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Abstract

As populations age worldwide, different challenges emerge to promote quality of life of the
elderly. Games have been proposed as a strategy to pursue those challenges, achieving varied
levels of success. Nonetheless, there is an excessive focus on health benefits alone, with little
concern for aspects such as player’s sought experiences and motivations to play.

An emerging category of games that can be used to address this problem are pervasive
games, which are electronic games that incorporate elements from the real world into the game
world. Because pervasive games blend context (real world) and content (game world) elements,
they can be especially appealing for people of all ages, but also particularly to the elderly. Thus,
understanding how different design elements of pervasive games affect (elderly) players is essen-
tial. In this doctoral research, this issue is investigated, with two main contributions.

First, a toolwas developed that allows designers to test variations onpervasive gamedesign.
An “experiment system” pervasive game – i.e., a game designed not to solve a specific problem
directly, but to understand it from a design perspective – was developed and evaluated. This
innovation allows researchers and designers to evaluate specific design elements of pervasive
games. While previous works evaluated game vs non-game or traditional approaches, the tool
introduced in this research allows to evaluate variations in the same game.

In the second main contribution, the developed system was used to investigate the effect
of a specific design element – social interaction – in different contexts. As a result of these in-
vestigations, new knowledge was acquired about the effects of social interaction as a strategy
to promote active lifestyles among older adults. This design element was evaluated in different
conditions, including cultures of Brazil and Japan. It was found that the presence of social inter-
action design elements in a pervasive game system had a significant positive effect on the levels
of physical activity of elderly players. This new knowledge can foment future research and de-
velopment ofmore effective strategies that explore social elements, it can help better understand
motivation or generate data to model user behavior, among other applications.

Overall, this doctoral research further advances the idea that games, even serious games,
should first be fun, and additional benefits come later as a natural consequence. By studying the
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potentially very engaging category of pervasive games, it opens up a new front of investigation
that could lead to more fun and effective health interventions in the future.
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1
Introduction

Populations are ageing worldwide. In 2005, Japan’s became the first so-called “super aged” soci-
ety [1] – i.e., a society with at least a fifth of the population over 65 years old [2] – and over the
years it was followed bymany others [3]. Although this process ismore prominent in developed
countries, it is not exclusive to them, with all nations experiencing the phenomenon, albeit in
different rates, as consequence of the natural demographic evolution [4].

As this process continues, several challenges emerge, affecting different domains, includ-
ing, among others, economy [5], culture [6] and social relations [7]. All these challenges are part
of the more general goal of promoting the quality of life of the elderly, which has become a
growing social concern.

Different strategies have been employed over time with that objective in mind, but the
last two decades saw special interest on games and gamification processes. Playing, in all its
forms, is an inherent aspect of human nature [8]. Games, specifically, are an ingrained part of
our existence – making and playing them is an intuitive behavior for people of any age. In that
spirit, games have been used as tools to help elderly people formany years now, with varied levels
of success [9]

Games for elderly fall into the broader category of serious games, i.e., games with purposes
other than just entertainment [10]. A recurring problem with these games, particularly com-
mon in those targeting the elderly, is that they are often too serious. Even though they part from

1



the premise that fun experiences can engage users and promote positive change, most of the
studies in this field have an excessive or even exclusive focus on health benefits, often ignoring
aspects such as what kind of experiences players seek, and if they are actually having fun while
playing.

An emerging category of games that can be used to address this problem are pervasive
games, which are electronic games that incorporate elements from the real world into the game
world [11]. The basic idea is to use aspects of player’s life as part of the game, promoting higher
levels of immersion to create more fun experiences. The extremely popular PokémonGO [12],
for example, associates real locations with in-game hotspots and use geographic and climatic
aspects of the player’s current location to determine what kind of monsters will be seen. Innu-
merable aspects could be used by a game, though, such as physical objects, social connections,
different available devices and resources, among many others.

Because pervasive games blend context (real world) and content (game world) elements,
they can be both extrinsically (related to the environment) and intrinsically (related to self) ap-
pealing, which can be very engaging, according to current theories of human motivation [13].

When it comes to senior players, pervasive games can be especially beneficial, since they
often promote physical activity and nurture social connections, and both effects are strongly
correlated with higher quality of life among elderly adults [14, 15]. Additionally, due to their
nature, pervasive games naturally promote more casual experiences, which is a very frequently
sought experience by elderly players [16] and can smooth the introduction of new technologies
to novice users [17].

In summary, pervasiveness could be a powerful approach to create more effective serious
games, in particular for elderly players. That said, understanding pervasive games and how their
different design elements affect (elderly) players is essential. In this doctoral research, this issue
is investigated, with two main contributions.

First, a toolwas developed that allows designers to test variations onpervasive gamedesign.
An “experiment system” pervasive game – i.e., a game designed not to solve a specific problem
directly, but to understand it from a design perspective – was developed and evaluated. This
innovation allows researchers and designers to evaluate specific design elements of pervasive
games. While previous works evaluated game vs non-game or traditional approaches, the tool
introduced in this research allows to evaluate variations in the same game.

In the second main contribution, the developed system was used to investigate the effect
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of a specific design element – social interaction – in different contexts. As a result of these in-
vestigations, new knowledge was acquired about the effects of social interaction as a strategy
to promote active lifestyles among older adults. This design element was evaluated in differ-
ent conditions, including cultures of Brazil and Japan. This new knowledge can foment future
research and development of more effective strategies that explore social elements, it can help
better understand motivation or generate data to model user behavior, among other applica-
tions.

The remaining chapters of this dissertation describe these contributions and their evalua-
tion in detail, being structured as follows.

Chapters 2 and 3 both contain overviews about the basic topics of the research, namely,
pervasive games and games for the elderly. Historical and theoretical backgrounds are included,
as well as brief reports about the current research on these topics.

In Chapter 4, the notion of “experiment system” pervasive game is introduced, and the
system proposed, implemented and evaluated in this doctoral research is described, in partic-
ular its design process and the ways in which it can be adapted to different contexts, allowing
researchers to propose variations in game design and investigate how they affect players’s behav-
ior.

Chapter 5 illustrates the adaptability of the developed system in practice, by showing how
it can be changed to a different cultural context while keeping its core elements and remaining
an adequate test tool.

Two social interaction case studies are presented in Chapter 6, evaluating its effect as a
design element in Brazilian and Japanese cultures. These experiments illustrate effectively how
pervasive game design can be explored to promote effective interventions to help elderly people,
while demonstrating that social factors are an essential element to their play experience.

Finally, Chapter 7 concludes the dissertation by summarizing the main findings and con-
tributions of this doctoral research, as well as their impact for future research, open questions
and possible strategies to investigate them.
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2
Pervasive Games

In the early 90s, the acclaimed Xerox engineer, Mark Weiser, introduced the idea of ubiquitous
computing [18] – computing “everywhere” –, which grew into a whole new field of Computer
Science in the decades following the initial conceptualization, and later became known also as
pervasive computing – computing that “spreads”.

Regardless of thenameused, core to this visionwas theprinciple of calm technology [19], or
technology that “doesn’t get in the way”. Weiser advocated that technology should not require
constant attention from users, but instead ask for attention only when the system could be
useful to fulfill some intent. In other words, users should need not worry about complicated
details of how technology works, but concentrate only in their intended goals. At the same
time, systems should constantly monitor the environment to detect situations in which they
could provide useful information or automate tasks to make people’s lives easier.

Given that description, it seems that electronic games are systems completely incompatible
with the idea of pervasive computing: usually the main goal of a game, especially a particularly
fun game, is to capture the attention of players.

In the following sections, we discover how it is possible to surpass this apparent contradic-
tion and apply the concept of pervasiveness to electronic games.
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2.1 Games that “Spread”

When one considers that playing is usually an end in itself, it comes as a natural consequence
that the whole purpose of a game, when seen as a system, is to capture the attention of the user
to the actual system. In other words, games are designed to engage users into the task of using
the system.

In fact, one of the many possible definitions of a “fun” game is one that creates flow [20],
or a state of deep immersion and concentration (Fig. 2.1), in which users feel a disconnection
from the outside world, focusing only at the task at hand (in this case, playing).

Figure 2.1: Flow (adapted from [20]).

In that sense, electronic games could never be seen as pervasive in the sense of calm technol-
ogy, but they can still be designed as systems that spread everywhere, i.e., they can be systems that
monitor the player’s environment and change the game experience based on given environment.
That is the idea behind pervasive games [11, 21], which are electronic games that incorporates
elements from the real world into the game world (Fig. 2.2), blurring the edges of the perceived
boundaries of the play space, the so-called “magic circle” [22].

As an example, the extremely popular Pokémon GO [23] uses many different real world
elements to engage players and nurture the community around the game (Fig. 2.3). Physical
locations are associated to “pokéstops” and “gyms”, and players have to walk to them to get
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items and perform other game actions. The game uses augmented reality to create the illusion
that pokémon are present in the real world, and there is an ongoing narrative that often involve
real world aspects and can be influenced by social relations among players.

Pervasive games can also appeal to the senses. For instance, themobile gameZombies, Run!
[24] is targeted at runners and uses audio cues to simulate the experience of being chased by a

Figure 2.2: Pervasive games incorporate elements from the real world into the gameplay.

(a) real world locations (b) augmented reality (c) immersive narrative

Figure 2.3: PokémonGO (adapted from [23]).
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horde of zombies. The game generates a path based on information about existing public spaces
and roads, and then uses audio instructions to tell the player which way to go when running
from the “zombies”.

Many other examples of commercial and academic pervasive games [11] explored this idea
of using real world elements to promote immersion and createmore fun experiences. However,
even though the notion seems intuitive and these examples serve as anecdotal evidence, it is still
necessary to study it in a more structured manner.

The next section defines a pervasive game from the perspective of game design, and ana-
lyzes how they shape experience to promote engagement.

2.2 A Game Design Perspective

Game design is design of player experience [25] and, as a discipline, it studies any kind of ludic
contexts, not being limited to electronic media. Acclaimed designer Hebert Simon explains
that “everyone designs who devises courses of actions” [26]. In that sense, it is possible to say
that game designers devise courses of actions for players, aiming at particular experiences.

To understand pervasiveness from a game design perspective, it is necessary to analyze how
changing game elements to integrate aspects of the real world finally shapes player experience.
“Game elements” can mean many things, though, as a game can be seen in different ways, or
“lenses” [25]. In this analysis, games are described using Schell’s elemental tetrad (Fig. 2.4),
which is a very useful way to break ludic systems down into their core elements.

This model describes a game in terms of four domains that affect each other and combine
to create specific experiences to the player. They are:

• technology – any media, materials or interactions that make the game possible, not re-
stricted to high-end devices, such as gamepads or computers, but also things such as pen-
cil and paper, plastic pieces, etc;

• mechanics – all procedures, rules, conditions and restrictions of the game, i.e., game
goals, game components, player roles, allowed actions, etc;

• story – the sequence of events of the game, its characters and narratives;

• aesthetics – all aspects of the game that appeal to human senses, such as graphics and
sounds, but also smells, tastes and tactile sensations.
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Figure 2.4: Schell’s elemental tetrad [25].

Taking the tetrad as a reference, it is possible to say that a game is pervasive if it integrates
elements from the real world into one or more of the basic domains. In other words, if it is a
game that, basedon the current context of play,mayuse different technologies, adapt itsmechanics
or change its story and/or aesthetics to create different experiences.

2.3 Pervasive Games and Engagement

Pervasive games have the inherent potential to be engaging. One way to understand why is
by applying the Self-Determination Theory (SDT) [27], which is a psychological theory that
explains human’s needs andmotivations. According to SDT, all humans have basic psychological
needs (Fig. 2.5) that are equally important and influence one another:

• autonomy – a sense that one controls their own decisions.

• competence – the feeling that one can be effective and master some skill or task.

• relatedness – the need to feel connected to other people.

8



Figure 2.5: Basic human needs, according to the Self-Determination Theory.

These needs must all be satisfied to achieve maximumwellness. In the same sense that lack
of food or water impairs physical health, thwarting of basic psychological needs impairs mental
health. Analogously, satisfaction of these needs makes people thrive.

SDT states that human motivations can be intrinsic (related to self) or extrinsic (related
to the environment), with a spectrum along this axis, driven mainly by the need of autonomy
(Fig. 2.6). The higher the autonomy, the higher the power of the motivational factor to influ-
ence behavior.

By promoting experiences of exploration and freedom, pervasive games allow players to
exercise their autonomy, exploring their environment and making choices to shape their game
experience. By naturally focusing on casual play sessions, pervasive games can help players im-
prove specific skills on their own pace, satisfying their need of competence. And, finally, if social
aspects are explored, pervasive games can also serve as a way to increase user’s social cognition
skills, satisfying the need of relatedness.

This reasoning leads to believe that pervasive games have the potential to be very engag-
ing. In the next and final section of this chapter, different works studying and/or exploring this
potential are presented, with descriptions of the main findings and conclusions.

2.4 Research on Pervasive Games

Electronic games that incorporate real world elements have been studied for many years. Al-
though the basic concept remains constant, several authors have proposed different definitions
and classifications for such games, and many different games have been developed for research.
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Figure 2.6: Humanmotivation, according to the Self-Determination Theory.

One of the first descriptions of the idea comes fromBjörk et al., who talk about ubiquitous
games [28], studying them from the perspective that “participants on the ground and online
participants share a common experience”. The emphasis in their analysis was on the possibility
of the same game existing not only in a virtual (online) world, but also in the real world. In their
original work, though, the developed game had different representations of the player in each
case, keeping the two worlds still separated.

Gutierrez et al. started to blur the line between different worlds, by taking a more psy-
chological/design oriented position and exploring how games could create different realities,
parallel to the real world, and allow players to experience these realities by alternating between
them. They call this concept trans-reality games [29].

Bonsignore et al. further advanced the idea, talking about mixed-reality games [30], in
which real and virtual environments are fully blended, and the realworld becomes the landscape
for a virtual experience. This category includes the genre of Augmented Reality (AR) games –
when technology is projected over the real world to enhance user’s experience –, and Alternate
Reality games – when fictional narratives are built based on events in the real world, creating a
new reality that exists only for the players.
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A different work that came from the realm of ubiquitous computing focused more on
technology, defining the broader category of context-aware games [31]. According to the au-
thors, the term applies to any game that has the ability adapt to the environment. Many differ-
ent elements could be used to give the player different experiences, such as location, weather,
available resources, biometric measurements, etc.

Although Tutzschke and Zukunft used the term “pervasive games” [32], they focused
specifically on Location Based Games (LBG), restricting the category to games that use player’s
location as main element of mechanics. Guo et al. give a more generic definition, arguing that
pervasive games allow players to interact with the real world, providing and enhanced experi-
ence [33].

A few authors proposed classifications of pervasive games, based on different aspects. The
TeMPS framework [33], for example, assigns different levels of pervasiveness to games using 4
domains:

• temporality – related to when the game happens, the more freedom the player has to
choose when to play, the more pervasive the game;

• mobility – related to where the game can happen, games that can be played in more con-
texts are more pervasive;

• perceptibility– related to how the game interacts with the environment, with games that
monitor and react to many different aspects being more pervasive;

• and sociality – related to who can play, if the game promotes social experiences in many
different ways it is more pervasive.

McGonigal described [34] pervasive games in terms of their objectives of functions, iden-
tifying 3 non-exclusive main functions that can manifest in such games:

• colonization happens when the game serves as a means to introduce novice users to un-
familiar technology, increasing its acceptance;

• disruption happens when the game influences people’s daily lives, affecting their reality,
respected the player’s freedom to choose when and how this happens;

• and activation happens when the game uses previously ignored aspects of the environ-
ment to grab user’s attention and create ludic contexts.
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Another classification, proposed byValente et al., was based on the required characteristics
that a game must have to be pervasive [35]. According to these authors, it is necessary that the
game usesmobile technologies and that it has context awareness, while beingmultiplayer and
having remote communication are optional but relevant aspects.

Buzeto et al. defined a subset of pervasive games, called reconfigurable games, analyzing
howmuch the game changes its elements of technology,mechanics, story and aestheticsdynam-
ically, based on resources and devices available in the environment. The authors established 3
levels of reconfigurability:

• on level 1, the game changes technology only, using different devices based on their avail-
ability; a good example is “Battlefield 4” [37], that is normally a First-Person Shooter
(FPS), but offers a Real-Time Strategy (RTS) mode when a tablet is synchronized with
the game console;

• on level 2, the game also adaptsmechanics and aesthetics to the capabilities of the avail-
able devices; “ForzaHorizon” [38], for example, takes advantage of the specific character-
istics of smartphones and tablets to turn these devices into portable GPS units reflecting
the race data, when such devices are available.

• finally, on level 3, story is also changed, making all elements of the elemental tetrad dy-
namically adapted; the game “Dead Rising 3” [39], for example, changes the narrative if
a smartphone is connected to the game, even simulating a phone call to the player to give
them information and instructions.

These different classifications analyze pervasive games from varied points of view, being
complementary to each other. As any topic related to (game) design, it is not possible to say that
either of them is more correct than the others, but only that they emphasize different aspects,
allowing designers to have many different views of the same game.
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3
Games for Elderly

Electronic games have been a topic of research for many years, in their own field that became
known as serious games – i.e., games that have purposes other than just fun, such as education,
training or health promotion [40, 41]. Games and gamification processes have been studied
for their applicability as tools in areas as diverse as education [42], behavior change [43] and
rehabilitation [44].

Older adults became a natural focus group for serious games research [9], since they have
unique needs that increase in intensity and peculiarity with age, and games can be an engaging,
often cheaper and more widely available approach to target elderly people in varied goals such
as cognitive training [45], physical health stimulation [46] and prevention of loneliness [47].

From the very beginning, researchers alreadyhypothesized that games couldhave a positive
effect on elderly people [48]. Games can often provide different levels of mental and physical
stimulus, self challenge and personal growth, as well as promote experiences of social connec-
tion and belonging. As explained by the Self-Determination Theory (Section 2.3), these experi-
ences are essential to achieve adequate levels of quality of life and tomaintain both physical and
psychological wellness of human beings.

Although evidences of this fact would become a consolidated theory much later, when
games for seniors first started being proposed, it already seemed clear that elderly people, es-
pecially those living under conditions that greatly thwarted these basic needs – such as people
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living in nursing homes or in isolation – could potentially attain great benefits from playing
electronic games.

The following sections present a deeper exploration of consolidated knowledge and pre-
vious work in the field of games for elderly, analyzing their requirements and opportunities, as
well as characteristics commonly found in elderly players.

3.1 Requirements and Opportunities

The initial research focus was on the limitations and issues to be considered when designing
games for this specific audience, which are consequences of the reduced physical and mental
skills that come with the aging process. Different works investigated the challenges when devel-
oping games for seniors [49–51], summarizing the basic requirements and identifying possible
opportunities, as follows.

Requirements

Aging causes several changes on human beings’ physical and mental abilities [52]. In general,
elderly people experience varied degrees of deterioration of their motor skills, with slower re-
sponse times, difficulty in performing and maintaining movements and loss of balance and co-
ordination. Because of this, games for elderly should avoid small targets and moving interface
elements, as well as gestures or movements that are too fast.

Static and dynamic visual acuities also deteriorate with age, with loss of contrast and color
sensitivity and reduced range of visual adaptation. This makes it difficult for older people to
identify and differentiate small elements on the screen. Special care is required in choosing
size, positioning and colors of game elements. Auditory acuity is also affected, in particular for
higher frequencies. It is recommended to avoid synthetized speech and always provide redun-
dant feedback to complement sound information.

Not only physical skills are impacted by the aging process, but also the cognitive function,
with possible deficits on attention processes, working memory, reasoning skills and language
comprehension. Games for elderly require especially intuitive interfaces, with controls that
must be simple and easy to understand to reduce the cognitive load and allow users to focus
on their experience and on achieving game goals.
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Other types of challenges can come from contextual elements, such as cultural and gen-
erational aspects. For example, younger generations have the advantage of having grown up in
continuous contact with recent technologies, media, and cultural phenomena, making it much
easier for them to quickly become familiar with modern games.

In contrast, older adults must learn new concepts and interaction models with a much
more limited experience from which they can draw analogies, and there could even be the case
that they must unlearn previous knowledge, when familiar actions have changed meaning in
newcontexts. Thismeans that games for older generations should consider established concepts
and technologies as bridges to introduce game mechanisms, and focus on casual play sessions,
allowing players to explore the game in their own pace.

This challenge could be mitigated sometimes, due to natural technology “domestication”
that happens over time. For instance, because the first commercial electronic games became
popular in the early 1970s [53], the next decade will witness the first generation of people 60 or
older that had access to videogames for their whole life. Nonetheless, as technology and media
evolve, a generational gap is always expected and should be considered.

Older generations might also hold different values than younger people and much more
varied interests. Although any generalization that treats elderly people as a homogenous group
is erroneous [54], it is possible to hypothesize, for example, that themes or topics that were
particularly popular in the past might appeal for seniors in the present.

Also, not generally, but inmany cases, something thatmight be engaging for younger play-
ers could often be unappealing and sometimes even considered inappropriate or offensive for
a great part of older audiences. The mere idea of elderly people playing games might be seen as
childish or inappropriate by part of society in some cultures [55], requiring game designers to
pay special attention to elderly players’ feelings about their social context, i.e., if they areworried
that this might be the case.

Opportunities

Physical and mental function deterioration that come with age is not only a challenge for game
design, but also an opportunity. In fact, games that focus on preventing the loss of such func-
tions or in promoting physical and/or mental training quickly became a major research topic
[9, 56]. Elderly people often express their interest in training their body and mind, precisely to
prevent or slow down the effects of aging [57] and there are examples of successful commercial
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games with that specific appeal, such as the popular Brain Age series [58].
Similarly, the generational gap can also become an opportunity, as game designers not only

have the chance to explore alternate themes and narratives not so mainstream among young
people, but also to promote intergenerational connection and exchange of knowledge [59, 60].

Elderly people have immense life experience and knowledge about their culture in general
and about specific topics in particular, even if they didn’t have the chance to work in many
different fields or travel to many different places. Younger generations can benefit from this
knowledge, while most elderly deeply enjoy the chance to share their stories and help preserve
their culture [61].

Previous studies have also proposed to use technology to help seniors with lots of experi-
ence that could either work in more flexible schedules or mentor younger workers [62]. Com-
panies could explore games and gamification techniques as a way to engage more people into
similar arrangements, that could benefit all parties.

Finally, older adults usually havemuchmore time available for leisure and self-care, having
more opportunities as a consequence to explore and invest effort into new games. It is impor-
tant to notice, though, that there is a tendency among older players to prefer more casual game
experiences [63]. This tendency might change in the future, as young gamers of today become
older, and there is a higher ratio of players who seek more intense play sessions, but evidence
suggest that simpler games that can be played in short sessions are preferable.

It is essential to also take into account that, even more than younger players, older people
will easily disregard experiences that donot seemappealing, as they havemuchbetter established
beliefs and personal tastes. In essence, not any game will serve, but a game that is easy to use,
only requires an adequate level of time and effort, and deals with an interesting theme for this
public.

3.2 Motivations to Play and Game Experience

Research using electronic games to help elderly people part from the premise that games can
engage players because they are fun, however, many of these studies focus excessively or exclu-
sively onhealth benefits, often ignoring aspects such as user’smotivations and experienceswhile
playing.

More recent research has started to analyze these elements more thoroughly [64], follow-
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ing the principle that games, even serious games, should first be fun, and all additional benefits
will come later as a natural consequence of playing [54].

For instance, some early works tried to better understand elderly player’s preferences re-
garding content and/or genre of the games, primarily using surveys [65–67]. These authors
found that varied factors motivate elderly people to play games, but primary ones included:

• focus on cognitive training or quality of life improvement;

• casual style of gameplay;

• appealing narratives;

• and ease of use.

These works also reported a preference for puzzle games over action games and a rejec-
tion of games with violent contents. When subjects could describe the main reasons why they
felt attracted to particular games, there was a great emphasis on physical and mental training
(Fig. 3.1).

Figure 3.1: Word cloud of the reasons for choosing games [66].

A study focusing specifically on casual games [16] found an overall enjoyment with all
evaluated genre, but observed – in corroboration of similar studies – a preference for puzzle
over simulation games, and for these two genre over action games.
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Apopular category used inmany studies is that of “exergames”, i.e., games that use exercise
as their main element. While studying this genre, researchers found that players enjoy such
games and have an intrinsic motivation to play, based on perceived benefits for their health and
increase in social confidence [68, 69].

Investigating the topic of motivation more deeply, De Schutter and Malliet performed
an ethnographic study and combined the Uses and Gratifications Theory [70] and the Self-
Determination Theory (Section 2.3 to propose five basic profiles of older players (Fig. 3.2)),
generally observing a predominant individual adherence to one of the profiles, with aspects of
the others appearing to a lower degree.

Figure 3.2: A classification of older players of digital games [57].

According to this model, players motivations can be understood in terms of 2 axes: plea-
sure – usefulness and content – context. The first axis determines if the immediate motivation
to play is based more on fun or on perceived benefits of the game. The second axis is related
to the conditions of the play activity – whether it is mainly driven by the content of the game
(intrinsic motivations) or by the context in which the player is inserted (extrinsic motivations).
The proposed profiles are:

• ludophiles – typical “hardcore” players who are mainly driven by content, i.e., by the
game itself; they are highly interested in games and have usually played throughout their
whole lives; even though players in this group play just for fun, they don’t necessarily
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consider playing a useless activity, often talking about games as important social-cultural
phenomena, and an important part of their lives;

• value seekers–players in this group are stronglymotivatedby content, but are alsodriven
byperceivedbenefits of the game; they play because they believe they can learn something
from the game, exercise some passion or experience some cultural element;

• time wasters – these players are driven by context, playing only when they have some
free time to spend; they are interested in spending such time in a useful activity, focusing
on games that can provide some benefit, such as cognitive training;

• compensators–players in this group aremotivatedby context, with amix of pleasure and
usefulness factors; they use games as away to escape long periods of undesired unpleasant
experiences, such as solitude or boredom; they often see games as a meaningful source of
entertainment, but also as a problematic activity, because they would prefer engaging
into more relevant endeavors;

• freedom fighters – this group is also driven by context, but with more focus on plea-
sure; they play mainly to relieve themselves from daily obligations or unpleasant activi-
ties, while believing that games have an intrinsic positive effect in their lives.

This scheme illustrates that elderly players do not form an homogenous group, but seek
many different experiences and are driven by many different motivations. The “ludophiles”, in
particular, could be seen as a very special case, since they represent people who played for their
whole lives and, thus, have a much deeper connection to games, which is not the case for most
elderly people. In fact, the authors reported that subjects classified with this profile represented
the youngest group among all participants.

Although it is not possible tomake a definitive claim that would apply to all senior players,
when all studies are considered, some trends could be observed. With regards to context, there
is a general preference for casual games, which aligns with the idea that games could be used as
a way to introduce unfamiliar technologies to novice players [34]. When it comes to content,
it’s noticeable a general interest in physical and mental training.
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3.3 Pervasive Games

Twoof the real-world elementsmost commonlyused inpervasive games are physical location and
social connections. These elements, in particular, can be especially beneficial to senior players.

When elderly people are invited to walk around and visit places in the real world, they are
stimulated to have regular physical activity; when they interact with other people via the social
mechanics of the game, it may be possible to reduce or prevent social isolation. Both effects
are strongly correlated with higher quality of life among elderly adults and a lower incidence of
age-related diseases [14, 15, 56, 71, 72].

Naturally, the set of real world elements that could be used to design pervasive experiences
is not limited to these options, and, in fact, it is possible to argue that pervasive games, in general,
can be especially engaging to elderly players (Fig. 3.3).

Because they mix the context of playing with the content of the game, pervasive games can
potentially create both extrinsic and intrinsic motivations. Additionally, the integration into
player’s life naturally creates more casual game experiences, which, as seen in Section 3.2, is a
natural preference for most elderly people.

Figure 3.3: Pervasive games create casual experiences.

Since pervasive games themselves are a relatively recent idea, research on pervasive games
for older adults is also very recent, but a few studies have already employed either games or gam-
ified apps with pervasive elements.

For instance, Gamberini et al. created amixed-reality game (Fig. 3.4) to promote cognitive
training for elderlypeople [73]. The game integrates physical objects into itsmechanics, creating
a more familiar experience for elderly players.
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Figure 3.4: Amixed-reality tabletop game for elderly [73].

Brox et al. focused specifically on exergames, evaluating different games and providing a
narrative review [74] arguing that social factors are an essential element of persuasion. In a
similar fashion, Paul et al. also focused on physical activity, evaluating a gamified app [75] that
used group incentives to stimulate people to walk.

Due to its immense success, several works studied Pokémon GO specifically, analyzing its
effects on levels of physical activity. For instance, when analyzing themotivations of players (not
restricted to the elderly) to play the game,Marquet et al. found that seeking to increase physical
activity was one of the main reasons, and observed a stronger correlation between playing the
game and the number of daily steps in this group [76]. Althoff et al. found similar results, with
a strong effect of the game on the levels of activity on the first 30 days after starting playing [77].
In a similar study, Hino et al. evaluated long term effects, while focusing on middle-aged and
elderly adults, observing positive effects of the game for up to 10 months.

Although there are only a fewworks studying the effect of pervasive games on seniors, the
initial results are very promising and show evidence that pervasive games can become a powerful
tool to help the elderly.

21



4
Shinpo - an Adaptable Pervasive Game

In this chapter, the concept of systems that are created to evaluate design, the “experiment sys-
tems”, is introduced. Then, the design and evaluation of such a system, developed specifically
to study pervasive game design, is presented.

4.1 Experiment Systems

Hebert Simon, in his famous work “The Sciences of the Artificial” [26], describes the design
process as “problem solving without a goal”. He claims that design problems are “ill-defined”
or “ill-structured” tasks, because it is not possible to completely understand the problembefore-
hand, and the processes of understanding and solving the problem happen simultaneously.

Tackling these “wicked problems” [79] requires an iterative process (Fig. 4.1), each iter-
ation bringing a better understanding of the problem, and a more adequate solution. As the
elements of design change, so do the user’s possible courses of actions, and so does the designer’s
understanding of how to devise desired courses of action.

Useful tools that can be used in this process are the so-called “experiment systems”, i.e., sys-
tem used to perform experiments on design. In contrast to regular systems, that are developed
to solve specific problems, experiment systems are created to understand problems.

In the context of game design, the iterative process is the same, with the additional con-
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Figure 4.1: The iterative design process [80].

straint that gamedesigners devise courses of action to create particular experiences (Section 2.2).
To evaluate how different design elements of pervasive games affect players, it is necessary to
have an “experiment system” game that allows for changes in pervasive elements of the game.

An adequate experiment system that could be used to test hypotheses about game design
should be adaptable enough to allow for variations in its different elements, while at the same
time never changing so much that the evaluation of those variations would be meaningless. To
achieve that end, a core immutable set ofdesign principleswere defined, allowing for variations
of specific instantiations of those principles.

4.2 Design Principles

The principles proposed in this research were defined after an iterative design process that an-
alyzed existing (pervasive) games and took the input of specialists from varied fields and from
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final users. Table 4.1 presents the principles, describing how each of them affects adaptability
of one or more of the domains in the elemental tetrad.

Table 4.1: Design principles of Shinpo.

Principle Possible Adaptations
The main goal is collection of items.

Rationale: this is simple play element present
in almost every culture and appreciated by
players of varied ages, backgrounds and moti-
vations; additionally, since the main point is
the abstraction of collecting items, the nature
of the items can be easily changed.

• aesthetics – different representations and
visual styles;

• story– differentmeanings of the items in
the game narrative;

• technology – different media, such as vir-
tual or physical items;

Items are collected by walking to specific loca-
tions.

Rationale: this serves the research goal of pro-
moting physical activity, but also allows for
flexibility.

• mechanics – varied constraints of naviga-
tion and access to places;

• story – different meanings and roles of
places in the game narrative;

• technology – different types and arrange-
ments of places, as well as levels of scale
(e.g., within a room, a building, a city);

Collaboration over competition.

Rationale: players can interact in different
ways, and even though interaction in the form
of player vs player competition is enjoyed by
some people, collaboration can be enjoyed by
any person.

• mechanics, technology – direct vs vir-
tual, static vs dynamic, acquaintance vs
strangers, groups vs individuals, etc…;

• story – different roles of people in the
game narrative.

4.3 Game Design

Basedon the establisheddesignprinciples, a concrete game conceptwas proposed, implemented
and evaluated for its feasibility.

The game, calledShinpo– fromJapanese,神歩, which couldbe translated as “sacred steps”
– targets Japanese elderly people in Kyoto city. It was designed as a location-based mobile game
that invites players to collect virtual cards by walking to temples and shrines around the city,
taking advantage of the fact that there is a unusually high concentration of such places inKyoto.
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Each card of the game has an associated animal and a level, indicated by its color (Fig. 4.2).
All animals were chosen from Japanese fauna (or folklore) and there is no hierarchy between
animals, but levels vary from 1 to 4 and are represented in order by the colors green, red, silver
and gold. The goal of the game is to obtain at least one gold card of each animal.

Figure 4.2: Examples of game cards.

Google Places API1 was used to automatically identify major temples and shrines in Ky-
oto city and add them to the game database. The main screen of the game (Fig. 4.3a) shows a
map of the (real) world, centered at the player’s current location, and nearby “hotspots” – i.e.,
recognized temples and shrines – are indicated by red torii icons.

When the player is close enough to a hotspot, it becomes possible to “enter” it and access
the hotspot screen (Fig. 4.3b), where a list of owned cards is shown and any card can be touched
to perform further actions. Game actions can only be executed in this situation – i.e., when
the player is physically close to a hotspot – not only to stimulate players to physically walk to
different places, but also to prevent safety hazards, since walking while looking at the screen
would be dangerous.

When a player enters a hotspot for the first time in the game, a few random cards of the
initial level are given. After that, a few random cards are given periodically, the amount and the
levels depending on the total number of steps walked and the total number of hotspots visited
on the previous period. To measure the number of steps, the game usesMoves App2, which is
an external application that implements a pedometer and allows connected apps to access that
information.

While inside a hotspot, the player can trade 5 cards of one level for 1 card of the next level.
Because there are 4 levels, it takes a long time to achieve the game’s goal and, by design, players
with higher levels of physical activity can win the game faster.

1Google Inc. https://developers.google.com/places/web-service/intro (Jun/2019)
2ProtoGeo Oy, 2012. http://web.archive.org/web/20180625120716/http://moves-app.com/.
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(a)worldmap (b) inside a hotspot

Figure 4.3: Screenshots from the game.

Shinpowas developedwith social interaction inmind as a design element to be tested later,
since that is the purpose of the research. To allow control of this element, all social interaction
mechanics were designed to be complementary to the main goal of card collection, in such a
way that the core elements of gameplay would be kept for both single-player (no social interac-
tion) andmulti-player (social interaction) variations of the game. Thus, social interaction rules
were added to form a superset of the basic game rules, always respecting the design principles of
focusing on cooperation between players.

The additional mechanics are:

• players can createprofileswith a simple avatar icon, anicknameandabrief self-introduction,
this profile is accessible to other players and is associated with any public actions per-
formed by the owner;

• once per day, each player can leave a copy of an owned card (except golden ones) at any
visited hotspot; the copy of the card remains on that hotspot for the rest of the day and
other playerswill see a notification iconduring that time; anyplayer that visits the hotspot
will receive a copy; as players get copies of the card, the owner herself also receives random
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cards of same level, depending on the number of total copies distributed; players can give
a “like” when they receive a card this way, and the owner of the original card is notified;

• if two players are in hotspots close to each other (including the case in which they are
both on the same hotspot) they may receive a challenge to fulfill together; each player is
notified of the challenge and of their challenge partner and, if both accept it, each will
receive a list of one ormore hotspots to visit before the end of the day; if they successfully
complete the challenge, they receive random cards of level 2 or 3 as a prize;

• if there is any other player nearby, the player will see a notification icon and, if two players
meet and scan each other’s phones, each of them receives a random card; themore people
a player meets during one day, the higher the level of the random card is.

The theme of the game and the use of temples and shrines as hotspots, referencing tra-
ditional elements of Japanese culture, were used to create a neutral yet appealing motif for
Japanese people, specially older adults. Card collection was used as the principal gameplay ele-
ment because of the simplicity and flexibility if offers, associated to the familiarity of Japanese
seniors with this kind ofmechanics: there aremany games in Japan that involve collecting items
–or even animals, such as the case of insects – or that use cards in general – likeかるた (karuta).

These particular cultural elements contextualize the game aiming at further promoting
user engagement, however, the flexibility of card based and collection based mechanics allows
for easy adaptation to other cultures. Besides that, even though this game was designed to be
deliberately simple and provide an adequate controlled environment for investigation, it can be
also easily adapted in the future to include newnarrative andnewmechanics in order to evaluate
different aspects of game design.

For instance, other abstractions could be used (e.g., zodiac signs instead of animals or coins
instead of cards); different rules and interaction strategies (e.g.cooperation in combinationwith
competition, challenges, hierarchies); different visual styles (e.g., traditional, cute, cartoonish);
and different technologies (e.g., physical objects, IoT devices). These adaptations, when limited
within a closed context, could also be presented to different groups of players to evaluate their
specific experience. As an example, the color schemes or the illustration style could be changed
and evaluated for their appeal to different audiences.
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4.4 Feasibility Evaluation

This section describes the evaluation of Shinpo for its feasibility as an experiment system, which
was made in a study with volunteer community dwelling senior citizens from Kyoto city. The
study was approved by the KyotoUniversityHospital Ethical Committee (JapanMedical Asso-
ciation Clinical Trial Registration Number JMA-IIA00314).

Participants

Participants were recruited from a group of people who attended a program run by Kyoto Uni-
versity Hospital, offering weekly sessions of exercise-based cognitive training at a local commu-
nity center. The inclusion criteria consisted of healthy people having 50 or more years of age,
with independent ambulation and no physical or mental limitation that could prevent them
from walking short distances or understanding the game rules.

The age range of 50 years ormorewas chosenbecause this research is inserted in the context
of preventive health interventions and thus it focused on the wider group of middle-aged and
older adults, not being restricted to the group of “strictly” elderly, which are usually represented
by the age range of 60 years or more.

Protocol

A 3-week protocol was used (Fig. 4.4).

Figure 4.4: Feasibility study protocol.

At the beginning of the study, participants answered 2 questionnaires to assess their previ-
ous experience with technology (Section A.1) and games (Section A.2), but no previous experi-
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ence was required to join the experiment. After signing the informed consent term and answer-
ing the questionnaires, participants received a smartphone pre-configured to run the game and
a manual with explanations about the basic smartphone operation and the game rules. They
then received an oral explanation about the basic usage of the smartphone and about how to
play.

During the first week, participants’ levels of physical activity (step-count) was monitored
to be used as a baseline for comparison. On the remaining two weeks, participants could play
the game freelywhile their physical activitywere still monitored, as well as their in-game actions,
such as visits to hotspots and interactions with other players.

Step counts were monitored using the Moves app [81]. Participants were instructed to
carry the smartphonewith themasmuch as possiblewhenever they left home. The same instruc-
tions were also present at the smartphone’s wallpaper and lock screen images, so they would be
visible whenever the user unlocked the screen.

At the end of the study, volunteerswere asked to answer questionnaires to assess the usabil-
ity of the game (SectionA.3), and to report their experience while playing (SectionA.4), includ-
ing their sense of social presence (Section A.5). The questions were based and/or adapted from
the Game Experience Questionnaire (GEQ) [82] and from the System Usability Scale (SUS)
[83]. All questions had a 5-level Likert scale of one of two types: agreement level (0=strongly
disagree, 4=strongly agree) and frequency (0=never, 4=always).

Results

Basic demographic data about the participants and their previous experience with games and
technology are presented in Table 4.2.

It is possible to notice that most participants have some experience using the PC, while
only about half of them had some experience with smartphones. For both electronic and non-
electronic games, the majority of participants had no previous experience, while more people
had experience with non-electronic games than with electronic ones.

The average scores of the usability, game experience and social presence evaluation are pre-
sented in Table 4.3, while Table 4.4 shows the total occurrences of specific game actions for all
participants during the 2 weeks of intervention after baseline.

The data suggested that the game theme and overall design was adequate, since categories
such as visual style, enjoyment and engagement had positive evaluations on average. It also

29



Table 4.2: Participants’ demographic data and previous experience with technology and games.

Demographics
Average age (σ) 74.6 (3.3)
Number of participants 12
Female 9 (75%)

Dropouts 3 (F=2)
Experience with PCs

Frequency of usage
Everyday 1 (8%)
2+ times/week 5 (42%)
1- times/week 1 (8%)
Never 5 (42%)

Skills
Internet, email 1 (8%)
Social networks 3 (25%)

Experience with smartphones
Never used 5 (42%)
Make calls 6 (50%)
Internet, e-mail 6 (50%)
Social networks 3 (20%)
Install apps 3 (20%)

Non-electronic games
Doesn’t play 9 (75%)
Everyday 0 (0%)
2+ times/week 2 (17%)
1- times/week 1 (8%)

Electronic games
Frequency of play

Doesn’t play 9 (75%)
Everyday 1 (8%)
2+ times/week 1 (8%)
1- times/week 1 (8%)

Partners
(% of those who play)

Alone 3 (100%)
Family (adults) 1 (33%)
Family (children) 0 (0%)
Friends 0 (0%)
Strangers 0 (0%)

Table 4.3: Usability, game experience, and social presence average scores.

Category Score [0, 4]
Usability
Controls 1.50
Learn curve 1.90
Feedback 2.25
Game rules 2.06

Game experience
Theme and visual style 2.45
Originality 2.17
Feeling of Immersion 2.02
Feeling of Enjoyment 2.40
Feeling of Engagement 2.21
Feeling of Freedom/Ability to explore 1.78
Feeling of (positive) Challenge 2.11

Social presence 0.48
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Table 4.4: Game actions.

Action Amount
Visit a hotspot 140
Leave a copy of a card 22
Meet another player 16
Join a challenge 2
Finish a challenge 0

seemed that participants could understand the game rules and the feedback to player actions
provided by the game. However, aspects such as game controls were negatively evaluated, and,
in particular, the category of social presence received a very low score.

The results of the evaluationof social elementswere also corroboratedby game actiondata,
since the actions related to social interaction were very rarely used. In particular, the challenge
mechanics was not used at all. Based on the data and on informal reports from users, it was
hypothesized that people could not understand the challenge mechanics. At the same time, the
“leave a copy” mechanics was very ineffective if only a few people were playing or if players were
too far apart, since they could not interact.

Step count data are presented at Table 4.5. In this stage of the development, only the
feasibility of the system as a test tool was evaluated, with no deeper analysis of the effect on the
levels of physical activity. Nonetheless, a slight positive effect in comparison to the baseline was
already observed.

Table 4.5: Number of steps of the whole group during the study.

Week Mean (σ) Effect (relative to σ)
1 22567.2 (16347.8) –
2 24272.9 (16995.3) +1705.7 (7.6%)
3 24393.3 (14203.8) +1826.1 (8.1%)

4.5 Improvements

To address the issues foundduring the feasibility evaluation aswell as to improve other technical
aspects of the game, adjustments were made on the system, as follows.
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Social Interaction

The evaluation indicated that the “leave a copy”mechanicswas not effective if only a fewplayers
were playing or if people were too far apart. To address this issue, it was changed so hotspots
would now connected as groups, and when a player leaves a copy of a card in a member of the
group, all members would also have it available (Fig. 4.5).

Figure 4.5: Connecting hotspots – if a player leaves a copy in a hotspot (e.g., the blue players), the card will be also available in

all hotspot in its group.

Additionally, it seemed that participants could not understand the challenge mechanics
and did not use it. In the improved version, challenges are automatically generated daily. Play-
ers are randomly assigned to groups, and when any member of the group visits a hotspot, all
members receive a card (Fig. Fig. 4.6). Players are aware of the challenge and can see the mem-
bers of their group and their respective contribution (Fig. 4.7l).

Color, Infrastructure andMeasurements

The color palette of the game was also adjusted to increase the readability and visual comfort
of the interface. Red was chosen as the main color, since it is strongly associated with Japanese
shrines and with Japan itself. The remaining of the palette was determined using color theory
[84].

Card colorswere also changed accordingly. Purplewas chosen for the highest level, since in
Japanese culture this color is associated with valuable items. The remaining colors were chosen
to establish a hue gradient, with special care to use tones that would have high contrast with the
user interface.

32



Figure 4.6: New challengemechanics – players are automatically assigned a group daily, andwhen amember visits a hotspot,

all members get a card.

A few participants had some problems of slow response time, which could be aggravated
by unreliable mobile networks connections. To reduce the data requirements of the game and
increase response time, the backend infrastructurewas reimplemented from scratch, improving
performance significantly.

As a final adjustment, the step count measurement strategy was also changed. Shortly af-
ter the end of the feasibility study, development of the Moves app was discontinued, which
prevented it from being used in future experiments. To solve that problem, the measurement
was migrated to the game itself, using a background service that operated whenever the smart-
phonewas turned on. This service usedGoogleAndroid’s SensorAPI,which is the same library
used by Google Fit, an application previously shown to have accuracy equivalent to or better
than that of wearable devices [85]. This strategy had the added benefit of simplifying the game
installation process, as it no longer required the user to connect the game to an external app and
give the appropriate permission to access their data.

Special Adaptations for the Elderly

Besides the choice of theme and colors that was made specifically to appeal to Japanese elderly
players, additional care was also taken to adjust the system to fulfill the basic requirements of
games for elderly listed in Section 3.1.

From the beginning, game rules were designed to be simple and straightforward, without
unnecessarily complex elements or relationships, but instead single goals that could be immedi-
ately understood.
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The game font and icons were increased to be easily visible onmost modern smartphones,
and the level of contrast was maximized within the basic palette of the game to make elements
easier to read. Also, only a small set of 5 basic color were used, with a few additional variations
for borders and highlight.

The interface was simplified as much as possible, with any action taking at most 3 screens
to be completed.

4.6 Final version

The final version of the game kept the core elements of the initial design, while providing better
social interaction mechanics and an overall better experience to players, as will be discussed in
the remaining chapters of this dissertation. In Fig. 4.7, a few screenshots of this final version are
presented, followed by brief descriptions of the main aspects of the mechanics.

(a) players have public

avatars that identify them to

other players

(b) they can choose the

avatar icons from a set of

available options

(c) there are cards with

different animal icons, and

different levels indicated by

color

(d) players can 5 cards of one

level for 1 card of the next

level, and their goal is to get

themaximum level card for

all animals

Figure 4.7: Screenshots of the game.
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(e) players must walk to

nearby hotspots (shrines

and temples) to collect cards

(f) they are warned not to

walk while keeping the game

screen open

(g) they get cards constantly,

based on howmuch they

walk

(h) and also when they check

in

(i) players can leave copies of

their cards at the hotspots

they visit

(j) other players will see a

mark on such hotspots, and,

when they visit them, both

players get cards

(k) everyday players are

assigned to a challenge

group

(l) andwhen amember of

the group visits a hotspot, all

members receive a card

Figure 4.7: Screenshots of the game (cont.).
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5
Adapting to a Different Cultural Context

After the basic design of Shinpo was finished, a new evaluation was necessary to test if the new
mechanics would be more effective. At the same, it was necessary to further investigate the
adaptability of the game. For instance, to be an effective test tool that would enable evaluation
of pervasive game design and general findings, Shinpo should be adaptable not only for specific
elements but also for varied contexts, including different cultures.

Thus, as part its evaluation, the gamewas adapted tobeused inBrazil, a countrywith a very
different culture than Japan. The following sections describe the adaptation process and the
evaluationof the adapted version for its impact on the effectiveness of the game as an experiment
system.

5.1 Development of the Brazilian Version

The first change made into the game was a translation to Brazilian Portuguese. One special
consideration was made about the title of the game. Even though ’Shinpo’ is a made-up name
that could potentially be used in any language without major problems, it was also carries a se-
mantic value that is culturally relevant and, if possible, should also be transported to the new
context. For that reason, after a few iterations, the game was finally named “Trilhas” in Por-
tuguese, which translates into trails, including the nuance of paths to be followed.
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The choice of collectible items was kept, since cards are also a popular item for collection
in Brazil. It was also unnecessary to make any changes on the colors of the cards, since the pre-
viously chosen hues also have positive or neutral associations in Brazilian culture. The animals,
although chosen for their connection to Japan, were also generic and popular enough to be also
easily recognized by Brazilian people, so they were kept, and other animals fromBrazilian fauna
were added (Fig. 5.1b).

(a) Japan

(b)Brazil

Figure 5.1: A few cards of the Brazilian version.

The color palette of the interface was changed. For the Japanese version, red was chosen as
themain color – since it has a strong positive association in Japan. In Brazil, however, this color
can have negative connotations, often being considered aggressive or associated with violence.
So, the main color of the game was changed to green, which has a very positive connotation in
Brazil, the remaining colors being adapted accordingly (Fig. 5.2).

For the choice of places to be visited, Buddhist temples and Shinto shrines are almost
nonexistent and have no cultural significance in Brazil, so new types of locations would have
to be used. The change, however, wasn’t as easy as simply using sacred places that would be
locally relevant instead.

In Japan, due to tradition and/or cultural appreciation, both religious and not religious
people hold a positive – or, at least, neutral – association with temples and shrines. In Brazil,
however, religiousbuildings are relevantmainly to religiouspeople alone, and a fewnon-religious
peoplemight hold a negative association to them. The country is mainlyChristian, so churches
were included as options, but also bakeries, cafés, banks, supermarkets, government buildings,
schools, etc.
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The game iconswere adapted to reflect the newpalette and the new choice of target places,
to represent a more generic meaning of “goal”, since the previous icons were heavily specific to
Japanese culture (Fig. 5.3).

(a)map (b) cardsmenu

Figure 5.2: Changing the color palette.

(a) (b) (c) (d)

Figure 5.3: Examples of adaptation of game icons (Brazilian version on the right): (a) - logo, (b) - hotspot marker, (c) - cards

icon, (d) - nearby players indicator.

5.2 Evaluation

To evaluate the adapted game, a trial was performed with a group of volunteer community
dwelling senior citizens who attend an exercise program run by Federal University of Pelotas
(UFPel), in the southern region of Brazil. The protocol was similar to the one used at the feasi-
bility study (Fig. 4.4), however, with 3 weeks of intervention after the baseline, instead of 2.

As in the feasibility evaluation, participants answered questionnaires at the beginning of
the study, regarding their previous experience with technology and with games, as well as ques-
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tionnaires about their game experience at the end. In essence, the same questionnaires were
used, but they were translated to Portuguese and the format of certain items was adapted to
make then easier to understand (Appendix B).

For qualitative data, both informal conversations during themeetings andwritten answers
to the open fields at the questionnaires were registered.

This experiment was approved by the Ethical Committee of Federal University of Pelotas.

Results

In Table 5.1, demographic data about the participants is presented, including a comparison
with the participants of the previous study in Kyoto. Table 5.2 shows the results of the game
experience evaluation.

Metric Kyoto Pelotas
Demographics

Average (STD) 74.6 (3.3) 70.7 (4.9)
Participants 12 15
Female 9 (75%) 14 (93%)

Dropouts 3 (F=2) 2 (F=2)
Experience with PCs

Frequency of usage
Everyday 1 (8%) 0 (0%)
2+ times/week 5 (42%) 4 (27%)
1- times/week 1 (8%) 2 (13%)
Never 5 (42%) 9 (60%)
Skills
Internet, email 1 (8%) 0 (0%)
Social networks 3 (25%) 3 (20%)

Experience with smartphones
Never used 5 (42%) 2 (13%)
Make calls 6 (50%) 12 (93%)
Internet, e-mail 6 (50%) 8 (53%)
Social networks 3 (20%) 10 (67%)
Install apps 3 (20%) 4 (27%)

Metric Kyoto Pelotas
Non-electronic games

Doesn’t play 9 (75%) 5 (33%)
Everyday 0 (0%)

10 (67%)2+ times/week 2 (17%)
1- times/week 1 (8%)

Electronic games
Frequency of play

Doesn’t play 9 (75%) 11 (73%)
Everyday 1 (8%) 2 (13%)
2+ times/week 1 (8%) 0 (0%)
1- times/week 1 (8%) 2 (13%)

Partners∗
Alone 3 (100%) 4 (100%)
Family (adult) 1 (33%) 0 (0%)
Family (young) 0 (0%) 0 (0%)
Friends 0 (0%) 0 (0%)
Strangers 0 (0%) 0 (0%)

∗percentages are relative to respondents that said they play electronic games

Table 5.1: Participants’ demographic data and previous experience technology and games.
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Category
Score [0, 4]

Kyoto Pelotas
Usability
Controls 1.50 3.07
Learn curve 1.90 3.23
Feedback 2.25 2.46
Game rules 2.06 2.65

Game experience
Theme and visual style 2.45 2.76
Originality 2.17 3.06
Feeling of Immersion 2.02 2.84
Feeling of Enjoyment 2.40 3.03
Feeling of Engagement 2.21 2.90
Feeling of Freedom/Ability to explore 1.78 2.92
Feeling of (positive) Challenge 2.11 2.64

Social presence 0.48 2.04

Table 5.2: Usability, game experience, and social presence.

In the questionnaires, the most often cited non-electronic games were crosswords, puz-
zles, checkers, and card games. For electronic games, solitaire and memory games were cited
frequently.

When making comments and suggestions about the game, 3 participants reported con-
cerns about safety, since, overall it is dangerous to walk around carrying a smartphone in Brazil.
Two of the participants said they enjoyed the chance to use technology to improve their health,
and one person said they liked the chance to user a smartphone for the first time.

Additionally, on informal conversations during the follow-up meetings, participants re-
ported enjoying the experience of discovering new places in their neighborhood, and that they
often met other participants in specific locations.

Discussion

The main focus of this evaluation was assessing if Shinpo would still be an adequate test tool
when adapted to Brazil, and if the improved social interaction mechanics would be more effec-

40



tive.
The usability and game experience scores were equally good or better than the previous

version of the game. However, since the game was changed in non-trivial ways between the
feasibility study in Kyoto and the new evaluation in Pelotas, the comparison at this stage was
not completely fair. Nonetheless, as explained in Chapter 6, this initial results were confirmed
when a fair follow-up study was made in Japan.

Considering that the design process employed to adapt the game to a new culture was
performed in a way as to only make minimal changes necessary to ensure suitability to the new
environment, without changing the design principles and core mechanics, this leads to believe
that the new social interaction mechanics were more effective and engaging, and the overall
design of the game was improved. These results are also backed up by the feedback from users
in conversations and in the open fields of the questionnaires.

Additionally, this study also illustrated some key differences between Japanese and Brazil-
ian environments. First of all, elderly people in Brazil seem to be much more familiarized with
smartphones than their Japanese counterparts. This result was expected, since the wide pop-
ularity of social networks such as Facebook and WhatsApp among people of all ages in Brazil
would also imply such knowledge among the elderly.

When it comes to general comments about the game, it is noticeable that Brazilian people
were especially concerned with safety, since Brazil is notoriously a country much more danger-
ous than Japan.

Finally, researchers’ observation of people’s interactions during the meetings resulted in
the impression that Brazilian people tend to talk to each other inmuchmore spontaneousways,
even with strangers, while Japanese elderly tend to talk more freely with acquaintances only.
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6
Evaluating Social Interaction

as a Design Element

Once evaluated as an adequate experiment system, Shinpo was used in controlled trials as a tool
to tested social interaction as a pervasive design element. As explained in previous chapters,
social interaction was chosen due to previous results showing its relevance as a factor affecting
elderly people’s quality of life. Analogously, promotion of physical activity was used as target
because higher levels of physical activity are strongly correlated with the health of older adults.

The experiments described in this chapter were approved by the Kyoto University Hos-
pital Ethical Committee (JapanMedical Association Clinical Trial Registration Number JMA-
IIA00314), by the Ethical Committee of University of Brasília’s Ceilândia Faculty and by the
Ethical Committee of Federal University of Pelotas.

6.1 Trial in Brazil

The first evaluation of social interaction as a design element using Shinpowas performed in col-
laboration with University of Brasília, in Brazil. Due to the nature of the intervention, it was
not possible to blindly assign individual participants to different experimental groups, as play-
ers would be aware of the assignment if they talked with other participants playing a different
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version of the game. Thus, two isolated groups were chosen, each playing one variation of the
game, no social interaction (NSI) vs social interaction (SI), in a quasi-experimental design.

Participants

Participants were recruited among students who attended classes in a community project that
targeted older adults and that was run by the university. Students in that project did not incur
any financial cost to join it, and no educational background was required, except for being able
to read and write. Classes were offered at sites in different regions of the city. While students
at different sites did not have contact with each other, students at the same site attended classes
together. Two different sites were chosen to recruit students and form the intervention groups:
one group played the NSI variation of the game, and the other group played the SI variation.
There were no identifiable differences among sites regarding participants’ social, educational or
economic backgrounds.

Similarly to the previous experiments, the inclusion criteria for this intervention com-
prised of healthy people having 50 years or more, with independent ambulation and no cog-
nitive or physical impairment that prevented them from understanding the instructions of the
game or making short walks.

Protocol

Figure 6.1: Controlled trial protocol.

Participants played Trilhas – the Brazilian version of Shinpo described in Chapter 5 – fol-
lowing a 4-week protocol similar to the previous experiments (Fig. 6.1). Participants’ levels of
physical activity were measured by the game, as previously described in Section 4.5, and the
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average number of steps per week was considered as the main outcome to be observed. As in
previous interventions, during the first week participants did not play the game, but only their
step-count was monitored to be used as baseline. After that, they played the game for 3 more
weeks.

To evaluate how much participants played the game, the weekly average number of visits
to hotspots was also observed. Within a single day, this observation represents the number of
unique hotspots visited by the player, while within a week, it is the sum of the visits in each day
of the week (i.e., the same hotspot is not counted twice for the same day, but it can be counted
twice for a week). Thismeasurementwas used because players are directed to not keep the game
open while walking, so play time is not a good measurement of howmuch a person played.

Just like in previous interventions, participants were asked to answer questionnaires at the
beginning and at the end of the study, to assess, respectively, their previous experience with
games and technology, and their game experience. The same questionnaires from the cultural
adaptation evaluation (Appendix B) were used.

Results

Information about participants’ previous experience with technology and games is reported in
Table 6.1. These data include answers collected at the beginning of the study from all partici-
pants.

Most participants used their own devices. For the NSI group, 3 devices were lent, while
2 were lent for the SI group. One person borrowed a device because they did not own a smart-
phone, while all others borrowed devices because their own device was incompatible (different
OS or unsuitable OS version). Only 1 person who borrowed a device dropped out (from the
NSI group), and all other participants who borrowed devices stayed until the end.

To evaluate the effect of the game version in each group, the change in average step-count
each week, when compared to the baseline week, was considered, i.e., Δi = wi − b, where wi is
the number of steps on the i-thweek, andb is the number of steps during the baselineweek. The
relative change was also considered, i.e., Δi/b. This data is shown in Table 6.2 for participants
who remained until the end of the experiment. The baseline column shows the average number
of steps during the first week for each group. The remaining columns show the mean change
for the following weeks.

Data about hotspot visits are shown in Table 6.3 for participants who remained until the
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Table 6.1: Participants’ demographic data and previous experience with technology and games (Brasília).

NSI SI
Demographics
Participants (F) 15 (11) 17 (14)
Average age (σ) 64.3 (6.0) 61.1 (7.4)
Dropouts 8 (53%) 6 (35%)

PC experience
Usage frequency
Everyday 6 (40%) 5 (29%)
2 or more times/week 4 (27%) 4 (24%)
Up to once/week 4 (27%) 6 (35%)
Never 1 (6%) 3 (12%)
Able to…
check e-mail 14 (93%) 12 (71%)
do web searches 14 (93%) 12 (71%)
read news online 12 (80%) 13 (76%)
use social networks 14 (93%) 13 (76%)
install applications 7 (47%) 4 (24%)

Smartphone experience
Never used before 1 (7%) 1 (6%)
Able to…
make calls 14 (93%) 13 (76%)
check e-mail 13 (87%) 13 (76%)
browse the web 14 (93%) 12 (71%)
use social networks 13 (87%) 16 (94%)
install applications 6 (40%) 8 (47%)

NSI SI
Games experience
Play frequency
Everyday 1 (7%) 3 (18%)
2 or more times/week 3 (20%) 0 (0%)
Up to once/week 1 (7%) 0 (0%)
Very rarely 1 (7%) 2 (12%)
Never plays 9 (60%) 12 (71%)
Devices useda-c
Computer 3 (50%) 2 (40%)
Consoled 0 (0%) 3 (60%)
Smartphone 3 (50%) 4 (80%)
Handhelde 0 (0%) 2 (40%)
Play partnersa-c
Alone 4 (67%) 4 (80%)
Friends 0 (0%) 1 (20%)
Family (adult) 1 (17%) 2 (40%)
Family (young) 1 (17%) 3 (60%)
Strangers 1 (17%) 0 (0%)

a Respondents could indicate more than one item.
b Some people reported playing but did not indicate any option on this item.
c Percentages are relative to the number of people who reported any play activity.
d PlayStation, Xbox,Nintendo Switch, etc
e Nintendo 3DS, Sony PSP, etc

Table 6.2: Average number of steps at baseline and variation in subsequent weeks (Brasília).

Baseline (SE) Δ2 (SE) Δ3 (SE) Δ4 (SE)

N
SI Absolute 17099.4 (3906.5) 383.8 (563.8) 435.9 (574.5) -106.1 (979.9)

Relative – 1.1% (4.3%) 2.2% (4.6%) -2.6% (8.1%)

SI

Absolute 17981.9 (2171.1) 3841.9 (1425.4) 2270.6 (947.1) 2443.4 (982.6)
Relative – 21.7% (5.1%) 16.5% (4.4%) 17.9% (4.7%)
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end of the experiment. Each column shows the average number of weekly visits to hotspots for
each group, with vi indicating the value for the i-th week of intervention. Standard errors are
shown in parentheses for all values.

Table 6.3: Average number of visits (Brasília).

v2 (SE) v3 (SE) v4 (SE)

NSI 8.4 (2.1) 8.9 (1.7) 5.1 (3.0)

SI 14.2 (1.9) 9.5 (2.0) 12.8 (3.4)

The scores for the usability and game experience questionnaire are summarized in Ta-
ble 6.4. The values indicate the average agreement level (0 –- not at all, 4 –- extremely) for
the category if it is a positive item. When the item is negative, the scale was inverted to attribute
values. In this scheme, an evaluation of more than 2 indicates a positive opinion. The data
included only those of participants who stayed until the last week.

Table 6.4: Game experience questionnaire results.

NSI SI
Usability

Controls 2.2 2.7
Learn curve 2.2 2.6
Game rules 1.9 2.2

Game experience
Theme and visual style 2.3 2.5
Feeling of immersion 2.4 2.2
Feeling of enjoyment 2.4 2.9
Feeling of engagement 1.6 2.3
Feeling of freedom/ability to explore 1.5 2.9
Feeling of (positive) challenge 1.4 2.1

The questionnaire also included an open-response item inwhich participants could freely
write down suggestions and comments.

For the NSI group, one participant reported that they often played competitive online
games and that “Trilhas” could benefit from a competitive factor. Two participants said they
could not play often but wished to have helped more in the research. One participant said the
game was boring.

46



For the SI group, many participants said they enjoyed the chance to make more exercise.
A few participants said they liked the look of the game, finding it “cute”. During the follow-
up meetings, many participants commented on the fact they received cards from other partici-
pants at specific locations. One participant reported concern about other people knowing their
whereabouts.

Analysis

In the statistical model, the change for each week after baseline was considered to be a repeated
measure, and an analysis of variance (ANOVA)was performed, with group andweek as factors,
for participantswho remaineduntil the endof the experiment. Because the experimental setting
did not allow for the balancing of data, a Type-III strategy was used to account for unbalanced
data. The relationship between the change in the step-count and the number of hotspot visits
was evaluated using Pearson’s correlation coefficient.

Considering the absolute change, the analysis of the effect of group as factors resulted in
p = .01 (η2 = .19). No relevant relationship was found with week as a factor (p = .65). For
relative change, taking group as a factor resulted in p = .009 (η2 = .27), while taking week as
a factor resulted in p = .54. The correlation factor (Pearson) between the absolute change in
the number of steps and the number of visits was r = .21, with a 95%CI of [−.06, .45]. When
relative change is considered, the factor was r = .34, with a 95% CI of [.08, 0.56].

There wasmore variation in themain outcome for the control group, probably due to the
higher dropout rate by the end of the third week in that group. The statistical analysis with
respect to the absolute change indicating a medium to high effect size suggests that there was
a higher positive effect on the SI group. A higher number of visits in this group suggests that
participants played more, although correlation data were inconclusive: a medium correlation
was found for relative change, but only a small correlation was found for absolute change. This
finding leads to the belief that social interaction mechanics had some effect on player engage-
ment, but other factors might have also influenced it. One other possible explanation could
be that players might tend to visit the same nearby places often, thus increasing their physical
activity to some extent but not in a linear relationship with the number of visits.

The complementary evaluation of usability and game experience indicated an overall pos-
itive evaluation for system usability and game experience, as most items had values > 2. The
average evaluation for the SI group was higher for all items, but the difference between groups
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was small for most items, preventing any solid conclusions. Players in both groups gave posi-
tive feedback for the “visual style” of the game and feelings of “immersion” and “enjoyment”;
however, there was a larger difference between groups for the categories of “engagement”, “ex-
ploration” and “challenge”. One possible explanation is that the NSI group might have had an
inferior experience in these categories because the version of the game they played had a subset
of the rules of the SI group, which could be perceived as less challenging. The usability evalua-
tion for “game rules” was lower in theNSI group; however, because the rules in theNSI version
were a subset of those in the SI version, this finding might also be explained by an inferior game
experience. Another possible explanation is that some players might not have understood these
rules, although players’comments did not indicate such a case.

The subjective evaluation considering the open-response comments seems to indicate that
players in the SI group had more fun and felt more engaged in the game, specifically enjoying
the card exchange mechanics, although they also felt motivated by the chance of being stimu-
lated to do more exercise. One participant from the NSI group complained about the lack of
competition, which is amodality of social interaction, leading to the belief that the social factor
is relevant for some players.

6.2 Trial in Japan

Aconfirmatory trialwas performed inKyoto, following the same4-weekprotocol used inBrazil.
For this trial, participants were recruited at the general public, using flyers. A ¥10,000 voucher
was offered as reward for joining the experiment.

At the end of the initial baseline week, participants were randomly assigned to either NSI
or SI groups, ensuring equal proportion for gender, age and previous experience with games
and technology. The same outcomes were measured and the same data analysis strategies were
used for this trial.

Results

Information about participants’ previous experience with technology and games is reported in
Table 6.5. These data include answers collected at the beginning of the study from all partici-
pants.

Table 6.6 shows step count data for both Brasília and Kyoto, considering absolute and
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Table 6.5: Participants’ demographic data and previous experience with technology and games (Kyoto).

NSI SI
Demographics
Participants (F) 9 (7) 9 (7)
Average age (σ) 64.6 (8.9) 62.2 (8.4)
Dropouts 2 (22%) 2 (22%)

PC experience
Usage frequency
Everyday 4 (45%) 2 (22%)
2 or more times/week 1 (11%) 2 (22%)
Up to once/week 1 (11%) 3 (34%)
Never 3 (33%) 2 (22%)
Does…
check e-mail 6 (67%) 4 (44%)
browse the web 4 (44%) 5 (56%)
do web searches 4 (44%) 5 (56%)
read news online 4 (44%) 4 (44%)
use social networks 3 (33%) 2 (22%)
edit photos 4 (44%) 4 (44%)
use word processor 5 (56%) 5 (56%)

Smartphone experience
Never used before 1 (11%) 0 (0%)
Able to…
make calls 8 (89%) 9 (100%)
check e-mail 8 (89%) 9 (100%)
browse the web 6 (67%) 8 (89%)
use social networks 6 (67%) 9 (100%)
install applications 6 (67%) 9 (100%)

NSI SI
Games experience
Play frequency
Everyday 3 (22%) 2 (22%)
2 or more times/week 0 (0%) 2 (22%)
Up to once/week 0 (67%) 0 (0%)
Rarely 5 (56%) 2 (22%)
Never plays 1 (11%) 3 (34%)
Devices useda-c
Computer 3 (38%) 1 (17%)
Handhelde 1 (13%) 1 (17%)
Consoled 0 (0%) 0 (0%)
Smartphone 5 (63%) 5 (83%)
Play partnersa-c
Alone 8 (100%) 6 (100%)
Family (young) 1 (13%) 0 (0%)
Family (adult) 0 (0%) 0 (0%)
Friends 1 (13%) 0 (0%)
Strangers 0 (0%) 0 (0%)

a Respondents could indicate more than one item.
b Some people reported playing but did not indicate any option on this item.
c Percentages are relative to the number of people who reported any play activity.
d PlayStation, Xbox,Nintendo Switch, etc
e Nintendo 3DS, Sony PSP, etc
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proportional values, for comparison. The baseline column shows the average number of steps
during the first week for each group. The remaining columns show the mean change for the
following weeks.

Table 6.6: Average number of steps at baseline and variation in subsequent weeks (comparative).

BL (SE) Δ2 (SE) Δ3 (SE) Δ4 (SE)

Br
as
íli
a NSI 17099.4 (3906.5) 383.8 (563.8) 435.9 (574.5) -106.1 (979.9)

SI 17981.9 (2171.1) 3841.9 (1425.4) 2270.6 (947.1) 2443.4 (982.6)

K
yo
to NSI 46897.2 (7905.4) 1583.3 (3108.3) 591.5 (2414.5) -1041.8 (1992.7)

SI 45967.3 (8260.7) 11520.0 (3941.5) 9576.3 (2631.5) 7648.7 (3900.9)

Δ2 (SE) Δ3 (SE) Δ4 (SE)

Br
as
íli
a NSI 1.1% (4.3%) 2.2% (4.6%) -2.6% (8.1%)

SI 21.7% (5.1%) 16.5% (4.4%) 17.9% (4.7%)

K
yo
to NSI 4.6% (7.2%) 2.4% (4.7%) 0.6% (4.4%)

SI 28.0% (8.7%) 23.0% (5.1%) 13.9% (8.0%)

Data about hotspot visits are shown in Table 6.7 for participants who remained until the
end of the experiment, for both Brasília and Kyoto. Each column shows the average number
of weekly visits to hotspots for each group, with vi indicating the value for the i-th week of
intervention. Standard errors are shown in parentheses for all values.

Table 6.7: Average number of visits (comparative).

v2 (SE) v3 (SE) v4 (SE)

Br
as
íli
a NSI 8.4 (2.1) 8.9 (1.7) 5.1 (3.0)

SI 14.2 (1.9) 9.5 (2.0) 12.8 (3.4)

K
yo
to NSI 42.8 (15.8) 89.7 (24.5) 96.2 (35.2)

SI 169.0 (63.9) 115.0 (40.0) 140.0 (57.6)

On Table 6.8, the scores for the Game Experience Questionnaire (including the Social
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Presence module) and the SystemUsability Scale are presented. The results of the experiments
in Brasília and Kyoto are shown side by side for comparison, however, the results for Brasília
were based on fewer items.

While in Kyoto the full set of questions of theGEQwas used, in the previous experiments
only a subset of those questions were used. Thus, when the individual items from the question-
naire used in Brasília were regrouped to form the categories of GEQ, some categories could not
be calculated, and all of them are composed of fewer items than the original setting. For this
reason, it is not possible to draw strong conclusions from this comparison, or perform any valid
comparative statistic analysis.

Table 6.8: Game Experience and Usability questionnaires’ comparative results.

Brasília* Kyoto
NSI (SE) SI (SE) NSI (SE) SI (SE)

GEQ - Core
Competence – – 1.6 (0.1) 2.1 (0.2)
Sensory and Imaginative Immersion 1.8 (0.4) 2.8 (0.2) 1.7 (0.2) 2.3 (0.1)
Flow – – 1.4 (0.2) 1.6 (0.1)
Tension 1.8 (0.3) 0.9 (0.3) 0.5 (0.1) 1.1 (0.2)
Challenge 1.6 (0.4) 2.0 (0.2) 1.3 (0.2) 1.5 (0.1)
Negative affect 1.3 (0.3) 1.6 (0.3) 0.7 (0.2) 1.0 (0.1)
Positive affect 1.3 (0.2) 2.3 (0.3) 2.6 (0.2) 3.0 (0.1)

GEQ - Social Presence
Psych. Involvement - Empathy 1.3 (0.5) 1.9 (0.4) 0.8 (0.1) 2.0 (0.2)
Psych. Involvement - Negative Feelings – – 0.5 (0.1) 1.0 (0.2)
Behavioral Involvement 1.2 (0.8) 1.0 (0.4) 0.5 (0.1) 1.5 (0.2)

System Usability Scale 2.0 (0.3) 2.4 (0.2) 2.6 (0.1) 2.8 (0.1)
* Based on fewer items.

Analysis

In the same manner as the previous experiment, weeks after baseline were treated as repeated
measures, and an analysis of variance (ANOVA) was performed, with group and week as fac-
tors, for participants who remained until the end of the experiment. The relationship between
the change in the step-count and the number of hotspot visits was evaluated using Pearson’s
correlation coefficient.
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Considering the absolute change, the analysis of the effect of group as factors resulted in
p = .04 (η2 = .31). No relevant relationship was found with week as a factor (p = .19). For
relative change, taking group as a factor resulted in p = .02 (η2 = .30), while taking week as a
factor resulted in p = .17. The correlation factor between the absolute change in the number
of steps and the number of visits was r = .58, with a 95%CI of [.32, .77]. When relative change
is considered, the factor was r = .39, with a 95% CI of [.08, .64].

6.3 Discussion

In terms of statistically significant positive effect, the results of the experiment in Kyoto were
similar to the results found in Brasília, corroborating the data from that experiment. In fact, the
experiment inKyoto yieldedmore powerful effects and higher correlation between play activity
and measured effect.

However, differences between the two experiments could also be observed. The demo-
graphic data doesn’t suggest any significant discrepancy between groups in these two cities, al-
though elderly people in Brazil seem to use the smartphone more often, while elderly people in
Japan report more experience playing games.

The first striking difference rests on the fact that the baseline levels of physical activity in
Japan were more than twice those observed in Brazil. Several explanations are possible for this
observation.

First of all, many participants in both studies attended programs promoted by local univer-
sities targeting the elderly. However, someparticipants inKyoto attended a program specifically
focused on exercise, which might have introduced a bias towards more physical activity in this
group.

An aspect that is also relevant is the characteristics of each city. While Brasília is a city
with many distant locations that are mainly accessed by car and, to a lesser degree, by public
transportation, in Kyoto it is especially common for citizens to walk between destinations on
their daily lives. A third possible explanation could be that Japanese people, in general, have
higher baseline levels of physical activity, when compared to Brazilian people [86, 87].

Another observed discrepancy rested in the number of game interactions in each experi-
ment, with values in Japan reaching asmuch as 10 times those observed inBrazil. This difference
is more striking, since there are not significant variations in the game design between sites that
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could justify this observation. The two most probable causes could be:

1. That there weremanymore sites available for players in Kyoto, even though specificmea-
sures were taken to provide many hotspots for the experiment in Brazil. This could have
happened due to the fact that basic searches for shrines and temples in Kyoto can easily
return dozens of results for any given part of the city, while in Brazil the searches had to
be done with many different keywords, due to the specific context of each case.

2. That in Japan elderly people felt more motivated to visit many places, due to a deeper
connection with the topic of shrines and temples for these participants than Brazilian
participants would feel with the more generic categories used in their case.

The game experience and usability scale results are the ones that requiremost care for anal-
ysis. No comparison is possible between experiments, since themetricwas different in each case.
The break down of the Social Presence module of GEQ into subcategories gave more accurate
results for the experiment in Kyoto. While the category of ”Empathy” resulted in a positive
evaluation for the SI group, ”Behavioral Involvement” was not satisfactory for both cases.

It is interesting to notice that the results were larger for the SI group for all categories,
suggesting more social interaction in that group, both positive and negative. For the core items
of GEQ, the SI group had better results than NSI group for ”Positive Affect”, ”Competence”
and ”Sensory and Imaginative Immersion”, but ”Challenge”, ”Negative Affect” and ”Tension”
were also higher, although not over 2, whichwould be a bad result overall. This is in conformity
with the hypothesis that people in this group had a more intense game experience.

Despite these differences, the results of both experiments line up to give stronger evidence
that social interaction is an important motivational factor into promoting physical activity of
elderly people using pervasive games.

Limitations

The trials described in this chapter contributed new important data about social interaction,
but, naturally, there were limitations.

The sample size was small, which reduces the possibility of observing stronger (or weaker)
effects, and gathering more insights about the experience of players. In the case of the Brazil-
ian experiment, participants were also recruited in the context of a university-run community
project with no relation to the study; however, because participants attended classes together in
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each group, this may have introduced biases and affected the results, since participants would
meet often and could stimulate one another to play the game (or not play it) more than in the
case of strangers.

In that experiment it was also not possible to blindly assign participants and control for
previous experience with technology and games or other possible socioeconomic differences
that might have affected the results, although questionnaire data suggest that the NSI group
had a slightly higher ratio of proficiency to technology, which could have made participants in
that group more prone to using the game, in opposition to the observed effect.

Themain outcomewasmeasured using smartphone software. Themethodology has been
evaluated in previous studies, and the authors of those studies concluded that it is adequate;
however, future interventionsmight test similar settings with a different device, such as external
pedometers, and compare the results. In both cases, because the data are not collected in a
controlled environment but rather in a user-dependent context, participant compliance with
carrying the device affects the results.

Step-count was observed in a continuous state, considering any daily activity of partici-
pants. Because the baseline week used these same criteria and the analysis considered the ob-
served change, the results are still relevant. Nonetheless, further interventions might also sepa-
rate in-game counts explicitly and analyze if there is any difference.

Although this research is inserted in the more general field of interventions to improve
the quality of life of older adults, it focuses specifically on increasing physical activity based on
previous results that show a strong correlation between these variables. Future interventions
could measure these two variables explicitly and evaluate their relationship in the context of
pervasive games.
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7
Conclusion

In this doctoral research, the emerging genre of pervasive games was explored from a design
perspective, and social interaction was used as a study case to understand how this genre could
be used to stimulate specific behaviors.

The following sections summarize the main contributions, discuss their impact and pro-
pose possible paths of investigation for future research.

7.1 Main Contributions

This research was focused on understanding how design elements of pervasive games can create
engaging experiences and affect players. In that realm, two main contributions were made.

The first one was the design, implementation and evaluation of an “experiment system”
pervasive game. This system allow designers to propose variations on aspects of the game, while
maintaining a core set of gameplay elements, in order to study how these variations affect player
behavior.

With such system, other designers and researchers can further advance the study of perva-
sive games, and test other design elements and other modalities within each of these elements,
observing how these aspects shape player’s experiences and influence their behavior, attitudes
andmotivation, among others. This contribution is innovative because it allows for evaluation
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of specific design elements within the same game, while previous works focus on comparison
of game vs non-game or traditional approaches. The developed systemwas tested both in Brazil
and Japan, and different variations of mechanics were proposed, with evaluations of these cases
resulting in satisfactory results concerning its adequacy as a design test tool.

The other main contribution of this research was the evaluation of the effects of social
interaction in the context of pervasive games. The results of this evaluation indicate that social
factors are an important motivational aspect to promote physical activity among elderly people
using pervasive games. This aspect was analyzed via two different controlled trials, one in Brazil
and one in Japan. The first evaluation resulted in significant evidence for the positive effect
of the game in the intervention group, but the correlation between playing and having more
physical activity was inconclusive. In the follow-up evaluation, the initial results were corrobo-
rated with similar effects and the correlation between playing and having more physical activity
could be clearly observed. This contribution is innovative because there was no previous result
regarding social factors in this new context of pervasive game design.

This new evidence strengthens the previous body of research indicating that social connec-
tions are an essential element to promote quality of life of human beings, and of elderly people
in particular. Based on this findings, it is possible to elaborate new interventions that could be
more effective into engaging elderly people and helping them lead more active lifestyles. This
new data could also be used to create models of player behavior, studying walk patterns and
game engagement over time, for example.

7.2 Limitations

As long as there is enough coffee and enough time, research can always wander indefinitely
through many paths. Even though this PhD candidate could never complain about lack of
coffee, the same could not be said of available time. The consequence is that the scope of the
research creates limitations, that must be addressed properly.

This doctoral research used social interaction and physical activity as study cases, and el-
derly people as target audience, however, design of pervasive game can include innumerable
aspects and audiences. The findings serve as evidence of the general ideas defended in this the-
sis, but further investigations are necessary tomake definitive claims. Since game design is a very
broad discipline and much more Art than Science, it is also natural that this topic will never be
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completely extinguished.
In terms of social interaction, specifically, there was a deliberate focus on collaboration,

based on previous evidence that this element would be appealing to players in general and to
the target audience in particular. However, many studies have also focused on competition and
combinations of collaboration and competition to motivate people. These other possibilities
must also be considered, as well as many other modalities of social interaction, such as dynamic
vs static, direct vs remote, with acquaintances vswith strangers, among many others.

From a social-cultural perspective, it is important to consider that even the most engaging
experiences could fail due to lack of an adequate context to make them available to the general
public. Hugely popular games such as PokémonGO, for example, often rely on the popularity
of previous versions of the game or on a well established franchise. In that case, players already
familiar with the game will engage because they have an inherent interest, and can then serve as
evangelizers to attract new players.

In the context of application, increasing physical activity was used as a target behavior
change because many previous work indicate a strong correlation between it and quality of life
of the elderly. Naturally, indicators of wellness and quality of life could also be directly mea-
sured and analyzed for their relationship with this metric.

In a more general sense, many other elements of design could be tested, such as narrative,
physical objects, different scales of locations, climatic and geographic elements, dynamic social
connections – for example, open or spontaneous social gaming experiences –, among others.

7.3 Impact

As this new horizon of pervasive design as a strategy to create engaging serious games opens up,
different aspects could be investigated, and the results of this doctoral research could have an
important role into future explorations.

For instance, an important aspect that could not be fully investigated due to the necessary
limitations in scope is whether themodality of social interaction affect player behavior. In other
words, “social interaction” is a broad term, and it is useful to investigate how different kinds of
interaction could affect players, and to what degree.

In that ground, the developed tool could be used to create new variations on the pervasive
game design to test different modalities of social interaction. Challenge groups could be fixed
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for specific periods, such asweekly, andmechanics that explore collaboration (inter-groups) and
competition (intra-groups) simultaneously could be introduced, as well as additional elements,
such as rank systems. Different real world social roles could be reflected as different game world
experiences, such as allowing familymembers, friends and acquaintances to influence the target
players’ game experience by assuming auxiliary roles in the game narrative presented to them.
Also, spontaneous collaborative play sessions could be introduced, i.e., depending on the context,
players near each other could start a task together, such as “conquer a specific shrine” and this
form of highly contextual play could be compared to the more traditional daily life immersive
play.

In the time perspective, a widely open question in engagement research as a whole is how
to promote long term engagement. As explained in Chapters 2 and 3, a few works have already
started to explore this question, but the evidence for the power of long term engagement of
pervasive games is still infant and inconclusive.

The game proposed in this research was designed to have a long lifetime, but the focus of
the evaluation was for the short term effect of a specific design element. Nonetheless, it is pos-
sible to introduce changes on the card system, such as card ranks and more complex evolution
of cards to evaluate the system for longer times. The feedback from players indicate a will of
at least some of them to continue playing even the unmodified version for longer periods, so
the reasons that motivate such players could also be further investigated via qualitative analysis,
such systematic semi-structured interviews with players throughout the evaluation.

From a psychological point of view, the argument was made (Chapter 2) that pervasive
games are engaging because they explore both context and content of gameplay at the same
time, potentially fulfilling all basic psychological needs. Although this argument stands, it is
important to notice that other authors also identified the aspect of pleasure vs usefulness (Chap-
ter 3), in particular when related to elderly players. So one possible additional investigation is if
this other perspective could also be addressed by pervasive games. Are players mainly driven by
one of these two factor more motivated? Can pervasive games more effectively influence one of
these aspects of even both at the same time, when compared to other strategies?

The developed system and experimental settings proposed in this research, or further vari-
ations of it, could be used to also study this issue. For instance, participants of the experiment
could be classified into the 5 profiles [57] identified by De Schutter and Malliet, or just simply
interrogated using questionnaires and/or semi-structured interviews about the main reasons
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they (want to/accepted to) play (electronic) games, and the correlation between profiles and ob-
served effect could be analyzed. The same evaluation could be naturally performed with other
pervasive games and comparisons of the results could be made.

In a broader socio-cultural sense, a popular idea is engaging different generations for mu-
tual benefit. Pervasive games are potentially engaging to people of all ages, but how is possible
to create effective intergenerational games?

The results of this research could be applied in the investigation of this aspect as well. The
findings about social context suggest a strong relevance of group incentives in the engagement
process, as evidenced by the observed effect on the social interaction groups and subjective re-
port from players. On the other hand, the comparison of experiments in Brazil and Japan led
to the hypothesis that elements with strong cultural importance can be a significant aspect of
player experience (such as temples and shrines in Japan). These two observations could be com-
bined to propose a game variation in which players of different ages work together to build a
narrative, taking different roles inside the game.

For instance, player age could be an element of the real world incorporated into the game
that gives them comparative advantages and disadvantages that stimulate players of different
ages to work together. In only one of infinitely possible examples, younger players could have
a stronger ability to introduce variations into the narrative, while older players could have the
ability to create new main story lines by sharing the knowledge and experience. Both types
of players would then benefit by gaining points when they work together and enjoy a richer
experience.

Overall, this doctoral thesis advances the idea that games, even serious games, should first
be fun, and additional benefits come later as a natural consequence. By studying the potentially
very engaging category of pervasive games, it opens up a new front of investigation that could
lead to more fun and effective health interventions in the future.
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Questionnaires for the Feasibility Study
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A.1 Previous Experience with Technology
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A.5 Social Presence
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B
Questionnaires for the Trials in Brazil
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C
Questionnaires for the Trials in Japan
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