discovering
food

Collaboration Players do joint activities with other players
Exertion Physical effort in the competitions done
Lottery Challenges are randomly thrown to players
Ownership Players are responsible for "bringing" challenges to other

people
Real-world
Play Players discover new food around the real environment
Reinforcement Players can get points and trade them for a variety of food
Winning
Condition

Players do challenges against other people

Fellowship

Present in the game idea when players form a group, eat together, and do
activities together.
Achievement Players form a group and accomplish activities as a group
Collaboration Players accomplish activities as a group
Community
Contribution

Players do activities that might include people not actively
playing the game

Reinforcement Players accomplishing activities as a group get points
Social Inter-
action

Players do activities and are together

Discovery

Integrated in the game by having players walking around and challenging
people around them.
Collaboration Players do joint activities with other players

Ownership
The more people participate in creating challenges to be
solved, the more game play experience in public space is
fostered

Real-world
Play Walking in public spaces
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Table A.8 (continued)
Winning
Condition

Players do challenges against other people

Expression

Included as challenges allow for expression, e.g. via flash mobs.

Achievement Players are capable of expressing in public
Community
Contribution

Impact the neighbourhood with a prolonged game play by
making people perform in such challenges for food

Real-world
Play

The game makes people walk around the neighbourhood
and solve challenges in the real environment

Reinforcement Players are rewarded for successful challenges done.
Social Inter-
action

Interact with other people or players face-to-face when
challenging them

Submission

Included in the game by having points being collected as a group, which
means the players have to submit to the group’s intentions or rules in a
specific challenge.
Achievement Players are able to support the group in the task
Collaboration There is a notion of group and the group’s goal
Ownership Players are responsible for the individual contribution
Social Inter-
action

In the collaboration, players interact in person
Winning
Condition

The group has to beat other(s) in the task

Competition

Present when players beat other players in sports competition, and doing
challenges makes player win or lose points.
Achievement Players have to beat others in competitions
Collaboration Agroup of players has to collaborate to beat another group
Exertion The competitions can involve physical effort
Real-world
Play Such competitions happen in the environment
Reinforcement Players gain points from beating other players
Social Inter-
action

Competitions involve more people competing at the same
time

Winning
Condition

Players have to beat others in competitions
N/A Aesthetics not present in game: Fantasy, and Narrative.

Table A.8: Game analysis of G5: aesthetics present (explained in italics), and dynamics implementing each aes-
thetic.

There is a component of this game that is not covered with the current list of aesthetics,
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which is the adaptation of the game to things other than food, joint activities such as vol-
untary work or providing help in repairing things for others, or doing things together such
as cooking or eating (without winning conditions). This is implemented with the dynam-
ics community contribution (some challenges have a direct impact in the neighbourhood, as
they involve collecting garbage or voluntary work), real-world play (walking around Zuider-
park), collaboration, achievement (helping others, contributing to something outside the
game play), ownership (participating in the game play and contributing for a good cause),
and social interaction (the nature of the tasks involve face-to-face communication and in-
teraction).

This research proposes the aesthetic "Care" to cover this. This aesthetic is an aesthetic
for players looking for a gameplay aimed at giving back to the community. Games with this
aesthetic invite players to engage in offline community building, care for the community,
the environment, and the people in it.
F. G6 - Minecraft GO

Aesthetic Dynamic Reasoning

Fantasy

Included in the game by having natural disasters testing the players’ cre-
ations, while letting players own a region.
Achievement Players succeed when buildings withstand natural hazards
Ownership Players can own a region and buildwhatever structure they

would like to have in it
Winning
Condition

Players succeed when buildings withstand natural hazards

Narrative

Present in the game in the story line and related assignments of the game.

Achievement Players succeed by completing tasks
Mission

There is a story line with an overall mission and smaller
assignments for the game

Challenge

Players have to see whether their own buildings can withstand natural
disasters, go through the assignments of the game, own a region and keep
it intact, and trade with other players to advance in the game.
Achievement To see whether the structures built withstand the hazards
Collaboration Trading with other players to advance in the game
Digital Inter-
action

Trading with other players
Ownership Own a region through building a village and other con-

structions
Reinforcement The success of having the structures built withstanding thehazards
Winning
Condition

The success of having the structures built withstanding the
hazards
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Table A.9 (continued)

Fellowship

Players become part of the fantasy of others, trade construction objects,
build with other players, create their villages and invite friends to build
with them, and advance throughout the game by making friends.
Achievement Players have to make enough friends to advance
Collaboration Players contribute to the fantasy of others, and make

friends
Collection Players have to make enough friends to advance
Digital Inter-
action Trade, make friends

Discovery

Players move around the neighbourhood to get unique resources, while
exploring the whole neighbourhood.

Achievement Players have to collect items spread across the environ-
ment

Collection The act of collecting unique resources
Real-world
Play

Players have to walk around the neighbourhood to explore
it and collect materials

Expression

Players place content everywhere in the neighbourhood, create places
for playing with each other and meeting each other in real life, create a
personal logo, and have a personalised style.

Achievement
The amount of structures build and left around the neigh-
bourhood leads to the sense of accomplishment

Community
Contribution

Players start hanging out in common places
Ownership The contribution the player makes to the game in terms of

constructions
Real-world
Play

Players place content everywhere in the neighbourhood,
which implies walking around

Reinforcement The rewards of having multiple content, social status and
visibility stemming from the player’s creations

Social Inter-
action

Face-to-face interactions in these places
Virtual Rep-
resentation

Players get social status and visibility of the logo plus
avatar

Submission

Included by having players submitting themselves to other players’ vil-
lages and wishes (e.g. construction style).
Achievement Players build something
Collaboration Players build something together with others
Digital Inter-
action

Players communicate and agree on what and how to build

Reinforcement Rewards from having helped another player in his or her
village
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Table A.9 (continued)
Virtual Rep-
resentation

Players leave their mark behind in the overall construction
of others

Winning
Condition

Players collaborate with others player to build a structure
that withstands natural hazards

Competition

Players compete with other players for the biggest number of buildings,
and try to own regions.
Achievement Players beat other players and own something
Collaboration It is necessary to create a region together with other play-

ers
Collection Number of buildings
Digital Inter-
action

It is necessary to create a region together with other play-
ers

Ownership Players bring new creations to the region to make it bigger
than those of other players

Winning
Condition

Players have to have the biggest number of buildings
N/A Aesthetics not present in game: Sensation.

Table A.9: Game analysis of G6: aesthetics present (explained in italics), and dynamics implementing each aes-
thetic.

G. G7 - GTA Rotterdam

Aesthetic Dynamic Reasoning

Sensation

Incorporated in this game idea by having players chasing and evading
other players.
Achievement Players have to chase, evade, or catch someone
Exertion Players have to run and grab others
Real-world
Play Game play happens in an outdoor environment
Social Inter-
action

Physical play together with other people
Winning
Condition

If players get caught, they lose

Fantasy

Players have to find fictitious items such as drugs, and they have a water
gun and a dog at their disposal to help chase suspects.
Achievement To find drugs and chase suspects
Digital Inter-
action

Interaction with other players in the virtual world
Mission To find drugs and chase suspects
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Table A.10 (continued)
Social Inter-
action

Digital interaction leads to face-to-face interaction
Virtual Rep-
resentation

Players are represented in the virtual world in order to be
found

Narrative

Present throughout the game assignments requiring players to follow
somebody, kidnap, and to discover drugs or things.
Achievement To discover and find suspects
Mission The overall purpose of the game

Challenge

Present in the game via the negotiation that players have to do between
themselves, the assignments they have to solve (follow people, abduct,
finding something or someone, and discover hidden drugs), and the speed
and efficiency players have to have to have a better score.
Achievement Players have to find things
Collaboration Players have to interact and collaborate through negotia-

tions
Digital Inter-
action

Players have to interact and collaborate through negotia-
tions

Reinforcement The score of a performance, i.e. how much water was
used, and the amount of time required to catch someone

Real-world
Play Players have to find things in the real environment
Social Inter-
action

When someone is found, kidnapped, or chased

Fellowship

The support players have to provide for each other, and the ability to
message other players with their mobile phones.
Collaboration Support each other throughout the game play
Digital Inter-
action

To communicate but also support other players

Discovery

The safe places in the environment that players need to discover, and the
people they need to follow, find, abduct, or text to support them in safe
places.
Achievement To follow and find suspects in the environment
Digital Inter-
action

To follow and find suspects involves digital game mecha-
nisms

Mission
Walk around to find the safe places, on top of solving the
challenges

Real-world
Play Walk around to find the safe places
Social Inter-
action

To follow and find suspects involves interaction
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Table A.10 (continued)

Competition

Players chase or are chased by others, protect themselves in safe houses,
and become the fastest and the better at solving the assignments (which
means less water used and more points).

Achievement
Players solve assignments, perform better, and interact
along the game play with other players

Digital Inter-
action

Players interact with other players (with water gun)

Exertion
The physical nature of the game play, i.e. chasing and
evading

Real-world
Play Players look for safe zones and stay in such locations
Reinforcement Players receive more points when they beat others
Social Inter-
action

Players interact along the game play with other players
Winning
Condition

Be the fastest, using the least amount of water
N/A Aesthetics not present in game: Expression, and Submission.

Table A.10: Game analysis of G7: aesthetics present (explained in italics), and dynamics implementing each
aesthetic.

H. G8 - Habiba Challenge

Aesthetic Dynamic Reasoning

Sensation

Supported in this game via the excitement of teaching each other new
activities.
Achievement Players are capable of teaching something to someone
Collaboration Players want to help out and teach someone
Ownership The responsibility for the contribute given to the game and

other players or people
Real-world
Play Activities are done in the real world
Reinforcement The explicit or implicit rewards of helping someone out
Social Inter-
action

Players do activities together with other people

Challenge

Players have to eat the biggest amount of chicken or hitting each other
with a softball.
Achievement Players have to be good to solve challenges
Exertion Challenges are of physical nature and involve effort
Real-world
Play Challenges ate to be done in public spaces
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Table A.11 (continued)
Social Inter-
action

Face-to-face communication is involved in these chal-
lenges

Winning
Condition

The challenges involved require players to beat others by
performing better

Fellowship

Present by having players collaborating and teaching each other new ac-
tivities.

Achievement
Players need to successfully collaborate and teach, which
leads to other players learning new things

Collaboration Collaboration is present in challenges requiring players to
learn or do new activities

Community
Contribution

Players want to contribute to the community by helping
citizens

Ownership Players choose to actively participate in helping citizens
out

Social Inter-
action

The nature of the challenges involves face-to-face interac-
tion

Discovery

Players learn new activities from other players, assign new challenges to
other players and discover the outcome when other people play them.
Community
Contribution

The creation of a community of players that know each
other and do activities together in the environment

Reinforcement

Players help people and other players, and the help re-
ceived (a social exchange creating social capital) promotes
further game play and serves as a reward to the one help-
ing

Social Inter-
action

Players do activities together in the real world

Expression

Players can develop their own challenges and attribute those to other
players.
Achievement Create and own successful challenges
Collection Players are responsible for numerous challenges they cre-

ated
Digital Inter-
action

Players assign challenges to one another
Ownership Players bring content to the game and own it
Virtual Rep-
resentation

Themore challenges players create, themore other players
will know about them, meaning social visibility

Competition

Players hit each other with a soft ball, win challenges and get points, and
aim at the highest score by winning the game.
Exertion Hitting with a soft ball involves physical activity
Reinforcement Players get points
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Table A.11 (continued)
Social Inter-
action

Hitting with a soft ball involves face-to-face encounters
Winning
Condition

Highest score wins
N/A Aesthetics not present in game: Fantasy, Narrative, and Submission.

Table A.11: Game analysis of G8: aesthetics present (explained in italics), and dynamics implementing each
aesthetic.

I. G9 - The Walking Egg

Aesthetic Dynamic Reasoning

Fantasy

Players build and manage a farm.

Achievement
Players need to successfully build and manage the farm
they have

Ownership Players become responsible for the farm they manage
Narrative The game has a mission and side missions.

Mission There is an overall purpose in the game of building a farm.

Challenge

Players solve the main mission and the side missions, collect bonus points
with side missions and collectables, give the possibility to use real money
to acquire points to buy new eggs and farm upgrades like armours, and
throw eggs to other players to get points.
Achievement Solving missions and hitting other players with eggs
Collection

The existence of collectable items, farm upgrades, and
new eggs

Digital Inter-
action

Throwing eggs as the digital mechanism of interaction
Mission There is an overall purpose in the game of building a farm.
Reinforcement Points collected when successfully hitting other players
Social Inter-
action

Throwing eggs to interact with people in person

Fellowship

Included through voice communication, multiplayer mode, and the possi-
bility of scanning QR codes of other players both online and in real life.
Collaboration Communication, scanning others’ QR codes
Collection To collect friendships counted in QR codes
Digital Inter-
action

Communication, scanning others’ QR codes
Reinforcement To collect friendships counted in QR codes
Real-world
Play To find players in real life
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Table A.12 (continued)
Social Inter-
action

To find players in real life
Virtual Rep-
resentation

Personal identification with a QR code

Discovery

Present as a map with the real surroundings, and as the players walk
around in real life.
Real-world
Play Players discover the real environment through the game

Expression

Players can manage their own farm, and can make and dress up their
avatar.
Achievement Players have to be successful at managing a farm
Ownership Players are responsible for the their own farm
Virtual Rep-
resentation

Players have an avatar, and the social visibility that comes
with both the avatar and the farm built

Competition

Players have to throw eggs to other players to get points, and compete in
free runs against others.
Achievement Players have to hit other players with eggs
Exertion E.g. free running
Real-world
Play Running against each other
Reinforcement Players get points
Social Inter-
action

Running against each other
Winning
Condition

Players compete and beat other players in free running
N/A Aesthetics not present in game: Sensation, and Submission.

Table A.12: Game analysis of G9: aesthetics present (explained in italics), and dynamics implementing each
aesthetic.
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A.4. REQUIREMENTS RESULTING FROM THE ANALYSIS ON THE
MOST RELEVANT DYNAMICS

This section analyses each of the aesthetics in terms of how they tend to be implemented by
the dynamics that emerged from the analysis of the game ideas. The goal is to understand
what are the dynamics that tend to be present the most throughout all the game ideas and
aesthetics, and consider those as desired functionality by the participants in future games
for social interaction. This is done by counting how many times a given dynamic occurs in
the game ideas and in each aesthetic (as different aesthetics in the same game idea can use
different dynamics).

The game ideas are referred to in the tables from table A.13 to table A.21, as: G1 - Keep
on Running, G2 - RealCraft, G3 - The Voice of South, G4 - Water Ball, G5 - Eat & Go, G6
- Minecraft GO, G7 - GTA Rotterdam, G8 - Habiba Challenge, and G9 - The Walking Egg.

A. Aesthetic "Sensation"

Table A.13: Game Dynamics implementing the aesthetic "Sensation".

Based on table A.13, the aesthetic "sensation" is implemented mostly by the dynamic
achievement.

B. Aesthetic "Fantasy"
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Table A.14: Game Dynamics implementing the aesthetic "Fantasy".

Based on table A.14, the aesthetic "fantasy" is implemented by the dynamic achieve-
ment (present in all of the game ideas with this aesthetic).

C. Aesthetic "Narrative"

Table A.15: Game Dynamics implementing the aesthetic "Narrative".

Based on table A.15, the aesthetic "narrative" is implemented by the dynamic mission
(present in all of the game ideas with this aesthetic).

D. Aesthetic "Challenge"
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Table A.16: Game Dynamics implementing the aesthetic "Challenge".

Based on table A.16, the aesthetic "challenge" is implemented by the game dynamic
achievement in every game idea, followed up by real-world play, and to a lesser extent by
the dynamics digital interaction, reinforcement, and social interaction.
E. Aesthetic "Fellowship"

Table A.17: Game Dynamics implementing the aesthetic "Fellowship".

Based on table A.17, the game dynamics implementing the aesthetic "fellowship" best
are collaboration, achievement, reinforcement, social interaction, and digital interaction, be-
ing the game dynamic collaboration present the most.
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F. Aesthetic "Discovery"

Table A.18: Game Dynamics implementing the aesthetic "Discovery".

Based on table A.18, the aesthetic "discovery" is clearly defined by the game dynamic
real-world play.
G. Aesthetic "Expression"

Table A.19: Game Dynamics implementing the aesthetic "Expression".

Based on table A.19, the aesthetic "expression" is implemented by the game dynamics
ownership, virtual representation, and, in all game ideas, achievement.
H. Aesthetic "Submission"
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Table A.20: Game Dynamics implementing the aesthetic "Submission".

Based on table A.20, the aesthetic "submission" is implemented by the game dynamics
achievement, collaboration, and winning condition. Even though the other dynamics were
mentioned, these 3 are present in all of the game ideas containing this aesthetic.

I. Aesthetic "Competition"

Table A.21: Game Dynamics implementing the aesthetic "Competition".

Based on table A.21, the aesthetic "competition" is implemented in every game idea by
winning condition, and mostly by achievement, reinforcement, and exertion.

As a summary, it is possible to count the number of occurrences of each dynamic through-
out the aesthetics and game ideas (the last row of each table, from table A.13 to table A.21.
The game dynamic achievement is the dynamic that implements the game ideas and the aes-
thetics the most, being present 45/81 times. Real-world play (27/81), reinforcement (25/81),
social interaction (24/81), and collaboration (18/81) are the dynamics that follow up that im-
plement the game ideas fostering social interaction the most. Digital interaction, ownership,
and winning condition (17/81) scored equally, meaning that the capability of digitally inter-
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acting, participating in the game’s content, and having winning conditions seem to hold the
same importance for the participants. On the lower spectrum, collection (12/81), exertion
(10/81), virtual representation (10/81), mission (8/81), community contribution (6/81), and
lottery (3/81) are the dynamics desired the least by the participants. However, these are still
argued as being mentioned and desired by the participants.

This indicates, to a varying degree, what participants of this target group wish to see
in a future serious game fostering social interaction. Thus, these are considered as desired
requirements for future serious games designed to foster social interaction.
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Challenge designs used in the case study 4.2 and presented to players in the game prototype:

• Challenge 1 ("The Hague City Hall"): The city hall of The Hague, is located in the
new city centre, and incorporates the council chamber, the main public library, as well
as cafes, exhibition spaces, and a wedding room. At its centre is a large atrium, which
is said to be the largest atrium in The Netherlands. The building is nicknamed "the
Ice Palace" (Dutch: IJspaleis) for its white colour. You have to estimate the volume
of the atrium. You have 5 minutes. The closer the answer to reality, the bigger the
reward.

• Challenge 2 ("Plein"): The Plein is a large town square. It was constructed in 1632
and was made to look like the Place Royale (currently Place des Vosges) in Paris.
Due to the close proximity to the Dutch parliament, it is also often used for political
demonstrations. In the Dutch parliament, all the governors have to collaborate in order
to shape the future of the Netherlands. Your task will be exactly like this: to make
a geometric shape with a rope (polygon, triangle, hexagon, etc.) while blindfolded.
The faster you make it as a team, and the more complex, the bigger your points :) You
can communicate.

• Challenge 3 ("The Royal Cabinet of Paintings"): TheMauritshuis is a museum that
contains over 841 objects in exposition, mostly from the Dutch Golden Age. The
collections contains works by Johannes Vermeer, Rembrandt van Rijn, Jan Steen,
Paulus Potter, Frans Hals, Jacob van Ruisdael, Hans Holbein the Younger, and others,
it is now the property of the government of the Netherlands and is listed in the top 100
Dutch heritage sites. Back in the days, as it is told by the locals, the only way for artists
to publish one of their works at a museum would be to contact a secret organisation
called the Apetrots, where they would have to prove their mastery by duelling one of
the members of that society. If the artist would win, he would get paid by the piece.

213
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Otherwise, it would be taken for free. You have to fight for your right of free drinks,
like artists did back then. Unite with your group, and make a performance of the three
musketeers fighting for a princess (choose the princess). The better the performance,
the bigger the reward. PS: the music is a bit different 3:)

• Challenge 4 ("Binnenhof"): The Binnenhof (English: Inner Court) is a complex of
buildings. It houses the meeting place of both houses of the State’s General of the
Netherlands, as well as the Ministry of General Affairs and the office of the Prime
Minister of the Netherlands. Built primarily in the 13th century, the Gothic castle
originally functioned as residence of the counts of Holland and became the political
centre of the Dutch Republic in 1584. The Binnenhof is the oldest House of Parlia-
ment in the world still in use. The Prime Minister’s office, which is located in the
small tower in the northern corner, is simply called the Torentje ("Little Tower"). As
a spot for governance, rulling, and hidden political plots, you have to coordinate your-
selves in secret to succeed. You will be blindfolded, given a secret individual number,
and you will then have to line up in numerical order WITHOUT TALKING (you have
other ways to communicate :) ).

• Challenge 5 ("The Prisoner’s Gate"): The Gevangenpoort (Prisoner’s Gate) is a
former gate and medieval prison. From 1420 until 1828, the prison was used for
housing people who had committed serious crimes while they awaited sentencing. Its
most famous prisoner was Cornelis deWitt, whowas held on the charge of plotting the
murder of the stadtholder. As all prisoners have to play with all the entanglements of
the prison system to manage to escape, so will you. In order to complete the challenge
and arrive to the restaurant as a united team, you need to untangle yourselves.
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CASE STUDY IN CHAPTER 7:
CHALLENGES OFFERED TO
PARTICIPANTS AS GAMING

ACTIVITIES

These are the challenges that stem from the co-design process followed previously to the
case study reported in this study. Adolescents ideated 56 activities they would like to do
in their neighbourhood (chapter 4.4), and in specific locations, which had to be adapted to
the game. The challenges that ended up being played by the adolescents, per route, are de-
tailed below, and cover all the different types of challenges (Athlete, Inventor, Detective,
Explorer, Hunter, Artist, Volunteer, specified in the challenge framework of chapter 4). All
routes have 2 challenges of each type, so that adolescents could play all types of challenges
regardless of their route.
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TO PARTICIPANTS AS GAMING ACTIVITIES

Route 1:

Figure C.1: The locations of the 14 challenges placed in Route 1. The icon greenhouse marks the school (starting
and ending point), and the red arrows regard the positions of the challenges.

Challenge 1: Trash Paparazzi
Type Volunteer

Task
The municipality cleans up the streets. Citizens can report to the mu-
nicipality when there is litter. Can you find some as well? Walk around
and take a picture of trash.

Interaction Collaboration

Challenge 2: Sprint Competition
Type Athlete
Task On this square you can play. One thing you can do is running. Sprint

from one side of the square to the other, who is the fastest?
Interaction Supporting each other
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Table C.1 (continued)
Challenge 3: Shopping Hunter (koopjes jager)
Type Hunter

Task
The Dordtselaan is one of the streets where people go shopping in this
neighbourhood. Find one store you have never been before. Make a
picture of it and upload them in the game.

Interaction Discussion, talking about shops

Challenge 4: Endless Street
Type Detective
Task Answer the question: How long is the Dordtselaan?
Interaction Asking somebody on the street, discussion

Challenge 5: Rap Performer
Type Artist

Task
Many people in this neighbourhood like music, especially rap songs.
Make a short rap of 6 sentences about what you can do at the Dordtse-
laan.

Interaction Discussion, creating a rap together

Challenge 6: Travel the other way
Type Hunter

Task

Challenge as much people as possible what other transportation mean
they could use to travel around. (Participants need to talk to as many
people as they can in 3 minutes, and write in the game howmany people
they talked to)

Interaction Approaching strangers, talking to them

Challenge 7: Some more light please ...
Type Inventor

Task

This location is quite dark and not very nice to be around. Can youmake
a plan to increase the amount of lights for this location? Where would
you place the lights and what kind of lights? (They can use pen + paper
for this and make a picture and upload that into the game)

Interaction Discussion, creating a plan together
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Table C.1 (continued)
Challenge 8: Neighbourhood statue
Type Inventor

Task

Many people frequent here every day. Make a design of a statue of the
people who live here and upload a picture of your drawing. (They can
use pen + paper for this and make a picture and upload that into the
game)

Interaction Discussion, drawing together

Challenge 9: Street names
Type Artist

Task
Do you know what the meaning of the streets names is here? Maybe
you can come up with nicer ones! Come up with new street names for
this location.

Interaction Discussion, coming up with ideas

Challenge 10: Can you translate?
Type Explorer
Task Many languages are spoken here. Choose a word and translate it into 5

languages.
Interaction Asking people on the street, discussion

Challenge 11: Passing along
Type Detective
Task Answer the question: How many metros pass by each day?
Interaction Asking people on the street, discussion

Challenge 12: Metro users
Type Explorer
Task Many people use the metro to go to work or other meetings. Find within

1 minute 10 people that use the metro
Interaction Asking people on the street

Challenge 13: Scoring
Type Athlete
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Table C.1 (continued)

Task You can play football at this square. How many goals can you make in
one minute? (a tennis ball is handed out to the group)

Interaction Supporting each other in the physical play

Challenge 14: Helping out
Type Volunteer

Task
People are doing their grocery shopping here. Can you help them with
that? Be a nice neighbour and offer someone to carry their bag for 20
m.

Interaction Helping someone, asking a question
Table C.1: Challenges of Route 1.

Route 2:

Figure C.2: The locations of the 14 challenges placed in Route 2. The icon greenhouse marks the school (starting
and ending point), and the purple arrows regard the positions of the challenges.

Challenge 1: School’s out!
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Table C.2 (continued)
Type Detective
Task Answer the question: How long does the school exist?
Interaction Asking somebody from the school

Challenge 2: Schools around
Type Explorer

Task
This neighbourhood is characterised by the amount of schools. Find one
other schools around here (De Akker dependence, GBS Het Kompas,
Elout van Soeterwoude School are close - 5min walking max)

Interaction Asking people who pass by, discussion in the team

Challenge 3: Street names
Type Artist

Task
The street names here correspond to towns around Rotterdam. Maybe
you can come up with nicer names! Come up with new street names for
this location.

Interaction Discussion, coming up with ideas

Challenge 4: Neighbourhood statue
Type Inventor

Task

Many different people live in this neighbourhood, frommany countries.
Make a design of a statue of the people who live here and upload a
picture of your drawing. (They can use pen + paper for this and make a
picture and upload that into the game)

Interaction Discussion, coming up with ideas

Challenge 5: Rap Performer
Type Artist
Task Many people in this neighbourhood like music, especially rap songs.

Make a short rap of 6 sentences about what you see around here.
Interaction Discussion, creating a rap together

Challenge 6: Trash Paparazzi
Type Volunteer
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Table C.2 (continued)

Task
The municipality cleans up the streets. Citizens can report to the mu-
nicipality when there is litter. Can you find some as well? Walk around
and take a picture of trash.

Interaction Collaboration

Challenge 7: Tarwewijk
Type Detective
Task The factory you see here (Meneba) produces wheat. Come up with 5

products that contain wheat.
Interaction Discussion, asking people on the street

Challenge 8: Some more light please ...
Type Inventor

Task

This location is quite dark and not very nice to be around. Can youmake
a plan to increase the amount of lights for this location? Where would
you place the lights and what kind of lights? (They can use pen + paper
for this and make a picture and upload that into the game)

Interaction Discussion, creating a plan together

Challenge 9: Miscommunication
Type Athlete

Task

People here speak many different languages. Sometimes you do not
understand each other. Try to play a game together without speaking to
each other, to experience how you still can communicate when you are
not speaking the same language (look for objects to play with).

Interaction Discussion, touching

Challenge 10: Sprint competition
Type Athlete
Task On this square you can play. One thing you can do is running. Sprint

from one side of the square to the other, who is the fastest?
Interaction Supporting each other

Challenge 11: Spot the cars
Type Hunter



C

222
C. SUPPLEMENTARY MATERIAL OF CASE STUDY IN CHAPTER 7: CHALLENGES OFFERED

TO PARTICIPANTS AS GAMING ACTIVITIES

Table C.2 (continued)

Task
Many cars are parked here, and drive around. They have registration
plates from different countries. How many white registration plates can
you spot in one minute?

Interaction Discussion

Challenge 12: Languages in the neighbourhood
Type Explorer

Task
People speak many different languages here. Can you find at least 8
languages spoken in this neighbourhood? You can discuss in the team
or ask people on the street which languages they speak!

Interaction Discussion, listening to people speaking, asking questions

Challenge 13: Bring me some flowers
Type Hunter
Task The neighbourhood has many nice places. Make a picture of flowers

that are put in front of someoneâĂŹs doorstep.
Interaction Discussion

Challenge 14: Helping out
Type Volunteer

Task
People are doing their grocery shopping here. Can you help them with
that? Be a nice neighbour and offer someone to carry their bag for 20
m.

Interaction Helping someone, asking a question
Table C.2: Challenges of Route 2.
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Route 3:

Figure C.3: The locations of the 14 challenges placed in Route 3. The icon greenhouse marks the school (starting
and ending point), and the lime green arrows regard the positions of the challenges.

Challenge 1: Rap Performer
Type Artist
Task Many people in this neighbourhood like music, especially rap songs.

Make a short rap of 6 sentences about what you see around here.
Interaction Discussion, creating a rap together

Challenge 2: Origin of Feyenoord
Type Hunter

Task
Feyenoord has its origin in this neighbourhood. You can find tiles
around of players that used to live here. Find the tile of Feyenoord player
Henk Duut.

Interaction Asking people who pass by, discussion in the team
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Table C.3 (continued)
Challenge 3: Some more light please ...
Type Inventor

Task

This location is quite dark and not very nice to be around. Can youmake
a plan to increase the amount of lights for this location? Where would
you place the lights and what kind of lights? (They can use pen + paper
for this and make a picture and upload that into the game)

Interaction Discussion, creating a plan together

Challenge 4: Tall buildings
Type Detective
Task Answer the question: How high are the apartments? (Adolescents need

to make an estimation)
Interaction Discussion, asking people who pass by

Challenge 5: Wave the flag
Type Detective
Task Answer the question: Which flags hang here? (Answer: Brandweer and

Rotterdam)
Interaction Discussion, asking people who pass by

Challenge 6: Eating at Zuidplein
Type Explorer

Task
Zuidplein is a central place in the neighbourhood, many citizens go there
a lot to eat. Find three restaurants that serve different types of food at
Zuidplein.

Interaction Discussion

Challenge 7: Neighbourhood statue
Type Inventor

Task

Many people frequent here every day. Make a design of a statue of the
people who live here and upload a picture of your drawing. (They can
use pen + paper for this and make a picture and upload that into the
game)

Interaction Discussion, drawing together
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Table C.3 (continued)
Challenge 8: What do you do?
Type Explorer

Task
Zuidplein is visited bymany people from this neighbourhood. Interview
people what they do at Zuidplein, to get to know more about this place.
You have 3 minutes.

Interaction Talking with strangers, asking questions

Challenge 9: Street names
Type Artist

Task
Do you know what the meaning of the streets names is here? Maybe
you can come up with nicer ones! Come up with new street names for
this location.

Interaction Discussion, coming up with ideas

Challenge 10: Scoring
Type Athlete
Task You can play football at this square. How many goals can you make in

one minute?
Interaction Supporting each other

Challenge 11: Who is the fastest?
Type Athlete
Task This playground offers a parkour. How fast can you do the parkour?
Interaction Supporting each other

Challenge 12: Trash Paparazzi
Type Volunteer

Task
The municipality cleans up the streets. Citizens can report to the mu-
nicipality when there is litter. Can you find some as well? Walk around
and take a picture of trash.

Interaction Collaboration

Challenge 13: Find recommendations
Type Hunter
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Table C.3 (continued)

Task
The community centre is a central place for youngsters, adolescents and
adults of the neighbourhood. Talk to volunteers of the community cen-
tre to ask recommendations on activities that you can do here.

Interaction Talking to representatives of the community centre, asking questions

Challenge 14: Helping out
Type Volunteer

Task
People are doing their grocery shopping here. Can you help them with
that? Be a nice neighbour and offer someone to carry their bag for 20
m.

Interaction Helping someone, asking a question
Table C.3: Challenges of Route 3.
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10.4 SUPPLEMENTARY MATERIAL

SPECIFIC TO THE SECRETS OF
THE SOUTH GAME, DESCRIBED IN

CHAPTER 6
This appendix covers in detail the technology used by the Secrets of the South (SotS), the
functional requirements behind the implementation done, and the workings of the imple-
mented game throughout activity diagrams. Instructions on retrieving the complete source
code of the Secrets of the South, setting it up, and creating players can be found online at
https://github.com/xav13rua/SecretsOfTheSouth.

D.1. TECHNOLOGY USED
The SotS game framework’s architecture is comprised of several components, regarding
the mobile game application (the actual game) and its supporting IT system (the several
systems). Players can experience the SotS game mainly by playing the SotS mobile applica-
tion. Additionally, they can also go to the participatory system online (via a web browser),
to get to know the project, learn the location of challenges put all around the world, and take
part of this initiative by creating their own. The mobile application connects to the SotS
game framework over the internet. Given that this is a pervasive mobile game, this connec-
tion is ideally established over the phone’s carrier (3G, 4G, or 5G), but WIFI is also allowed.
During the game play of the SotS, three components are involved: 1) the Microsoft Azure
Playfab™© backend platform, 2) the SotS custom online system created by the researchers,
and 3) the Mapbox™© servers. In the component 1), it is stored the user accounts that the
mobile application uses to log the player into the game. It also stored some play statistics
provided by Playfab, such as how many players logged into the application, and how many
API calls the game did to the Playfab server. Component 2) manages the entire content of
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the challenges that the game provides. The mobile game sends its location to this server, and
based on the preferences of the player (e.g. to be seeing challenges up to 1 kilometre), this
server replies with the list of challenges surrounding the player. The SotS custom system
logs any event resultant from the game play (e.g. challenges opened, solved, QR codes of
other players scanned, teams created and joined, and the position of the player per each 5
seconds). It also records the user accounts for the access to the participatory system, used for
players to take an active contribution role and create/manage their challenges. Component 3)
regards theMapbox commercial service provider, a large provider of custom online maps for
websites and applications that is based on open data sources (e.g. OpenStreetMap). In terms
of technologies used, the SotS mobile application is built under the Unity™© game engine
ecosystem1. The game is built and deployed for the Android™© mobile operating system,
more specifically for the Android versions between 5.0 (coded ’Lollipop’, API version 21)
and 6.0 (coded ’Marshmallow’, API version 23). Recommended hardware specifications to
run the game are 1.5GB memory RAM, camera, GPS sensor, touch screen, and 4G-based
data plan. The Mapbox service provides data on 3D maps and 3D buildings, and is directly
attached to the mobile application through the Unity game engine. Regarding the SotS cus-
tom server, the MeteorJS2™© JavaScript web framework is used for the information system,
and MongoDB3 for the persistency layer of the information system. MeteorJS is chosen as a
free open-source full stack platform to enable the creation of cross-platform javascript-based
applications (web, mobile, and desktop). It uses a publish-subscribe distributed data model
for real-time data propagation between the server and the web clients linked to the server,
and offers straightforward integration with MongoDB to store the data of the application.
MongoDB is thus used, a NoSQL cross-platform document-oriented database. It is a non-
relational database that is designed to be distributed and for the cloud. Lastly, the Playfab
server is a web-based provider of services for games, a backend platform that enables de-
velopers to support their cloud-based games often based on multiplayer features, and with
geolocation and latency requirements. This platform is capable of supporting games re-
gardless of the ecosystem they were built in, and aims at both accelerating the development
phase, and supporting the games that aim at scaling up at later stages.

D.2. FUNCTIONAL REQUIREMENTS AND THEIR IMPLEMENTA-
TION

Throughout the development period of the SotS, functional requirements are created. The
complete list of functional requirements that led to the implementation of the SotS location-
based game are detailed below, and are a translation of everything that was successfully
captured from users, and required functionality that had to be implemented for the work-
shops to be executed. These are coded, and each code is then used to detail how they were
addressed in the implemented prototype of the SotS (tables D.1 to D.4).
List of Functional requirements:

A. The game is based on challenges or activities
1https://unity3d.com/, Unity3D for all, last visited on December 23, 2020.
2https://www.meteor.com/, The fastest way to build JavaScript APPS, last visited on December 23, 2020.
3https://www.mongodb.com/, The database for modern applications, last visited on December 23, 2020.

https://unity3d.com/
https://www.meteor.com/
https://www.mongodb.com/
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1. Challenges need to be stored
i. In a structured way

1. Challenges must be unique
2. Be described in plain language
3. Be associated to a real-wold location (both in terms of coordinates, and

the social context it is placed in)
4. Have the possibility to be unique to specific routes
5. Involve different actions from players to be solved

ii. Challenges have a specific structure per type of action required
1. Challenges have to ask closed questions and have closed answers
2. Challenges have to ask open questions
3. Challenges have to ask tasks

a. To players
b. To groups of players
c. To search for items in the real world
d. That have to be solved within a time frame
e. That require pictures to be taken
f. That allow players to vote/rank other players’ solutions
g. And offer an alternative way to be solved in case the task in the real

world is not solvable at that point in time
iii. Answers to challenges that are prone to be voted/ranked have to be stored

1. Challenges have a list of solutions given
2. The solutions have to be stored in a structured way

a. Be associated to a challenge
b. Have the unique identification of the player who published the solu-

tion
c. Have the public name of the author to be shown to other players,

given by the player
3. Each solution needs to store the votes/ranks received

a. Each solution has a list of all the votes/ranks received
b. Each vote/rank given contains:

i. the player’s unique ID
ii. the vote/rank given

4. Votes/Ranks need to be stored through a public API
a. Based on a challenge ID
b. Based on a the player’s unique ID
c. Based on the vote/rank to be stored

2. Challenges need to be retrieved
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i. Challenges must be retrievable regardless of specific implementations from
the client applications
1. Challenges must have a public API where client applications can con-

sume them
2. Public API must be based on open web standards for maximisation of

interoperability
ii. Solutions given by players that are prone to be voted/ranked need to be

retrievable
1. Based on a public API
2. Based on unique identification of challenge

iii. A single challenge needs to be retrievable
1. Based on unique identification of challenge

iv. A list of challenges needs to be retrievable at once
1. Based on location in the real world (coordinates)

3. Challenges must be managed via an online Content Management System (CMS)
i. The CMS has to have users with different permissions

1. Users
a. Create their own challenges
b. Manage their own challenges

2. One administrator
a. Create its own challenges
b. Manage its own challenges
c. Manage all the users’ challenges

ii. The CMS has to enforce that only registered users can create/manage chal-
lenges
1. Log in mechanism
2. Account creation, either by anyone, or the administrator only

B. Game needs to promote exploration of the real world physical space
1. Challenges are placed at a real world location

i. The location is composed by real world coordinates
ii. Challenges are layered on top of a map

1. The map is a digital map that represents the real-world
2. The challenges are represented by digital icons

2. Challenges must be found by players
i. Players must see the challenges surrounding them

1. Via a list of challenges
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a. The list of challenges shows the distance between each challenge and
the player

b. Each challenge in the list shows the direction the player needs to take
to find it

2. Via icons on the digital map
ii. Players must have a mechanism that assists them in the navigation

1. Mechanism needs to update in real-time
2. Mechanism needs to inform players on their orientation

3. Exploration and navigation must be based on location-based services or tech-
nology
i. Mobile application must use the global positioning system (GPS)
ii. Provided location must be fine-grained
iii. Provided location must be updated with a frequent and regular interval

C. Game needs to provide mechanisms for interaction, dynamics of competition and col-
laboration, manage players, provide statistics to players, and a form to represent play-
ers
1. Game has to react to physical encounters with people, by adding to player’s

statistics the number of:
i. Physical encounters between players
ii. Physical encounters between a player and non-players
iii. Physical encounters between a player and a team of players
iv. People that a player engages with during a challenge

2. Game has to react to the physical environment
i. Navigation stops when the player is in close proximity to the navigated chal-

lenge
ii. Items found in the real world have to advance the game play of the player

1. Challenges need to be solved when certain items are found
a. Solving challenges attributes statistics to player

2. Players interact with challenges when certain items are found
3. Players can observe other players’ solutions of a challenge
4. Players can vote/rank other players’ solutions of a challenge

3. Game needs different dynamics of game play
i. Game needs collaboration

1. A player needs to create a group of players
2. A player has to be able to join a group of players
3. Groups of players have to be ranked

a. Based on their performance
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b. Based on the number of challenges they solved
4. A player acting as evaluator has to rank the performance of a team
5. A player has to be able to collaboratewith another to scan (or be scanned)

a. Both players earn points
ii. Game needs competition

1. Game needs a leader board for the amount of interactions with other
people

2. Game needs a leader board for the best performing teams
a. An external player has to rate these performances and add them to

the system
3. Game needs to distinguish the performance of players

a. Total points for correct answers, less points for incorrect or incom-
plete answers

b. Points in proportion to the amount of people that players engaged
with, during a challenge

4. Game needs to provide statistics for the player’s game play
i. Number of people met
ii. Number of challenges solved
iii. Number of challenges created by the player in the CMS
iv. Number of challenges that were solved first by this player up to that point

in time
v. Quantity of Gold (linked to how many challenges were solved, and people

engaged)
5. Game needs to manage players

i. Game play, and players, need to be managed
1. Unique player accounts need to be created and managed

a. In a centralised way, online
b. By the game administrator

2. Game play needs to be tracked
a. Statistics of game play, and leader boards need to be accessible

i. Accessible online
ii. Accessible to the game administrator

b. Leader boards of the game need to be stored online
c. Leader boards need to be managed by the game administrator
d. Any global variables instrumental to the game play needs to be stored

online and accessible to all players at the same time
e. These global variables must prevent points being added twice for the

same event
ii. Players need to have different roles in the game

1. Players can have no special role, and simply play the game
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2. Players can be evaluators of the performance of a group of players solv-
ing a challenge

3. Players can be administrators and manage the roles of other players for
the game play

iii. Roles in the game need to be dynamic
1. A role of a player needs to be elevated from no special role to evaluator

or administrator
2. A role of a player needs to be demoted from administrator to evaluator

or no special role
3. Roles can be changed during game play by administrators

iv. Game play needs to be able to react to a change in the player’s role
1. Players have to be able to see the different options of their current role

in the game
6. The game needs to provide a visual representation of players

i. This visual representation has to be seen during the game play
ii. This visual representation has to be customise

1. By the player
2. By the administrator

D. Game needs to collect data throughout the game play, and automatically log important
events online
1. Encounters with other people
2. Items scanned in the environment
3. Challenges opened
4. Challenges solved
5. Player saw the solutions posted in a given challenge
6. Votes/ranks of solutions given
7. Last known location of the player
8. Teams formed

Implementation of the functional requirements A:

Req. Implementation in the SotS game framework

A.1.i • It is implemented an online database (MongoDB), where challenges are
stored in a structured and non-relational way

A.1.i.1 • Challenges have an ID field

A.1.i.2
• Challenges have a title, and a description
• Challenges are written in different languages
• Challenges have a question, answer, or task
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Table D.1 (continued)
A.1.i.3 • Challenges have a latitude and longitude tuple
A.1.i.4 • Challenges have a field for the route. Possible values are 0, 1, 2, and 3.

The value 0 is the default value, and means no route has been specified

A.1.i.5

• It is implemented different types of challenges in the game
• Each type involves different actions from players: taking pictures, do a

task within a time frame, search for specific people in the neighbourhood
to find an answer, solve a challenge by scanning a QR code hidden in the
neighbourhood, or provide an (open) answer

A.1.ii.1 • Challenges type Quiz implement this
A.1.ii.2 • Challenges type Open Quiz implement this
A.1.ii.3.a • Challenges of type Quiz, Open Quiz, Hunter, Voting, and Timed Task,

implement this
A.1.ii.1.b • Challenges of type Multiplayer implement this. Players have to form a

team first, to open them.
A.1.ii.1.c • Challenges of type Hunter can be solved by having players scanning a QR

code in the environment
A.1.ii.1.d • Challenges of type Timed Task implement a countdown timer
A.1.ii.1.e • Challenges of type Voting are solved by taking a picture and uploading it

into the challenge

A.1.ii.1.f
• Challenges of type Voting allow players to see other players’ pictures up-

loaded into the challenge before this player. Player can only see these
after uploading a picture first. Once this option is available, players can
vote on other players’ solutions (not on their own solution)

A.1.ii.1.g
• Challenges of Type Hunter ask a closed question and expect a closed an-

swer. However, they offer the possibility of being solved by having players
scanning a QR code linked to that challenge

A.1.iii.1
• Pictures of the Voting challenges are stored in the hard drive of the SotS

Custom System. Every picture under the voting-specific challenge ID can
be listed.

A.1.iii.2
A.1.iii.2.a
A.1.iii.2.b
A.1.iii.2.c

• Pictures of the Voting challenges are stored in the hard drive
of the SotS Custom System with the following schema:
∽/PathOfVotingChallengesFolder/challengeID/playerID_author-
Name.png. Example: ∽/PathOfVotingChallengesFolder/2Mouvy9
/78B299F0_John.png
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Table D.1 (continued)

A.1.iii.3
A.1.iii.3.a
A.1.iii.3.b
A.1.iii.3.b.i
A.1.iii.3.b.ii

• The list of votes that each picture has is stored in the database. Votes
stored in the database contain the player id, the total number of votes
given, and the distribution of votes between 0 and 5 stars. Ex-
ample: E1A7E9823E8C41CB_2_0_0_1_0_2_1_3_1_4_0_5_0, where
"E1A7E9823E8C41CB" is the playerID, the first number following the
playerID is the total number of votes received (2 votes in this example),
and the following sequence specifies where these votes were given. In
this case, one vote for 2 stars, and one for 3 stars.

A.1.iii.4
A.1.iii.4.a
A.1.iii.4.b
A.1.iii.4.c

• An API is provided. Example: Website/api/voteonvotingchallenge?
challengeid=2Mouvy9&playfabID=78B299F0&vote=2 Where
2Mouvy9 is the challenge ID, 78B299F0 the player that posted a
solution to this challenge, and 2 the vote given by the current player to
the identified player

A.2.i
A.2.i.1
A.2.i.2

• The SotS Custom System provides with a public set of APIs that send
information in JSON, an open-standard file format capable of sending data
and data streams.

A.2.ii
A.2.ii.1
A.2.ii.2
A.2.iii
A.2.iii.1

• Same as functional requirement A.1.iii.3. API built communicates
based on JSON format: Website/api/challenges_voting?id=challengeID,
E.g.: http://secretsofthesouth.tbm.tudelft.nl/api/challenges_voting?id=
Kj8rcMQiwyJZm8rCG

A.2.iv
A.2.iv.1

• API built to retrieve a list of challenges based on a tuple of latitude and
longitude: Website/api/challengesnearby?maxDistanceFromPlayer=A&
playerLat=B&playerLng=C, where A is the radius in kilometres, B is the
latitude of the player, and C the longitude.

A.3 • The SotS game framework provides the component "SotS Custom Sys-
tem" that acts as CMS

A.3.i
A.3.i.1
A.3.i.1.a
A.3.i.1.b
A.3.i.2
A.3.i.2.a
A.3.i.2.b
A.3.i.2.c
A.3.ii
A.3.ii.1
A.3.ii.2

• The SotS Custom System implements this.

Table D.1: Functional requirements A, and how these are implemented in the SotS game framework.

Implementation of the functional requirements B:

Website/api/voteonvotingchallenge?challengeid=2Mouvy9&playfabID=78B299F0&vote=2
Website/api/voteonvotingchallenge?challengeid=2Mouvy9&playfabID=78B299F0&vote=2
http://secretsofthesouth.tbm.tudelft.nl/api/challenges_voting?id=Kj8rcMQiwyJZm8rCG
http://secretsofthesouth.tbm.tudelft.nl/api/challenges_voting?id=Kj8rcMQiwyJZm8rCG
Website/api/challengesnearby?maxDistanceFromPlayer=A&playerLat=B&playerLng=C
Website/api/challengesnearby?maxDistanceFromPlayer=A&playerLat=B&playerLng=C
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Req. Implementation in the SotS game framework
B.1
B.1.i

• All the challenges that the game provides are based on a real-world loca-
tion, represented by a tuple latitude/longitude

B.1.ii
B.1.ii.1

• The game offers a service for 3D maps, implemented in the mobile appli-
cation with an addon from Mapbox service provider.

• This service provides a map based on the provided location (in this case,
of the player), and sends the map divided into "tiles". The mobile appli-
cation loads these tiles and renders them in the game environment.

• This service also provides 3D information of the buildings surrounding
the player

B.1.ii.2 • Together with the map and the buildings, the mobile application also ren-
ders 3D icons on the map, which represent the challenges. As challenges
have different types and make players do different actions in the game,
these 3D icons vary

B.2.i • The game displays the location of the player on the map (with a 3D char-
acter), and surrounds it with the 3D icons representing the challenges.

B.2.i.1
B.2.i.1.a
B.2.i.1.b
B.2.i.2

• The mobile application implements this.

B.2.ii
B.2.ii.1
B.2.ii.2

• Themobile application provides players with a 3D compass to guide them
in the direction of a selected challenge. The orientation of the player is
implemented between the camera view of the game and the direction set
between the player’s location and the challenge. Based on this offset, the
compass turns to the direction where the camera view should face.

• It is also shown a text message in the middle of the screen saying how
many meters are left, between the player and the selected challenge.

• Both the compass and the text message are updated in real-time.
B.3
B.3.i

• The SotS mobile application is based on the GPS receiver from the smart-
phone, and this is supported by the network location services (A-GPS)
that the smartphone has access to

B.3.ii
B.3.iii

• The mobile application uses the most accurate positioning system avail-
able to the smartphone, and updates the coordinates each second.

Table D.2: Functional requirements B, and how these are implemented in the SotS game framework.

Implementation of the functional requirements C:
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Req. Implementation in the SotS game framework
C.1
C.1.i
C.1.ii
C.1.iii

• The SotS mobile application has implemented a mechanism of interac-
tion based on QR codes, and a QR code scanner. This scanner is able to
distinguish the different types of QR codes offered by the game.

• When a player scans another player, the game counts this interaction under
the "people met" statistic

• When a player scans a team’s QR code, the player joins that team
• The game also allows the creation of QR codes to be printed and hand

given to people not actively playing the game through the mobile applica-
tion. These are also counted by the game under the "people met" statistic

C.1.iv • Challenges of type Timed Task have implemented a follow up question,
in the format "How many people did you ...?". Players can then introduce
howmany people they engaged with on the street, and this number is then
added on top of the gold acquired by solving the challenge.

C.2
C.2.i

• During the navigation towards a challenge, both the text message and 3D
compass disappear from the screen as soon as the location of the player
is less than 50 meters away from the challenge

C.2.ii
C.2.ii.1
C.2.ii.1.a

• The mobile application can scan QR codes left in the real world, and that
correspond to specific challenges.

• For challenges where players can solve them by finding a QR code, when
the player scans these codes further information is shown in the game.
This information is either text or images. At the same time, the challenge
is visually marked as solved in the game, and the player gets gold as statis-
tic.

C.2.ii.2
C.2.ii.3
C.2.ii.4

• For challenges where players can leave their solutions behind, a QR code
can be scanned in the environment that is related to the challenge. This
allows players to visit other players’ solutions while not being near the
challenge’s location.

• Scanning such code enables players to interact with the challenge (see its
details, and solve it). After solving it, the player can see other players’
solutions, and vote for them.

C.3.i
C.3.i.1
C.3.i.2
C.3.i.3
C.3.i.3.a
C.3.i.3.b
C.3.i.5
C.3.i.5.a

• Themobile application, the SotS Custom System, and the Playfab compo-
nents implement this. For statistics involving the leader board of people
met, or points, the Playfab component is involved. The SotS Custom Sys-
tem is used to keep track of the statistics of the teams of players.
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Table D.3 (continued)
C.3.i.4 • The mobile application offers different roles to players. One of them is

the role evaluator. Players with this role can scan the QR code of a team,
and rate their performance in the game.

C.3.ii.1
C.3.ii.2

• The mobile application implements this. For the requirement C.3.ii.1, the
component Playfab server is involved, whereas for the C.3.ii.2, the SotS
Custom Server is involved.

C.3.ii.2.a • The role of evaluator in the mobile application is in charge of this.
C.3.ii.3.a
C.3.ii.3.b

• The mobile application and the Playfab components implement this. The
points attributed are in the statistic of gold.

C.4
C.4.i
C.4.ii
C.4.iv
C.4.v

• The game provides this both as statistics in the mobile application (the
player can see them), and in the Playfab server (the administrator can see
and manage them).

C.4.iii • This is observable in the mobile game. This statistic, unlike the others
that are stored in the Playfab server, is stored in the SotS Custom System,
given that it is there that the challenges are created.

C.5.i
C.5.i.1
C.5.i.1.a
C.5.i.1.b

• The Playfab server component is responsible entity for the accounts of the
SotS mobile game. The administrator can create a new player there, and
prepare a QR code for it to be used by the player of the game. With this
QR code, the player can then log into the mobile application.

C.5.i.2
C.5.i.2.a
C.5.i.2.a.i
C.5.i.2.a.ii
C.5.i.2.b
C.5.i.2.c

• The Playfab server is also responsible for logging every connection that
the mobile application makes to its server. As such, every time a player
logs into the game, this information is shown to the game administrator
in the Playfab server. This module also provides with a leader board for
every statistic stored in this server (e.g. people met, or first to solve -
challenges)

C.5.i.2.d
C.5.i.2.e

• The Playfab server stores a set of global variables that contain information
about both the challenges that players solved, and the players that a player
already interacted with.

• These global variables prevent a player to solve the same challenge twice
and get double points.

• These also prevent the same interaction with another player to be counted
twice.

C.5.ii
C.5.ii.1
C.5.ii.2
C.5.ii.3

• The game implements this, both in the mobile application and the SotS
Custom Server.
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Table D.3 (continued)
C.5.iii
C.5.iii.1
C.5.iii.2
C.5.iii.3

• The mobile application presents an extra option for administrators in the
menu, to manage the permissions that each player has.

• An administrator can change these permissions in a convenient way, by
scanning the player’s QR code that h/she wants the permissions to change

C.5.iv
C.5.iv.1

• In the mobile application, all players have access to an option to flush their
permissions in the game. Also, every time a player enters the main menu,
based on the options that appear on the left hand side, he can understand
which function h/she got attributed

C.6
C.6.i
C.6.ii.1

• Players can see their avatar in themobile application, every time they enter
the main menu. They can also use the web browser of the smartphone and
acquire a URL of a different avatar. This can in turn be pasted under the
settings of the game, and the new avatar is rendered in the menu of the
application.

C.6.ii.2 • When the administrator creates an account in the Playfab server, h/she has
the option to place a random or default URL for the player being created.

• The administrator can also change this URL at any point in time.
Table D.3: Functional requirements C, and how these are implemented in the SotS game framework.

Implementation of the functional requirements D:

Req. Implementation in the SotS game framework
D.1
D.2
D.3
D.4
D.5
D.6
D.7
D.8

• Implemented in the mobile application.
• Every time a QR code is scanned via the mobile application, this event is

stored in the SotS Custom System’s database.
• QR codes scanned in the real world are also logged.

Table D.4: Functional requirements D, and how these are implemented in the SotS game framework.

D.3. ACTIVITY DIAGRAMS
In order to document 1) the functionality of the several components of the SotS game frame-
work, and 2) the processes between all the components of the framework, UML activity di-
agrams are used (Distilled, 2003). These diagrams show the activities allowed by the SotS
game framework in a step-wise diagram, which help comprehend how the application works
from the system and the player’s point of view.
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D.3.1. SOTS GAME MOBILE APPLICATION
Figure D.1 shows the overall functionality of the SotS game, including everything that goes
from the start-up of the application, to its termination. Figure D.2 details the options that
players havewhen interactingwith themain drop downmenu of the game. Figure D.3 details
the possible actions that players can do while solving the different types of challenges.

Figure D.1: SotS game overview activity diagram.

Figure D.1 shows that the SotS game starts by acquiring internet and GPS connections,
without which the game cannot proceed. After a quick verification on whether the player
has ever logged in before, the game either shows the login process (one that involves the
players scanning a player QR code), or renders the 3D game environment (map, the player’s
bunny character, and all the 3D icons representing the buildings surrounding the player and
the challenges). In this state ("Render Game"), the player can interact with the interface
by touching on the screen, and this triggers different behaviour. If the player touches with
one finger on the map and does not release the finger, the game begins to rotate around
the player’s character. Pinching in or out of the map makes the camera zoom in or out.
Nothing happens if the player taps on the rabbit, on 3D icons representing challenges that
were already solved (with an exception being the Volunteer type of challenge), or on the map
and the buildings represented on it. To play the game, the player needs to solve challenges,
and these can be accessed directly by tapping on unsolved challenges that are less than 50
meters away, or by navigating through the list of challenges found in the main drop down
menu. Tapping on 3D icons of challenges that are further away will make the game display
a message to the player saying to walk closer to open the challenge. The contrary will open
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a window revealing the challenge to the player. By selecting a challenge from the list of
challenges in the menu, a 3D compass will be shown to the player, along with a message
containing the remaining distance. This compass points in the direction of the challenge
to be found, and will automatically disappear once the player is at a distance less than 50
meters. In this circumstance, the player can also tap a cancel button at the bottom of the
game, which cancels the navigation and vanishes the compass and displayed message. The
other way the player can interact with the game is by tapping on the drop down menu on the
top-left corner. The application exits either through the menu, or by killing the application
from the operating system.

Figure D.2: Sub composite state "Show main drop down menu" activity diagram.

Figure D.2 shows the sub-actions that can be taken once the main drop down menu of
the game is tapped on. This will reveal other sections of the game: the identification of
the player in QR code, the team the player is in (if any), the list of challenges surround-
ing the player, the QR camera reader, and the menu. In the players QR ID, a QR code is
shown containing the player’s unique identification. In the player’s team option, a sub-area
appears where players can create their team, delete the team they are currently associated
with (delete their association, not the actual team), or see the team’s name, crest, and QR
code of the team. In the list of challenges’ option, a sub-area appears where all the chal-
lenges surrounding the player are shown. The challenges shown to the player are all within a
certain configurable distance (standard 2 kilometres), and the player can select or filter chal-
lenges based on their type. Tapping on a challenge will reveal the main area of the game
over layered with a 3D icon of a compass that indicates the direction of the selected chal-
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lenge in real-time. Accessing the "Menu" option, players have access to a variety of options,
which range from looking at the avatar they have and all their statistics, to the leader board
of people met (where players can see where they stand with regard to all other players), the
overall ranking of teams, and the settings options. In this menu, players can consult how
well they and their team are doing in the game, and change the settings of the game (e.g.
their avatar, distance of challenges preferred, and remove their account from the game). In
case the player has elevated permissions (either as evaluator, or as administrator), extra op-
tions will appear under Menu. In such case, players can act as independent evaluators and
evaluate a team’s performance in Multiplayer type of challenges. For that, the player act-
ing as evaluator can scan a team’s QR code through this menu, and evaluate the team in
aspects such as collaboration, participation of elements, and how much fun the team had in
solving the challenge. If players have permissions as administrator, they can manage other
player’s permissions. Under the main drop down menu it can also be found a camera QR
scan. This option will open the camera and allow the player to scan other player’s QR ID
code, team’s QR codes, and QR codes left in the physical environment that are linked to
a specific challenge. Scanning another player’s QR ID will count this as "People Met" in
the player’s statistics. Scanning another player’s team QR code will make the player join
this team. Scanning a challenge QR code will mark that challenge as solved, while showing
either text or picture referring to that challenge.

Figure D.3: Sub composite state "Handle challenge" activity diagram.

Figure D.3 shows the sub-actions that players can do when they interact with a challenge.
When such interaction occurs, a window is shown with a title of the challenge, a picture, a
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general description of the challenge, and up to three buttons at the bottom, which vary based
on the type of challenge being shown. Quiz,Hunter, andOpenQuiz type of challenges reveal
the buttons to show the question, introduce an answer, and close the window. Multiplayer
challenges only show two buttons at the bottom: show task, and close the window. Voting
challenge reveals 3 buttons: show question, take picture, and close window. The button take
picture allows the player to snap a photo from the environment, attach an author’s name, and
attach it into that challenge in that specific location. After the successful post of the picture,
the take picture button is replaced by show solutions button, meaning that the player cannot
take other pictures, but see other player’s pictures and their votes/ranks. The player can then
tap on the picture of others, as leave a vote of 1 up to 5 stars. Is not possible to vote on the
picture taken by the player itself. The last type of challenge is Timed Task, and it also shows
3 buttons at the bottom: show task, initiate countdown, and close window. In the second
button, this challenge reveals a timer countdown that will show howmuch time players have
to complete the challenge. At the end, this timer is replaced by a question that asks how
successful the player was (e.g. "how many people did you talk to?"). Solving a challenge,
or exiting the challenge window, will reveal the main window of the game again.

D.3.2. PARTICIPATORY SYSTEM, SOTS CUSTOM SERVER
Figure D.4 shows the activity diagram of the participatory system. When users enter the
website, they are presented with two main pages, one giving an overview of the SotS game,
and the other providing a more detailed background of the research project. From the main
page, users can scroll down and click on a link to download the game from the Google Play
store™©. Doing so will conduct players to a system that is outside the SotS participatory
system. Users can also log into the system, provided that they have login credentials previ-
ously created by the administrator. With a successful login, users have access to a new area
that is only reserved to authenticated users. This is also valid for administrators, that have
access to another area and further functionality when compared to standard users. Regular
users can consult all the challenges created for the SotS game: these are shown both on a
list, and overlayered on a map. The challenges shown belong to everybody and are not from
the user only. Users can scroll up and down the list of challenges, and can use it to access
their own challenges and edit them (alter text, update picture’s URL, and the location) or
delete them.

They can also navigate the map presented on the page, zoom in and out from the lo-
cation shown (which is Rotterdam by default), and become aware of the location of all the
challenges put in the SotS game throughout the world. Users have the possibility to create
a new challenge of one of 6 challenges types (Quiz - closed question, Multiplayer - task
to be done by a group of players, Hunter - closed question with a possibility to solve the
challenge with a QR code instead, Voting - take a picture of something and leaving it behind
for others to rate it, Open Quiz - open question, and Timed Task - do a task within a time
frame). Users can create a challenge, introduce the specific information required by each
type of challenge, and submit it. When they do, an email is sent to the administrator of the
participatory system to go online and verify that the challenge introduced matches the qual-
ity standards desired for the aimed play testing. If the user logged in has the permissions of
administrator, h/she can manage any type of challenge (update, delete, activate or deactivate
individual challenges), create challenges as if h/she were a regular user, and create a new
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Figure D.4: Overview of the SotS participatory system, activity diagram.

user account for the participatory system.

D.3.3. CROSS-SYSTEM INTERACTION
The interaction between the different components of the SotS framework happens through-
out the game, and can be divided into two types of situations: 1) QR code-based interaction
between the player and other people or challenges presented in the system, and 2) automatic
processes to sustain the game play. These are further detailed below through activity dia-
grams as well, which explain how the several components of the system are involved on a
case basis.

A. QR code-based interaction
The SotS game is based on QR codes to keep track of the player’s interaction with other
players, with non-players that want to be actively involved in the game play of the game,
and with the challenges of type Hunter and Voting.

Figure D.5 details the use case where the player encounters another player in the physical
environment and both agree to scan the QR codes that identify them in the game. Beyond
both players involved in this interaction, the Playfab server and the SotS custom server are
involved as well. Since the Playfab server is the responsible component for user management
and leader boards, this server counts up the interaction for both players in the "People Met"
statistic, in case these players never scanned each other before (otherwise, this is ignored).
Regardless, this encounter is logged in the SotS custom server.
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Figure D.5: Activity diagram of the case where the player scans another player’s QR ID.

Figure D.6: Activity diagram of the case where the player scans a QR code that is printed outside the game.

Figure D.6 details the case where a player encounters a person not actively playing the
game, but actively involved in a challenge (e.g. finding the owner of the shop at the cor-
ner). In this example, if the shop owner has a QR code of a non-player printed, h/she can be
scanned by players and influence the counter of social interactions the game provides ("Peo-



D

246
D. 10.4 SUPPLEMENTARY MATERIAL SPECIFIC TO THE SECRETS OF THE SOUTH GAME,

DESCRIBED IN CHAPTER 6

ple Met"). The player meets the non-player, and while solving the challenge, the player asks
to scan the QR code. Similarly to the previous case, both the Playfab and SotS custom
servers are involved. The former counts the interaction if it was never registered before, and
the later logs the interaction.

Figure D.7: Activity diagram of the case where the player scans a QR code belonging to a Hunter challenge.

Figure D.7 shows the case where the player is solving a Hunter challenge, and finds the
QR code of that challenge in its physical surroundings. When such QR code is scanned, the
challenge ismarked as solved, the player gets the points for solving a challenge (if h/she never
scanned this QR code), and reveals either a text or an image, belonging to that challenge.
For this, the SotS game framework involves the player, the Playfab server, the SotS custom
server, and the Internet (not part of this framework). The mobile application of the player
scans the QR code, and requests the details of this challenge (either the text to be shown,
or the image). This content (text, or image URL) are stored in the SotS custom system,
as this information is part of the Hunter challenge stored there as well. When the mobile
game receives the content, it requests the Playfab server to increment the player’s statistics
in the server, in case this player never solved this challenge (this is ignored otherwise). If
the content that the mobile game received is text, it is immediately shown to the player.
Otherwise, the game only has an image URL, and needs to download the actual image from
the internet. In this process, the SotS custom server also logged this event.
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Figure D.8: Activity diagram of the case where the player scans a QR code belonging to a Voting challenge.

Figure D.9: Activity diagram of the case where the player scans another player’s team QR.
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Figure D.8 shows the case where the player is solving a Voting challenge, and finds the
QR code of that challenge either in its physical surroundings, or that QR code is hand given
by someone (e.g. a facilitator of a case study). When such QR code is scanned, the mobile
application of the player contacts the SotS custom server to retrieve the entire content of that
Voting challenge (title, image URL, description). From there, it retrieves the actual image
of the image URL from the internet. Before rendering the window of the challenge to the
player, the mobile application consults the Playfab server to understand whether the chal-
lenge was already solved by this player, which will influence the player’s ability to publish
a solution to this challenge or simply see and vote for other players’ solutions. From here,
the player has access to the window of the challenge, described by the sub composite state
"Handle challenge" (Figure D.3).

Figure D.9 describes the case where the player (player 1) uses the mobile application
to scan the team QR code from the mobile application of another player (player 2). When
player 1 scans the QR code, the mobile application parses it to retrieve the team ID, team
name, and the crest of the team. Then, the mobile application the SotS custom server that
its new team is a different one, and stores these details in the server. The server also logs
the fact that player 1 joined a new team. After this step, the mobile application shows the
window of the team of player 1, with the duly updated new team.
B. Other cross-component interactions
Table D.5 summarises simpler, but still cross-component, interactions not based on QR
code scanning. These cases support the entire game play, are initiated by the SotS mobile
application, and trigger communication with all the other components of the SotS game
framework:
Case Components

Involved
Description

Update surrounding
map and objects

• Mapbox The tiles of the 3Dmap, as we as the 3D build-
ings on the map, are downloaded by the mo-
bile application.

(Re)Load challenges • SotS custom
server

The mobile game sends the player’s coordi-
nates (latitude, longitude), and the maximum
distance desired for the challenges, and the
SotS custom server replies with the list of
challenges in JSON that match the criteria.

Update player status
and leader boards

• Playfab
• SotS custom

server

The mobile game consults the Playfab server
on a regular pre-defined amount time to up-
date the player’s set of statistics and the leader
board of people met. The SotS custom server
is consulted to retrieve the leader board of the
team and their statistics (howmany challenges
each team solved, and the average ranking that
evaluators gave).
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Table D.5 (continued)
Log events • SotS custom

server
The mobile application registers meaningful
events in the database inside the SotS cus-
tom server. These are registered only when
they occur (e.g. player joined team, QR code
scanned, challenge solved, challenge opened,
challenge closed, and player met). It also
stores the GPS location of the player on a reg-
ular basis (each 5 seconds).

Table D.5: Case-based processes throughout the SotS game framework.
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TRANSLATIONS

Original Translation Chapter
Tu podes descobrir mais sobre uma
pessoa numa hora de brincadeira do
que num ano de conversa.

You can find out more about a person
in one hour of play than in a year of
conversation.

Preface

Um testemunho de força, resiliência,
pura loucura, e persistência. Uma
jornada de batalhas e vitórias até
aos ombros do gigante que é o
conhecimento.

Obrigado a vós, todos vós que me
quereis bem e não me vacilais no
vosso apoio e presença.

A testimony of strength, resilience,
pure madness, and persistence. A
journey of battles and victories all
the way up to the shoulders of the
giant that is knowledge.

Thank you, to all of you who wish
me well and do not waver in your
support and presence.

Preface

Obrigado por tudo, miúda. Thank you for everything, sweet-
heart.

Ack.

As pessoas são solitárias porque con-
stroem muros ao invés de pontes.

People are lonely because they build
walls instead of bridges.

1
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SUMMARY

This thesis broadens current understanding of how location-based games can promotemean-
ingful social interaction in citizens’ own neighbourhoods. It investigates social cohesion and
the role of social interaction to its promotion, delves into which requirements users have for
playing in their neighbourhood and with its citizens, and takes a technical perspective into
how this type of games should be designed to be successful at triggering interaction in public
space. From this understanding, which stems from adolescents and adults from Rotterdam
and The Hague, NL, a specific design and prototype of a location-based game is proposed
and tested. This thesis addresses several gaps found in the current body of knowledge. On
the one hand, meaningful interactions are person-dependent, can occur in various forms,
and their impact on societies is not well understood. On the other hand, it is not well under-
stood how to build location-based games for such aim: it is not known which requirements
should be considered, attempts to build location-based games are often a product of in-house
development not centred early on around users, no known guidelines exist for meaningful
social interaction, and no consensus exists on what to consider when building location-based
games from a technical perspective.

This thesis offers learnings on how to best design location-based games to promote in-
teraction that matters to local communities. It firstly offers an overview of social cohesion
and how multiple factors and actors have the power to influence local communities. It then
argues that meaningful social interaction bears the power to break down stereotypes and
prejudice, empowers people’s agencies to act, has a positive impact on cohesion, emerges at
people’s own pace, and addresses conflict. From this, it dives into the preferences, needs and
desires of adolescents and adults to better understand what sorts of interactions are mean-
ingful to them. This thesis explores throughout several case studies the requirements that
these target groups have, and advances gameplay dynamics and game activity types that
location-based games should implement to be successful at inviting meaningful social in-
teraction in public space. These case studies also research different sorts of interaction that
each game activity type invites players to have, and elicit specific game ideas that are partic-
ularly tailored around perceived-to-be socially challenging neighbourhoods in The Nether-
lands. These case studies culminate in the recommendation of several guidelines to be used
at different stages of the game design: gameplay requirements, guidelines for meaningful
social interaction to occur in the studied groups, and the sorts of game activities that design-
ers should include to invite specific forms of social interaction. This thesis also proposes
a systems architecture with key architectural components, to drive consensus and inform
on what to consider when building location-based games for this purpose from a technical
perspective.

The lessons learned that are advanced in this thesis help practitioners design location-
based games that are more tailored to what future players want to play, and help researchers
understand what it means to design for meaningful social interaction in any public space
around the world. Players have distinct preferences with regard to the ways they are ex-
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posed to their own neighbourhood, and the forms of interaction they would rather expe-
rience. Understanding this, and incorporating such preferences in game design, lead to
gameplay experiences that can have a positive effect on societies, as they have the power to
promote interaction and positive relationships in local communities. These gameplay ex-
periences invite individuals to come together and have meaningful interactions in a playful
way, (re)engage with their own neighbourhood, and be part of their local community.



SAMENVATTING

Dit proefschrift verbreedt de huidige kennis van hoe digitale locatiegebaseerde games so-
ciale interactie kunnen bevorderen, die belangrijk is voor burgers, in hun eigen buurt. Het
onderzoekt de rol van sociale interactie voor het ontstaan van sociale cohesie, de voorwaar-
den die spelers stellen aan het spelen in hun buurt en met wie daar woont, en bekijkt vanuit
een technisch perspectief hoe dit soort games ontworpen moeten worden om succesvol in-
teractie teweeg te brengen in de openbare ruimte. Op basis van deze kennis, waaraan is
bijgedragen door adolescenten en volwassenen uit Rotterdam en Den Haag, NL, wordt een
specifiek ontwerp en prototype van een locatiegebaseerd game voorgesteld en getest.

Dit proefschrift behandelt verschillende hiaten in de huidige kennis. Allereerst zijn be-
tekenisvolle interacties persoonsafhankelijk, kunnen ze in verschillende vormen voorkomen
en wordt hun impact op samenlevingen niet goed begrepen. Tegelijkertijd wordt niet goed
begrepen hoe locatiegebaseerde games voor een dergelijk doel moeten worden gebouwd: 1)
het is niet bekend met welke voorwaarden rekening moet worden gehouden; 2) bij pogingen
om locatiegebaseerde games te bouwen worden spelers meestal niet in een vroeg stadium
van de ontwikkeling betrokken; 3) er zijn er geen richtlijnen bekend voor betekenisvolle
sociale interactie; en 4) er is geen consensus over het bouwen van locatiegebaseerde games
vanuit een technisch perspectief.

Dit proefschrift biedt inzichten voor het ontwerpen van locatiegebaseerde games die uit-
nodigen tot interactie, die belangrijk is voor lokale gemeenschappen. Het biedt ten eerste
een overzicht van sociale cohesie en hoe meerdere factoren en actoren een rol spelen bij
het beÃŕnvloeden van lokale gemeenschappen. Vervolgens wordt beargumenteerd dat be-
tekenisvolle sociale interactie stereotypen en vooroordelen kan doorbreken; de agency van
mensen om te handelen versterkt; een positieve invloed heeft op de sociale cohesie; en het
mogelijk maakt om conflicten bespreekbaar te maken.

Op basis hiervan worden de voorkeuren, behoeften en verlangens van adolescenten en
volwassenen besproken, om beter te begrijpen welke soorten interacties voor hen beteke-
nisvol zijn. Dit proefschrift onderzoekt in verschillende casestudies de voorwaarden die
deze doelgroepen stellen, en op basis van deze voorwaarden worden gameplay-dynamieken
en types van game-activiteiten voorgesteld. Het implementeren van deze voorwaarden is
essentieel voor het succesvol uitnodigen tot betekenisvolle sociale interactie in locatiegeba-
seerde games, in de openbare ruimte. De casestudy’s onderzoeken ook verschillende soor-
ten van interactie waartoe elk type gameactiviteit spelers uitnodigt, en verzamelt met name
game ideeÃńn voor buurten in Nederland die als onveilig worden ervaren. Deze casestudy’s
resulteren in de aanbeveling van verschillende richtlijnen die in verschillende stadia van
het game-ontwerp kunnen worden gebruikt: gameplay-voorwaarden, richtlijnen voor bete-
kenisvolle sociale interactie die kan plaatsvinden in de bestudeerde groepen, en het soort
game-activiteiten die ontwerpers zouden moeten opnemen om specifieke vormen van so-
ciale interactie uit te nodigen. Dit proefschrift stelt ook een systeemarchitectuur voor met
essentiÃńle architecturale componenten, voor specialisten, om consensus te bereiken bij het
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bouwen van deze locatiegebaseerde games, vanuit een technisch perspectief.
De inzichten in dit proefschrift helpen specialisten om locatiegebaseerde games te ont-

werpen die meer zijn afgestemd op wat toekomstige spelers willen spelen, en helpen onder-
zoekers te begrijpen wat het betekent om te ontwerpen voor betekenisvolle sociale interactie
in iedere openbare ruimte, in de hele wereld. Spelers hebben verschillende voorkeuren met
betrekking tot de manier waarop ze worden blootgesteld aan hun eigen buurt, en de vormen
van interactie die ze prefereren om te ervaren. Het opnemen van dergelijke voorkeuren in
het ontwerp van games, leidt tot gameplay-ervaringen die een positief effect kunnen heb-
ben op samenlevingen, aangezien ze de kracht hebben om interactie en positieve relaties
in lokale gemeenschappen te bevorderen. Deze gameplay-ervaringen nodigen individuen
uit om samen te komen en betekenisvolle interactie te ervaren, op een speelse manier, voor
(hernieuwde) betrokkenheid bij hun eigen buurt en om deel uit te maken van hun lokale
gemeenschap.
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