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Preface

The 12th Conference on Videogame Sciences and Arts – Videojogos 2020 – was
virtually held from Mirandela, Portugal, during November 26–28, 2020. Due to the
COVID-19 pandemic context, activities were mostly conducted online, with partici-
pants from several countries. The conference was jointly organized by the School of
Public Management, Communication and Tourism – Polytechnic Institute of Bragança
(EsACT – IPB) and the Portuguese Society of Videogames Sciences (SPCV).

The annual conferences of the SPCV promote the scientific gathering of researchers
and professionals in the expanded interdisciplinary field of videogames, usually held in
Portugal. This year, 11 years after the first event, SPCV and the co-organizers adopted
a full international profile with English as the main working language.

Indeed, both videogame academia and industry have been challenged over the past
decade with the need to generate a confluence of different knowledge bases – from
gameplay experience to art and design, in diverse materials and forms, AI, graphics,
and other forms of computation and engineering, sound design, psychology, social and
media studies, communication, and marketing, among others. In addition, games have
been increasingly adopted as cultural artifacts in a hobbyist and cottage market and,
therefore, presenting digitally mediated innovations in this popular but somewhat
saturated global market is an increasingly demanding challenge.

As in previous editions, this conference gathered researchers and other professionals
in the extended area of videogames, teachers and students, in a common forum to
discuss videogame related topics and their impact on various aspects such as society,
health, heritage, economy, or education. The goal of Videojogos is to promote the
exchange of ideas, and share experiences and results in the areas of interest, through
presentations, workshops, interactive demos, and panels.

From game design to the study of games in society, from player-centric to
game-centric approaches, from interpretative studies to generative techniques, several
works addressed key aspects of games and play, to bring forth updates to the body of
knowledge and fundamental concepts in gameplay, balance and fairness, narrative
fantasies, and flow experiences, which may lead to innovations in the way game
environments are received in the gamer community.

In these proceedings, we open with a series of studies on relationships between the
industry and society. Bruno Freitas, Ruth Contreras-Espinosa, and Pedro Correia
address e-sports sponsorships and industry relationships with audiences. Flávio Nunes,
Pedro Santos, Patrícia Romeiro, and Camila Pinto map the evolving trends in the
Portuguese industry (2016–2020). Maitane Junguitu Dronda brings an insider’s view
on video games specialized media in the Basque language. Joana Mendes and Cristina
Queirós address the industry old topic of “Crunch Time” and its effects like burnout
and related job challenges in game development.

In the second section Néstor Jaimen Lamas addresses the perspective of game-based
learning in science fiction. Then, Pedro Beça, Cláudia Ortet, Mónica Aresta, Rita



Santos, Ana Veloso, and Sofia Ribeiro bring a design instrument for supporting the
construction of game narratives using a toolkit to game design (work was distinguished
as the Best Paper).

The third section focuses on development techniques. Samuel Gomes, Tomás Alves,
João Dias, and Carlos Martinho bring an innovative study of reward-mediated indi-
vidual and altruistic behavior. Leading work in audio interface games, Gonçalo
Baptista, Diogo Rato, and Rui Prada exploit the narrative scenario of “Interviewing a
Virtual Suspect” as a basis for developing conversational game characters using Alexa.
Pedro M. A. Fernandes, Pedro M. A. Inácio, Hugo Feliciano, and Nuno Fachada’s
study of evolutionary heuristics in the ColorShapeLinks board game competition.
Augusto Dias, Juliano Foleiss, and Rui Pedro Lopes present a study of applicability of
reinforcement learning in the context of tower defense games.

This book contains a selection of 10 papers from authors at reputed institutions in
Portugal, Spain, and Brazil, which resulted from a selection of papers based on a
double-blind peer review process, with a minimum of three reviews from an interna-
tional panel, leading to a 40% acceptance rate. All these contributions address novel
research and contribute developments or outcomes internationally relevant in the
videogame research context, in a confluence of diverse scientific areas, such as mul-
timedia, communication, computation and information technology, education, psy-
chology, sociology, geography, media arts, marketing, etc.

This selection, obtained under very difficult conditions (conference submission,
review, and organization at the height of the COVID-19 pandemic) confirms the
decision to move the Videojogos conference out of the national domain, and towards
an international platform reflecting global interests and relevance across diverse soci-
eties and geographies. This organizational change contributed to stabilize and further
invest in the internationalization challenge assumed by the Portuguese Society of
Videogames Sciences: to open up critically, and reflect and integrate views and ideas
across international boundaries, towards a wider audience, whilst always striving for a
holistic perspective, identifying trends and future directions. In this effort the bridge
across Iberian and Latin-American countries is still notorious, although the evolution
of the Program Committee leans towards an even more inclusive future profile of the
conference organization.

To bridge the gap between industry and academia, representatives from industry
were present and developed key roles in the organization of Videojogo 2020. More-
over, the conference included invited keynotes that addressed key aspects of game
development and experience research.

Rui Craveirinha, from Player Research, addressed the theme “The Art of Play” with
the following abstract: “What are video games? Why do we play them? What makes
them feel so special to play? Is it - as everyone so fervently believes - that they’re art?
What even is art, anyway? Legend has it that I was born with a famicom controller…
father tells me the cable served as the umbilical cord. It’s thus no surprise that I spent
most of my waking life feverishly musing on these deep questions, whether I was
criticizing games for IGN or teaching Game Design at university. In this talk I will take
you on a journey of the personal and the universal, retelling three distinct histories: the
history of (video) games, from Chess to The Last of Us Part II; the history of aesthetics,
from Plato to Dickie; and my own personal history, from playing famicom to analyzing
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player experience at Player Research. Together, these stories will intertwine in a way
that might just answer all those questions. My answers can surprise, provoke, and, on
the rarest of occasions, may even provide true insight. By the end, I hope to have at
least convinced you of why video games are a wondrous medium which state-of-the-art
theories and tools often downplay in terms of their sheer complexity, novelty… and
beauty.”

Oscar García Pañella, from ENTI-UB and a senior consultant at Cookie Box,
addressed the theme “Seeking presence through virtuality – applying gamification to
support the memorable experiences we deserve” with the following abstract: “We are
still confined. Both physically and mentally, one or another or both depending on our
specific context. And we are human beings and thus in need of social interaction,
fantasy experimentation, true storytelling, and memorable challenges. We people love
to explore, socialize, communicate, share, help, achieve ... and we need to feel engaged
while doing so. Even more if using virtual devices for the majority of our communi-
cations. And because we are the users, we should be at the center of any design.
Therefore, is there a science that can help us all to achieve the correct creation of
valuable remote and/or hybrid experiences? Can we learn to design in a way that
extracts the best opportunities from our current situation by allowing us to keep our
networking alive while maintaining rigor and guaranteeing fun (and seriousness)? How
can we expect to adapt ourselves to the “new” transmedia means available if not
designing from both the experiential and memorable views? Welcome to the playing
realms of motivational design and gamification!”

We would like to thank all the members of the scientific board for their contributions
to guarantee and deliver the highest scientific quality, allowing the outstanding rele-
vance of this book. We would also like to thank the program chairs (interactive, poster,
and workshops) and the organization team for all their dedication and efforts in the
organization, an extremely important contribution for the overall success of the
Videojogos 2020 conference.

Finally, we would like to thank the Polytechnic Institute of Bragança (EsACT
Mirandela) for hosting the event, and the Portuguese Society of Videogames Sciences
for the organizational support and the publication of an additional volume of interactive
works and works in progress, with a selection that did not meet the criteria for the full
paper selection.

November 2020 Inês Barbedo
Bárbara Barroso
Beatriz Legerén
Licínio Roque

João Paulo Sousa
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Esports Sponsorships: The Double-Edged
Sword Effect of Having a Very Vocal Audience

Bruno Duarte Abreu Freitas1(B) , Ruth Sofia Contreras-Espinosa1 ,
and Pedro Álvaro Pereira Correia2

1 University of Vic - Central University of Catalonia, Barcelona, Spain
brunoduarte.abreu@uvic.cat

2 University of Madeira, Funchal, Portugal

Abstract. Esports fans have been known for being heavy consumers of compet-
itive gaming content and for being digital natives who love to comment about
esports on numerous social platforms. This has attracted various sponsors inter-
ested in capitalizing in this social buzz. However, there have been signs that this
high vocality can in fact heavily damage several sponsors. Hence, this research
aimed to determine if esports fans’ high vocality is a benefit and/or a risk to these
sponsors. To achieve this, we adopted a qualitative exploratory design to interview,
via digital platforms, 10 esports sponsorship experts. In total, we interviewed two
endemic and three non-endemic esports sponsors and five marketing agencies
with experience in esports sponsorships. They were sampled via a nonprobability
purposive heterogeneous method and were reached via the companies’ website
contact sections. Data were analyzed with the assistance of NVivo 10. The over-
all results showed that all experts agreed that this high vocality can both benefit
and damage esports sponsors. The uniformity in the answers showed that this
element is not a greater benefit or risk to a particular type of esports sponsor.
Ergo we considered that the high vocality of esports fans is a double-edged sword.
This study is necessary because, despite esports’ massive growth, this field has
received scant scientific attention, with the specific areas of esports marketing
and esports sponsorships being even more severely overlooked. Besides, from a
business standpoint, the findings are highly significant for every sponsor looking
to better comprehend esports and its fanbase.

Keywords: Esports · Sponsorships · Consumer behavior ·Market analysis ·
Marketing

1 Introduction

Electronic sports (esports) are professionally organized videogame competitions where
highly skilled gamers – commonly dubbed as pro-players or pro-gamers – compete [1]
to earn prestige, money, prizes, etc. [2]. Just like water sports, esports is a collective
term. That is, it is comprised of a large number of disciplines (i.e. videogames) and a
competition can feature various tournaments of different games [3]. The competitions
are divided into numerous tiers of professionalism [4], including amateur [5], high-tier

© Springer Nature Switzerland AG 2022
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2 B. D. A. Freitas et al.

amateur, and professional [6]. While most low tier competitions are held via the internet,
with players competing from their residences [7], high-tier and popular tournaments are
carried out in large spaces, likemajor arenas, where enthusiastic fans gather to personally
watch their favorite pro-gamers compete in eye-catching matches that are also streamed
over the internet [8].

Although esports only started gaining popularity in the beginning of the 2010s [3],
they have, in a very short time [1], become a worldwide phenomenon [9]. Competitive
gaming has already been recognized as an official sport in South Korea and several
western countries are following suit [9]. Esports has only now reached this threshold
because information and communication technologies just recently reached a statewhere
streaming and social networking have become accessible to the general consumer [10].
Now, competitive gaming is, not only the world’s fastest-growing sport [11], but also
one of the fastest-growing industries overall [4]. Their high economic significance [1]
allied with their large international reach [12] and popularity has attracted the attention
of numerous consumer brands who now view it as an important marketing channel
[13]. Ergo, just in 2016, over 600 sponsorship1 contracts were signed [1]. Among the
most popular esports sponsors, there are brands like Microsoft, Samsung, Red Bull [15],
Vodafone, Coca-Cola [3], Paris Saint-German, Nissan, Google, Manchester City, Audi,
and Sony [1].

There are numerous benefits that are attracting sponsors to esports. One of the main
benefits sponsors seek to obtain is an increased brand awareness [3]. Specifically, spon-
sors have been attracted by esports’ massive audience [3]. In 2020, it is estimated there
were 495 million esports fans and this number is expected to increase to 646 million by
2023 [16, 17], a value much higher than the whole NFL audience and in line with the
fan-bases of other popular sports [1]. And this audience has been increasing between
10.4% and 12.3% per year [16]. Competitive gaming is filling out entire football stadi-
ums [3] and receiving higher viewership levels than the highest profile events in sports.
For instance, while 1.7 million people tuned in to Watch-ESPN to see Germany face the
United States in the 2014 Football World Championship [13], 46 million people tuned
into Twitch and YouTube to watch the Intel Extreme Masters esports tournament in
Katowice [18]. Another benefit sponsors seek to attain is increased sales [4]. It has been
found that esports fans have an above-average income [3] and are compulsive buyers,
early adopters [4], and influencers of the buying behavior of technology-related products
[3]. Furthermore, this market was estimated to be worth 1.34 billion US dollars in 2020
[19] and this value has been increasing roughly 9.7% per year [20]. An additional benefit
esports sponsors obtain is a surprising general acceptance of sponsorships [3]. Unlike
other industries where sponsorship activities are under the risk of being perceived as
unwanted or intrusive [21], esports fans have shown to understand that esports cannot
survive without sponsors [3]. Hence, there is a general positivism around esports spon-
sorships [22]. This dependency also gives rise to the benefit of it being much cheaper
to sponsor esports than most sports [4] and to the benefit of the brands that sponsor

1 According to the International Chamber of Commerce [14], a sponsorship is a mutually ben-
eficial commercial partnership where an entity (i.e. a sponsor) provides funding, or another
type of support, to a second entity (i.e. the sponsored party) to acquire the right to associate its
image, brands, and products with the second entity through promotional activations.
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esports acquiring an improved brand image. This latter benefit arises from the fact that
fans perceive esports sponsors as supporters of the fragile industry they love [1].

Besides these appealing benefits, it has also been assumed that esports fans’ intimate
connection with digital media can have a significant positive effect on esports sponsors
[1]. This is because their main demographics – millennials and generation Z – are known
for having a very high online affinity. Esports fans and gamers have come together in
multiple e-communities that reside in various social media, forums, websites, and other
channels like in-game guilds and clans. These communities have developed into an
ecosystem where any gamer can very swiftly meet, communicate, and share esports
content [3]. In essence, esports fans can be perceived as digital natives [1, 3]. Unlike the
preconceptions of old, which saw gamers as friendless lone introverts who would shy
away from any kind of social contact [23], this audience, in fact, actively seeks social
interactions and loves meeting new people and belonging to a community [24].

The truth is that esports fans are extremely vocal [25, 26]. They love to interact
with one another and even with the general gaming fans who might not be into esports
[1]. Data shows that 51% of esports fans chat with other gamers on a regular basis
and that 69% make use of social platforms while gaming [26]. The main promoter of
this high vocality is esports’ intimate connection with the internet. Almost all esports
related social activity happens on social networks [27]. Streams of esports events feature
integrated chats that allow fans to communicate and interact with one another and even
with the streamers themselves. This means that fans actively participate in the event and
are immersed in the experience [28]. Another element that catapults this high vocality is
the fans’ love for esports [4]. The fans are very deeply engaged and highly attached and
passionate about esports [3]. During offline tournaments, it is common for esports fans to
wear their favorite team’s apparel, cheer, and wave flags [13]. A study found that 63.4%
of fans consume 5 to 10 h of esports content per week and another one concluded that
roughly two-thirds of esports fans consider esports watching to be their most important
hobby, and some even see it as their passion [3]. This high involvement makes them
a very valuable consumer target from a marketing perspective [3, 29]. In fact, one of
the main reasons why sponsors have entered esports is because they want to reach this
passionate audience [30]. The attractiveness of this audience is also catapulted by the
fact that roughly one-fifth of esports fans enjoy following esports sponsors activities on
social platforms [22]. It is because of this that some brands prefer to sponsor a pro-player
that is very social and constantly interacts with its audience over someone who is a better
player [31]. A pro-gamer who is very social will also promote his sponsors more to his
hundreds of thousands of enthusiastic fans [13].

In essence, esports fans love to use a plethora of social platforms (e.g. Facebook,
Twitter, Instagram, Snapchat, and Reddit) to talk about esports and this heavy commu-
nication creates a buzz that significantly increases the sponsors’ presence in social and
digital media [22]. However, having a very vocal audience can also bring about some
risks to sponsors, like being much more susceptible to backlashes [4] and extreme crit-
icism [13]. Because of the issues of this ambivalent dichotomy, this research aimed to
determine if esports fans’ high vocality is a benefit and/or a risk to esports sponsors. In
other words, this study sought to answer the research question: How does esports fans’
high vocality affect esports sponsors? This study is necessary because, despite esports’
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massive growth [29], this field has received scant scientific attention [29, 32, 33, 34],
with the specific area of esports marketing [28, 29, 35] and esports sponsorships being
even more severely overlooked [3, 36, 37, 38].

2 Literature Review

2.1 The Benefits of Having a Very Vocal Audience

Multiple sponsors have entered the esports scene with the intent of capitalizing on the
fans’ high vocality and were very successful. For example, when sponsoring the profes-
sional team Astralis, Audi noticed that just the media exposure caused by the fans’ buzz
on social media was worth more than 10 times what the brand had initially invested. And
this was just during one edition of the DreamHack and ELEAGUE tournaments. Even
more impressive was that 82% of the buzz had come from only the ELEAGUE event.
This was largely because Astralis had a terrific performance and won the tournament
[22].

Esports sponsors have been able to reach millions of fans on social media like
Facebook and Twitter on a daily basis [13]. This is mainly because of esports fans’
constant use of social platforms to talk about gaming and esports [22]. Instead of just
reading tournament or pro-player posts, or information about them, fans prefer to show
their support in much more visible ways, like through social media. This, in turn, creates
a lot of buzz and exposure around esports entities and the brands that sponsor them
[4]. Whenever fans witness an exciting moment in a match they immediately comment
about it on various chats and forums. This propagates the excitement, which in turn
boosts esports’ viewership levels [25]. All of the hype that the propagation of these
messages creates is very attractive for sponsors as it provides them with a large reach in
a hyped-up environment. By reaching fans when their emotions are exponentially high,
sponsors also benefit from positive brand image transfer [4].

This aspect of positive association has been given further relevance by a joint research
between the consultancy agency Accesso and the Asociación Española de Videojuegos
(AEVI) which revealed that 98% of all esports-related communications on social media
have a positive sentiment (i.e. acceptance, support, gratitude, etc.) and just 2% portray
negative emotions. This is a highly significant contrast to the common communication
dynamics of general social media which showmuch higher toxicity. According to AEVI,
this abundance of positive emotions is one of the primary reasons why so many sponsors
have entered the esports scene [27].

Since these fans like to talk about esports and all aspects related to it [4], this also
means that they are important influencers of their social environments. Their capability
of influencing other people’s buying behavior means, that by sponsoring esports, brands
are reaching, not only the core fan-base, but also a much larger consumer group [13]. On
average, an esports fan influences the buying behavior of technology products of at least
four family members or friends [3, 13]. Interestingly, some sponsors have indicated
that what they seek the most in esports is not a boost in sales. Instead, they wish to
build their brand with the help of this community’s enthusiastic buzz [31]. And, as the
esports community grows, they are becoming increasingly more vocal, which in turn
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creates even more opportunities for brands [4]. Based on these arguments, we propose
the following:

H1a: The high vocality of esports fans is a benefit to esports sponsors.

2.2 The Risks of Having a Very Vocal Audience

Esports fans are extremely critical [13]. So much so that any sponsor who communicates
with them without a profound esports knowledge is under the risk of being heavily
criticized [26]. For instance, fans will frown upon any sponsor that seems to only be
interested in making a sale [37]. The critical nature of esports fans means that brands
must enter esports with caution since poor activations can result in severe brand damage
and negative ROIs [13]. Because of this, it is vital that sponsors learn about the esports
culture and its fans [22, 26]. Still, even sponsors with esports knowledge can be heavily
criticized. For instance, Bud Light decided to create a pro-team called Bud Light All-
Stars by asking fans to choose pro-players from a selection they presented [1]. The act
of involving esports fans with sponsorship activations and allowing them to participate
has shown to increase their overall satisfaction with the brand [4]. However, the sponsor
was strongly criticized and even accused of only being interested in acquiring popular
brand ambassadors rather than strictly building a strong team [1].

The high vocality is also affecting esports women. There have been several instances
of women facing brutal online chats with asinine messages that range from scary to
outright rage [4]. Kelly “kellyMILKIES” Ong, is one of the many examples of female
pro-players who even received photoshopped pictures with her face on naked bodies or
images showing her being raped or murdered [39]. This discredits the professionalism
of the esports scene and puts the brands that sponsor it in a risky situation [4].

Esports fans can be quite brutal and rude with their language. One study that ana-
lyzed various esports-related chats, forums, and websites found a plethora of tweets and
posts containing homophobia, misogyny, harassment, transphobia, general hate, and
even death and rape threats, as well as threats of physical violence [40]. However, it is
not only the fans that use inappropriate language. There have been pro-gamers who did
the same, like Jake “orb” Sklarew and Greg “IdrA” Fields, who started using offensive
language. This led a large number of fans to organize campaigns and complain to their
sponsors. The fan criticism was so voracious that the sponsors had to fire the pro-players
[39].

Esports fans can easily generate backlashes against anything they disagree with. An
example of this occurred in 2014 during the finals of CS:GO at DreamHack. During the
event, team Fnatic exploited a glitch that allowed them to easily shoot all adversaries
in the entire map and win the match. However, after being caught, instead of pleading
guilty, Fnatic accused the opposing team of also exploiting glitches. This resulted in
DreamHack announcing that the finals had to be repeated. But this created a lot of
controversies and led the very vocal fans to inundate several social channels with heavy
backlashes against Fnatic and its sponsors. The fan backlash was so strong that Fnatic
was forced to give up the tournament [4]. According to Ströh [3], these fan backlashes
are a threat to esports sponsors.

Also, whenever a sponsored pro-player loses a match, the sponsor will suffer from
negative brand image transfer and lose credibility [31], especially because of the negative
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comments that will spread over the internet about the pro-player’s defeat and how the
sponsors may be partially to blame [4]. In the same vein, poorly organized tournaments
will result in the events’ main sponsor being heavily criticized. For instance, during the
2007 grand finals of the World Cyber Games – whose main sponsor was Samsung –
the fans saw Song “Stork” Byung Goo exploiting a glitch to win the game, but the
referees did not notice this, and before the referees became aware of the situation,
Stork’s opponent gave up the match. This generated a severe uproar among the fans and
heavy commentary among esports reporters. The discussion became so profound that
it caught the attention of multiple South Korean general media, which led to a further
spreading of the issues caused in a major tournament sponsored by Samsung. As of
today, the event is still recalled as an aberration. Another way that the sponsor can be
heavily criticized is when the products they bring to the event malfunction. For example,
there have been several instances of sponsor monitors turning off during esports matches
and, unfortunately, these incidents are not forgotten. They go on to be deeply criticized
by the fans on various online communities. A different issue that goes on to be heavily
discussed by fans and can damage the sponsor’s image is when a tournament does not
give the winners the prize money. This is an issue that has become commonplace in
several esports tournaments and has put the image of both the tournament organizers
and sponsors at risk [41]. All of these issues led us to propose the following:

H1b: The high vocality of esports fans is a risk to esports sponsors.

3 Methodology

To reach the goal of this research, we adopted a qualitative exploratory design. An
overt stance was used in a non-contrived setting and in a cross-sectional time horizon.
The sample was composed of 10 esports sponsorship experts. Specifically, two endemic
esports sponsors (EESs), three non-endemic esports sponsors (NEESs), and five mar-
keting agencies (MAs) that worked in the field of esports sponsorships. Only one expert
in esports sponsorships was contacted for each of these organizations. These individ-
uals were sampled via a nonprobability purposive expert heterogeneous methodology.
Specifically, there was a deliberate selection of a diverse group of individuals with large
amounts of knowledge and experience in esports sponsorships. To ensure these organi-
zations had been working with esports sponsorships for a relevant amount of time, only
organizations with at least two years of experience in esports sponsorships were con-
tacted. The sample was reached by contacting the organization’s marketing departments
or directors via the companies’ website contact sections or by sending them an email to
the addresses in the aforementioned sections. Both the unit of analysis and the unit of
observation was the organization.

The empirical data was gathered via an interview with each expert. In the interviews,
besides asking questions on the company’s characteristics, the experts were asked to
answer the open-ended question “How beneficial and/or harmful do you believe the
esports fans’ high vocality can be for esports sponsors?” The interviews were mostly
held on Skype, with some being conducted on other digital platforms (i.e. Microsoft
Teams andZoom) at the request of some interviewees. Prior to starting the interviews, the
questionnaire was pretested between 14April 2019 and 21May 2019 on nine individuals
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with expertise in the areas of management, marketing, and general scientific research.
Afterwards, the empirical data collection began on 15 August 2019 and ended on 12
December 2019. The data were analyzed with the assistance of the computer software
NVivo 10. To comply with the confidentiality norms of social research, all sensitive data
that could allow the research subjects to be identified (e.g. company name, exact year
of foundation, etc.) were either modified or not included in the study.

Regarding the specifics of the sample members, EES1 was founded in the 1980s and
operates internationally in the gaming retail industry. EES1 has been sponsoring esports
for two years, has sponsored roughly nine esports entities, and has been connected to
roughly seven esports videogames. The interviewee’s position within EES1 was of head
of partnerships.

EES2 was founded in the 2010s and operates internationally in the gaming chair
industry. EES2 has been sponsoring esports for roughly seven years, has sponsored
roughly 44 esports entities, and has been connected to roughly 41 esports videogames.
The interviewee’s position within EES2 was of country general manager in the United
Kingdom, Brazil, Spain, and Portugal.

NEES1 was founded in the 2010s and operates internationally in the industry of
consumer electronics (with special focus on smartphones, phone cases, and headphones).
NEES1 has been sponsoring esports for three years, has sponsored roughly four esports
entities, and has been connected to roughly 11 esports videogames. The interviewee’s
position within NEES1 was of head of global brand partnerships.

NEES2 was founded in the 1920s and operates nationally (i.e. in the USA) in the
insurance industry. NEES2 has been sponsoring esports for two years, has sponsored
roughly 12 esports entities, and has been connected to roughly six esports videogames.
The interviewee’s position within NEES2 was of director of marketing, media, and
sponsorships.

NEES3 was founded in the 1990s and operates nationally (i.e. in the USA) in the
craft beer and brewing industry. NEES3 has been sponsoring esports for two years, has
sponsored roughly 14 esports entities, and has been connected to roughly six esports
videogames. The interviewee’s position within NEES3 was of community, partnerships,
sponsorships, and major events manager.

MA1was founded in the 2000s and operates internationally by exclusively providing
marketing advice in the esports and videogames sector. MA1 has been connected to
esports for approximately 11 years, has assisted roughly 100 esports sponsors, and has
been connected to roughly 35 esports videogames. The interviewee’s position within
MA1 was of founder and director.

MA2was founded in the 2010s and operates internationally by exclusively providing
marketing advice in the esports and videogames sector. MA2 has been connected to
esports for two years, has assisted roughly 40 esports sponsors, and has been connected
to roughly 39 esports videogames.The interviewee’s positionwithinMA2wasof founder
and director.

MA3was founded in the 2010s and operates internationally by exclusively providing
marketing advice in the esports and videogames sector. MA3 has been connected to
esports for two years, has assisted roughly 100 esports sponsors, and has been connected
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to roughly nine esports videogames. The interviewee’s position within MA3 was of
founder and director.

MA4 was founded in the 1990s and operates internationally by providing marketing
advice in various sectors, including esports and videogames. MA4 has been connected
to esports for approximately four years, has assisted roughly 15 esports sponsors, and
has been connected to roughly 15 esports videogames. The interviewee’s position within
MA4 was of account director and esports specialist.

MA5was founded in the 2000s and operates internationally by exclusively providing
marketing advice in the esports and videogames sector. MA5 has been connected to
esports for approximately six years, has assisted roughly 50 esports sponsors, and has
been connected to roughly 43 esports videogames. The interviewee’s position within
MA5 was of senior market analyst and esports specialist.

4 Results and Discussion

The overall results confirmed H1a and H1b, meaning that the high vocality of esports
fans is both a benefit and a risk to esports sponsors. The empirical data showed that all
experts agreed that this high vocality can benefit sponsors and that all also agreed that
it can damage them. This showed that there was no difference in opinions between the
different members of the sample (i.e. EESs, NEESs, and MAs). Hence, the data did not
point to this being a greater benefit or risk to either endemic or nonendemic sponsors.
Ergo we considered that the high vocality of esports fans is a double-edged sword for
all types of esports sponsors.

The experts provided very insightful commentaries. Regarding the benefits of high
vocality, it was stressed that fans will show highly positive reactions when brands cor-
rectly carry out a sponsorship. Amongst the favorable responses, MA5 stated that brands
can expect “really big positive language and positive sentiment… in online communities,
on social media, etc…. It’s an improved brand image”. This shows how the high vocality
of a happy community that makes heavy use of digital platforms can significantly benefit
the sponsor. Similarly, MA4 indicated that there was a tournament sponsored by DHL
that the fans loved so much that they even started chanting “DHL! DHL! DHL!” at the
stadium. This shows an unprecedented love for brands that carry out well-coordinated
sponsorships. The response of MA4 is pretty much in line with EES1, who provided one
of the most relevant responses from all the experts by stating that the esports fan-base
shows more support and love for the sponsors than the communities of almost any other
sport or sponsored area.

A number of experts indicated some suggestions and tactics to correctly activate
the sponsorships and make the most out of the positive aspects of this high vocality.
Particularly, it was stressed that sponsors should thoroughly study esports (MA3) and the
fan-base before signing any sort of contract (MA5). It is imperative that the sponsorship
is relevant (MA3) and authentic (NEES1). Specifically, the promotions must resonate
with fans (MA5) and show that the brand cares and is passionate about esports and that
it truly wants to be a part of competitive gaming (NEES1).

Concerning the dangers of high vocality, the experts pointed out that sponsorships
must be very carefully planned as some brand actions can easily result in extremely neg-
ative fan reactions. Amongst these, EES1 gave examples of fans who boycotted esports
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sponsors. EES2, NEES2, NEES3, and MA4 noted that there have been several instances
of sponsors who suffered from strong verbal backlashes from the fan-base on multiple
social media and forums. Similarly, MA2 indicated that some esports communities were
even completely outraged at the sponsors. MA1 and MA2 stressed that a large number
of fans can become so angry at some sponsors that they will do all they can to damage
the brand and its image. According to MA2, one example of this is through the creation
of damaging memes based on the sponsor or on people that work for the brand. MA2
also made the very important remark that, because this audience is deeply socially con-
nected, they will never forget the sponsors’ wrongdoings or mistakes. They will do all
they can do to burn the sponsors’ image to the ground and will not give up that easily
or so soon. NEES1, NEES2, and MA2 reported that the negative communications about
the sponsor will possibly spread and lead both the esports fans and some of the general
gaming audience to develop a resistance to the sponsorship actions of the brands they
are not happy with.

Several experts indicated some of the sponsor actions that lead fans to spread negative
communications about the brand. These include: communicating or presenting views that
are not in linewith the community’s general opinion (EES1), beingunauthentic (NEES1),
poorly activating a sponsorship or advertisement (NEES1; MA1; MA2; MA5), showing
a lack of knowledge about esports and its fan-base and a lack of interest in learning about
them, and appearing like an overly commercial brand whose only goal is the selling of
products and services (MA3). Figure 1 shows how esports fans generally react to correct
and poor sponsorship activations.

Fig. 1. Esports fans’ reactions to correct and poor sponsorship activations

EES2 also pointed out that, sometimes, it is very difficult for a sponsor to not anger
the fan-base and be negatively affected by their high vocality. EES2 gave the example
that whenever a sponsored player is involved in a controversy, the brand must cancel
the sponsorship to avoid being seen as a supporter of disrespectful behavior by the fans.
However, while this will calm some fans, it may also lead others to criticize the sponsor
for canceling a sponsorship for minor reasons and contributing to esports’ high volatility.
In a similar example, EES2 also reported that fans often heavily criticize brands that
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sponsor female pro-gamers by saying that the brand is exploiting women by using them
to call the attention of male esports fans. However, whenever a brand refuses to sponsor
a female pro-gamer, the brand is also harshly criticized for being misogynistic. Figure 2
illustrates these two examples of when a negative fan reactions cannot be avoided.

Fig. 2. Instances where negative fan reactions cannot be avoided

A large number of similarities were found between the empirical data and the lit-
erature. In terms of the benefits of high vocality, EES1 and MA5 were somewhat in
sync with AEVI [27], who indicated that 98% of esports-related communications on
social platforms have a positive connotation, which is largely above the general sen-
timent found on social media where negative communications are far more prevalent.
Just like these experts, AEVI also noted that this positivism is one of the main reasons
why sponsors are attracted to esports. Similarly, EES1, MA4, and MA5 were in accor-
dance with CGC Europe [13] and Ströh [3], who pointed out that esports fans are highly
involved and emotive. These same experts were also in line with BI Intelligence and
Elder [12], Franke [29], and Nielsen Esports [22], who defended that esports fans are
very passionate and engaged.

Regarding the negative side of high vocality, EES2, NEES2, NEES3, andMA4were
in syncwithNichols [26] andWinnan [4], who stressed that esports fans can be extremely
harsh in their high vocality. Particularly, Nichols [26] defended that sponsoring esports
without a deep knowledge of the sector will probably anger the fanbase and result in
heavy criticism. And Winnan [4], pointed out that an angry esports fan-base can easily
flood various social platforms with heavy backlashes against brands. Similarly, EES2,
NEES2,NEES3,MA1,MA2, andMA4were in linewithCGCEurope [13],who reported
how exceedingly critical esports fans can be.

4.1 Managerial Implications

From a business standpoint, the findings are highly significant for every brand with an
interest in sponsoring esports as well as for those looking to comprehend how the esports
fans’ high vocalitymight positively or negatively affect them. It is imperative that esports
sponsors come to terms with the fact that they are entering a field of highly passionate
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individuals and that theywill be touching on something deeply loved by a large and hyper
socially-connected audience. Hence, and as stressed by MA1, depending on how the
sponsorship is conducted, “the audience will love you or hate you.” Despite there being
a large fan-base and reports of an abundance of positive sentiment on esports-related fan
communications, sponsors have to understand that, as MA4 indicated, “the advantage
of having a highly engaged community also brings the disadvantage of having a very
protective community.” Just like EES2 indicated, the fans can “make your social media
increase and decrease as they please, both in terms of followers and in making posts go
viral, etc.” In essence, the highly vocally of the esports fan-base, which is promoted by
their high engagement, passion, and heavy use of social media, has a strong influence
over the sponsorships’ success and the brands’ ROIs, like brand image, awareness, and
sales.

The fans’ heavy commentarymeans that it is vital that brands interested in sponsoring
esports carefully study it before engaging with the scene. The sponsors with a high
understanding of the fan-base and general competitive gaming will be much more likely
to activate sponsorships that are in sync with the community’s desires and will be able
to naturally integrate into the scene. As a result, the fan-base will have a highly positive
response to the sponsors’ activations. Ergo, taking the time to thoroughly figure out
esports and its fan-base, focusing on relevancy and authenticity, showing love and interest
for competitive gaming, and performing activations that truly resonate with fans are key
elements to benefit from the fan-base’s high vocality and reap ROIs like positive fan
sentiment, improved brand image, brand loyalty, and increased sales and awareness.

Notwithstanding the aforementioned tactics, sponsorsmust still bewary. Particularly,
brands must make sure their advertisements do not contradict nor offend the fan-base
opinions and views and avoid being seen as self-centered sponsors whose only interest
is selling. Furthermore, sponsors must be careful so that angered esports fans do not
flood their social media pages with hateful comments. Firstly, because this may lead the
general consumers to develop negative impressions of the brand due to seeing a large
number of people angry at the brand. And secondly, if people outside the esports sphere
take notice of esports fans’ occasional rude language and views, the image of the brands
that sponsor this industry may be heavily damaged. Although rude and disrespectful
language might be commonplace in social media, if the general consumer becomes
aware that a brand is supporting what is supposed to be a professional industry where
both pro-gamers and fans make use of offensive language, it may negatively affect their
views of the brand.

It is also advised to thoroughly ponder which entities the brand should start or stop
sponsoring. As EES2 indicated, several sponsors will be faced with situations where
basically any brand decision will anger some fans. EES2 also stressed that, while sports
entities are mostly safe to sponsor, esports entities must always be closely watched by
their sponsors due to their youth, professional inexperience, and higher chance of engag-
ing in disreputable behavior. Hence, esports sponsorsmust not associate themselves with
entities that may put them in delicate situations. Ergo, it is imperative to know which
esports entities are the safest to sponsor. This again shows the importance of carefully
studying esports prior to engaging in any kind of sponsorship.
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The high vocality of this audience has attracted a large number of sponsors but, as
EES1 defends, can also repel some. The harshness of this high vocality was wholly
pictured by MA1 when he noted that the heavy use of the internet and social media
by the fans and the existence of platforms like Reddit mean that the community will
never forget bad or poor sponsor conducts or activations and will not easily give up on
attacking the sponsor. Similarly, MA2 also stated that “the internet never forgets… once
you screw up with the internet it’s really tough and expensive to get back on track. You
might as well drop esports for a year and then come back.” These problems highlight the
importance of cautiously developing sponsorships that use this high vocality as a tool to
benefit the sponsor instead of harming it.

5 Limitations and Future Research

This study was limited by the lack of scientific research and reliable literature on the
specific topic of esports sponsorships, esports marketing, and on the behavior of esports
fans. Another limitation was the difficulty to contact and interview a large number of
experts in esports sponsorships, which resulted in the lack of an equal number of EESs,
NEESs, and MAs. This could have biased the results to more strongly represent the
views of MAs – which comprised half of the sample – and less the opinions of EESs
and NEESs.

Future studies should build upon the findings of this research and focus on analyzing
how effective are this study’s suggested tactics to maximize andmitigate the benefits and
risks of having a very vocal audience, respectively. It would also be interesting to verify
if there are more esports sponsors being benefited or damaged by this high vocality and
to interview more sponsors and marketing agencies in search of more specific examples
of how and why some sponsors are greatly benefited by this high vocality while others
are severely damaged by it.
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Abstract. The Atlas of the Video Game Industry in Portugal published its second
edition in 2020, with the main goal of mapping, characterizing, and analyzing the
evolution of the video game industry on a national scale. This paper presents infor-
mation on the current situation and recent trends (2016–2020) in the video game
sector in Portugal (companies, employment, products, economic and financial sit-
uation, networks, and public support), as well as the main expectations regarding
the development of this industry in the national context. Methodologically, the
video game sector is characterized based on the collection and analysis of orig-
inal data from a survey conducted with video game companies and independent
creators, which develop activities in Portugal.

Keywords: Video Game Industry ·Mapping · Innovation · Creative industries ·
Public policies · Portugal

1 Introduction

In the last few decades, the video game sector has witnessed extraordinary development
worldwide. The global market has registered steady growth since 2016, generating rev-
enues in the order of US$ 134.9 billion in 2018, and forecasts predict this growth will
be maintained, at an average annual rate of 9.3%, reaching US$ 159.3 billion in 2020
and 174 billion in 2021 (Newzoo 2019; Newzoo 2020).

2020 has witnessed many global changes in the video game industry due to the novel
Coronavirus (COVID-19) pandemic.Video games are playing a crucial role in the current
context of exceptional measures adopted to respond to the pandemic. The lockdown
measures and confinement rules across the world, complemented with recommendations
to avoid large gatherings of people, have led to not only an increase in game use but also
to consumers spendingmore time gaming than ever (Balhara et al. 2020; Ellis et al. 2020;
Gabbiadini et al. 2020). This growing interest in gaming in this atypical environment
means video games have come to play a major social role, not only as an easy in-house
entertainment option but also as away to promote social interaction by connecting people
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through a shared experience. This potential of video games as a social activity has been
explored like never before over the last fewmonths, especially by people who have come
to regard traditional social media as very limited in their social connection experience.
Indeed, new connectivity technologies have allowed video games to become much more
immersive social networks.

Recent forecasts predict a worldwide increase of 135 million new video games
players just in 2020, expressing an unprecedented level of engagement that will be
responsible for huge market growth in the coming years, which is expected to exceed
the global US$ 200 billion mark in 2023 (Newzoo 2020). Even though Europe has not
spearheaded this industry, we find the same dynamics of steady growth in the video
game industry, which generated US$ 21 billion in 2018 (ISFE 2019) and US$ 21.6
billion in 2019 (ISFE 2020). However, there are substantial methodological differences
supporting the figures presented in both reports1, which underscore the limitations of any
attempt to perform a comparative analysis between different markets, as well as question
the relevance and reliability of the data they gather, which is currently one of the main
constraints to the study of the video game industry. Nevertheless, we have chosen to list
here the figures that characterize this industry, taken from the main secondary sources
(the main reports regarding the video game market) only for contextualizing purposes,
as a reference for the primary data collected in this study, which will be presented and
discussed in the following sections.

Despite the difficulty in accessing reliable data, it is clear that, in addition to its
relevant economic weight, this creative activity incorporates multiple aspects making it
a complex sector that has, furthermore, a strong impact on other activities. First, video
games are considered an important engine of entertainment, creating synergies with
other cultural and creative sectors, such as cinema, music and design. Second, it is a
highly innovative industry that has contributed to the development of new techniques
and approaches (for example, related to learning, simulation and engagement) that are
currently applied in areas as diverse as health, education or fashion. Additionally, video
games also incorporate a cultural dimension and relevant sociocultural impacts (Rykała
2020).

The economic growth prospects of this industry as well as its multidimensional
dynamics are largely related to several trends, including digital distribution, multiplat-
form video games, the growing diversification of the player profile, and the redefinition
of the creator-user relationship.

1 The Newzoo report assesses the size of the global games market combining data from primary
consumer research (an survey of 62,500 respondents between the ages of 10 and 50 or 65,
depending on the country, that represent the online urban population from 30 key countries),
with data from an opaque predictive gamesmarket model that intersects very distinctive contex-
tual metrics (household income, GDP per capita, app stores data, primary consumer research,
financial information reported by public agencies and leading game companies). In its turn, the
ISFE report uses sales data just from the leading games companies and representative agencies
of retail and digital markets (comprising physical and online games), complemented with data
from players behaviors drawn from a very narrow and limited sample of the European reality
(a survey to which 3000 internet users responded aged 6–64, from just 4 European countries:
France, Germany, Spain and the UK).
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Although the rise in interest in video games in Portugal is evident, it appears that a
systematic analysis of the sector has yet to be performed at national level. The Atlas of
theVideoGame Industry in Portugal, first published in 2016 (Santos et al. 2016), has now
launched its second edition in 2020 (Romeiro et al. 2020), thus seeking to contribute to
filling this gap. Itsmain goal as a useful source of information is to broaden the analysis on
the size and characteristics of the video game industry in Portugal, aswell as recent trends
in its development. This paper will systematize some of themost relevant observations of
this latest edition, designed to support decision-making and action in the development of
individual and collective strategies in the video game industry, geared at promoting this
economic activity in Portugal. In comparison to the previous Atlas, the main changes are
related with the territorial concentration of video game companies; companies tend to be
fewer but larger (in number of employees) and a higher proportion of these companies
have multi-location units; a drop in the number of companies dedicated exclusively to
the development of video games; a higher preference for PC games development; and a
significative increase in the total revenues of its main economic players combined with
higher confidence regarding the future of the Portuguese video game sector.

2 Methodology

The Atlas of the Video Game Industry in Portugal 2020 aims to analyze this industry
at a national scale and is particularly focused on development and publishing activities.
This study collected primary data through a survey specifically designed to explore the
experiences andpersonal opinions of peoplewhoare directly involved in thedevelopment
of video games - companies and creators.

As mentioned previously, this is a follow-up study of the findings from the Atlas of
the Video Game Industry in Portugal launched in 2016 (Santos et al. 2016). Based on the
first edition, we have taken an evolutionary approach to this sector. It follows a previously
established structure regarding the findings and how the survey was built: characteriza-
tion of the enterprise/independent creator; characterization of the video games created
and the development process; the creation, development, and evaluation of social net-
working among the main agents of this economic sector and, finally, the identification of
the main problems and obstacles to the development of both video games and the sector
itself within the country.

The survey was sent to all the contacts of the updated database of companies created
in 2016, as well as to different intermediate agents (SPCV – Portuguese Society for
Videogames Science, digital media, higher education institutions, research centers, and
business incubators). Thedatabase has been continuously updated,wheneverwe received
new information about the current state of the agents or the creation of new agents. The
survey yielded responses from 43 agents (29 companies and 14 independent creators).

In this edition of the Atlas, there were several obstacles to the inventory of agents
currently working in this sector, which hindered the maintenance and updating of the
database, as well as contacts with possible respondents. In fact, there is a lack of an
updated official database of agents in this sector, which suffers from a high mortality
rate among companies, as well as a high mobility of workers and a general lack of
information.
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3 Survey Results and Analysis

3.1 Creative Destruction

Generally speaking, the origins of this sector in Portugal date back to the 1980s, the result
of the passion and dedication of independent creators who were entirely self-taught,
gaining and developing skills in the creation of video games. They even managed to sell
some of them internationally.

The 2020 sample shows that there are two distinct phases, the first being a long
extension of time until 2012 and the second within the last 7 years.

The first phase comprises a period of consolidation, in which entrepreneurship in the
sector began. However, among the companies surveyed in 2020, very few were founded
from this period (only 3), whereas, by 2016, the survey yielded 13 companies from this
first phase. Their absence in the 2020 sample is because some of the companies from
this initial phase did not participate in the survey, but also because some are no longer in
business. The fact that some of these pioneering video game companies have closed, indi-
cates the short longevity of these types of agents, or the existence of merger/acquisition
processes in which some companies grow through the aggregation of smaller ones.

The second phase of the sector’s evolution in Portugal reflects a more dynamic
economic activity, with the average entry of 5 new agents per annum (companies and
creators), while also witnessing the ‘disappearance’ of some companies from the 2016
sample. The ultimate closure of these companiesmay be the result of the sector’s growing
maturity, reflected in the appearance of larger companies, or simply a trait of this sector,
whose teams are continually restructured according to the video game that is being
created and the institutional framework that it presents.

3.2 Geographical Breakdown

In terms of the location pattern of the video game sector in Portugal, the main conclusion
is the geographical trend of the 2016 survey is maintained, characterized by the sector’s
strong territorial concentration, which seems to have been reinforced in these last few
years.

Looking back, if in 2016 the companies were located in 16 municipalities, of which
3 registered more than 3 companies, in 2020 the companies surveyed were located in
only 14 municipalities where only two have more than 3 companies (Table 1).

Noteworthy is that Lisbon registers the largest increase, currently concentratingmore
than 30% of the total number of agents in the sector in Portugal. However, if we consider
the Lisbon andVale do Tejo NUTS2, this proportion rises to half of the creators andmore
than 40% (previously 38%) of the companies. Thus, it has become Portugal’smain hub in
terms of concentration of companies, although it loses prominence in the concentration of
creators (63% in 2016 dropped to 50% in 2020). This points to a trend for new companies
to concentrate in terms of location, while creators tend to disperse (in favor of the North,
Center and Algarve NUTS). It should also be noted that in Continental Portugal, the
North NUTS also reinforced its attractiveness for new companies, concentrating in 2020

2 Nomenclature of Territorial Statistical Units.
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a total of 34.5% of companies (while in 2016 it totaled only 27%), accompanied by a
significant decrease in the Center NUTS. Also noteworthy is the Autonomous Region
of the Azores which, despite the small number of companies, started to contribute to the
video game sector in Portugal from 2014 onward. Finally, neither the Algarve Region
(Algarve) nor the Autonomous Region of Madeira are currently contributing to this
business sector.

Table 1. Geographical breakdown, by municipality, of companies and creators in 2020.

Companies (nº)

Lisboa 8

Porto 5

Angra do Heroísmo 2

Barcelos 2

Cascais 2

Vila Nova de Gaia 2

Aveiro 1

Coimbra 1

Covilhã 1

Esposende 1

Funchal 1

Loures 1

Odivelas 1

Torres Vedras 1

Source: Survey of companies and creators (February 2020)

To understand this geographical distribution pattern, we must analyze the main fac-
tors described by both companies and creators as the most important for their location
(Table 2).Both agents highlighted proximity to other companies and creators that develop
video games,which indicates the importance of networking and establishing partnerships
for the development of this type of projects, where face-to-face interaction is valued,
relevant for the promotion of innovation and the transmission of tacit knowledge.

The second most relevant factor is, in the case of creators, proximity to other com-
plementary creative industries, associated to subcontracting networks of which these
creators become a part. Also, proximity to where the sector’s events are promoted can
be related to opportunities to meet other agents and establish new collaborations. In turn,
the companies identified proximity to higher education institutions as the second main
factor.
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Table 2. Appraisal of the proximity of companies and creators to different agents, in 2020.

Companies (Ranking) Creators (Ranking)

Proximity to other companies / creators that
develop video games

1st 1st

Proximity to higher education institutions in
areas related to video games

2nd 3rd

Proximity to places where events related to the
sector take place regularly

3rd 2nd

Proximity to other (complementary) creative
industries

3rd 2nd

Source: Survey of companies and creators (February 2020)

3.3 International Integration of Companies

Generally, most Portuguese companies in the sector are restricted to a single location
and to the national territory (Fig. 1). Only 5 of the 29 companies surveyed (17%) show
the size necessary to branch out inside Portugal. Portuguese companies with branches in
other countries have also been detected, exclusively in Europe, in France (3 branches),
Spain, the United Kingdom and the Netherlands (1 branch each).

This data can thus indicate the beginning of a new phase in the video game sector
in Portugal. Following the development of the sector’s entrepreneurship, nowadays the
first steps towards video game companies with a greater complexity in the management
of their production processes appear to be taking place. This entails the integration of
different development units that, in some cases, are located in other countries, which
can also be a way of exploring the potential for integration in international projects.

It is also worth mentioning that only 2 of the 29 companies surveyed (6.9%) are
integrated in international economic groups, being themselves subsidiaries of foreign
companies that have established a production unit in Portugal (Fig. 1).

82.8%

17.2%
Companies with
branches

Companies
without branches

6.9%

93.1%

Company
integrated in an
international
economic group

Company not
integrated in an
international
economic group

Fig. 1. Companies in 2020, according to the existence of branches and their integration in
international economic groups. Source: Survey of companies and creators (February 2020).
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3.4 Scope of Action of Companies / Creators in the Sector

Compared to the 2016 Survey, there was a decrease in the percentage of companies
dedicated exclusively to the development of video games (from 68% to 52%), there
being an opposite trend in the case of creators, whose percentage increased from 44%
to 57%.

Companies that are not dedicated exclusively to the development of video games are
mainly involved in programming activities.With slightly less expressivenesswe find also
consultancy and web design activities. In turn, the creators, in addition to programming
(also the main activity), show a major involvement in multimedia illustration/animation
activities (Fig. 2).

0%

5%

10%

15%

20%

25%

30%

35%

Companies

Creators

Fig. 2. Other activities, not related to video games, provided by companies and creators. Source:
Survey of companies and creators (February 2020).

3.5 Subcontracting Relationships in the Video Game Development Process

With the exception of 1 company and 2 creators, all the other agents exclusively develop
original games, continuing the tendency observed in the 2016 survey (Table 3).

More than 50% of companies collaborate under subcontracting in the development
of video games led by other companies, whereas in 2016 this number only represented
1/5 of the companies, showing a greater level of integration by structuring deeper inter-
business collaboration networks in the sector today. However, an inverse trend can be
identified in the case of the creators (with a decrease from 69% to 64.3%), who remain
the most dependent on the provision of services to third parties.

Furthermore, these agents are not only service providers, but they are also subcon-
tracting promoters themselves (Fig. 3). Naturally due to their size, companies hire the
most external services (44.8% of companies subcontract services to other agents, com-
pared to 28.6% of creators). However, it is curious to note that it is the creators who work
with a wider range of service providers (21.4% hire services from 3 or more providers,
while only 17.2% of companies are in this situation). This could be due to the fact that
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Table 3. Activities performed by companies and creators in 2020 (own video games vs. others’
video games).

Companies Creators

No % No %

Creation of original video games
(authorship)

28 96.6 12 85.7

Collaboration on the development of video
games (subcontracting per client)

16 55.2 9 64.3

Source: Survey of companies and creators (February 2020)

companies are able to develop amore varied and diversified range of activities internally,
or to a greater ease of interaction among creators in online community networks, helping
each other in the specific tasks of their projects for which they do not have the required
skills, such as coding or the development of artistic components.

6.9
21.4

58.6
42.9

17.2 14.3

6.9 14.3

10.3 7.1

0%

10%

20%
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40%
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60%

70%

80%

90%

100%

Companies Creators

3 or more clients/companies

2 clients/companies

1 clients/companies

0 clients/companies

no answer

Fig. 3. Number of clients to which companies and creators provide services in the scope of video
game development. Source: Survey of companies and creators (February 2020).

3.6 Employment

With regard to the volume of employment, it seems the video games sector has become
more stable in recent years, showing furthermore a trend towards an increase in the
number of workers of the existing companies. This trend denotes the sector’s consoli-
dation, albeit seemingly composed of fewer companies, but which tend to be larger in
size suggesting a greater maturity in the sector.

The 29 companies surveyed generate an employment volume of 313 full-time work-
ers, 29 part-time workers and 50 freelancers, corresponding to a total of 392 workers
(Fig. 4), whereas in 2016, the sample of 38 companies totaled 375workers. This suggests
that Portuguese companies are expanding their size in terms of number of workers.
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Fig. 4. Persons employed in the companies involved in the development of video games in
Portugal, according to their contractual relationship. Source: Survey of companies and creators
(February 2020).

Generally speaking, it is estimated that the total volume of employment generated
by companies in this sector in Portugal ranges between 986 and 1270 workers. In these
calculations, the creators identified in the database of this project were not considered,
in order to avoid double counting the workers (since some creators can be referred to by
the companies as freelance workers).

It should also be noted that the average size of the companies increased from 10 to
14 workers, between the two surveys. This evolution reflects a relevant change because,
in average terms, this business sector is no longer characterized as made up mainly of
microenterprises, but rather of small companies.

The demand for workers with high academic qualifications has also been reinforced
since the 2016 survey, when the human capital of about 45% of the companies was
composed entirely of workers with university education, having risen to over 62% in
2020.
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Fig. 5. Companies in 2020, according to their proportion of male workers. Source: Survey of
companies and creators (February 2020).

It is also important to highlight that this is a sector where there is a significant over-
representation of the male gender in the workforce (Fig. 5). In almost all the companies
(96.6%), men are the large majority in the total number of workers. This characteristic
may be related to a higher number of males in higher education associated with techno-
logical areas, fromwhich the human resources of this sector come. However, this feature
deserves reflection regarding the manner in which it affects the future development of
the sector in Portugal, as it will certainly have an impact on the genre of video games
created and the target audiences.
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3.7 Video Games Made in Portugal

From the 116 games developed by the companies surveyed, 38 (33%) proved to be
profitable. In addition, 44 of the 183 games (24%) in which the creators collaborated
made a profit.

In terms of the target platforms for which games are developed in Portugal, since
2016 there has been a decrease in web (online) and mobile games, and an increase in the
development of games for consoles and PCs, which indicates that Portuguese companies
are developing larger projects. More than 80% of the games are made for PC, and more
than 50% of the games made by the companies are also intended for consoles.

It is also important to mention that most games produced in Portugal have a short
development cycle (less than 18 months), with only 4 companies reporting they worked
on games with longer development cycles.

3.8 Game Development Software

Since 2016, there is a clear preference regarding the use of certain tools used in game
development in Portugal. Unity 3D is currently used bymore than 85% of the Portuguese
companies, as well as an exponential growth in the use of Unreal Engine (from 13.5% to
41.4%) and Android Studio (from 2.7% to 20.7%). In terms of programming languages,
there is a predominance of C variants (C #, associated with Unity 3D and C + +,
associatedwithUnreal Engine).HTML5 is also used by about a quarter of the companies.
GameMaker Studio is no longer used by the companies, but it still gathers the preferences
of more than a third of the creators (Table 4).

The creators are divided according to the use of a greater number of technologies,
among which Unity3D (57.1%) and Game Maker Studio (35.7%) take the lead. A high
percentage of creators alsoworkwithApple technologies (used by 35.7% of the creators,
compared to 27.6% of the companies).

3.9 Advertising, Distribution and Commercialization of Video Games

There are no major changes in terms of publicizing games developed in Portugal. The
main video game advertising channels continue to be social networks (more than 82%
of the companies and 78% of the creators). There was an increase in the use of YouTube
for companies, which together with the specialized press and their own website is now
used by more than 60%. Most companies (55%) also declare they use advertising, an
increase ofmore than10%compared to 2016, pointing to the companies’ greater financial
capacity.

When we analyze the data referring to distribution and sales channels, it is clear that
there are more games being developed for PC and consoles by companies in Portugal
(Fig. 6), and the use of Valve’s Steam platform has risen (from 40% to almost 70%
of the companies), to become the dominant distribution channel for this category. The
Nintendo E-shop went from a negligible number in 2016 to 31% of the companies and
14% of the creators, which may be due to the success of Nintendo Switch, whose games
are simpler to produce. There is also a reduction in mobile platforms, and the creators
also show a significant increase in the use of aggregator websites (more than 60%),
which have become their dominant distribution channel.
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Table 4. Game Development Software used to design video games

Game Engine/ Coding Programs Companies (%) Creators (%)

Unity 3D 86.2 57.1

Unreal Engine 41.4 28.6

Visual Studio 34.5 28.6

HTML5 27.6 35.7

C + + 24.1 28.6

Android Studio 20.7 28.6

Xcode 17.2 35.7

Own Engine 6.9 14.3

Construct2 3.4 0.0

Godot 3.4 14.3

Marmalade 3.4 7.1

Rails 3.4 0.0

Cocos2D 0.0 7.1

Corona 0.0 7.1

Flash 0.0 7.1

Game Maker Studio 0.0 35.7

Stencyl 0.0 14.3

XNA 0.0 7.1

Source: Survey of companies and creators (February 2020)

3.10 Serious Games Developed in Portugal

Serious games represent the majority of the turnover volume for about 21% of the
companies and creators, which corresponds to a slight increase compared to the data
collected in 2016 (fromonly 11% turnover for companies and 16% for creators) (Fig. 32).
The importance of serious games has risen slightly for companies (from 10% to 15% of
the games produced in Portugal), with an increase in the number of companies involved
in the development of serious games as well (22% in 2016 vs 38% in 2020).

An increase in the diversity of serious games produced in Portugal is also visible in
this data. Among the companies that produce serious games, about 46% produce games
for education/training (compared to 60% in 2016), with advertising games and games for
the cultural sector now being produced by about 30% of the companies in this sub-sector.

3.11 Economic Situation and Support

3.12 Financing of Video Game Development Activities

In terms of sources of financing, there continues to be a very significant use of financing
by means of equity among companies and creators in Portugal, with more than half of
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Fig. 6. Distribution channels used for the commercialization of video games. Source: Survey of
companies and creators (February 2020).

the companies and 3/4 of the creators declaring this situation. However, compared to
2016, there are signs of evolution towards the use of external financing sources, with
more recourse to business angels and venture capital.

Among the surveyed companies, 6 (20%) have obtained financing totally or partially
through business angels or venture capital, divided equally between national and foreign
capital. This situation contrasts positively with the situation in 2016, where only 2
companies reported this type of financing (Fig. 7).

While the companies refer to access to other sources of financing, in the case of
the creators, all indicated the use of financing by means of equity, but those that are
not financed exclusively in this way indicate funds from their publishers or a variety of
sources.

Most companies do not even consider accessing credit to finance their activities.
While the majority of the respondents has no formed opinion on access to these sources
of finance, those with an opinion on the matter consider access to credit to be difficult
or very difficult.

3.13 Sources of Economic Profitability

The most common source of revenue continues to be sales (indicated by 72% of the
companies), with about half of the companies reporting also in-game sales (microtrans-
actions). There is also a slight decrease in companies that declared advertising revenue
(28%). The remaining categories have little expression, being mentioned by only 10%
or less. The percentage of creators reporting revenue from sales increased by about 20%
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Fig. 7. Financing sources for companies and creators to develop video games. Source: Survey to
Companies and Creators (February 2020).

compared to the previous survey (from approximately 38% in 2016 to 57% in 2020). In
general, the creators indicated the same 3 sources (sales, microtransactions and adver-
tising), and it is worth noting that 2 creators also declared they obtained revenues from
the sale of physical products related to the video game.

3.14 Current Financial Situation

The data points to an increase in the revenues of the video game development sector in
Portugal since 2016. Despite the fact that the largest company operating in this sector did
not respond to the survey, given the importance of this component, we consulted official
data for 2018 on its revenues and remuneration expenses. Thus, there are currently at
least 4 companies in the sector with annual revenues in excess of 500,000 Euros, with the
income of the largest of these exceeding 15 million Euros annually. There are also two
companies with annual revenues between 250,000 and 500,000 Euros. In 2020, more
than 40% of the companies declared having an average revenue of more than 50,000
Euros in the last 3 years, in contrast to the 20% that declared this amount in 2016.
Furthermore, the number of companies that declared an income of up to 10,000 Euros
decreased from 35% to 24% (Fig. 8).

The same trend appears when speaking of the creators. While in 2016 only 6.3%
had declared income above 10,000 Euros annually, the percentage now rises to 28.6%.
It should also be noted that about a quarter of the companies and a sixth of the creators
refused to answer this question.

The data indicates a maturity and consolidation of the sector in Portugal, with fewer
but more solid companies. If we try to estimate the total revenue of the video game
development sector in Portugal, considering the average value of the response intervals
and the conservative value of 750,000 Euros for the companies that responded in the
highest interval, we obtain an estimate of about 4 million Euros per year for companies
that actually responded. Considering that this number (22) will correspond to about one



28 F. Nunes et al.

0.0%

10.3%

0.0%

6.9%

14.3%

24.1%

14.3%

10.3%

14.3%

10.3%

42.9%

13.8%

14.3%

24.1%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Creators

Companies

over 500 001€ Between 250 001 and 500 000€ Between 50 001 and 250 000€ 
Between 10 001 and 50 000€ Between 2001 and 10 000€ Less or equal to 2000€ 
Didn't answer

Fig. 8. Revenue of companies and creators. Source: Survey of companies and creators (February
2020).

quarter of the companies operating in Portugal, we can point to a value of approximately
16 million Euros to which the largest company should be added, with a revenue of 15
million. Thus, our estimate for this sector’s annual revenue should be about 31 million
Euros, whichmore than doubles our estimate for 2016. The increase in revenue observed
also seems to have caused a slight improvement in the financial situation of the companies
(34.5% now indicate a favorable situation, against only 19% in 2016), and a significant
improvement in the financial situation of the creators, of whom more than half declared
balanced or favorable, against 25% in 2016. Once again, this data points to a significant
degree of consolidation of the industry in Portugal since the last survey.

3.15 Networks in the Structuring of the Video Game Sector in Portugal

There is a tendency to favor the national scale in the case of interactions with higher
education, research and development agents. Both companies and creators have more
interactions with higher education in the field of video games or similar (universities
and polytechnics), than with research and development centers.

At the business level, though, companies take greater advantage of the international
scale than the creators. In the case of networks with higher education and research
institutions, the national scale tends to be more exploited by creators, more than by
companies, as they tend to favor networks of a more local scope.

It should also be noted that interactions with other complementary creative industries
are those that are structured in a more balanced way at the territorial level, revealing,
for both companies and creators, a more similar proportion of interactions between the
three geographic levels considered: international, national and local.

3.16 Public Financial Support

In the case of companies, there is a decrease in the proportion of companies that have
never benefited from any public support, from 94.8% to 82.8%. It is also important to
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note that only 5 companies and 3 creators reported having benefited from any public
support (Fig. 9).

The range of public support used has broadened, revealing a general increase in all
cases, going from 2.7% in 2016 to 3.4% for companies in 2020.

From the data, it is possible to see that the number of creators who have never
benefited from public support has increased since the previous study (from 62.5% to
78.6%). They also show a preference for access to university support (7.1%, a fact
that was not mentioned in the previous version) and access to support from the QREN
(NSRF-National Strategic Reference Framework) (14.3%), replacing support from the
MEDIA Mundus program (18.75% in the previous study).

Fig. 9. Public support from which video game companies and creators have benefited. Source:
Survey of companies and creators (February 2020).

4 Perspectives on the Future of the Video Game Sector in Portugal

4.1 Perceptions of the Economic and Financial Evolution of the Video Game
Sector in Portugal

Both companies and creators showed an extremely positive attitude regarding their con-
fidence in their continuity in the video game sector. This is a clear distinction from the
answers obtained in the previous survey, with the largest increase being registered by
the creators. Companies that responded they were very confident rose from 32.4% to
82.8% and, among the creators, the increase was from 28.1% to 92.9%. It can then be
concluded that, although both perspectives have changed significantly, the creators are
the most confident about the future of the sector in Portugal.
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4.2 Perception of Agents About the Growth of the Video Game Sector in Portugal

This version of the survey reveals a more positive overview of companies and creators
than in the previous one, with regard to the consolidation of the video game sector in
their own region, with companies being the most confident in this regard.

A more positive overview can be concluded than in the previous version of the
study, namely with regard to the significant rise of companies and creators that are very
confident about the consolidation of the video game sector in Portugal (specially creators
with 71.4% revealing high confidence, an opinion shared only by 55,2% of surveyed
companies). Regarding those agents less confident (low or zero confidence), companies
present a more negative view, at 44,8%, while the creators are less than 30% (Fig. 10).
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Fig. 10. Degree of confidence of companies and creators regardingPortugal’s future consolidation
in the video game sector. Source: Survey of companies and creators (February 2020).

5 Conclusion

In comparison to 2016, there are now fewer working companies, which can be explained
by the dissolution of some companies, either because they were not viable or because
they entered amerger/acquisition processes to gain size. In fact, there was a change in the
composition of this economic sector, which was mainly made up of micro-companies
in 2016 (less than 10 workers), but now has a majority of small companies (10 to
50 workers). Along with this trend, it should also be noted that the estimates made
from the results of this survey indicate that the video game companies operating in
Portugal in 2020 employ between 986 and 1270 workers and generate annual revenues
of approximately 31 million Euros, a very prominent growth when comparing to the
6–12 million Euros generated by the 658 to 1204 total employees identified in the
previous study (Santos et al., 2016). Thus, in Portugal there is a tendency to increase
the companies’ size in terms of number of employees and the volume of the companies’
revenues, indicating that we are moving towards a consolidation of the sector.

Over the past 4 years, this sector has tended toward geographic concentration around
the main urban-metropolitan areas in Portugal, which has reinforced troubling territorial
asymmetries. Concentrating these activities which are more intensive in knowledge,
innovation, technology and creativity severely underpins uneven regional development.
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As for employment, it has evolved towards greater qualification and specialization,
although Portugal faces difficulties in terms of retaining its most qualified professionals.
This is mainly due to the small economic dimension of its projects, so measures to
support the sector must include the structuring of transnational networks that promote
the insertion of local producers in global value chains, namely through efforts to attract
FDI in this sector of activity. Still in relation to employment, strong gender inequality is
detected, whichmay restrict the present and future development of the sector in Portugal,
as it will certainly mean limitations in terms of the genres and content of the video games
created, as well as the target audiences they are intended for.

In the period from 2016–2020, this sector was responsible for the production of more
than 70 video games, mostly for PC andmobile platforms, distributed in the international
market, of which about 40% generated profit. These games have been developed despite
the lack of external funding sources. In fact, this is one of the greatest obstacles to the
growth of companies, and of the sector as a whole. Another major obstacle to the growth
and development of the video game industry in Portugal is the lack of public strategies.
There are no specific national public policies in Portugal to support the development
of the sector, nor is there consistent regional or local support for these activities and
promoters.

The results obtained in this study highlight the potential but also the main constraints
to the development of this sector in Portugal. So, this study intends to contribute to more
suitable public policies and actions to promote the sector’s development and interna-
tionalization. The important role that public policies play in fostering the development
of this activity is recognized internationally. We can mention, for example, Canada’s
positive experience with certain taxes exemptions to attract foreign investment or the
creation of employment-friendly tax schemes (Barnes and Coe, 2011; Pilon and Trem-
blay 2013; Pottie-Sherman and Lynch 2019). In the case of Portugal, there are still no
specific national public policies to support the development of the video game sector, or
consistent regional/local support. However, the results of this study lead us to suggest
that an ambitious qualitative leap is required, which is dependent on public measures that
should prioritize three areas of action. First, an incentive policy should be implemented
that reduces the tax burden on wages. Second, there should be support for financing
this activity through measures to improve access to credit. Finally, mention should be
made of various benefits and supports intended to bolster the country’s attractiveness in
terms of foreign business investment, such as simplifying administrative procedures or
creating contact points with specific services that facilitate the reception of FDI in this
sector of activity.
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Abstract. This paper analyzes the situation of video game specialized media
specific toBasque language.We focus not only on the available offerings inBasque
language, but also on the informative demands of the video game consumers from
the Basque Country. This research is set in the context of regional or minority
languages in Europe and helps to draw the current situation of media in places
that struggle to maintain their own identity and culture. First, we describe the
specialized media in Spain. We explain the historical development of magazines
and howvideo games reached the traditionalmedia. Then,we take a general look at
the specialized media in Basque language taking into account the sociolinguistic
characteristics of the Basque society. As a case of study for video games, we
analyze the blog of the video games Association Game Erauntsia. The next step is
to study the demand of Basque speaking video game fans regarding their need to
be informed. The data is interpreted after the survey conducted to members of the
Game Erauntsia community. Considering the demands and the offer of specialized
media, we bring up some conclusions that set new guidelines to fulfill the needs
of the audience.

Keywords: Gaming culture · Specialized media · Basque

1 Introduction

Video games are an entertaining consumer product and part of a bigger ecosystemwhere
media has an intermediary job between creators and consumers. Even if English is the
common language used in the video game industry —big worldwide developers present
their products in English with Nintendo as a singular exception in Japan—, there are
many communities willing to enjoy the interactive and communicative experience in
their minority mother tongues.

Such is the case of the Basque speaker community which is formed by less than one
million speakers divided in two different European countries. In this research, we will
describe the reality regarding the video game specialized media in the Basque speaking
regions of Spain.Wewill look not only at the availablemedia, but also at thewishes of the
Basque video game fans. This research describes a media issue that helps to understand
the linguistic situation of this European region where two different co-official languages
cohabit.
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2 Video Game Specialized Media in Spain

When it comes to video game specialized media in Spain, a decades long tradition of
magazines has evolved into video game themedwebsites and the presence of video games
on traditionalmedia. All these aspects involving information about video games are stud-
ied in an appreciable number of academic research that focuses on this issue —espe-
cially within the undergraduate dissertations made by university Journalism students.
This research is valuable to set a framework and go farther than the simple historical
descriptions as they add specific analysis on the media.

Muriel and Crawford [22] point out how the media has evolved globally as video
games cultural significance grew. They bring up that while the crisis of traditional print
media did not kill video game-related magazines, a massive number of specialized web-
sites appeared. They also compared the presence of video game information in tradi-
tional media with other cultural products like films, music or television shows. Even if
TV hasn’t traditionally been a place for video games, the evolution of the Internet and
specifically YouTube —and after that Twitch— opened a place to develop video game
related audiovisual content for large audiences, such as live streamings and pre-recorded
gameplays or reviews.

Issac López-Redondo [19] in his Ph.D. dissertation reveals that the main purpose of
specialized media is to guide the video game consumers in the wide market. Developers
and distributors want to show their products and attract clients. At the same time, video
game advertisements are the main income of specialized media. This creates, as López-
Redondo says, a symbiotic relationship between distributors and media.

Carlos B. Torrado Silvente [29] observes that video game specialized media in Spain
is divided in three different formats: printed media, printed media with an online ver-
sion, and websites. He suggests that printed media didn’t grow in the last decade and
that branded publications, like the official Nintendo magazine, disappeared. Due to pro-
duction costs, it is much cheaper to publish just online where there is also a lower degree
of professionalization. Torrado Silvente enumerates seven specialized paper magazines:
HobbyConsolas, GTM, Micromania and Playmania for information and Retro Gamer
España, Revista Manual and Game Report for essay, interviews etc. market niche. In
the last EGM report [9] —Estudio general de medios of Spain— Playmania appears as
the 38th most read printed magazine with 155.000 readers per month. Some of these
magazines were founded in the 80’s. For example, Micromanía was created in 1985
and they are still selling, but others, for instance Microhobby (1984–1992), didn’t last.
Three of the mentioned magazines, HobbyConsolas, Retro Gamer España and Playma-
nia —besides with the disappeared Nintendo magazine and Micromania, now property
of BlueOcean Publishing— are owned by the German printing company Axel Springer.

Spanish video game specialized online media flourished during the 90’s. Two of the
main websites, Meristation and Vandal —both created in 1997—, are now part of bigger
communication conglomerates that include traditional media. In the case of Meristation,
it was bought by the big communication company PRISA. Nowadays, Meristation URL
is within the URL of PRISA’s sports newspaper As. The website Vandal associated in
2017 to the online newspaper El Español. There are several other websites that are part
of big online media groups, such as Webedia, that owns 3DJuegos (2005), IGN España
(2012) — the Spanish site for the international IGN — and Vidaextra (2005).
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Even if there are some specific video game related printings and websites, at the
beginning, these contents appeared in information technology (IT) or computing related
publications. That may explain what Silvia Martinez-Martinez [21] points out: video
games take the leap to traditional media in the «technology» section. The author is
surprised that video games also make it to the «financial» section and how they are not
significant in the «leisure» section. Martinez-Martinez remains that normally, traditional
media in Spain doesn’t have a «video game» section, but, when it comes to their websites,
we may find specific channels or blogs that develop this topic. Of course, the exceptions
are the cases previously mentioned, where websites were bought by communication
companies.

Isaac López-Redondo researches deeply about the presence of video games in tradi-
tional and specialized media [19]. He concludes that printed Spanish newspapers don’t
publish many texts related to video games. He mentions two main reasons: the different
audience profile of the newspaper and video game consumer and the year after year
lesser physical space available in paper editions. Consequently, there is more informa-
tion available on the Internet as there are no space boundaries. The Internet is also a
place where technology fans get together. According to López-Redondo, this makes it
the natural environment for video game consumers.

It is interesting that video games, and more specifically e-sports, found a place in the
websites of traditional sports newspapers. The main Spanish sports newspaper Marca
— according to EGM, the most read newspaper and the fourth most visited website in
Spain— has included an e-sports section since 2017 that shows a menu divided in eight
different trendy video games — FIFA, Clash Royale, Fortnite, etc. As we pointed out,
the sports newspaper As — according to EGM the third most read newspaper and the
seventh most visited website in Spain — added the specialized media Meristation.

When it comes to what kind of contents are the most usual, López-Redondo iden-
tifies video game information, releases and pre-releases, sales, billings, and company
decisions. At the same time, he establishes the most common genres used by special-
ized journalism: editorial, news —including interviews—, articles, scoops, popularity
and sales rankings, reviews, previews, downloadable games, retro, MMO, guides and
tricks, readers’ letters and bazar — mostly about merchandising but also texts about
other topics like cinema —. Another interesting genre is the scoring ranking of video
games, where the media evaluates the game following specific criteria like playability,
graphics or novelties.

Of course, when it comes to online media, all this content can appear as a video
or with a video complementing the text. Those audiovisual pieces can be any kind of
content like trailers, interviews, reviews, tutorials or gameplays. Although there are some
TV programs that traditional broadcasters scheduled uncertainly during last years— the
last one a reality show called Top Gamers Academy (2020) broadcasted simultaneously
in the TV channel Neox, Twitch and YouTube —, none of them had enough continuity
to set a model. Besides that, there is still not any significant research about video games
related TV shows in Spain.

López-Redondo explains that the way websites organize their publications is a her-
itage of paper magazines. He expounds that there are two main criteria to shape the
information: first, according to the previously mentioned genres of the information and
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second, according to the platform of the video game — PC, PS4, Xbox One, Nintendo
Switch, etc.

3 Basque Specialized Media: Writing for a Small Community

3.1 Peculiarities of Basque Speaker Regions

The Basque language involves sociolinguistic issues between geography and politics.
This language is spoken in two different European countries: France and Spain. At the
same time, Basque speaker regions are divided in two Autonomous Communities in
Spain: the Basque Country and Navarre. In these three regions —the one in France,
the Basque Country, and Navarre— the language has different levels of protection and
officiality. That creates different social and political movements to protect, spread, and
use the language in all aspects of culture, education, and life. This situation is not
exclusive of Basque; there are many minority languages all over Europe demanding
protection, such is the case of Breton in France or Irish in Ireland.

According to the survey of the Basque Culture Observatory — Euskal Kulturaren
Behatokia — [18], only the 30% of the inhabitants of all the Basque speaking territory
can speak and understand the language well or very well. It is a fact that a very small
percentage of the Basque speakers are monolingual — only a few old people and kids
that don’t go to school yet —. Every Basque speaker is at least bilingual, as they know
the official language of each of their countries, French, or Spanish.

To put it another way, Basque speakers can reach any media that is published in the
main language of their country. All the media cited up until now is published in Spanish.
This means that it is going to be understood by Basque speakers in the Basque regions of
Spain. Despite that fact, we should question the situation of Basque specialized media
—in general, not only video game-related— and the need of this in order to fulfill the
informative necessities of Basque video game consumers.

3.2 About the Importance of Specialized Media

In the last few decades, access to cultural products in Basque language has been and it
is still a concern for Basque society. That includes literature, music, cinema, media, and
more recently, video games.

Arratibel and Garcia [3] state that the obligatory use of French and Spanish limited
the usage of Basque language to the private sphere. The official languages became
stronger in the public and prestigious sphere. This opinion is shared byManterola Garate
and Berasategi Sancho too [20]. Power-relationships that manage over society such as
education andmedia— that helps to spread the prevailing tongue— are a bigger menace
for minority languages than not knowing them.

Regarding media in Basque language, Azpillaga, Arana and Amezaga [4] explain
that it appeared in the XIX century long after media in French and Spanish did. The
first few attempts were in-between the Carlist Wars and the Basque magazines in North
and South America. At the beginning of the XX century, several printed media appeared
together with the ascent of Basque Nationalism. Some of them were about specific
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topics, such as religion, politics, culture and literature. These authors underlined the
importance of the founding of the general information-magazine Argia (1919), that is
still sold, and how the Spanish CivilWar endedwith almost all the Basque printedmedia.
As Basque publications survived in France and America, it wasn’t until the 50’s when
the concerns about Basque media increased in Spain. After dictator Franco died in the
70’s the situation drastically changed and in the 80’s Basque printed media consolidated.

Azpillaga, Arana and Amezaga believe that the first modern Basque newspaper,
Euskaldunon Egunkaria (1990–2003), wasn’t totally approved by regional institutions.
These institutions didn’t agree with the way the newspaper approached the movement
in favor of the use of Basque language. In 2003, the newspaper was closed alleging
links with terrorist organization ETA. At the end, the sentence of the trial denied any
real connections of the newspaper to terrorism. In other words, the social, cultural and
political prejudices closed the only daily newspaper in Basque language without any
real reason.

As we see, the social and political situation, specifically in Spain, hasn’t been an
easy ground for any media in Basque language. However, during the last decades, a
few weekly and monthly general and specialized magazines made it through. Azpillaga,
Arana and Amezaga note Argia, Herria and Aldaketa as the most popular general infor-
mation magazines and Gaztezulo, Aizu!, HABE and Elhuyar as the main specialized
magazines. They mention several topics like academic, science, literature, learning of
Basque language, religion, entertainment related and youth magazines.

AlkortaZeberio andZuberogoitia Espilla [1] define the diversity ofBasque specialize
media:

«There are quite a few magazines in the Basque language press that publish on
specialized topics. However, each publication experiences a very different reality.
In fact, while some are being released strong, others are on the verge of survival and
death, in jeopardy. In terms of the characteristics of the magazines, they cannot
be compared either in frequency, in the size and format of the newspapers, or
in the way they address topics. We found very technical informational weekly
magazines, as there are also lighter examples. »

Within the heterogeneity of Basque specialized media, the Basque Government [11]
considered that even if they are important to normalize the language, the governmental
protection of them is not a priority.

Alkorta Zeberio and Zuberogoitia Espilla [1] present a table with all the specialized
media in Basque language. They determine the name, frequency, topic, and publisher
of each magazine. They identify five main topics: science, medical and technology
(1), human and social sciences (2), literature and culture (3), education, teaching and
language (4), and leisure, travelling and consumerism (5). According to this list, we
consider that video game specialized media should be in the last group, as the main
purpose of it is to work as a guidance for consumers. It is interesting that the list does
not include general information magazines that are addressed to specific audiences like
young people as the magazine Gaztezulo does.

TheBasqueGovernment [12] collects the data about themost readmagazines—gen-
eral information and specialized—, not only in paper, but also with their websites traffic.
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The list goes by Argia, Aizu! Elhuyar, Hik Hasi, Ikastola, Gaztezulo, Administrazioa
Euskaraz, Herria, Bertsolari, Axular, Jakin and HABE.

It is noteworthy that the Basque Government [11] also points out that the future of
specialized media —the one with a niche market—, is on the Internet. Paper versions
of magazines do not feel important anymore. Hekimen [14], the association of Basque
media, agrees about the importance of the Internet and underlines that Basque media
increased their readers thanks to online publications. As recent examples of this reality,
we can mention the new multimedia magazines for young people Zut and Tapp, both
owned by different communication groups of the Basque Country.

3.3 Video Games Specialized Media in Basque Language

Besides the amateur blog Pixelberri [23] — founded in 2014 as a university student
project — and the blog of the video game Association Game Erauntsia [13], there is not
any specific media in Basque language about video games.

Without counting academic peer reviewed journals, there are a few specializedmedia
about technology. The most well-known is Elhuyar Aldizkaria [10], published by the
Elhuyar Foundation with online and paper versions. This focuses on traditional science
and technology like engineering, medicine, chemistry, etc., and not in computing or
consumerism aimed technology. Elhuyar Foundation works besides the public Basque
Television, EITB, and they produce the TV show Teknopolis [28] in both Spanish and
Basque. This TV show is more informational than the magazine and sometimes includes
episodes about video games.

One of the radio stations of EITB, Euskadi Irratia, includes the radio-show Sarean
[26], which again, speaks about technology in an informational way and often includes
video games. This is a project of the PuntuEUS Foundation [24] to spread and protect
Basque language, along the.eus domain on the Internet.

Between 2010 and 2013, EITB published an untitled blog [8] in Basque about tech-
nology— the Spanish version lasted until 2015—. The texts were written by the journal-
ists of Teknoflash — technology related short videos for the news — and the journalists
of the @bildua radio-show of Euskadi Irratia. The description of the blog included a
mention to video games and a specific tag in the menu.

When it comes to Berria [6], the only newspaper published daily in Basque, they
don’t usually publish news about video games. During the first ten months of 2020, they
only published six pieces of news on their website. Five of them were in the «leisure»
section and one in «finances».

The general information magazine Argia [2] sometimes publishes news about video
games even if they don’t have a category for them. For instance, in the culture section
there are a lot of options like art, music, cinema, etc. but not video games.

Gaztezulo is the main paper magazine for young people. They publish texts about
video games, social media, Internet trends, and other topics that concern the youth.
However, the online version of Gaztezulo does not include tags to look for specific
fields.

All the examples we mention are printed magazines, printed newspapers, or big
media groups that include radio and TV have online versions. In addition to these, there
is at least one example of a native digital media about technology: Sustatu [27]. This
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website was created in 2001 by the software developer company CodeSyntax. The goal
of Sustatu is to share news about technology and any digital affair, most of them related
to the Basque Country or Basque language, but also global and culture related. Video
games is one of the topics they write about, but not the main one.

We also want to bring up the website Kulturklik [16] which is an online cul-
tural agenda managed by the Basque Government. This website offers a professional
section that aims to be an access point to information about any Basque creative indus-
tries, including video game developers. The website presents a specific section about
video games including a company directory, financial guide, etc. This content is not
informational.

Beyond the issue that there is not a video game specializedmedia inBasque language,
there is a problemwith terminology. The development of video games is not a particularly
strong industry in any of the Basque speaking regions. According to the Basque Culture
Observatory [17], the video games developers are the weakest of the creative industries
in the Basque Autonomous Community. That means that there are only a few people
creating or translating video games to Basque language. We believe there is a lack of
terminology in Basque language that does not help to develop the video game industry.

MariaTeresaCabré [7] explains that it is very important to create specific terminology
to normalize a language. This is an issue that affects not only a certain technical field, but
also all the speakers. The specific terminology allows experts to communicate between
each other —and for extension to all people interested in a topic—, but also affects the
modernization of the language and the ability to spread knowledge.

In addition, Jazinto Iturbe Barrenetxea, Martxel Ensunza Lekunberri, and Jose
Ramon Etxebarria Bilbao [15] point out that when it comes to technological termi-
nology, not only scientists and the Basque universities have responsibility over it. They
claim that specialized media has an important role creating and normalizing words to
allow communication between the scientific community and ordinary people.

The newspaper Berria made some achievements about Basque specific terminology
in their stylebook [5]. They set vocabulary for sports, cinema, ecology, religion, festivals
and even LGTBI, but not for video games.

4 Case Study: The Specialized Blog of Game Erauntsia Elkartea

Game Erauntsia Elkartea is the only association in the Basque speaker regions that
works to spread video games in Basque language. It was founded in 2014 and besides
organizing diverse in-person and online activities, they have created a blog where they
post not only information about themselves, but also general information and news about
video games. This blog is not a professional media but is the closest it exists to it in
Basque language because it fulfills the purpose of guiding the consumption of video
games. At this point, it is necessary to highlight that the author of the also amateur blog
Pixelberri is a member of the Game Erauntsia Association.

Even if the main authors of the blog are members of the association, they also allow
any registered user to post their texts. In that case, the post is reviewed by a member of
the association. Regular authors are not professional journalists. The first professional
communicator joined the association in early 2017 while the others are IT technicians
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and engineers. Anyhow, as they are the only significant content creators, their work can
be considered specialized journalism. As Txema Ramirez de la Piscina [25] explains,
their job has a social service value as they offer some information that no one else does
with a deep knowledge in the topic. Together with that, they show concern about video
game-related terminology in Basque language and they are constantly trying to find the
proper words to use in their texts and along the community.

Since the blog was created in 2014 until the end of September 2020, they have pub-
lished 650 pieces of news. Even though they have 24 different tags to categorize their
texts, they don’t offer yet a directory of them. Of course, the users can click on the tag
and be addressed to the collection of posts that include that identification. The available
tags can be separated in three main areas: video game related information — advise,
articles, Basque video games, curiosities, discussion, festivals, guides, interviews, news,
retro, reviews, sketch, tutorials and vlog —, information about the association and their
activities—association, community, competition, contest, servers, translations andweb-
site — and pieces of news regarding other media — Aiaraldea, newspaper library and
Ortzadar —.

The most used tags are related to information (Fig. 1). The most common one is
«news»while almost half of the publications use it. It is followed by «articles», «reviews»
and one tag related to the activities of the association, «community». The 25% of the
publications are formed by the rest of the 19 tags, all of them with a lower percentage
than 3,5%.

Fig. 1. The most used tags in the blog of the Association Game Erauntsia.

Over the years, the quantity of publications varied considerably (Fig. 2). Analysis
took place from the first post on September 4, 2014 until September 30, 2020. It should be
noted that during the 4months of 2014, thereweremore posts than 2016, 2017, 2018, and
2019 combined. The blog had a peak of activity the first year after it was created and then
the publication frequency went down. In 2020 the number of posts drastically increased
and the first nine months concentrated 36,23% of the entire publications of the blog. This
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coincides with the moment where the association started working more professionally
and hired two part time workers. 90,5% of the posts in 2020 were published by amember
of the association that is a journalist but not one of the part time workers. The writer, who
only posted two texts before 2020, just happened to be the author of the amateur blog
Pixelberri. When it comes to writers that are not members of the association, in 2020
the percentage was less than 1%. That means that it is not common to have outsiders
writing in the blog.
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Fig. 2. Quantity of posts per year in the blog of the Association Game Erauntsia.

We attribute the descent of the publications after the first year to the lack of interest
of the members of the association. As the excitement about the project decreased, the
activity went down. We should not forget that it is a non-profitable association, what
it means that they volunteer for writing. Only when they tried to professionalize their
activities did they start working actively in the blog. It should not be forgotten that the
contents under the tags «Aiaraldea» and «Ortzadar», only used between 2016 and 2018,
were copies of texts that they published in professional media.

As an effort to professionalize the newsroom, the association decided to publish two
texts every working day and exceptionally one during holidays and weekends. If we
check the publications of 2020, we realize that some days they post the morning text
while in the afternoon they share a video gameplay in another of the sections of the page.
The website where it is established the blog offers many other sections related to video
games and Basque, such as a gameplays made in Basque language, a list of Basque video
games, reviews of the activities and competitions organized by the association, forums,
and the terminology discussion.

All the publications have the specific elements of electronic communication. Besides
the tags, the publications are also linked to the specific video game they speak about.
That allows us to reach all the posts, gameplays and competitions that the website ever
hosted about certain video games.
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The readers that registered themselves as users of thewebpage can publish comments
in every piece of news. They can also evaluate the content of the text using a ranking
of five stars. The website also offers the ability to share the content on Twitter and
Facebook.

The blog agrees with the free software movement and all the contents are shared
with the Creative Commons By and Share Alike licenses. As the purpose of the blog is
to spread video games in Basque language, the creators want to allow anyone to use and
copy their contents.

5 Demands of the Basque Audience

We conducted a survey with the purpose of identifying the demands of the Basque video
game fans regarding specialized media. This survey asked the respondents about what
kind of video game related information they consume andwhat kind ofmedia theywould
like to consume in Basque. The survey was conducted to the video game fan community
of the Game Erauntsia Association. Specifically, the survey was sent to the open chat
group that the association has in the instant messaging smartphone application Telegram.
This group is formed by 92 members and 24 of them answered the call (26%).

The first question asked in which languages they read video game related informa-
tion (Fig. 3). The results showed that 8,3% claimed they often read in Basque, 33,3%
sometimes read in Basque, 45,8% hardly read in Basque, and 12,5% never do. More
than half of the respondents read often in Spanish and English.
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Fig. 3. Preferred language used by the respondents to read video game related information.

Regarding the amount of media in Basque about video games, 91,7% agree that there
is not enough, and the rest do not care about it.
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The main sources of information are the online version of specialized magazines
(58,3% often read them) and the online specialized media (70,3% often read them). In
fact, these two kinds are themost likeable to read if theywere inBasque language (Fig. 4).
The less read and less likely to be read in Basque are paper versions of newspapers and
general-information paper magazines. About specialized magazines in paper, 54,1%
never read it and there is not a need to exist in Basque language (50%).
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Fig. 4. Media in which the respondents prefer to read often video game specialized information
in Basque.

The respondents often read texts (70,8%) and watch videos (66,6%). When it comes
to podcasts, 62,5% barely or never consume it. Nevertheless, 75% would like to hear
podcasts often or sometimes in Basque language.

We proposed nine different text genres in order to measure their popularity: news,
articles, interview, review, preview, popularity lists, tricks, editorial, and players opin-
ions. The four genres that reached at least 75% of likeable or very likable degree are
news, articles, reviews, and previews. Reviews are the most popular genre and 87,5%
agree that they like it much or very much. The least likeable content is editorial.

When it comes to video, gameplays (62,5%) and reviews (50%) are the categories
that respondents like very much.

The 16,7% of the respondents don’t visit the blog of theGameErauntsia Association.
Among the ones that visit the blog, only the 20,8% read it often.

The most popular genres of the blog are news and articles. The rest of the categories
available in the survey— interviews, texts about the association, organization of contests,
and gameplays — even if it is a small few, they have some respondents that claim they
don’t like it at all.

Finally, we asked about the contents of the texts. We offered five categories: video
games in general, Basque video games, retro, worldwide festivals and presentations,
and festivals and activities of the Basque Country. When asked about their preferred
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content, 60% of the respondents desired information about video games in general and
Basque video games. With regard to festivals and activities, 85% preferred information
on events in the Basque Country. This means that information specifically about Basque
events was 35% more liked than festivals worldwide.

6 Conclusions

The offer and the demands of video game specialized media in Basque allows us to make
some conclusions and set new guidelines to fulfill the needs of the audience.

The specific sociolinguistics reality of the Basque speaking regions didn’t set a
place to develop such a niche specialized media. Video game consumers usually reach
this information in Spanish and English. That doesn’t mean that there is no place for
media in Basque language. More than 90% of respondents to the survey agree that more
specialized media in Basque should exist.

According to the sources we presented, the place to create that kind ofmedia is on the
Internet. Printed paper magazines are not economically viable, and the audience doesn’t
want those. As López-Redondo [19] remarks, the Internet is the natural environment for
video game consumers, and the survey proved that it is the same for Basque.

Video game related information is not a priority for Basque media even the ones
specialized in technology. That is why the blog of the video game Association Game
Erauntsia, even if it is an amateur approach to the specialized media, is a starting point
to fulfill the needs of the Basque community. We should not forget that this association
not only works on their blog, but also organizes different kinds of activities. Moreover,
they are trying to set a specific terminology regarding video games in Basque language.
We believe that creating that specific terminology will help to create video game specific
non-amateur media.

There is a lot of work required to fulfill the needs of the Basque video game fans. It is
also necessary to keep researching this issue, not only the situation of Basque language,
but also the reality of other minority languages all over Europe and the world. In this
paper, we offered a glimpse into the general situation regarding Basque media, and
specifically about the blog of the Association Game Erauntsia. We think that a further
and deeper analysis of all video game related information ever published in Basque, and
particularly, of the publications and activities of the association, will help to open the
way for professional video game-related journalism in Basque language.
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Abstract. Although game development is a recent profession, many of its issues
have been associated with the straining working conditions experienced by work-
ers to keep themselves in the industry. This requires balancing job demands and
job resources, and, in cases of extreme and prevalent job demands, it can elicit
burnout as an occupational phenomenon. This study aims to identify burnout and
job demand-resources levels among game developers, their relationship, and varia-
tion according to social individual/labour characteristics. An online questionnaire
collected data from193 game developers. Regarding burnout, results showedmod-
erate levels of exhaustion and disengagement, while job demands revealed high
levels of mental and concentration demands, moderate levels of time, emotional,
material, and physical demands. For job resources, we found high levels of auton-
omy and moderate values of personal development, quality of personal relations,
ethical, and social utility of work. Exhaustion is positively correlatedwithworking
hours per week and job demands, and negatively with job resources. The same
happens with disengagement, except for mental and concentration demands. Time
demands explained 27% of exhaustion, and personal development explained 14%
of exhaustion and 51% of disengagement. Therefore, game developers face very
demanding work conditions, alerting to the need to develop strategies for burnout
prevention, and for the adequate manage of job demands using job resources, thus,
promoting happier and healthier workplaces.

Keywords: Burnout · Job demand-resources · Game developers

1 Introduction

In May 2019, the World Health Organization [1] recognized burnout as an occupational
phenomenon that affects several professions, due to job demands and the difficulties
that workers experience while trying to adjust to them and using their job resources.
The video game industry is roughly 50 years old, and it currently has a larger growth
potential than many other creative industries, surpassing music and film [2]. Although
game development is a recent profession,many of its issues have been associatedwith the
straining working conditions experienced by workers to keep themselves in the industry.
Throughout the years, multiple cases have been made public, denouncing the enormous
monetary gain for the companies at the expense of their workers’ health [3]. Yet, crunch
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remains a matter of concern to the industry, contributing to the experience of burnout
and eventually leading its workers to leave their jobs and move to more sustainable jobs
or even industries [3].

Therefore, it’s necessary to understand how game developers deal with these issues
and learn how they affect their health and their ability to work, in order to develop more
effective strategies to diagnose, treat and ultimately prevent this problem in the future.
Hence, this study aims to identify burnout, job demands and job resources levels among
game developers, their relationship, and variation according to sociodemographic and
labour characteristics.

1.1 Burnout

During the 60’s, Freudenberger [4] and Maslach and Jackson [5] defined burnout as
a syndrome of emotional exhaustion and depersonalisation that often affects people
who work in human services, making the person feel dispirited about themselves and
lacking job fulfilment. Emotional exhaustion is the major dimension of burnout, and it
relates to being so emotionally overwhelmed and worn out by work, that it results in the
depletion of the person’s emotional and physical resources [6]. Depersonalisation refers
to negative, cynical behaviours and emotions towards those whom one serves or cares
for. This reaction might come across as insensitive and disinterested [5]. Finally, there is
a feeling of reduced personal accomplishment, where the individual no longer perceives
himself as capable of fulfilling the responsibilities of his job [6].

Exhaustion is usually themost apparent direct display of burnout. However, although
necessary, it is not enough on its own to identify the presence of the phenomenon, because
it fails to consider the relation that one has with their job. It leads to emotional and cog-
nitive detachment from work, to deal with the overload. Depersonalisation then emerges
to manage work demands, due to the constant feeling of exhaustion and discouragement,
leading to a cynical behaviour towards the recipient of one’s services [6].

Burnout has been strongly associated with negative consequences on one’s job per-
formance (e.g., absenteeism and turnover), lowering their productivity and effectiveness
overtime, ultimately resulting in a reduction in their job and/or organisational commit-
ment and satisfaction. This can lead to an increase in personal conflicts between work
colleagues and disturbances in some related tasks. It also has an impact on one’s health,
especially mental health, and can lead to an increase in anxiety, depression, a lower
self-esteem, as well to work-family conflict. Finally, burnout is viewed as a process that
happens gradually overtime and it is not tied to a specific event or situation [4, 6–8].

1.2 Job Demand – Resources

The Job Demand – Resources (JD-R) model argues that there are particular risk factors
associated with job-related stress in all activities [8, 9]. These risk factors can be divided
in two main categories: job demands and job resources, which can vary according to the
specific characteristics of one’s occupation [9].

Job demands relate to all the aspects (e.g., physical, social, psychological or organi-
sational) ofwork that involve the continuous use of cognitive and/or emotional effort and,
therefore, have a certain degree of psychological and/or physical cost (e.g., workload,
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time pressures, and irregular working hours) [8–10]. The higher the level of activity,
the greater the cost [8]. These demands are not automatically negative, since they only
become job stressors when the workload surpasses the capacity of the individual to
handle and recover from the effort [7, 11, 12]. This process drives the individual to
use strategies to protect himself, but that too can have similar consequences over long
periods of time [8, 9, 13].

Job resources refers to sources of motivation for one’s job, whether by allowing
to achieve work goals, reduce the cost of job demands or by stimulating the personal
growth and development of the employee, therefore playing either an intrinsic or extrin-
sic motivational role in this process [8, 9]. In moments when job demands seem to be
high, job resources can be particularly useful and influence work engagement and moti-
vation. Furthermore, personal resources can also somewhat regulate this relationship
and develop themselves through job resources [9].

1.3 Burnout and Job Demand – Resources

Since burnout is related with the work context, it is necessary to consider situational
factors, such as specific tasks, as well as occupational and organisational characteristics,
in its development. Factors such as workload, time pressure, role conflict (i.e., when
conflicting demands of one’s job have to be met), role ambiguity (i.e., there’s insufficient
information for one to be able to perform one’s job well) and lack of social support from
supervisors and co-workers have amoderate to high correlationwith burnout [14]. Those
that suffer from lack of feedback, autonomy, and have little opportunity to be part of the
decision-making process are more likely to experience burnout [6].

Demerouti and colleagues [8], proposed the JD-R model, assuming burnout occurs
when there is a clear discrepancy between the person’s job demands and job resources.
Thus, when job demands are immense and job resources are scarce resulting from
unfavourable working conditions, it leads to a decrease in employees’ motivation due
to being in a state of exhaustion. This reasoning can be applied to any given type of
occupation.

According to this model, burnout can, therefore, develop through two different pro-
cesses. The first defends that extreme job demands at one’s work can cause exhaustion.
The second process argues that inadequacy or shortage of resources does not allow the
employee to fulfil job demands properly, subsequently leading to a disinvestment in one’s
work [8]. Thus, it suggests that the symptoms related to burnout may develop under a
specific combination of working conditions.

1.4 Game Developers

Since the 1970’s with the development of Pong, the first commercially successful game
[15], the gamemarket has grown somuch that in 2018 it produced over 131 billion dollars
in revenue, and it is expected to reach over 300 billion in 2025 [16]. The Asia-Pacific
region alone was said to reach 52% of the global game earnings, and the prediction is that
it will continue to grow throughout the years, with China being the biggest single market
in the world, grossing roughly 51 billion dollars by 2021 [17]. In 2018, Grand Theft Auto
V, created by Rockstar Games in 2013, became the most financially successful media
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product of all time, raising more than six billion dollars in revenue and currently selling
over 110 million copies worldwide [18, 19].

According McGuire and Jenkins [20], a game developer is someone who takes part
in the production of a game, working on its mechanics (i.e., gameplay), content (e.g.,
art, music, storytelling) and technology (e.g., software), and can, therefore, integrate the
art, design, programming, writing, or sound design teams. This could be done by only
one person, a team of two, or up to hundreds. It is often the case that teams share certain
responsibilities and, in some instances, it is also possible that one person can also be a
part of two teams depending on the project and the size of the company. The authors
emphasize that games are art as well as science, and as such a game developer must also
be a multidisciplinary professional to meet the job requirements.

Regarding employment, according to the InternationalGameDevelopersAssociation
(IGDA) [21] 74% are employed, 15% work freelance and 11% are self-employed. In
2019 data showed the average tenure is only 2.2 years for employed individuals, this
is due to being a project-based type of work, each game is therefore divided in three
major stages requiring very different resources: pre-production; production; and post-
productionHence, in addition to being a precarious type of project-basedwork, engaging
in cycles of hiring, firing and reallocation depending of the stages of the projects, the
worker is tasked to complete the project accordingly to the clients satisfaction by any
means necessary [22].

In 2004 a disgruntledwife felt compelled to sharewith theworld a blog post denounc-
ing theworking conditions at ElectronicArts (EA), revealing that its workerswere facing
constant crunch, being required to work up to 90 h per week. These long hours eventually
started taking their toll on the employees, allowing them to be less effective while doing
their jobs, deteriorating their health and, in many cases, leading them to even abandon
their jobs [23]. Similar situations have been reported ever since.

Although most game developers love their work, there has been a growth in reports
about long, uncompensated hours under extremeworking conditions of “make it or break
it”. According to the 2019 IGDA survey most game developers work on average 40–44
h in regular weeks and 50–59 in periods of crunch. Crunch time is a term usually used
in the game industry to refer to periods of extreme workload to ensure the release of
the game in the time frame previously established. A lot of game developers tend to
accept this kind of working conditions while still considering their job very positively
and viewing crunch as a necessary and normalized condition to game development [21,
22, 24]. Additionally, unpaid, and unlimited overtime, poor work-life balance, muscu-
loskeletal disorders, burnout, unsupportive work environment or lacking development
opportunities are all issues that game developers often face in their line of work [25].

2 Method

To identify burnout and job demand-resources levels among game developers, their
relationship and variation according to social individual and labour characteristics, a
cross-sectional study was designed.
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2.1 Participants

This study was conducted using a snowball sample of game developers, that is we
relied on our participants to recruit other individuals from among their acquaintances to
participate in this study. The total sample composed of 193 participants was obtained
through the Portuguese and English version of the survey. Most of the participants
identify themselves as male (78%), 20% as female and 2% as other, with ages ranging
between 18 and 62 years old (M = 29.56, SD = 7.21). They were mainly Portuguese
(46%), British (9%), American (8%), and 44% married or partnered. Their years of
experience in the game industry vary between 0 and 35 years (M = 6.54, SD = 6.21),
spending from 0 up to a 100 h a week working (M = 40.44, SD = 14.61) on their job.
Regarding current employment status 64% were employed, 18% self-employed, 11%
unemployed and 7% were freelancing. The majority of the participants were working in
small companies with 10 or less people (37%), 37% were working at companies with
more than 100 people, 21% in a company that employs between 10 and 50 people, and
5% in a company that employees between 51 and 100 people. In addition, their time in
the current company ranged between one week and 15 years (M = 2.65, SD = 2.77).

2.2 Materials

The participants were asked to fill anonymously, either in the Portuguese or English
version, a sociodemographic questionnaire inquiring about sex, age, civil status, country
of origin, residency, country where they were working for, working situation, years of
experience in the industry, dimension of the company they are working in, number of
hours worked in a week, and whether they’ve ever experienced crunch along with the
frequency andmoments that it happened. Thiswas followed by of theOldenburgBurnout
Inventory (OLBI) [26, 27], the Job Demand Scale [28] and the Job Resources Scale [29].

The OLBI has a total of sixteen items scored in a 5-points Likert scale (1 = strongly
disagree and 5 = strongly agree) and divided into two dimensions: exhaustion (work
overload along with a sentiment of physical, emotional, and cognitive depletion), and
disengagement (negative and cynical behaviours and distancing towards one’s job),
both indicating that higher scores implies higher burnout level. The Job Demand Scale
includes 28 items scored in a 4-point Likert scale (1 = almost never and 4 = almost
always) split into five dimensions: time demands, mental and concentration demands,
physical demands, emotional demands and lack of support, material demands and role
ambiguity. The Job Resources Scale has a total of 31 items scored in a 6-point Likert
scale (1 = strongly disagree and 6 = strongly agree) that divide into five dimensions:
personal development, social utility of work, ethical, autonomy and quality of personal
relations.

2.3 Procedure

The data was obtained through an online form, either in Portuguese or in English, shared
within the online game development community. Participation was fully anonymous and
voluntary. It was also solicited the collaboration of associations as well as newly formed
unions such as Game Workers Unite UK and Game Makers of Finland in sharing the
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questionnaire with game developers. Data collection occurred between February of 2019
and June of 2020, taking a total of 16 months.

3 Results

A descriptive analysis sorted by dimensions reveals, in relation to burnout, moderate
levels of both exhaustion and disengagement. It also shows high levels of mental and
concentration demands and moderate levels of time, emotional, material, and physi-
cal demands. Regarding job resources the results reveal high levels of autonomy and
moderate values of personal development, social utility of work, ethical, and quality of
personal relations (Table 1).

Results also revealed that 85% of the participants report that they have already
experienced crunch time at least at one point during their careers (Fig. 1). Of these, 80%
reported no intention of leaving the industry in the foreseeable future, 10% reported that
they had an intention of leaving now or soon and 10% were unsure of their stay in the
industry (Fig. 2).

Table 1. Descriptive analysis of burnout, job demand and job resources’ dimensions

Dimensions (range) Minimum Maximum Mean Standard
Deviation

Exhaustion (1–5)
Disengagement

1,00
1,00

4,63
4,50

2,91
2,51

,768
,696

Time demands (1–4)
Mental and concentration demands
Lack of support, material demands and role
ambiguity
Physical demands
Emotional demands

1,17
1,71
1,17
1,00
1,00

3,83
4,00
3,50
3,50
4,00

2,27
3,09
1,98
1,62
2,17

,607
,522
,414
,498
,610

Personal development (1–6)
Social utility of work
Ethical
Autonomy
Quality of personal relations

1,40
1,00
1,00
1,25
2,00

6,00
6,00
6,00
6,00
6,00

4,89
4,26
4,76
5,02
4,87

,881
,943
1,305
,924
,878

Comparative analysis considering sociodemographic revealed statistically signifi-
cant differences (Table 2) according to sex, civil status, nationality, years of experience
and the experience of crunch time. Thus, women in the industry tend to experience
higher levels of emotional demands than men, and although not statistically significant
women present higher levels of exhaustion and men have higher levels of disinvest-
ment. Married or partnered individuals experience higher mental and concentration,
and emotional demands than single, divorced, or widowed participants. Non-Portuguese
individuals reported higher levels of mental and concentration, and emotional demands
in comparison to Portuguese. Participants with more or equal to six years (senior) of
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Fig. 1. Percentage of experience of crunch Fig. 2. Intention of leaving the video game
industry

experience report more time, and mental and concentration demands than those with
less experience. Finally, those that have reported having experienced crunch time during
their career experience higher levels of time, mental and concentration, and emotional
demands and experience lower levels of ethical resources.

The correlation analysis (Table 3) revealed that age, years of experience in the indus-
try, average of working hours per week and time working at the current company present
a weak positive correlation with mental and concentration demands. In relation to num-
ber of workers at the company it presents a weak negative correlation with material
demands, hence signifying that the bigger the company the less the individual will expe-
rience material demands, functioning as a protective factor in the experience of burnout.
Concerning the average of working hours per week, it shows a weak positive correla-
tion with exhaustion, time as well as physical demands, and presents a weak negative
correlation with ethical. Weak positive correlations were found between the time work-
ing at the company and time and physical demands. In relation to burnout, the variable
exhaustion correlated positively with job demands and negatively with job resources.
The same happens with disengagement, correlating significantly with all job demands
and resources variables, except for mental and concentration demands.

We executed a multiple regression analysis, utilizing the enter method, to understand
the predictive value of sociodemographic and work variables as well as work demands
andwok resources (Table 4). Thus, wewere able to determine that work demands explain
32% and work resources explain 16% of exhaustion. In relation to disengagement, work
demands explain only 12% while work resources explain 50% of this dimension.

Using a multiple regression with the stepwise method (Table 5) we analysed the
contribution of specific variables, verifying that time demands are associated with higher
levels of exhaustion, explaining a total of 27% of this dimension. Personal development
is associated with lower levels of both exhaustion and disengagement, explain 14% and
51% respectively.
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Table 2. Comparative analysis of job demands and resources according sociodemographic
characteristics

Female
N = 39

Male
N = 150

t student p

Emotional demands 2,4974 2,0693 -4,054 ,000***

Married or partnered Single, divorced or
widowed

t student p

Mental and
concentration demands
Emotional demands

3,2269
2,3765

2,9894
2,0019

3,278
4,433

,001**
,000***

Non-Portuguese
N = 105

Portuguese
N = 88

t student p

Mental and
concentration demands
Emotional demands

3,2041
2,3181

2,9627
1,9864

– 3,240
– 3,896

,001**
,000***

Senior
N = 80

Junior
N = 113

t student p

Time demands
Mental and
concentration demands

2,3771
3,2232

2,1947
3,0025

– 2,075
– 2,953

,039*
,004**

Crunch yes
N = 163

Crunch no
N = 30

t student p

Time demands
Mental and
concentration demands
Emotional demands
Ethical

2,3241
3,1306
2,2160
4,6687

1,9778
2,8952
1,9000
5,2667

2,930
2,296
2,646
– 3,341

,004**
,023*
,009**
,001**

*p ≤,050 **p ≤,010 ***p ≤,001

4 Discussion

Althoughwewere able to findmoderate levels of both exhaustion and depersonalization,
these may not realistically represent the degree to which burnout is experienced in the
industry. In fact, due to the healthy worker effect phenomenon, individuals who suffer
from stronger levels of burnout may no longer be able or willing to participate in studies
[30]. Moreover, workers affected early on in their careers by burnout are no longer in
their jobs, suggesting that the respondents are the survivors, hence presenting lower
levels of burnout than expected [6]. Finally, the moderate levels of job resources can
function as a protective effect, mitigating the development of burnout [9].

The underrepresentation of women in the industrymay help explain why they experi-
ence higher levels of emotional demands [22]. Additionally, the majority represent roles
within art, project management and non-development roles (e.g., management, market-
ing, human resources) [31], which due to the specifications of the jobmight require more
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Table 4. Multiple regression (enter method) for burnout’s predictors

Dimensions Predictors R2 R2

change
F p

Exhaustion Sociodemographic variables ,026 ,026 1,222 ,304

Work variables ,066 ,039 1,371 ,247

Work demands ,384 ,318 13,023 ,000***

Work resources ,541 ,157 8,296 ,000***

Disengagement Sociodemographic variables ,030 ,030 1,386 ,250

Work variables ,039 ,009 ,309 ,872

Work demands ,158 ,119 3,554 ,005**

Work resources ,656 ,498 34,982 ,000***

*p ≤,050 **p ≤,010 ***p ≤,001

Table 5. Multiple regression (stepwise method) for burnout’s predictors

Dimensions Predictor R2 R2

change
β t F p

Exhaustion Work
demands

Time
demands

,270 ,270 ,244 3,323 50,638 ,001**

Material
demands

,329 ,059 ,269 3,948 12,056 ,000***

Physical
demands

,366 ,037 ,191 2,928 7,814 ,004**

Work
resources

Personal
development

,502 ,136 -,380 -6,048 36,576 ,000***

Disengagement Work
demands

Physical
demands

,093 ,093 ,090 1,609 14,104 ,110

Work
resources

Personal
development

,607 ,514 -,634 -9,695 177,71 ,000***

6

Ethical ,629 ,022 -,190 -2,805 7,870 ,006**

*p ≤,050 **p ≤,010 ***p ≤,001

emotional demands. Results regarding the civil status may be related to a work-family
conflict, allowing the individual to feel a higher level of emotional and mental demands
while trying to balance both aspects of his life.

The fact that non-Portuguese nationals experience higher levels of mental and emo-
tional demands might be related with both the competitiveness of the industry and labour
market internationally. Therefore, non-Portuguese individuals have more contact with
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bigger companies with recognized brands and franchises, as such they participate in
more noticeable projects with more responsibility, changes, and tighter deadlines.

Also, data shows that individuals with higher levels of experience in the industry
encounter a higher degree of time and mental demands. This might be related to the
underlying requirements of their position: doing more demanding tasks, needing a wider
skillset, acquired responsibilities, coordinating, and supervising larger teams. Thus, their
time is mostly spent overseeing the work of others and less on executing other important
tasks. The experience of crunch shows thatworking conditionswith extreme jobdemands
can easily take toll on individuals. Additionally, the lower levels of ethical resources in
those that have experienced crunch demonstrate a violation of the psychological contract
and disrespect of equity and justice [6]. Furthermore, the fact that time demands explain
27% of exhaustion displays the risk that crunch presents to the appearance of burnout,
while personal development functions as a protective factor to its occurrence, positively
affecting one’s work engagement [8, 9].

5 Conclusion

Despite being an exploratory and cross-sectional study, with voluntary participation, the
results show that this professional group is often subjected to intenseworking conditions,
with a high level of demands that they struggle tomeet, leading to job turnover and health
concerns, both physically and mentally. Fortunately, these concerns have started being
addressed by the newly created unions, as well as news outlets for the past couple of
years, making companies revise and change their policies. However, despite all these
efforts, crunch still is prevalent issue.

This study can contribute to help identify the risk of burnout within the game indus-
try, alerting for the need to prevent and even reduce this occupational phenomenon,
such as EUROFOUND already suggested in 2018 [32]. Thus, intervention should be
designed and adapted accordingly to the context, identifying job demands which have
more impact on exhaustion, and work towards their reduction, while promoting job
resources that increase workers’ engagement, which leads to a reduction of both exhaus-
tion and disengagement and could lead to an improved, healthier, safer, and happier
workplace [8]. Future research should analyse whether there is a protective effect of
personal resources, namely against crunch.
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Abstract. In the following paper, three different science fiction scenarios inwhich
pedagogy and video gamesmeet will be analyzed, considering the aforementioned
genre not only as entertainment, but also as an experimental and technoscientific
laboratory. In these narratives, different problems will be analyzed with which to
approach Game Based Learning in relation with psychometrics, behaviorism and
non-directive pedagogies.
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1 Introduction

In the following paper, three different science fiction scenarios in which pedagogy and
video games meet will be analyzed. We will consider the aforementioned genre not only
as entertainment, but also as an experimental and techno scientific lab. In order to do
this, we use Gilbert Hottois’ definition of technoscience:

...its actions and its products, result from the collaboration of a host of agents:
research scientists frommanydisciplines, engineers and entrepreneurs, fundraisers
and share-holders, lawyers and economists, commercial andmarketing agents, etc.
An essential aspect is that the subject of technoscience the actor, themotor and even
the inventor – has become irreducibly plural: complex, interactive and inevitably
conflictual (Hottois et al. 2018: 130).

That is, science fiction does not explain technology in a practical or neutral sense,
but through its social, political and ideological implications.

From an epistemological point of view, according to the renowned science fiction
scholar Darko Suvin, science fiction could also be considered “a literary genre whose
necessary and sufficient conditions are the presence and interaction of estrangement
and cognition” (Suvin 1979). From this other approach, its object is the psychological
relationships between mankind and science. However, science fiction does not only
deal with cognition. In many cases it produces knowledge itself and has even laid the
foundations for modern sciences. C. Clarke is an example of this. In his book The
City & The Stars, which came before Stephen Hawking’s seminal theory (Clarke 2012),
he outlines the concept of black holes; or the laws of robotics by I. Asimov, which
constitute amilestone in the development of automatons (Anderson andAnderson 2011).
Therefore, we can say that science fiction is a genre which lies between literature and
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science, as recognized by The Oxford Companion to English Literature: “not quite
ordinary fiction, not quite science, yet partaking of both” (Birch and Drabble 2009:
892).

Even though science fiction does not comprise quantitative and systematic research,
or any othermodel of scientific verification, it is constantly producing critical hypotheses
that draw action routes for experimentation. This aspect attributes the genre futuristic
traits. According to Kris Lovekin, science fiction is “the literary genre that describes
how we got to the place we are going” (Lovekin 2000), or in George Slusser’s, one of
the biggest supporters of the genre, more poetic words “it is comparable to the wheel, the
first and most important technological invention of the Western world. It gives meaning,
reinvented over and over again, on a journey to a place no one has ever been”. (cited in
Lovekin 2000).

Without a doubt, science fiction goes beyond just mere entertainment. Not only does
it constitute a place for technoscientific speculation, as we mentioned at the beginning,
but it is an actor itself in the technoscientific plot because of its critical and scientific
production. In such a manner, it isn’t surprising that pedagogy is a field in which science
fiction recreates itself, mainly as a science and technique that conditions other forms of
knowledge. There is plenty of bibliography that analyze science fiction in education, as
well as education in literature (Gough 1993; Michalsky 1979; Martin-Diaz et al. 1992).
Likewise, video games, as a form of leisure and social interaction media, are a common
topic among the genre, and its relationships have been studied from different points of
view (Tringham 2014; Olson and Torrance 2009; Meskin and Robson 2012).

It is broadly accepted nowadays that video games can generate high motivation
levels in kids, and so spark interest in topics which otherwise would be tedious for
them (Oblinger 2004). Video games can also develop holistic knowledge (Van Ecke
2006) through mechanisms of trial and error, which are systems that we usually study
separately. Although accepting video games in the educational field has gone a long
way, much of the acknowledgment it receives barely mentions the practical aspect. We
search for answers in science fiction because of its critical perspective.

It was not possible to find specific bibliography about the relationship between video
games and education in science fiction, wherewith, the present analysis intends to be
simply a revision of the literature that addresses this topic of current interest. It is not
my intention to outline a theory on how these representations happen, nor am I sure it
would be possible. Science Fiction is such a wide genre, that it can only be approached
as a complex and heterogeneous corpus. However, the present study does intend to be a
proposal on how to conduct an analysis such as this.

Being a literary examination, the hypothesis is that science fiction literature is an
area which deserves being recognized and incorporated into current pedagogy and game
based learning studies because of its speculative richness from a technoscience, and
not merely utilitarian, viewpoint. Next, three literary works will be analyzed from a
pedagogical approach: video games and psychometrics, video games and behaviorism,
and video games and non-directive pedagogies. Be aware that for this examination, there
will not be a differentiation between “hard” and “soft” science fiction, as it is usually
done. On the contrary, it will be accepted that there is no clear boundary between science
and fantasy, or technology and fiction, because of the speculative nature of this literary
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genre, and that it is precisely such ambiguity which generates the cognitive estrangement
that characterizes it, according to Suvin, and provides the genre with the freedom needed
to create scientific knowledge from hypothetical fiction. Along these lines we examine
science fiction, for the purpose of this analysis, in the broadest possible sense and in all
its artistic formats.

2 Video Games and Psychometrics: The Lawnmower Man

At the beginning of the 20th century, psychology was divided into two different trends.
On one side, the German school of introspection, based on the subjectivity from a
qualitative approach; on the other side, the Anglo-Saxon and American school, based
on conduct from a quantitative approach (Pasquali 2017). Psychometrics derives from
the second approach: it is the science that studies methods to measure and compare
cognitive abilities. In the last few decades, this science has often been controversial
(Carroll 1984; Conte 2005), nonetheless, during the 20th century and still these days, it
had a major influence in pedagogy and particularly in psychopedagogical orientation by
supplying apparently objective methods. In theory: “the incorporation of psychometric
tests in the orientation process leads to the use of a scientific method which confirms
what was observed, and the use of a measurement system supported by statistics as a
way to ensure precision” (Alzina 1996: 97).

Moreover, psychometrics is the inescapable start in one of the fieldswhich creates the
highest expectations in cognitive sciences and biotechnology: cognitive enhancement.
Firstly, without the possibility to measure an individual’s cognitive abilities, it would
not be possible to determine successfully its increase:

An intervention that is aimed at correcting a specific pathology or defect of a
cognitive subsystem may be characterized as therapeutic. An enhancement is an
intervention that improves a subsystem in somewayother than repairing something
that is broken or remedying a specific dysfunction. In practice, the distinction
between therapy and enhancement is often difficult to discern, and it could be
argued that it lacks practical significance (Bostrom and Sandberg 2009).

Often, science fiction deals with both, psychometrics and cognitive improvement
(Niccol 1997; Pfister 2014). In that regard, Flowers for Algernon, Daniel Keyes’ only
Keyes (2006), stands out as one of the most awarded and recognized novels of the genre.
The plot tells the story of Charly, a young baker with a serious intellectual handicap,
who undergoes an experimental operation to enhance his cognitive abilities. The suc-
cessful treatment not only enhances Charly’s intellectual abilities, but greatly exceeds
the intellectual abilities of the people in his life, going from an IQ of 68 to 185. In other
words, it’s not only therapy. The gradual increase makes him gain language abilities and
logical mathematical thinking first, and lastly, realize the abusive relationships he has
with his family and alleged work friends, which leads him to an existential crisis.

Flowers for Algernon has been adapted numerous times, in movies (Ralph Nelson
1968), and even on The Simpsons (Anderson 2001). One of these classic interpretations
is The Lawnmower (Leonard 1992), a B series movie which takes Keyes’ plot but
substitutes surgery for a video game and virtual reality therapy. The new premise implies
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that virtual reality, and specifically games, can overstimulate the brain to the point of
increasing the patient’s IQ in a very short time. In this version Charly is played as a
gardener with mental retardation, victim of abusive relationships with his mother and
alleged friends. As opposed to the novel, where the protagonist’s suffering leads him
to introspection, the lawnmower is not able to cope with reality after the therapy and
uses his super intelligence to get revenge for all his misery. This puts the whole town
on the ropes since the lawnmower, whose IQ exceeds any human being’s, starts to use
his intelligence to continue to increase his cognitive abilities and torment his fellow
neighbors through technological control.

The theory the movie supports is no other than Jaron Lainer’s, the technological
pioneer who first coined the term “virtual reality” in the 80’s. Actually, Dr. Lawrence
Angelo, co-protagonist in the story, is his alter ego, as declared by the movie director
(Carson and Springer 2012: 53):

VR proselytizer and artist, Jaron Lanier, was fond of suggesting that the goal of VR
is the construction of a personal "reality engine", an all purpose simulation device.
This is far beyond what the technology can do, but developments far short of this
goal may have effects on the amplification of human intelligence. The property of
VR, alluded to by Lanier and embodied in this hypothesis, involves two aspects
of intelligence augmentation: the attempt to simulate cognitive operations and the
expanded experience of objectified semantic structures – exposure to predigested
cultural understandings.As JaronLanier has observed, “Information is an alienated
experience” (Biocca 1996).

Even though Lanier has recently recognized that virtual reality expectations have
been modified (Tweedie and Steven 2017), numerous studies continue to confirm the
beneficial effects of virtual reality in education (Radu 2012; Wickens 1992) and in
psychotherapies (Coelho et al. 2012). In the same way, James R. Flynn in his famous
study Are We Getting Smarter?: Rising IQ in the Twenty-First Century, concludes that
in the first ten years of the 21st century there has been a general increase of the IQ index,
which he calls the “Flynn effect”. According to his conclusions, the increase in IQ is
due to the greater number of problems to be solved in our modern life, which he claims
are to a large extent caused by digital technologies and especially video games: “Video
games, popular electronic games, and computer applications require enhanced problem
solving in visual and symbolic contexts. If that is so, that kind of enhanced problem
solving is necessary if we are fully to enjoy our leisure” (Flynn 2012: p.19).

In the last years, the relationship betweenvideogames andpsychometrics has become
closer: first, we see that children’s video games have similar mechanisms to the prob-
lems that classic psychometric tests present, for example Raven´s Progressive Matrices;
second, in the last few years, we have seen games that collect boys’ and girls’ data in
order to allow parents and teachers to download psychometric analyses; lastly, video
games are becoming more popular as a mental exercise in the classroom, and there are
plenty of schools who own licenses for educational video games such as Minecraft or
Kerbal Space Program (Fig. 1).

Even though these trends in education and game design have confirmed Lanier’s
theory, they take on a utilitarian approach which, unlike the outcomes suggested in
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Fig. 1. Machinarium (Amanita Design (2009)) compared to Raven’s progressive matrices (Raven
et al. 2004)

Leonard’s movie, take for granted that psychometric science is a beneficial technology
in itself. On the contrary, from the hypothesis of this science fiction plot, measuring and
enhancing psychological abilities can generate existential conflicts in an individual, as
well as mental and emotional disorders that can originate from a radical, and not gradual,
cognitive enhancement, and therefore should be supportedwith a critical reflection about
the value and inclusion of other cognitive abilities. Without taking into consideration
these matters, the advances which video games are already generating in the field of
education can cause an opposite effect to what we expect: mental disorders and social
marginalization, as the extreme case presented in The Lawnmower Man.

3 Video Games and Behaviorism: Ender’s Game

Nowadays, learning through video games and computer software is a fact, not only in
experimental schools, private andpublic, but also inwell establishedprograms such as the
American army. Roger Smith, from the Human Resource Organization for Simulation,
Training and Instrumentalization of the army of the USA, reported:

The military has been using games for training, tactics analysis andmission prepa-
ration for centuries. Each generation has had towrestlewith the personal and public
image of a game being used for something as serious as planningwarfare (in which
people’s lives are at stake) [...]. For the first years of the 21st century, the industry
faced a renewed vision of this matter with the expanded use of computer games
taken directly from the entertainment industry (Smith 2010: p.1).

Since a great part of the army’s learning process must, for security reasons, be
simulated and can’t be rehearsed until the situation demands it, video games are logically
incredibly useful. Thanks to this, the army not only has managed to simulate extreme
conditions, but has also become a way to educate millions of people, much before
their enrollment. Games that are published on commercial platforms, like Call of Duty
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(Arem 2003), or America’s Army, developed by the US army themselves (United States
Army. 2002), show that video games teach, regardless of their primary entertainment
intention. Military skills such as tactical thinking, fine psychomotricity, concentration
and mere weaponry knowledge, have become ‘normal’ baggage for enjoying these and
other games. It doesn’t mean that these video games can be labeled as educational, but
that they have an influence on their users’, mainly young kids, formation. This is why
many have indicated their primary intention as propaganda.

Ender’s Game, the novel that put Orson Scott Card (1991) on the map, predicted
these trends in a time when video games could not generate such complex and realistic
experiences yet. The plot is based on a historical war between humans and insectors, an
alien race, and develops in a military space station with advanced educational technolo-
gies. Throughout the story the author shows his military knowledge and offers an ample
repertoire of possible applications of game based learning that mold the behavior of
children soldiers. Scott Card’s merit consists in having comprehensively dealt with mil-
itary psychology within an educational framework: motivation, emotion management,
cognitive abilities, and psychological tests.

Broadly speaking, games and video games are applied in three different ways in
Battle School where the protagonist character goes: ‘battle’, ‘recreational game’ and
‘free game’. The first one is the center of all education in Battle School. It consists of
a competitive sport which takes place in special zero gravity rooms. During training
and competitions in these rooms, kids learn through theory, experiments, and mainly
strategy. The second application, the ‘recreational game’, takes place in the arcade near
the dining hall, where boys and girls measure their abilities and compete in various
games. In theory, these games are purely for leisure, however, they are actually studied
by the professors to find out which abilities stand out. Lastly, the ‘free game’ happens
through an application installed in each of the tablets that are handed out to the students
in the academy. This game reads the mind of the student and adapts to it. It presents
challenges and roads in which they have to face particular situations or solve problems
according to their psychological needs of the moment. The main goal of this type of
game is to develop through positive reinforcement all of the student’s potential without
arriving at an emotional breaking point. It is supposed to be accompaniment and help,
but it is also a psychometric test that teachers can use to get to know, examine and adapt
their methods to the maturation process of the cadet’s mind itself. Several scenes in the
novel show how head school directors use these tablets openly as a form of surveillance,
monitoring and manipulation of each soldier.

The ‘battle’ as well as the ‘recreational games’, are based on the same psychometric
principles from The Lawnmower Man, as tools to measure and train the mind. Also
‘free play’ is an intentional psychometric test, but it is complemented with a differ-
ent psychological science: behaviorism. According to the founder of this psychological
school, John B. Watson: “Psychology, as the behaviorist views, is a purely objective
experimental branch of natural science. Its theoretical goal is the prediction and control
of behavior” (Watson 1913). Following this precept literally, ‘free play’ is a technique
that allows tutors to know the behavior of his students and manipulate it through rein-
forcement, that is, with prizes that unconsciously reward the students for behaving the
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way their tutors expect them to. All of this in order to make war heroes from soldier
kids.

The first person to use behaviorism in science fictionwas, curiously, Burrhus Frederic
Skinner, one of the most important theorists of the science of behavior. In one of his
first works, Walden II, inspired by Henry David Thoreau’s experiment, he builds a self-
managed utopia based on behavior science and its techniques as a way to teach the
inhabitants to be utterly happy. The protagonist of the story is one of the founders of
this fictional community, doctor Frazier, who takes a group of students on a guided tour
to show them around the place. It is he who guides the reader through Walden II and
presents its good sides, although at some point he also mentions its risks. Frazier says:
“When you have once grasped the principle of positive reinforcement, you can enjoy a
sense of unlimited power. It’s enough to satisfy the thirstiest of tyrants” (Skinner 1969:
248). This sentence shows clearly that behaviorism can be a powerful manipulation tool,
as also shown in Ender´s Game.

The power that Skinner is talking about is the same that the directors of the school
use to deliberately manipulate Ender and his mates. Thus, what they call ‘free play’ in
the book, is far from actually being free, it satisfies the most hierarchical of military
structures. As a lot of modern research concludes, in the novel behaviorist reinforce-
ment actually causes the opposite effect to freedom: emotional dependency and lack of
initiative:

Grades, prizes and punishment, and authoritarianism in general, only eliminates
the intrinsic motivation of the teaching-learning process itself and it in its place
is substituted with extrinsic motivation that aims at receiving positive reinforce-
ment (prizes, good grades, etc.) or avoiding negative reinforcement (punishment,
bad grades, etc.) and at the same time reduces the responsibility of the students
(Cabañes 2016).

Lastly, the ‘free play’ video console in Ender’s Game is overwhelmingly similar to
Skinner’s Teaching Machine (Fig. 2), an automatic device that teaches children through
behaviorism. Compared to today´s educational game, strongly influenced by reinforce-
ment techniques, this could be considered the first educational video game in history.
And so, we see that what comes as simple fiction in Ender’s Game, has its origins
in a previous fiction that is actually science, produced by one of the most radical of
behaviorists.

Nevertheless, the novel has a critical point of view towards this. Throughout the
plot, young Ender comes to realize his superiors are leading him to a crisis with their
psychological games, which later results in an anxiety meltdown. In the end, the protag-
onist becomes fully aware of the level of manipulation he has been subject to throughout
his military career and that, even when he is the hero in the story, his life turns into an
existentialist tragedy on the verge of suicide.
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Fig. 2. Skinner’s teaching machine (Clark-Wilson et al. 2017)

4 Video Games and Non-directive Pedagogies: The Veldt

Non directive-pedagogies, also known as progressive pedagogies, are those in which
students make their own choices and take responsibility over the learning process. More
than a pedagogical technique, it is a branch of education models that are based on shared
libertarian values:

In the face of authority, the ongoingmaturation of freedom that each stage of devel-
opment is capable of reaching. In the face of competitiveness, the development of
individual abilities and personal effort that each being aims at reaching. In the face
of conductism, liberation and acknowledgement of responsibility without guilt. In
the face of punishment, reasoned dialogue. In the face of pre established programs,
a rational and practical culture considering the maturation, interest and develop-
ment of every individual. In the face of memory, understanding. In the face of
stereotypes, creativity. In the face of subjugation, rebellion. (Luengo 1990:17-18).

More and more often, non-directive pedagogies are looking for a return to nature
and matter, distancing themselves from technology (Cabañes and Rubio 2013). Their
humanistic approach to childhood is often opposite to the trends in technological edu-
cation. As we saw in the previous examples, virtual reality and video games constantly
meet with psychometrics and behaviorism to create from education a more exact and
quantifiable science, not always taking in consideration the students’ needs, other than
making them more intelligent and more well-behaved.
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Nevertheless, in science fiction technological education is often seen as a detonator
of these pedagogical models, as is so in The City And The Star (Clarke 2012), or The
Fun They Had (Asimov and Conklin 1997). In Isaac Asimov’s words, from his famous
interview with Bill Moyers 1988:

Today, what people call learning is forced on you. Everyone is forced to learn the
same thing on the same day at the same speed in class. But everyone is different.
For some, class goes too fast, for some too slow, for some in the wrong direction.
But give everyone a chance, in addition to school, to follow up their own bent
from the start, to find out about whatever they’re interested in by looking it up in
their own homes, at their own speed, in their own time, and everyone will enjoy
learning (Moyers 1988).

FollowingAsimov’s train of thought, Information andCommunication Technologies
would have the same positive value to allow multiple educational paths according to the
interest of every individual. In this way, someone that is more inclined to sports can
give free rein to his interest, which necessarily takes him to other areas of interest, such
as maths or physics. Most important of all, the learning process of an individual would
respect his own pace and boost motivation.

Also The Veldt, by Ray Bradbury (Bradbury 2012), has a similar approach. First
published in 1950 under the title of The World the Children Made (1950), this short
story is especially interesting because it discusses a central matter for all nondirective
pedagogies: the role of the tutors. A problem which arises when students are free. ¿How
much are the tutors worth? Which should be their role? Or, how should they handle the
students’ learning process? According to Cabañes & Rubio:

The role of the teachers in traditional pedagogy set on an essentialist anthropo-
logical concept, is based on the expert-pupil relationship. In this way, it stands by
the idea that a school is the place where Knowledge is transmitted (Knowledge
with a capital K, which means knowledge that is institutionalized, regulated and
approved by a committee of experts who decide what is important, fundamental,
and the basic knowledge that children should acquire during the mandatory school
years before they reach adulthood and get a job) [...] Therefore, maintaining the
role of teachers in free pedagogies is harmful because it reproduces the hierarchical
relationships we keep trying to avoid (Cabañes and Rubio 2013: 73).

The Veldt is set in a completely automatized house. In this futuristic home, part of
the children’s education takes place in a virtual reality room which has the ability to
read the user’s mind and interpret with images, smells and sounds whatever it is he is
imagining. The problem comes whenWendy and Peter, the two children using the room,
repeatedly insists imagining an African savannah with two lions eating his most recent
kill. Their obsessionwith this game alerts the parents, who are terrified andworried about
the implications and the insubordination of their children. The situation escalates up to
a psychological paranoid tension between the members of the family. In the middle of
this conflict, the parents try to punish their children without the use of the virtual reality
room, which produces an even more violent reaction.
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To try to solve the problem, the parents agree to ask a psychologist specialized in
analyzing the data collected by the system in the game. As in Ender’s Game and The
Lawnmower Man, we see again the concept of video games as a psychometric and data
recovery method. However, Dr. Doolittle’s answer is not the answer of a behaviorist,
but of a psychotherapist concerned about his patients’ personal relationships. On the
contrary, he recommends the parents to spend more time with his children and not
expect that the virtual reality room does his job as a family and educators, which is far
from being an easy solution.

In conclusion, Bradbury offers a critique of technological solutionism which con-
traveys the expectations that video games produce as non-directive pedagogies in writers
like Asimov or C. Clarke. Even thought Bradbury was also a defender of technologi-
cal mediated education, he underlines the risks of non critical implementation, as if
technologies where an instant solution.

Even though the story was written in 1950, in a time without video games, it is ahead
of his time in regards to the relationship between virtual reality, games and violence and
the increase of compulsive behavior, two problems that are widely studied these days
(Delisi et al. 2012; Kuczmierczyk et al. 1987). It does so by showing game mostly as a
means of symbolic construction. Maria Eugenia Villalobos points out in her article “The
role of the teacher in the symbolic construction of children’s play”:

Play is a favorable setting for development, since it allows the child to access the
symbolic function [Piaget 1961]. When a child has access to the representational
possibility, he is able to create alternative worlds to the real one, where transfor-
mation of his life experiences is allowed and new significance arises [...] There
[during play] surges polysemy, transcending the literal world, static, rigid, when
building significance of cultural worlds about previous semiotic processes of col-
lective worlds. Hence the importance of the role of an adult that can offer children
the thread that helps knit the senses (Villalobos 2009).

Henceforth, The Veldt is a warning to not leave a child to unattended play. It tells
parents and educators that when they don’t pay attention to their children’s symbolic
play, they become blind to their interpretations of the world, and might realize a bit too
late that they show loneliness and resentment towards them.

5 Conclusions

In the last fewyears videogameshavebeen applied to education andgamebased learning,
and have been shaped as a great psychometric and behavioral tool. Science fiction has
been also speculating for over a century about the possibilities and often offers a critical
vision that is not always taken into consideration in education practices.

The literary texts that were analyzed lay on the table how the benefits of video games
in education settings can be diminished if the existentialist and semiotic dimension of
the student is not acknowledged. In this way, uncritical manipulation of the behavior
and cognitive training, without the proper guidance of an adult, and without taking into
consideration the emotional dimensions of the student, are potentially detonators of
emotional and psychopathic crises. This does not imply that video games are a useless
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educational tool. On the contrary, because it is such a powerful tool it requires an updated
understanding of the roles of the teacher and tutor in order to make the most of it. Lastly,
each case study brings to light that, in the research for a happy childhood and an education
full of libertarian and human values, an unholistic vision of intelligence leads to planning
counterproductive educational objectives.

Lastly the Veldt by Ray Bradbury gives us a different insight on non directive-
pedagogies, andwarns us not to rely on technologies as substitute tutors for the youngest.
Even more, it addresses the constructivist role of the game process, making symbolic
constructions, which is not often taken into consideration if education is reduced to intel-
ligence and behavior. The results from these three analyses showswhat we expected, that
Science Fiction is ameaningful corpuswherewe can find critical and deep technoscience
hypotheses. Regardless how old these books may feel, all three works analyzed showed
that their primary intention wasn’t just to fantasize with new fascinating technologies,
but to outline crucial questions concerning education and its existentialist and psycho-
logical implications. Questions that, until this day, should be taken into consideration in
education and video games developing process.
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Abstract. Students are being more often challenged not only to play but also to
create games when there is increasing evidence of the impact, in terms of learn-
ing, of students’ involvement in creating their own games centred on educational
content. Nevertheless, the game making process has certain specificities that are
not usually recognized by the public but are relevant to create good games. Tak-
ing this into consideration, the Gamers4Nature project developed a Toolkit to
Game Design to support users, with and without previous experience, during a
game creation process. This paper focus on the analysis of undergraduate students’
engagement using the Toolkit through the creation of game narratives focused on
environmental preservation. A total of 46 undergraduate students from a Social
Sciences (non-ICT course) participated in 2-h game narrative design sessions,
using the Toolkit’s resources to develop their game’s narrative. As a result, 14
game narratives were created. Participants considered the Toolkit easy to use, not
having preponderant usability issues. Although additional tests are still needed,
namely with larger and diversified groups, preliminary results indicate that the
Toolkit is a resource capable of assisting users with no previous experience during
the game design process, namely in the writing of game’s narratives.

Keywords: Toolkit · Game Design · Narratives · Digital games · Environmental
awareness

1 Introduction

Games have been part of human life since early times [1]. Present from childhood to
most of adult life, in recreational activities and in more structured contexts, games are
being played and used in different contexts such as education, industry, tourism and
marketing [2–4].

In the educational field, games are being used to develop problem-solving com-
petences, to provide contextualized experience and to promote collaboration between
game players [5]. In game-based learning – i.e. learning through games – stories and
narratives are seen as mechanisms of human learning and construction of reality [6] and
a pathway to a new and effective learning approach to education [7–9]. Still in the field
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of games and education, it is important to remember that learners can be not only digital
game consumers, but also game producers being challenged to create their own games
for learning [10, 11].

It is widely accepted that the creation and development of games often requires
individuals and teams from several disciplines, able to work together along the process
of design a game.While the integration of individuals with different backgrounds is seen
as a strength, it is also stressed that the lack of background and skills in the construction
of games and game narratives may affect the game making process [12–15].

Starting from this premise, the Gamers4Nature project developed a Toolkit to Game
Design, to be used by young users with and without experience in game design, to create
games addressing ecological themes. The Gamers4Nature Toolkit includes a set of tools
designed to support young users in the creation of their own games and to foster positive
behaviour changes towards environment preservation. The environmental awareness
theme was chosen due to the growing impact of climate change, biodiversity loss and
pollution and other nature-related problems, and supported by the belief that an effort
must be made to promote environmental awareness and knowledge amongst younger
audiences.

The Gamers4Nature Toolkit to Game Design was used by undergraduate students
with no experience in developing games along several game design sessions with the
aim of create game narratives. This paper describes those sessions and its main outputs,
and it is organized as follows: Sect. 2 introduces a literature review focused on toolkits
developed to support game design and game narratives; Sect. 3 presents the study’s
methodological approach; Sect. 4 describes the created games’ narratives and discusses
the main results of the study; and in Sect. 5 final considerations and future work are
presented.

2 Literature Review

2.1 Digital Games and Learning

Whether in leisure activities or in more structured contexts, games and playing have
been part of human nature since ancient times [1], playing an important role in the
development of intellectual, physical and social abilities, as in meeting individual’s
needs and preferences [16].

Even though digital games are often associated to negative behaviours such as aggres-
siveness, social isolation and addictiveness [17–19], research on its use also demon-
strated positive impacts on learning, motivation, knowledge acquisition, skills devel-
opment and behaviour change, either through the use of gamification strategies or by
developing games centred on educational subjects [20–23]. Moreover, Digital games’
learning values can be transferred to other learning scenarios (e.g. schools, universities
and workplaces), and are all solidly endorsed by investigation in cognitive sciences [10].

In recent years, a complementary approach to digital games and education, focused
on the benefits of engaging students in the creation of their own games has emerged
[24–27]. Creating digital games was found to be highly engaging, pleasurable and grat-
ifying by younger audiences [23, 28], with research pointing out that giving learners
the possibility to create games on subjects related to the learning curriculum can be
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associated with an increased interest in the subject that is being addressed and a better
understanding of the value of what is learned [15]; the acquisition of scientific concepts
[29]; and the development of digital literacy throughout the design process [29, 30].

2.2 Toolkits to Support Narratives’ Construction and Game Design

Toolkits, due to its problem-solving features and its support materials and resources,
are nowadays seen as powerful learning and teaching tools, allowing faster prototyping,
supporting creative design and assisting in the production of interactive artefacts [31,
31]. According to Oulasvirta and Hornbaek [32], a toolkit is often categorized into con-
structive research, and defined as the creation of comprehension about the construction
of an exploitable artefact for some intent in HCI.

Toolkits are often developed and used in the field of Human-Computer Interaction
(HCI), where they are used to support and influence the design and implementation
of interactive systems [33]. In what concerns toolkits for game development, however,
the focus is often placed on game mechanics and game implementation (i.e. program-
ming) [34, 35], moving away from game narrative’s development. In the programming
field, toolkits are often used as a way to provide a structure for individuals to develop
customized applications, even if they do not have dedicated technical knowledge.

Nelson andMateas [36] claim that what is preventing users to create their own games
is not access to game programming tools but the game design process itself. According
to the authors, the process of introducing thematic content (e.g. bike safety, algebra)
in a logic way while taking advantage of the specific qualities of games (e.g. enabling
players to experientially explore rule systems, creating a strong sense of player agency)
is one of the major obstacles to game creation. Aiming to fill this gap, authors developed
an automated game design system, a creative enhancing tool designed to support game
designers with little experience. While the system allows game creators to test a series
of concepts and relations by mapping them in terms of game mechanics, it does not
explore dimensions such as narrative, history or characters, focusing mostly on defining
game mechanics.

Narratives enable the structure of a sense of personality and ambition, and con-
vey values and beliefs [37–39]. In the field of game design, narratives give context to
gameplay and may lead to a deeper and emotional engagement of the player with the
game experience. Combined and articulated with game mechanics, narrative elements
(labelled by Fullerton as dramatic elements [40]) such as story, premise and challenge,
can contribute to turn games into meaningful experiences.

While writing a story or narrative in the traditional way (i.e. pen and paper) involves
planning, using text and/or mind maps, writing a game narrative requires more than a
simple plan structure, due to several guidelines to follow by. As it is already accepted that
the combination of the narrative elements, the interactive character, the challenge and
the content present in digital games (i.e. defining the story, characters, challenges, rules,
among others) is motivating and able to promote behavioural changes [26], game-based
narratives can serve as a powerful tool to education in classroom settings, improving
and expanding the curriculum whilst encouraging teachers and learners’ creativity [6].
Moreover, introducing other forms of writing (e.g.multimedia writing) can be seen as a
successful way to literacy development, even for reluctant writers or non-writers, [23].
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From the toolkits’ analysis (e.g. [36, 41–45]), to be detailed in a future paper, although
addressinggamedesign, somehowneglect or donot payparticular attention to the process
of developing game narratives. Other resources, aiming to promote creative thinking and
often used in the construction of narratives (e.g. idea cards or “trigger cards”, small cards
with questions whose main purpose is to facilitate the process of creating or refining
ideas by questioning the initial idea) disregard game’s mechanics and gameplay, and
therefore cannot be considered as a solution to be used when defining the structure of a
digital game.

3 Creating Narratives Using the Gamers4Nature Toolkit to Game
Design

Taking the findings presented in Sect. 2.2. In consideration, and acknowledging the
importance of game narrative construction in the design of engaging games, the
Gamers4Nature project research team developed a Toolkit to Game Design that encom-
passes both narrative and gameplay, to be used by younger audiences (upper secondary
and undergraduate students), with or without experience in game development during
game design sessions. The toolkit was developed based on the premise that individ-
uals without technical knowledge in the game development process can also actively
contribute in game design sessions, namely in the process of building and defining
narratives.

3.1 The Gamers4Nature Toolkit to Game Design

In the Gamers4Nature Toolkit to Game Design [46], information about game elements
and guidelines to create a well-structured game is provided through a Game Construc-
tion Cards Set and a Rapid Game Design Document [47, 48]. Focused on supporting the
development of games by youngsters to promote environmental awareness, the Toolkit
also includes a set of thematic cards addressing nature protection and environment
preservation issues.

The Game Construction Cards Set comprises 12 cards addressing one game element:
players, objectives, rules, resources, conflicts, outcome, challenge, premise, characters,
story, play and dramatic arc. To each card, in the front, a trigger question (e.g. Rules
card – “What is allowed to do?”) and a small explanation (e.g. Rules Card – “Rules
define what the player can and cannot do”) were added; in the back, a description of
the game element and examples of its presence in games were given. The cards set
follows an adaptation of Fullerton’s [40] approach to gameplay and game design, and its
development included several stages of validation with experts and potential users [48].

TheRapidGameDesignDocument, sizedA3, was created to support and guide users
during the use of the game construction cards. On the left side (Fig. 1), it presents a path to
explore the cards, with suggestion on how to define andwrite the game’s narrative; on the
right side (Fig. 2), a structural planning sheet that asks users to summarize their game’s
structure and ideas. Recommendations about the importance of time management and
game elements are also provided.
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Fig. 1. Rapid Game Design Document (left side, partial view)

Fig. 2. Rapid Game Design Document (right side, partial view)

While following the Rapid Game Design Document, users are invited to start from
defining the game’s premise, story and characters, and thenmove to elements relatedwith
challenge, goals, mechanics (procedures and resources), rules and outcomes. Following
this first overview of the game elements and their relations, users are asked (on the right
side of the document) giving a name to the game; to write the premise, on how the
story starts; to define the number of players and how they will interact; to describe the
characters who will represent or interact with the player. Users may then develop the
story (from the premise) or introduce other scenarios where the story may take place;
after that, an explanation on how the engagement between the player and the game need
will be addressed in the challenge and dramatic arc field. Users are asked to define
the goals, which, combined with resources and actions, will influence the gameplay;
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rules define what the player can and cannot do; conflicts highlight the obstacles that the
player will face along the game; and the document ends with defining the outcome, that
is, how and when the game finishes.

Considering the importance of time management in game development, especially
in short-term game design sessions, the Rapid Game Design Document includes a note
advising users to draw a first version of the game, to brainstorm and discuss it with
coworkers/colleagues, and then to see which points need alteration or improvement.
This will advise users/game creators to develop a first functional prototype of the game,
to test game’s consistency and mechanics and to look for eventual errors, and then – if
there is time – to work on an improved version of the game.

3.2 Method

In order to assess the Gamers4Nature Toolkit to Game Design efficiency in supporting
the construction of game narratives, namely with audiences with little or no experience
in digital game’s development, the research team organized two “game narrative design
sessions” focused onmicroplastic pollution,with undergraduate students fromanon-ICT
(Information and Communication Technologies) course.

Participants. Considering the predominance of ICT students during the Toolkit devel-
opment and validation process [48], and as the research team aimed to test the toolkit with
users with little or no experience in game design, students from a Social Sciences course
whose curriculum did not address programming or game design subjects were invited to
participate in game narrative creation sessions. 46 undergraduate students (convenience
sampling, 11 male and 35 female) participated in the game narrative creation sessions.
33 (73%) were regular players (i.e. played digital games on a regular basis), and 3 (6%)
already participated in game creation activities. 26 participants (56%) mentioned to pre-
fer to play strategy games, followed by action games (38%, n= 17) and memory games
(21%, n = 10).

As for previous knowledge about the theme (i.e. microplastic pollution), 14 partic-
ipants (30%) had already heard about microplastic pollution, 12 (27%) were familiar
with the theme and 9 (19%) knew or relatively knew the theme. 7 participants (15%)
mentioned that they never heard about microplastic pollution. From the participants’
comments shared with the research team, it was possible to notice, when creating
the narratives, they got involved with the theme, searching for more information, and
demonstrated motivation towards change in habits.

Procedures. The game narrative design sessions took place in October 2019, in class-
room environment, conducted by 2 researchers. During these sessions, participants orga-
nized themselves in groups and were challenged to use the Toolkit to Game Design to
develop a narrative of a game focused on microplastic pollution, one of the thematic
cards set provided in the Toolkit. Sessions took 2 h each (one in the morning and the
other at the end of the day), and involved the participation of 14 groups, 3 to 4 students
per group.

Participants explored the cards set using the Rapid Game Design Document as a
guide. After reading the thematic cards information and engaging in a short brainstorm
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session where the game’s theme was discussed, participants were invited to work on the
structure of their game’s narrative, by following the game design document path. The
researchers who oriented the sessions were there to conduct it and to help, if needed, in
the exploration of the game resources.

To ensure internal validity, data was collected through triangulation of multiple
sources: observation (field notes), Rapid Game Design Document analysis and ques-
tionnaires: (i) the first questionnaire, applied at the beginning of the session, asking
about participants’ gaming habits and previous knowledge about microplastic pollution;
and (ii) a questionnaire to evaluate the contribution of the Toolkit to Game Design to the
game narratives’ writing process.

This last questionnaire contained questions related to the participants’ opinion on
the toolkit’s usability, included an analysis of its strengths, weaknesses, opportunities of
use and possible threats (SWOT analysis) and an open field for suggestions.

4 Results and Discussion

Figure 3 presents the information about the narratives developed by the participants
during the game narrative creation sessions.

For an easy reading, narratives are grouped according to two variables: environmen-
tal focus (that is, the addressed theme) and player mode (single player/multiplayer). The
14 game narratives developed by undergraduate students went from catching or avoid-
ing objects (e.g. plastic, microplastic particles, endangered animals) through different
landscapes, to platform games, strategy and quizzes.

The results presented in Fig. 3 show that participants tended to develop games nar-
ratives for single players, as of the 14 game narratives, 9 were designed to be played
only by one player.

Fig. 3. Name and themes of the games developed by the participants during the game narrative
creation sessions
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Regarding narrative’s themes:

the impact of microplastic pollution in sea life (not directly addressed in the thematic
cards) was the theme of 9 narratives;
3 games introduced the Zalerion maritimum fungus – a fungus addressed in the thematic
cards that, according to recent research [49], is able to biodegrade polyethylene, a source
of microplastic pollution – as a hero/weapon to destroy plastic;
3 games focused on microplastic pollution origins and treatment (addressed in the
thematic cards);
and 3 games focused on the dangers of microplastic pollution and the importance of
developing environmental awareness (addressed in the thematic cards).

During the sessions, focused on the game narrative development, it was possible to
see that participants used the information provided in the Gamers4Nature Toolkit’s game
cards to create the game’s structure (e.g. player mode, challenge, characters, outcome)
and the thematic cards to define the game’s narrative, to establish the premise and to
set up the story’s plot. In what concerns the thematic card that introduces the Zalerion
maritimum fungus, it was evident that participants read the thematic card and integrated
its information in the game’s narrative.

Along the sessions, and through the analysis of the information collected via direct
observation, it was possible to notice that some participants revealed difficulties when
defining the game narrative. While using the Game Design Document, participants
revealed some struggles in using the 12 game construction cards, with the main dif-
ficulty being the definition and understanding of what “rules” meant. Even though the
information presented in the “rules” card stated that rules are what is allowed and not
allowed to do in the game, and the role each item represents in the game, several groups
asked for help. It was latter evident, through the analysis of participants’ game docu-
ment, that, regardless the researcher’s clarifications, participants approached “rules” in
different ways: some groups considered character’s death, when losing the game, as a
rule, while others considered this situation as a possible outcome.

4.1 Participants’ Opinion on the Gamers4Nature Toolkit to Game Design

By the end of the session, participantswere asked to share their thoughts about theToolkit
contributions to the game narrative creation session by being asked to fill a questionnaire
with questions addressing the toolkit’s usability and a SWOT analysis.

Collected data analysis indicates that:

89% of the participants agreed that the Toolkit could be used by individuals with and
without experience in game development;
83% agreed that using the Toolkit led to less cognitive effort related with content
memorization;
83% agreed that the resources included in the Toolkit presented information in a concise
way, not disturbing the task they had in hands;
and 73% of the participants agreed that the Toolkit design options (e.g. colours, font
size) had no impact in the process of reading and understanding the content it provided.
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As for the SWOT (strengths, weaknesses, opportunities [of use] and threats) analysis,
when asked to name what were, in their opinion, the Toolkit’s strengths, participants
mentioned its ease of use either by user with and without previous knowledge about
game design, the potential for creativity (“It’s a funny way to learn more about the
environment, it’s easy to follow”), the easy reading and understanding of the different
steps as being the most positive aspects of the Toolkit to Game Design. Five participants
mentioned that the Toolkit’s major weakness was the overload of information, as “There
are too many thematic cards”.

Regarding the Toolkit’s opportunities (i.e. other scenarios where it could be used),
participants acknowledge its suitability for non-experience users during the game con-
struction process; its adaptability, namely the easiness of adapting new content with
other themes; the fact that it could be used by younger and older audiences; its potential
in educational contexts such as schools, but also in more familiar contexts; the support
it provided in situations of lack of creativity or creative block; and, mainly, the fact that
it could be used as a dynamic and interesting approach to teaching and learning.

Regarding threats (i.e. potential problems arriving from the Toolkit’s use or similar
products), one participant mentioned that the physical Toolkit (i.e. paper cards, docu-
ment) could fall into disuse when the digital content (i.e. the Gamers4Nature project’s
website1 that have all the Toolkit’s content online) would become available.

14 participants suggested that numbers should be added to the cards, to facilitate its
organization in case of shuffle.

5 Final Considerations

Digital games, by presenting learning activities in significant contexts controlled by
the learner, have the capability to trigger curiosity and interest towards the educational
subject [50]. Moreover, recent research [15, 29] evidences that involving students in the
creation of their own games may enhance their interest toward the addressed topic, a
sense of ownership and a better understanding of the value of what is learned.

Narratives are an important and motivating element in games. The study presented
in this paper indicates that Gamers4Nature Toolkit to Game Design, as it introduces
a set of artefacts designed to support game creation activities, was able to ease the
game narratives’ writing process, namely in sessions with participants with no ICT or
game design background. The Rapid Game Design Document was used and explored
throughout the game narratives’ construction sessions. The Game Construction Cards
were also used during that process, and the thematic cards were consulted – even if fewer
times – as a source of information and ideas for the game story development.

Preliminary results indicate that theGamers4Nature Toolkit was able to support users
with little or no experience in game design to develop a game narrative, and therefore
can be seen as an engaging approach to game narrative’s creation, able to be used by
different audiences with different skills. Also, it demonstrated the potential of being an
alternative and engaging way to learn about the addressed theme.

As the study introduced in this paper was based in a convenience sample, with
most participants having no experience in game design and implementation (only 6%

1 http://www.gamers4nature.pt/index.php?lang=EN.

http://www.gamers4nature.pt/index.php%3Flang%3DEN
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(n = 3) had previous experience in game design), additional game narrative design ses-
sions organized with users with experience in game narratives and game programming
will allow the research team to establish comparisons between the two profiles, namely
between the session’s outputs. New sets of cards are also being developed and vali-
dated: game development cards (i.e. coding), designed to assist on the implementation
for mobile of the created game narratives; and additional thematic cards, focused on
environmental awareness and nature protection. Due to its adaptability, it is expected
that the Gamers4Nature Toolkit to Game Design can be adapted to game design sessions
addressing themes other than environmental preservation. Therefore, further tests with
other themes are also being considered.
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Abstract. Recent research has taken a particular interest in observing the dynam-
ics between individual and altruistic behavior. This is a commonly approached
problem when reasoning about social dilemmas, which have a plethora of real-
world counterparts in the fields of education, health, and economics. Weighing
how incentives influence in-game behavior, our study examines individual and
altruistic interactions in the context of a game task, by analyzing the players’
strategies and interaction motives when facing different reward attribution func-
tions. Consequently, a model for interaction motives is proposed, with the premise
that themotives for interactions can be defined as a continuous space, ranging from
self-oriented (associated with individual behaviors) to others-oriented (associated
with altruistic behaviors). To evaluate the promotion of individual and altruistic
behavior, we leverage Message Across, an in-loco two-player videogame with
adaptable score attribution systems. We conducted a user testing phase (N = 66)
to verify to what extent individual and altruistic score functions led players to vary
their strategies and interaction motives orientations. Our results indicate that both
of these metrics varied significantly and according to our expectations, leading us
to believe in the suitability of applying an incentive-based strategy to moderate
the emergence of in-game behavior perceivable as individual or altruistic.

Keywords: Interaction style · Reward system · Message Across · Serious
games · Behavior promotion

1 Introduction

Since the last century, researchers have studied the dynamics between individual and
altruistic behavior [10, 14]. This aspect is an important target of analysis in social
dilemma implementations, such as the prisoner’s dilemma [16, 22] or the public goods
game [6, 12, 20]. In these scenarios, subjects have to decide between acting with self
or collective interest, thus focusing or not in the development of others’ welfare. Along
social dilemmas, this self and others paradigm is also predominant in education. Namely,
the theory of Self-determination [4, 21, 23] distinguishes between several levels of moti-
vation, such as intrinsic motivation - related to self definition of goals and satisfaction
from self development, and extrinsic motivation – influenced by external factors like
rewards, approval or competition.
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Over the years, research on behavior promotion has taken particular interest in the
use of games to change players’ long-term commitments [3, 24, 27], for instance, to
develop environment sustainability awareness [15, 19] or non-sedentary behaviors [1,
9]. As an interactive medium, games allow the promotion of feelings of competence
through feedback and rewards, and support relatedness through social interactions such
as competition and cooperation [21]. Therefore, we credit that promoting in-game behav-
ior can be a useful path to approach aspects of attitude change such as the motives which
drive interactions, given the growing impact of games in players’ lives [2]. This line
of research can help to inspire the parameterization of systems aiming to balance or
enhance individual and altruistic facets of behavior among people with different indi-
vidual or cultural backgrounds, as these intrinsic characteristics might be able to drive
distinct game strategies [20]. Researchers have focused on studying how the attribution
of different rewards (ranging from simple scores to collectibles, resources, item granting
systems, achievement systems, feedbackmessages, etc.) [4, 11] affect player experience.
In fact, although some studies embraced reward-based behavior promotion, there is the
consensus that further research in the motives upon interpersonal choice behavior is still
needed [16, 28]. Altogether, this work contemplates the following research question:

How can rewards be used to mediate individual and altruistic in-game behavior?
In particular, our hypothesis is that, by changing in-game rewards, we can alter the

behaviors of players at an in-game task level. The rewards are, in our case, simply an
instrument used to guide players towards an individual or altruistic behavior, as perceived
in the context of a task. In other words, they act as incentives for players to engage in
certain in-game behaviors.

To answer this problem, we define a model for interaction motives orientation and
implemented it in Message Across, an in-loco two-player word matching game, with
two versions of the score attribution system, aimed at orienting the players’ interactions
to either themselves or others. In the particular example of Message Across, the task
is the completion of a word. Using this game, we conducted user tests where pairs of
participants played the different versions without knowing what score systems were
being deployed at each moment. We extracted the players’ strategies and scores, as
well as their self-reported orientation of interaction motives (between self-oriented and
others-oriented) to find answers to our research question.

The remaining of the paper is organized as follows: in the next sections, we explore
several interaction styles, as well as techniques to promote in-game behavior; then,
we describe how we implemented individual and altruistic Message Across versions;
afterwards, we include the evaluation process, and present and discuss the empirical
results; finally, we summarize the work and finish with future directions.

2 From Theory to a Model of Interaction Motives

We started our analysis by observing which behavior mediation techniques were iden-
tified in social dilemmas scenarios. A significant amount of research deploying social
dilemmas focuses on collaborative interactions, studying how can higher levels of coop-
eration and altruismbe fostered.Hilbe et al. [12] theoretically examined several strategies
to sustain cooperation in the public goods game and volunteers social dilemma, includ-
ing generalized variants of Tit-for-Tat and Win-Stay Lose-Shift. More importantly, to
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define such strategies, the authors identified three particular sub-classes of strategies: (i)
the fair-neutral strategy which ensures individual payoff is aligned with the average pay-
off of the other group members; (ii) the extortionate strategy which, in scenarios where
mutual defection leads to the lowest group payoff, is based on ensuring that individual
payoffs are above average (related to free-riding and individual focus, not concerning
for the others); and (iii) the generous strategy which, in scenarios where mutual coop-
eration is the social optimum, consists in letting co-players gain higher payoffs. We
find extortionate and generous strategies inspiring in mixed interactions, as they reflect
two opposite poles. In one pole, there is an individual motive for interaction, devaluing
attention for others, and in the other pole there is an others-oriented motive for interac-
tion, devaluing self consequences. Following this line of thought, we further analyzed
theories regarding these two opposite ideas.

Hoping to exclusively study individual motives for interaction, we analyzed sev-
eral work regarding self-improvement. Self-Improvement can be defined as a conscious
desire to improve self ability [25], a result of self evaluation. Numerous research focused
on what can influence this behavior, and how it emerges [5, 14, 18, 25]. Task-based
scenarios as games may ease the emergence of self-improvement, as task-related self-
enhancement – the tendency to maintain positive self-regard – seems to effectively
facilitate action taking and overall task performance, as opposed to non task-related
self-enhancement [14, 18]. Following this line of thought, we believe that multiplayer
games might foster self-improvement through their actions, by rewarding players when
embracing choices which individually improve themselves, without directly taking into
consideration the actions of other players.

In order to study others-oriented motives for interaction, we examined multiple
theories related to altruism. Seelig and Rosof present several categorizations and review
several research regarding altruism [26], from which we highlight Kitayama’s scale of
altruism as masochism [13]. On a study related to the dual nature of the feminine ideal in
Japanese culture, the author defines altruism as a continuum between two facets. While
the first facet can be interpreted as an interaction consisting of mutual help between
peers, the second facet happens when people feel that it is important to do good for
others, even if it means the process will not be pleasant for them. In other words, people
engaging in the second type of altruism are exclusively motivated by others, without
even trying to minimize the negative consequences that helping others might bring to
themselves. Although some research, such as the works just presented, also associate
this effect to Pathological Altruism, we will refer to this interaction style as Extreme
Altruism. We believe that multiplayer games might reflect this interaction style through
their actions as well, by rewarding players when embracing choices which exclusively
improve others.

2.1 Model of Interaction Motives

Related research allowed us to extract two extreme behaviors: Self-Improvement and
Extreme Altruism. In this work we deploy both these ends of the spectrum, placing them
as opposite poles of a continuous interactions motive space (Fig. 1). This space allows us
to examine towhat extent players interactions are individually or altruisticallymotivated.
In one pole, we have a Self-oriented motive for interaction, devaluing attention for
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others, and in the other pole there is an Others-orientedmotive for interaction, without
valuing self consequences. Based on this interaction motives model, we deemed that
an adequate indicator of the emergence of individual and altruistic behavior (besides
verifying players’ game strategies and final scores) was to acquire self-reported motives
for interaction, comprehended between Self-oriented and Others-oriented.

Fig. 1. Continuous space organizing interaction motives, between Self-oriented and Others-
oriented. Self-oriented motives can be associated to the Self-Improvement behavior, and Others-
oriented motives can be associated to Extreme Altruism.

2.2 Mediating Individual and Altruistic In-Game Behavior

After constructingour interactionmotivesmodel,we examinedwork specifically devoted
to behavior promotion. For instance, Vegt et al. [28] showed that, while subjects played a
multiplayer game in separate rooms, different game rules could generate distinct reported
player experiences and observable distinct player behaviors, further discriminated into
four patterns: expected patterns of helping and ignoring, and unexpected patterns of
agreeing and obstructing. Returning to social dilemma scenarios, Rosen and Haaga [22]
managed to induce higher levels of cooperation in small groups of four to eight subjects
playing a prisoner’s dilemma (higher number of cooperative game actions, and higher
altruistic attitudes toward a specific dilemma story), by applying message-based persua-
sion methods. To facilitate cooperation, instead of neutrally defining the nature of the
dilemma, two explanations were applied: either the positive effects of collaboration and
negative effects of free-riding were directly exposed for the considered social dilemma
problem; or subjects were told that the same task was presented to various professionals
at a conflict-resolution conference, who agreed that cooperation was the only appropri-
ate response to the conflict and was necessary for societal harmony in general. Galbiati
and Vertova on the other hand, studied the promotion of cooperation in a repeated public
goods game through contribution obligations - the minimum each player had to con-
tribute to the public good to have a chance of being rewarded [6]. The authors concluded
that although obligations per se could not sustain cooperation over time, higher obliga-
tions led players, in average, to focus more in cooperating, while not reducing as much
their cooperative contributions through the course of the game. Also, unexpected obliga-
tion increases meant cooperation levels increases. Following our research question, we
also analyzed several game-oriented reward attribution approaches which we believe to
be suitable for in-game behavior promotion, ranging from simple scores to collectibles,
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resources, item granting systems, achievement systems, player dossiers, and feedback
messages [4, 11, 17, 21]. In particular, rewards in the form of scores awaken interest,
as they are simple to deploy and allow easy comparisons between players [11, 16, 21].
For instance, McClintock et al. showed that players choices (and possibly the domi-
nance of motives behind such choices) could be manipulated in a modified prisoner’s
dilemma game, by varying the score display methodology (display of own outcome or
both own and other player’s outcome) and monetary reward parameters [16]. Notably,
more competitive behavior was observed when players were able to compare their and
others’ scores and in a low – as opposed to a high-reward condition, even though players
were separated via a visual barrier and disallowed to communicate. Besides their sim-
ple deployment, scores also provide flexibility when parameterizing behavior, as they
may not directly influence the way game actions and mechanics operate for a player to
progress in a task. Thus, we chose this route for behavior promotion.

3 Solution Description

As previously commented, we used a game called Message Across1 (Fig. 2) to examine
the dynamics of players’ interactions. In the course of the game, players try to complete
words as they advance through the levels. Each level presents two words on the top of
the screen, one for each player. Because we wanted words which were easily understood
and completed, only four letter words with two letters in common were considered in
our experiments. In the middle of the screen, the game presents a track containing three
lanes where letters move towards players. The track also contains two markers, one for
each player, arranged at the bottom.

Fig. 2. Screenshot of the game message across.

In order to select a letter, a player has to move his/her marker to the lane where
the letter is sliding, and select an action. When the letter collides with the marker, the

1 The implementation of the game is available online, hosted in the platform GitHub: https://git
hub.com/SamGomes/message-across.

https://github.com/SamGomes/message-across
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selected action is performed. If two players are in the same lane, only the first player that
selects an action is able to perform it. Players can perform one of two possible actions at
each moment. They can either take the letter or give the letter to the other player. The
objective of each player is to obtain the highest score. In our experiments, each player
could perform a maximum of four actions per level, and a level finished whenever both
players had no actions left to perform. We believe that a limit of four possible actions
exacerbated the players’ need to search for meaningful strategies.

After reviewing related research, we built a model for interaction motives bounded
between Self-Improvement and Extreme Altruism. To foster these two extreme behaviors
in-game, we developed two divergent scoring versions:

– The Self-Improvement version exclusively rewarded 10 points to players who took
letters that were useful for them;

– TheExtremelyAltruistic version exclusively rewarded 10 points to players who gave
letters needed by the other players.

The duality between these strategies is apparent, as the first rewards players which
act for their own task completion, disregarding the actions of other players, while the
second one rewards players who exclusively help in others’ task completion. Given that
these reward versionswere developed to allowplayers to understand the game in different
manners,we predicted twodistinct trends,whichwe translated to twohypotheses. Firstly,
the players would embrace different, opposite strategies. These strategies would then
allow the game to orient the players’ interactions towards the opposite poles defined in
our interaction motives model:

H1: The Self-Improvement version will implicitly drive players to perform a high
number of takes and the Extremely Altruistic version will drive players to perform a high
number of gives.

H2: The Self-Improvement versionwill implicitly drive players to report self-oriented
interaction motives, and the Extremely Altruistic version will implicitly drive players to
report others-oriented interaction motives.

4 Experimental Setup

In order to evaluate the effectiveness of our approach, we performed several experiments,
approved by the Ethics committee of our institute, where pairs of participants played
through the different versions of Message Across. In each test, the game versions were
obfuscated by using letters to represent them, and the order of presentation of the game
versions was uniformly randomized between groups to avoid any potential learning
effects. Therefore, throughout the session, the participants did not know how the
game was being scored and had to figure that out by themselves.

A touch screen was included in the experiment room for players to interact with the
game. Two computers were used for our experiments: one computer executed the game
and other computer allowed players to self-report their interaction motives orientation
through a questionnaire. AGo-Pro video camera2 was also included for observing player
movements and in-game activity and to help remedy some possible inconsistencies in

2 https://gopro.com/en/us/

https://gopro.com/en/us/
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automatic data collection. The camera was attached to a tripod and positioned approxi-
mately 50 cm in front of the touch screen. The camera view of our setup can be observed
in Fig. 3.

4.1 Sample

Participantswere recruited through standard convenience sampling procedures including
direct contact and word of mouth. Subjects included anyone interested in participating
if they were at least 18 years old. There were no potential risks and no anticipated
benefits to individual participants.We conducted a total of 37 tests in a college laboratory.
Participation was open to outside visitors, which meant that not all participants were
college students. After data analysis, four tests did not meet quality criteria, e.g. in-
game data not recorded or questionnaires with missing answers. Thus, our final data set
comprised 33 tests, a total of 66 participants (37 males, 29 females) between 18 and
40 years old (M = 23.12; SD = 4.09).

4.2 Procedure

The experiment operated as follows: (i) Firstly, participants were informed about the
experiment and invited to sign a mandatory consent form. They were also informed that
they could stop the experiment at any time; (ii) After signing the consent form, both
participants were asked to move next to the touchscreen (as seen in Fig. 3) and received
a tutorial regarding in-game mechanics and possible actions to perform. Additionally,
participants were allowed to play up to seven levels without being rewarded for any give
or take action, in order to support the development of fluent playing skills; (iii) When
both participants felt comfortable with the game mechanics, they played the two game
versions in random order with each gaming session requiring the completion of seven
levels. After each gaming session, participants were asked to complete questionnaires
measuring their interaction motives orientation regarding that session. At the end of the
experiment, participants received a candy bar as a compensation for their time.

Fig. 3. Camera view of a group playing Message Across during our experiments.

4.3 Variables

One independent variable was considered, Score Attribution Systemwith two possible
values: {Self.I., E.Altr.}. Three dependent (within-subjects) variables were considered:
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– Mean number of takes, the mean number of letters a player acquired for him-
self/herself in each level. The value space is [0, 4], as each player could perform at
most four actions (gives or takes) per level. This variable was measured by analyzing
game logs;

– Final game score, the score a player obtained at the end of playing each version of
the game. This variable was acknowledged to support the differences observed by the
mean number of takes, and was obtained through the game logs as well;

– Interaction motives orientation, which measured the orientation of motives behind
a player’s interactions, between self-oriented and others-oriented. This measure was
obtained at the end of each played version, through a question “Who did I focus while
playing this version?”, answered using a seven-point Likert scale ranging from “Me”
to “The other player”. In our data analysis, we considered a value range between [-
3,3], in which -3 symbolized full self-oriented, and 3 symbolized full others-oriented
interaction motives.

5 Results

5.1 Mean Number of Takes and Final Score

The distribution of mean number of takes is plotted in Fig. 4. Shapiro-Wilk tests reported
a non-normal distribution regarding the mean number of takes values. Therefore, a
Wilcoxon paired signed-rank test was performed to compare the two score systems,
at the level of significance p = 0.05. The number of performed take actions changed
highly significantly between the two score strategies, with a large effect size (Z = 7.06,
p< < 0.001, r = 0.87). Furthermore, if we analyze the distribution of the data, we can
observe that players of Self-Improvement score systems performed, on average, a high
(near maximum) number of takes (M ≈ 3.64,Mdn≈ 3.86, SD≈ 0.37), while oppositely,
players of the Extremely Altruistic score system performed a low number of takes (M ≈
0.58,Mdn≈ 0.57, SD≈ 0.42). Even though the differences are clearly noticeable, we can
also observe that the Self-Improvement data is closer to the maximum number of takes,
than the altruistic version is to the minimum. Based on our experiments’ observations,
we argue that this effect was possibly caused by the fact that while searching for the most
rewarding strategies, players found easier or more natural to start by taking letters for
themselves, which resulted in differences in the final scores, notably slightly higher Self-
Improvement values (Fig. 5). This tendency may also relate to the assumptions which
players initially make of the game (in this game, they might initially be compelled to
compete). This trend should be more extensively explored in future studies. In summary,
these results support that players implicitly understood that the optimal strategy while
playing the Self-Improvement version was to take letters, and the optimal strategy while
playing the Extremely Altruistic version was to give letters, even though these strategies
were unknown throughout the game execution. However, while playing the game, the
players seemed compelled to take letters for themselves in both conditions, which may
relate to their initial assumptions.
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5.2 Interaction Motives Orientation

The distribution of the interaction motive orientation values is plotted in Fig. 6. Shapiro-
Wilk tests reported a non-normal distribution regarding the motives orientation values.
Therefore, aWilcoxon paired signed-rank test was conducted, at the level of significance
p= 0.05. The motive orientation values also varied highly significantly between the two
score attribution strategies, with a large effect size (Z = -5.73, p < < 0.001, r =
0.71). By observing the distribution of the data, we can conclude that Self-Improvement
responses were driven towards “Self-oriented” (M ≈ -1.76, Mdn = -2, SD ≈ 1.43),
opposite to Extreme Altruism responses, which were approximated towards “Others-
oriented” (M ≈ 1.12, Mdn = 2, SD ≈ 2.30). However, similar to the aforementioned
results, there was a natural tendency for the players of Extreme Altruism to deviate from
the expected value range, in this case the full “Others-oriented” motives, which may also
have been an effect of the players’ initial assumptions. Summing up, these results indicate
that, as expected, the Self-Improvement version was perceived as allowing players to
improve their gameplay, and the Extremely Altruistic score system was perceived as a
helping scenario implying that players’ interactions were motivated by other players.
However, these results reflected a natural tendency for Extreme Altruism players to
deviate from the expected, full “Others-oriented” motives, which may also relate to
their initial assumptions.

Fig. 4. Distribution of mean number of takes by score system.
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Fig. 5. Distribution of final scores by score system.

Fig. 6. Distribution of interaction motives orientation values by score system.
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5.3 Discussion

In this study we deployed and compared the effects of two score systems, representing
two extreme behavior styles: Self-Improvement and Extreme Altruism, in the players
strategies and self-reported interaction motives. Notably, the players played through
several game levels, without knowing how the game was scored. Results indicated that
the Self-Improvement version led players to perform a high (near maximum) number of
takes and report self-oriented interaction motives, while the Extreme Altruism version
led players to perform a low (near minimum) number of takes and report others-oriented
interactionmotives. Thus, our expectations were corroborated.Moreover, the tendencies
revealed high effect sizes, which means strong differences were mediated by the two
score functions. It is important to note that rich and dynamic interactions were promoted,
even though there was the concern that players could possibly deviate their focus to
the game tasks alone, without acknowledging their rewards (in this case, their scores).
Still, in both conditions, a predominance of the Self-Improvement version was observed
over all measures. This may indicate a natural tendency for players to start exploring
the effects of their own actions, before exploring others-oriented actions. Also, in this
game, players might be initially compelled to compete, a possible reason being that all
scores were concurrently displayed in the game interface [16]. As commented before,
this trend requires future analysis, notably by deploying new versions of our game.
Nevertheless, the aforementioned results reflect an important finding, which answers
our hypotheses and research question: our score attribution strategies led all players to
implicitly adopt significantly different in-game strategies (mean number of takes) and to
report different interactionmotive orientations for the two game versions, aligned to each
behavior pole.Thus, evidencewas obtained for individual and altruistic rewardmediated
in-game behavior. In other words, without using different game items or mechanics,
players still managed to learn meaningful strategies, which motivated them to interact in
different ways, thus proving the effectiveness of our approach. Even though this may not
necessarily indicate that, while performing our experiments, players were intrinsically
less selfish in the altruistic condition, results do indicate that in this condition, they
were more focused on the other player from a task completion perspective. Taking that
into account, we still believe that this research may shed light in applying individual or
altruistic-oriented rewards to facilitate attitude change via in-game behavior promotion,
or to regulate and balance dilemmas in which the players’ decisions can be influenced
by individual differences or cultural backgrounds [8, 20].

5.4 Limitations

The further consideration of a similar strategy must, however, be treated with care, as in
order to apply our strategy, our game presented tasks that could be completed by different
means, but using the same player actions. This may not be the case of the tasks present
in all games. In more complex scenarios, instead of using a reward-based approach per
se, rewards can be used to complement rules or mechanics in ways that might be further
investigated in different serious games and social dilemmas scenarios, while trying to
avoid player assumption biases. Finally, for experiment ease, we acknowledged just two
types of actions, contrasting with most modern games that include a wider range of
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action possibilities. The fact that only four actions were allowed at each level may have
limited the emergence of interactions as well.

6 Conclusions

In this work we approached the promotion of behaviors perceivable as individual or
altruistic, exclusively through the use of rewards as scores. Our premise was that an
individual behavior, modeled by a full self-directed interaction motive orientation, could
be implicitly incentivizedby rewardingplayerswhocontributed to the completionof their
own tasks, while, oppositely, an altruistic behavior, modeled by a full others-directed
interaction motive orientation, could be implicitly incentivized by rewarding players
who contributed to the completion of other players’ tasks.

To test the validity of these assumptions, we deployed two different score attribution
systems in a word-matching game named Message Across, and conducted several user
tests, where participants did not know how the games were scored. The evaluation
comprehended two main aspects: the first was to verify if there was an actual change in
the players’ task completion strategies, and the second was to acquire and compare the
players’ perception of who they were focusing on while playing the game.

The results indicated accentuated tendencies for the promotion of both individual
and altruistic in-game behavior, as highly significant differences, aligned to our expec-
tations, were observed for the players’ strategies and self-reported interaction motive
orientations. In particular, an individual score function drove players to perform a high
number of takes and an altruistic function drove players to perform a lownumber of takes.
Besides, these diverging players’ strategies allowed the individual version to motivate
players to focus on themselves, and the altruistic version to motivate players to focus on
other players. While this does not necessarily indicate that players were less selfish in
the altruistic condition, results indicate that in this condition, players were more focused
on the other player from a task completion perspective.

Future research includes the investigation of whether individual differences such as
personality have an effect on how people vary their playing strategies and interaction
motives when a game targets to mediate individual or altruistic behavior.We also believe
that varying the number of actions per level, words size and using different numbers of
shared letters is worthwhile to verify how the length and type of the task can have an
impact on interactions and playing styles. A cross cultural study would also be inter-
esting, given the already presented tendency for culture to influence players’ strategies
and behavior evaluations [8, 20]. Besides, we can verify what differences may emerge
when separating players, restricting their interactions [16, 28], or extend our analysis
by contemplating interactions styles beyond the ones considered in the present study,
such as mutual help or competition. Finally, our findings also contribute to the field of
automatic education and training, due to the importance of behavior promotion for this
research topic. Models such as GIMME [7], that aim to optimize the collective ability
of groups interacting with one another, may use scores to mediate students’ interac-
tions, thus empowering collective teaching in multiplayer game settings. Furthermore,
promoting interactions using rewards allows researchers to take a more human app-
roach to the integration of agents that simulate people in serious games, besides adding
expressiveness to their simulation models.
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Abstract. The video game industry is constantly innovating, with new
mediums and ways for players to interact with the game environment.
Voice interaction in games is an ever evolving field, especially with
advances in Natural Language Processing. In that vein, there has been a
increasing number of conversational agents with natural language inter-
action capabilities deployed into video games. In this paper, we improve
the Virtual Suspect game with a natural language interaction using the
tools provided by Amazon Alexa. We followed an iterative, user-centered
approach when designing the new interaction, collecting feedback and
data from three User Studies in order to improve the interaction with
the Virtual Suspect. Our findings suggest that the usage of natural lan-
guage to support the interaction with game characters can improve the
player experience.

Keywords: Conversational agents · Voice games · Interactive
narrative

1 Introduction

Videogames offer the player an opportunity to be immersed in virtual worlds
enriched with fantastic elements and interesting characters. Interacting with
these characters allows players to uncover narrative beats while exploring and
progressing through the game’s story. These interactions are usually supported
by dialogue systems that provide the player with a familiar mechanism to engage
characters and extract information: Natural Language. However, such systems
often display restrictions that conflict with players’ expectations and limit their
ability to express themselves. Researchers and developers have applied differ-
ent paradigms to endow Non-Player Characters (NPCs) with conversational
capabilities: from dialogue supported by social exchanges [8,9], to parser-based
approaches [7,12] and vast authored branching dialogues [11], all are designed
on top of a limited set of utterances. Although these interactions might resemble
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conversations between social beings, they are restrictive and do not allow players
to engage NPCs in a natural and free fashion.

Video games are constantly evolving and, as an interactive medium, they wel-
come the application of new technologies to support more believable and inter-
esting player experiences. As such, there has been a significant amount of video
games relying on Natural Language Understanding to support the interaction
between the players and NPCs [6]. The hardware to support such interaction is
becoming more accessible and the increasing number of developer-friendly APIs
has boosted the number of applications, in particular games, that have verbal
behaviour as the core of the interaction.

Among other solutions commercially available, Alexa is a virtual assistant
developed by Amazon and released with the Echo smart speaker that allows
developers to add new third-party functionalities, called Skills, which include
voice-enabled games. Since this technology allows for the easy creation of natural
language applications, and has already been proven to work as a platform for
voice interactive games, we decided to use it to create a new natural language
interaction with the lying agent created by Rato et al. [14].

Rato et al. [14,15] designed a model for a Virtual Suspect - an autonomous
agent that was capable of lying, within an interaction in the context of a police
interrogation. This model has the potential to be integrated into a video game as
an NPC that players have to interrogate. The focus of that work was designing
the architecture of the agent and devising the lying algorithm. When it came to
testing the agent, the interaction between users and agent was very limited, only
allowing for a small pre-defined number of questions, and not fully showcasing
the capabilities of the lying model. In their conclusion, the authors posited that
a natural language interaction could improve the quality of the interaction with
the agent.

The limited interaction with the original Virtual Suspect game is the problem
that we are trying to solve. We believe the core of the original work, the Virtual
Suspect framework and lying capabilities, has potential to make for a compelling
character in a video game environment, but the original work did not go far
enough to showcase that potential, and the interaction they created in order to
test their work was insufficient.

We will test the hypothesis that a natural language interaction will improve
the interaction with the agent, and create an interaction that showcases the
capabilities of the original model and shows its potential as a lying NPC in a
video game. From investigative games centered around interrogating a suspect
to just a side character in a larger narrative, a good lying NPC with a good
interaction could be an interesting component to add to a video game, providing
players with a rich and unique experience.

This work will focus on the creation of a new natural language interaction
with the Virtual Suspect, using Alexa, as a means of showcasing the lying agent’s
capabilities and potential. We looked at other works with certain similarities to
our own, analysed how the Virtual Suspect [14] was designed and developed,
and how we can create our new interaction with the Alexa Skills Kit (ASK). We
then combined that knowledge to create a Virtual Suspect Skill and followed
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a user-centered approach to improve the quality of the interaction. Our goal is
a natural language interaction that is fluid and provides good User Experience
(UX), and showcases the potential of the lying agent model as a video game
component.

2 Related Work

We analysed two examples of Virtual Suspects, one developed by Bitan et al.
[1] and another by Bruijnes et al. [2]. While the Virtual Suspect developed by
Rato et al. [14] was mostly focused on modelling the lying behaviour of the
agent, these two works were more focused on modelling the agent’s mental and
emotional state [1], and different personality characteristics of the agent [2].
Their work was centered around how the agent’s answers would differ according
to those parameters, with all the different possibilities being pre-programmed,
while the Virtual Suspect that we will base ourselves off of allows the agent
to come up with its own answers dynamically. Given that their answers were
already pre-defined, the Virtual Suspects’ behaviour could eventually become
predictable with enough interaction, if incorporated into a video game, while
our agent could introduce more variance to the experience.

We studied three examples of Conversational Agents in video game-like envi-
ronments, to see how other authors have tackled these issues. The work by Falk
et al. [3] centers around guiding players through an interactive narrative, how
to model knowledge representation in an agent’s memory, and how to model a
player’s perception of that knowledge. They developed an agent that players can
talk to during an interactive narrative, they can ask questions about the story,
and the agent can guide users to important parts of the narrative they might
have missed. Kenny and Huyck [5] developed an agent that can talk with the
player and understand what the player is talking about through context, using
Referring Expressions. Last but not least, we looked at the work of Morris [10]
who proposed a model for an agent with shallow models of emotion and person-
ality that would be capable of engaging players in conversation while playing a
Cluedo-style game. These three works highlight the potential of conversational
agents, such as the Virtual Suspect developed by Rato et al. [14], to be added
to video game environments, and to use Natural Language as the interactive
medium. Things like modelling context and player’s perception of knowledge
will be extremely useful to us when creating the Natural Language interaction
with the Virtual Suspect.

We also examined some examples in the industry, with companies like Doppio
Games developing and releasing voice-first games for platforms like Amazon
Alexa and Google Assistant. These games focus their interaction and game-
play loops on voice interaction and Natural Language Processing, to create an
interesting and innovative experience. Examples include The Vortex by Doppio
Games, Starfinder by Paizo - Alexa Games, and Escape the Room by Stoked
Skills LLC. Not only are companies and developers taking advantage of this new
paradigm, but even Amazon itself is fostering the development of new applica-
tions using the Alexa Prize [13], a competition for creating open-domain social
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bots. These games and works serve as an example that this sort of interaction
in games is viable.

While these works have aspects in common with our own, none is too similar
to what we are trying to achieve, so we could not base ourselves too much on
any of them and had to come up with a model for our new Virtual Suspect
interaction on our own.

3 Virtual Suspect

In order for us to create a new interaction with the Virtual Suspect, we have to
obtain a deep understanding of how it was designed and how it works. In “Virtual
Suspect - A Lying Virtual Agent” Rato et al. [14] laid out the architecture and
functionality of their lying Virtual Suspect.

First, the agent has a memory, its Knowledge Base, which contains its
story. The agent’s story is composed of events and entities. Entities are the
most basic memory fragment and can represent people, locations, objects, time
spans. Events represent distinct episodes in the agent’s story and they are com-
posed of an Action and several entities, in different roles. For example, “John
stole a chocolate from the store on September 5th at 4:30 pm” can be an event
where “Steal” is the Action, and “John”, “chocolate”, “store” and “September
5th at 4:30 pm” are all represented by entities. Entities can have different roles
in events. In the previous example, those roles were Agent, Theme, Location,
and Time, respectively, but you can also have Manner and Reason. These roles
indicate the relation between those entities and the Action in that event, who
was involved, what was the target of the action, where it happened, when it
took place, how it happened, and why it happened. Events and entities exist
separately in the Knowledge Base, and events reference the entities that were
involved in them, this way the same entity can be referenced by (and thus have
participated in) several events. Events can also be true or false, where true events
are what really happened in the agent’s story and false events are the events the
agent uses to lie. These can have an incriminatory value from 0 to 100, depending
on how incriminatory each event is, in relation to the crime our Virtual Suspect
committed.

The interaction between the agent and the user is done through questions
and answers. The user asks the agent a question about its story and the agent
responds, with either the truth or a lie (as we will see later). These questions
are internally represented as queries in the agent’s system, and they can either
be Validation questions (yes or no), or Information Gathering questions (who,
where, when, why, etc.). Each query contains a series of conditions which it
seeks to validate in order to find an answer. For example, the question “When
did John steal the chocolate?” is an Information Gathering question that seeks
to retrieve the Time entity from an event that matches the conditions “Agent
Equals John”, “Action Equals Steal” and “Theme Equals Chocolate”. The Query
Engine receives this query, tries to find all the events that match those con-
ditions, and returns a query response, which in this case contains the value
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“September 5th at 4:30 pm”. After this step, the Virtual Suspect also contains a
Natural Language Generator that transforms the query result into a proper
English sentence to be returned to the user as its answer.

Theory of Mind
Layer

Strategy Selection
Layer

Story Adjustment
Layer

Question

Answer

Update

Update

Select Strategy Adjust Story

Filter Answer

Knowledge Base
Query
Engine

Fig. 1. Virtual Suspect architecture

What enables the agent to lie is a three layered two-pass control system, as
illustrated in Fig. 1. When the agent receives a question, it passes through each
one of the three layers before being processed by the Query Engine, and the
answer passes through the layers again before being returned to the user. The
Theory of Mind Layer keeps track of what the user already knows about the
story, by analysing the information contained inside the query. If the user already
knew about John stealing the chocolate, for example, it would not be productive
to try to lie about that. The Strategy Selection Layer selects an appropriate
lying strategy based on the current context, and the Story Adjustment Layer
creates the fake events that the agent uses in its lies. When the agent encounters
a question that would lead it to reveal incriminating information, it instead
creates a new fake event with less incriminating information to take the place
of the incriminatory event in the version of the story the agent is presenting
the user. The agent always keeps track of the true version of events, but is
capable of having alternate versions of those events in its memory in order to
hide information from the user. After the question has passed through all the
layers, it is processed by the Query Engine, and thus the information about the
fake events is retrieved instead of the real information, and the result then passes
back through the layers again, before being returned to the user.

Figure 2 shows how this was implemented in the original work [14], with the
Response Model representing the conjunction of the Query Engine and the
three layers. The prototype that was originally used to test the Virtual Suspect
was a visual interface that contained information about the suspect and the
case, and a set number of pre-defined questions that users could select from. All
this information, along with the events and entities of the agent’s story were all
defined in a separate Story file. When the user selected one of the pre-defined
questions from the visual interface, it automatically sent the corresponding query
to the Response Model, which was then processed as previously described and
the answer was displayed back to the user in the interface.
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Fig. 2. Virtual suspect prototype implementation

4 Alexa

The Alexa is a virtual assistant developed by Amazon and released with the Echo
smart speaker, that is capable of a wide range of features, but the one that is
of interest to us is the ability to create third-party applications using the Alexa
technology, called Skills. These Skills are made through the Alexa Skills Kit
(ASK) and they have two components: the Interaction Model, and the Skill
Service. Figure 3 shows the typical workflow of an Alexa Skill. The user asks a
question or gives a command to Alexa, which sends it to the Skill Interaction
Model. The Interaction Model disambiguates the meaning of the user’s message
and sends that information to the Skill Service, which computes the appropriate
response and sends it back through the system until it reaches the user.

JSONTextAudio

Question/command Content of message Intent Request

Skill ResponseAnswerAnswer

Fig. 3. Workflow of an Alexa Skill

The Interaction Model is the front-end of the Skill, and it is composed of
intents. An intent contains a selection of sample phrases that could be uttered to
invoke that intent. For example, a HelloWorldIntent could contain the utterances



104 G. Baptista et al.

“Hello”, “Hi World”, and “Hey”, so that when the user says one of these phrases
or something similar, Alexa can correctly identify the HelloWorldIntent and
provide the proper response. The more sample phrases an intent has, the more
accurate Alexa can be when detecting it, as Alexa trains a model with the
information in our Interaction Model to be able to detect meaning from a wide
variety of phrases, although the exact method is not publicly known.

Besides having a set of sample utterances, an intent can also have slots, which
are essentially variables that can be fulfilled by certain values. For example, we
can have the sample phrase “My name is{name}”, where {name} represents a
slot that accepts English first names as values. This way, both the sentences “My
name is John” and “My name is Mary”, would equally fulfill that intent. A slot
type can be one of many provided by Amazon (like the First Name slot type),
or can be a custom list of possible slot values according to the skill’s domain.
These slot values can also contain synonyms. Slots cannot be iteratively defined,
so a slot cannot contain another slot.

This information (intent and slot values), once processed by the Interaction
Model, is sent to the Skill Service, which is the back-end of the Skill, through a
JSON file. The Skill Service takes the information sent by the Interaction Model
and computes the appropriate response (for example, “Hello John”), and sends
it back to the Interaction Model through another JSON file.

5 Solution

In order to create the new Natural Language interaction with the Virtual Sus-
pect, we combined what we studied in the previous sections to create a Virtual
Suspect Skill. Our Interaction Model has different intents for the different ques-
tion types, and we use slots to create the query conditions. Each of our intents
needs lots of sample utterances so our model can cover a wide range of questions,
and our slot values include the possible entity values for each type. Our Skill
Service was created in the same environment as the original Virtual Suspect was
developed, so we can use the original Virtual Suspect Response Model as a sort
of code black box. The Skill Service takes the intent and slot information from
the Interaction Model and uses it to create a query object that can then be sent
to the Virtual Suspect Response Model. We also use the Virtual Suspect Natural
Language Generator to transform the query result returned by the Virtual Sus-
pect Response Model into a proper answer, before returning it to the Interaction
Model.

Figure 4 shows a representation of our Virtual Suspect Skill, showing the Skill
Service interacting with the Virtual Suspect modules, and combining what we
had already seen in Figs. 2 and 3. The connection between the Story file and
Interaction Model is merely symbolic, as we cannot directly connect those two
entities, but it represents the entity values that populate the slot values.

We used an iterative, user-centered approach when designing the Virtual Sus-
pect Skill. We started by recreating the functionality of the original prototype,
ensuring basic coverage for all the different types of questions, and then we did
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Fig. 4. Solution architecture

a User Study to collect data on how users interacted with the Virtual Suspect,
what kinds of questions they wanted to ask and how they asked them. We also
measured the performance of the agent, collecting data on the problems of the
interaction, so we could have a baseline performance to compare to later.

After we collected the data from the First User Study, we used it to improve
upon the interaction, making changes and improvements to fix those issues. We
then conducted a Second User Study after those changes, to validate if those
changes had improved the quality of the interaction, and to measure the User
Experience (UX).

During the development and first two User Studies, we kept the lying com-
ponent of the agent deactivated, so we could better measure its responses to the
various questions without the lies obscuring that information. After we did the
Second User Study, we turned the lying component of the agent back on and did
a final User Study to measure the UX of that interaction, to see how well the
original lying algorithm fit into the new interaction.

The next sections describe the development process of the Virtual Suspect,
and the three User Studies, respectively.

6 Development

6.1 First Steps

In order to be able to do our fist User Test and collect data on how people interact
with the Virtual Suspect, we needed a functional Virtual Suspect Skill prototype.
We started off by replicating the functionality of the original Virtual Suspect
Prototype [14] whose visual interface only included 13 pre-defined questions.
Since those questions were already predefined and the corresponding queries
would directly be sent to the Virtual Suspect Response Model (as seen in Fig. 2),
there was no concern about being able to interpret those questions using Natural
Language Processing, and as such they did not conform to a consistent style,
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often having sentences before the question and information that was not relevant
for the query. In order to recreate the functionality of being able to ask those
original questions (or their corresponding queries at least) and obtaining the
same answers, we had to restructure the questions into a more consistent style
that we could then expand to the rest of the question types in our Interaction
Model.

We ended up with a style where a question like “Where did you meet John
Frey?” was modeled as “Where {question verb} {subject} {filler verb} {agent}”.
In this example, “Where” indicates the type of question, {subject} and {agent}
are slots that contain information relevant for the query conditions, while {ques-
tion verb} and {filler verb} are slots that allow for a wider range of questions
with the same meaning to be identified. This way, questions like “Did you meet
John Frey?” and “Have you met John Frey?” can both be represented by the
same utterance, as they both have the same meaning.

After we established a consistent style of question, and managed to recreate
the functionality of the original 13 questions, we expanded our Interaction Model
to include more questions of each type, by looking at the events of our story and
figuring what types of questions could be asked, with which conditions. As we
mentioned before, this was done with the lying component turned off, so we
could better understand how the agent was processing the information. With a
lying agent, it would be more difficult to tell if the agent answered “No” because
he understood the question and decided to lie, or if he did not understand the
question at all.

With this functioning prototype, we realized our First User Study to collect
data on how people interacted with the Virtual Suspect, so we could expand our
Interaction Model with more possible questions, and to measure the performance
of the agent, so we could note the problems with the interaction and work to
improve it.

6.2 Improving the Interaction

With the data collected from the First User Study, we were able to make a lot
of changes and improvements to the Virtual Suspect Skill, to address problems
such as:

– Missing intents: questions that the users wanted to ask but the agent was
not capable of answering.

– Pronouns: both direct pronouns (it, him, there) and indirect pronouns
(something, anyone).

– Context: a knowledge of what was previously asked.
– Synonyms: adding more synonyms to the Interaction Model.
– Missing information: information about the story that users wanted to

know about but it was not represented in the story.
– Answer generation: improving the Virtual Suspect Natural Language Gen-

erator.
– Time conditions: add more cases for different possible time conditions in

questions.
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– More utterances: add more variety of questions to the Interaction Model.
– Filters in the Skill Service: to make sure that things are being processed

correctly.
– Feedback: providing better feedback to the user when the agent cannot

answer a question for some reason.

By addressing these and other problems and making all the necessary changes
to the Virtual Suspect Skill, we were able to improve the interaction with the
Virtual Suspect. We realized the Second User Study in order to verify that
improvement and measure the quality of the interaction.

6.3 Last Adjustments

After we validated the improvements we made with the Second User Study,
we made a few final minor adjustments before turning on the lying component
again and making sure it was still working as intended with all of our changes.
After that, we moved on the Third and final User Study, to test how the lying
algorithm was working with the new interaction.

7 User Studies

We conducted three User Studies during the development of our work. In all
three studies, users interacted with the Virtual Suspect via a text messaging
service, where an account in the name of the Suspect was created to add to
user immersion. For all three studies, the conversations between the users and
the agent were logged and annotated, in order to identify the problems with the
interaction.

Considering that this work is centered around the Alexa, the decision to use
text messaging as the means of interacting with the agent might be a strange
one, but it was not without reason. Firstly, the global COVID-19 pandemic made
it more difficult to organize and conduct user studies, having to do so remotely,
which limited our options on how to have users interact with the game. Second,
even though Alexa Skills function exactly the same way when interacting via
voice or via text, the ability to log the conversations between players and the
agent does not, as the Amazon logging services do not save information on the
full sentence spoken by the user, only its intent and slots, and as we will see, the
ability to thoroughly log the conversations was crucial to our work. Thirdly, and
this is not as significant as the other two constraints, our Studies were conducted
with non-native English speakers, which could negatively impact the Automatic
Speech Recognition capabilities of the Alexa.

For the Second and Third User Studies, a questionnaire was presented to the
users after the interaction to measure the User Experience (UX), which used the
User Experience Questionnaire (UEQ) developed by Schrepp et al. [16,17].
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7.1 First User Study

For the First User Study, we wanted to collect data on how users interacted
with the Virtual Suspect (what type of questions they asked, and how they
asked those questions) and do an analysis of the problems with the interaction.

Since the interaction was still in an early state and the range of the agent’s
understanding capabilities was limited, we decided to do two different types of
interactions. One where users would interact directly with the Virtual Suspect
Skill, and another where users would instead interact with a human pretending to
be the Virtual Suspect, answering questions as the Virtual Suspect ideally would
without the Skill limitations (following a Wizard-of-Oz technique [4]). This way
we could collect data on the problems of the current interaction with the Skill,
but also analyse how people would interact without those limitations. When
logging the conversations, both types of responses were recorded for either type
of interaction, allowing us to do a comparison between what the user actually
interacted with and what the other interface would have said instead.

Twelve people participated in this study, none of which had interacted with
the Virtual Suspect in any way before. The average number of exchanges per
conversation with the Virtual Suspect, across all the participants, was 23.67.
The average conversation success rate (which is the percentage of exchanges that
were correctly identified by the agent) was 37.29%. We classified problems in two
categories: Question Problems (which was anything that caused the question not
to be recognized by the agent), and Answer Problems (which was anything that
caused the agent to give a bad answer). Only 35.92% of exchanges did not have
any Question Problems, while only 22.54% did not have any Answer Problems.

Overall, the results indicate that a more robust Interaction Model was nec-
essary to support a better gameplay experience, as could be expected. Apart
from that, we were able to collect valuable insight about how players engage the
Virtual Suspect and its capability to reply appropriately, through the use of the
aforementioned quantitative annotation of the interactions. This also provided
us with a baseline performance with which we could compare future iterations.

7.2 Second User Study

The Second User Study was realized after the changes and improvements made
as a result of the data gathered in the First User Study, with the objective of
validating those changes, verifying the improvement with the interaction, and
measuring the User Experience (UX).

Fourteen people participated in this study, six of which had participated in
the First Study and the remaining eight being new participants. This study had
an average of 54.07 exchanges per conversation, and an average success rate of
63.39%. This time, 65.13% of exchanges did not have any Question Problems,
and 89.83% of exchanges not having any Answer Problems.

These results were a marked improvement over the First Study, validating the
changes we made to improve the interaction. Not only that, but the UX results
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were also very good. Figure 5 shows our results compared to the benchmarks set
by the authors of the UEQ [16], and we can see that all of them fall either into
the Good or Excellent category.

Fig. 5. UEQ benchmarks

This Study was a success, as we were able to definitively show the improve-
ments we made to our Virtual Suspect Skill, validating our previous choices, and
we were able to show that our Skill provides a good User Experience.

7.3 Third User Study

The Third User Study was conducted after we turned on the lying component
of the Virtual Suspect and its objective was to measure the effect it had on the
interaction, to see how well it was working.

This study had sixteen participants, six who had participated in both pre-
vious studies, and six who had participated only in the Second, with four new
participants. The average number of exchanges per conversation was 46.13, and
the success rate was 65.01%. 66.80% of exchanges did not have any Question
Problems, and 88.48% did not have any Answer Problems.

The agent performance was largely the same as the Second Study, with the
difference in the average number of exchanges being explained by the fact that
the interactions of the Second Study were more free and exploratory, while in
the Third Study they were more focused on the crimes of the Suspect.

The UEQ results were more telling, with Fig. 6 showing that the results in
the Third Study were noticeably worse than the Second Study. Given that the
agent performance remained at about the same level, and given the feedback we
received about the agent’s lies not being very believable or realistic, it is safe
to conclude that it was the introduction of the lying component that caused
this drop in UX. Therefore, as it stands, the current lying algorithm is not very
suited for this new conversational interaction.

8 Discussion

The ongoing development of the Virtual Suspect aligned with the user-centered
studies suggests that the employment of a conversational model based on Nat-
ural Language can be beneficial to improve the player experience. The user
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Fig. 6. Comparison of UEQ results

questionnaires further support this claim, since all the evaluated dimensions of
the UEQ had positive values. Furthermore, the duration and variety of questions
asked during the interaction lead us to believe that introducing such conversa-
tional skills affords different interviewing strategies not supported by traditional
dialogue systems found in games.

Additionally, regarding the methodology adopted, using a user-centered app-
roach allowed us to better understand the interactive space the players want to
and, to an extent, can explore inside the narrative. With each iteration of the
Interaction Model, players were able to choose different lines of questioning as
well as collect information not accessible before.

However, accommodating conversational intents not widely adopted by the
entire sample might introduce a heavy developer and authoring effort, which
might not be worthy of consideration. Based on the development of the Virtual
Suspect, we realized that the authoring tools provided by Alexa have a restricted
set of functionalities that demand a wide variety of sample utterances to generate
an adequate interaction model. Constraints like the inability to have slots inside
of slots led to an inflation of utterances with the same meaning in the Interaction
Model, and kept us from achieving a degree of nuance that would have allowed
even more questions to be recognized.

And finally, as we saw in the results of our last User Study, the introduction
of the lying mechanism negatively affected the user experience. Although not
being the focus of this work, the introduction of new conversational capabilities
required some modification to the story representation. The way the lying algo-
rithm was defined in the original work did not adequately accommodate these
new story elements and structures. A more nuanced and thorough lying algo-
rithm is needed to better take advantage of and demonstrate the more advanced
capabilities and natural interaction of the Virtual Suspect game. Furthermore,
during the course of this research, we realized that the development of the Inter-
action Model should be deeply linked to the querying mechanism that retrieves
information. Pursuing a disconnected development of the interaction and the
knowledge representation does not benefit the capacity of the agent as a whole
and, ultimately, compromising the player experience.
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9 Conclusion

The deployment of conversational agents in games should not aim to replace
classical dialogue systems but rather explore new gameplay opportunities that
are driven by voice interaction as its core mechanic. In this work, we followed
a user-centered approach in pursuit of our objective of improving the interac-
tion with the Virtual Suspect, and the deployment of conversational agents in
games. We were able to overcome the limitations of the original Virtual Suspect
interaction [14], create a Natural Language interaction that showcased the capa-
bilities of the Virtual Suspect, and, most importantly, support conversation with
a game character with good UX. On top of achieving our goal of improving the
interaction with the Virtual Suspect, we were able to test whether the original
lying algorithm [14] was suited to this type of interaction, and concluded that it
needs further improvement.

Regarding the Interaction Model structure, the authoring approach can be
improved. A different natural language model, something more non-deterministic
and grammar-like, could be beneficial in achieving an even better interaction
with a reduced authoring effort.

There were also constraints with the definitions of the Virtual Suspect Archi-
tecture, like the way that Time and Reason entities were defined within events,
that kept us from being able to achieve a more realistic story that would have
matched the more natural interaction we created. A restructuring of the agent’s
memory, keeping the same basic concepts but improving upon them, could lay
the foundation for a richer and more realistic story.

The other objective of this work was to showcase the Virtual Suspect capabil-
ities and demonstrate its potential as an addition to a video game environment
as a lying NPC. The fact that we were able to create a Natural Language inter-
action with good UX does seem to support that hypothesis, and the work that
we have done so far can easily be expanded upon in the future. However, further
research must be conducted.

The future of this work should be centered on either creating an interactive
video game centered around interrogating the Virtual Suspect, or incorporating
the Virtual Suspect lying model into an already established video game environ-
ment. The improvements to the interaction with the agent itself, like the new
Natural Language Model, a restructuring of the agent’s memory, or a new lying
algorithm, can still be considered depending on the needs and context of the
eventual work, as well as writing new stories and characters.
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Abstract. Wepresent SimpAI, anAI agent created for theColorShapeLinks com-
petition, based on an arbitrarily sized version of the Simplexity board game. The
agent uses a highly efficient parallelized Minimax-type search, with an heuristic
function composed of several partial heuristics, the balance of which was opti-
mized with an evolutionary algorithm. SimpAI was the runner-up in the competi-
tion’s most challenging session, which required an AI agent with good adaptation
capabilities.

Keywords: Board games · Artificial intelligence · Evolutionary heuristics ·
Simplexity · ColorShapeLinks

1 Introduction

In this paper, we present SimpAI, an artificial intelligence (AI) agent created for the
ColorShapeLinks board game competition [3]. This competition is based on an arbitrarily
sized version of the Simplexity board game [1]. In this game, the board is a vertically
placed grid and pieces fall with gravity. In a similar fashion to Connect-4, the first player
to place n pieces of the same type in a sequence, wins. Pieces are defined by color, white
or red, and shape, round or square. The first player wins with round or white pieces,
while the second player wins with square or red pieces. Shape has priority over color
as a winning condition, and while players only play with pieces of their color, they can
play with pieces of both shapes, making the game more interesting and complex.

In a standard Simplexity game, the board has six rows and seven columns, and
victory can be achieved with a sequence of four pieces of the same shape or color, either
vertically, horizontally or diagonally. Figure 1 shows the possible victory conditions for
both players in a standard Simplexity game, i.e., either by color or by shape, with the
latter having priority as shown in Fig. 1b and Fig. 1d.
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Fig. 1. Victory conditions for the Simplexity board game.

The SimpAI agent was developed as a learning and exploration project in the context
of an AI course unit at Lusófona University’s Bachelor in Videogames degree [4]. It
searches for the best solutions in the game board using a classical Minimax-type search
approach, with a number of optimizations to search as deep and wide as possible. The
search is guided by a composition of five heuristics, the weights of whichwere optimized
using an evolutionary algorithm. The agent finished the competition in second place in
the Unknown Track, for which the board configuration and time to play were only
announced after the competition deadline.

This paper is organized as follows. In Sect. 2,we reviewboard gameAI techniques, as
well as two competing agents in the first edition of the ColorShapeLinks competition. In
Sect. 3, we discuss in detail the proposed agent, namely the optimized search algorithm,
the implemented heuristics and how we performed heuristic weight optimization using
evolutionary algorithms. In Sect. 4 we describe the results obtained using this approach
and how the agent fared in the two competition tracks. A discussion of these results
takes place in Sect. 5. Section 6 closes the paper, discussing potential improvements and
offering some conclusions.
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2 Background

The classical search approach in board game AI is the Minimax algorithm [8, 11]. This
algorithm performs a depth-first search of the game tree down to a predefined search
depth, bubbling up board evaluations obtained at maximum depth with a given heuristic
function in a recursive fashion.Minimaxevaluates game states at eachdepth from theAI’s
perspective, while assuming the adversary will also choose the best move for himself. As
such, Minimax maximizes board evaluations when the AI is playing, minimizing them
in the opponent’s turn. Minimax has been optimized and improved through the years.
Some of these optimizations, discussed for example in reference [8], are summarized in
the following paragraphs.

Negamax is one of the most basic improvements to Minimax, evaluating boards
from the perspective of who is playing at a given depth. The code ends up being simpler
and slightly more efficient than a pure Minimax, since the algorithm only performs
maximizations. Conversely, Alpha-beta pruning is a crucial optimization for Minimax
(or Negamax), making use of the upper and lower bound evaluations returned by the
heuristic function – the search window – in order to determine if a branch from a specific
move is worth exploring further, pruning it in case its evaluation crosses these limits.

Aspiration search takes this idea further, attempting to narrow the search window
in order to prune more branches, speeding up the algorithm. It accomplishes this by
calling the algorithm with a range based on the previous search, the lower bound being
the subtraction of a window size to the previous result and the upper bound being the
addition of the window size to the previous result.

The Negascout optimization performs a scout test by fully examining the first move
of each board positionwith a wide searchwindow, using the resulting score to narrow the
search window for the following moves. If all these following moves fail, the algorithm
conducts the search again with a full width search window. From the initial move with
a wide search window, the algorithm derives an approximation for the window sizes for
successive moves, while also pruning large numbers of branches.

Move ordering works in tandem with Alpha-Beta pruning, ordering the possible
moves at each depth by their heuristic score, from highest to lowest, so the algorithm
evaluates the most likely best moves first, increasing the chances of pruning potentially
worse branches and therefore making the algorithm perform faster and explore further.

Iterative deepening is an optimization which works well with a time limit. It searches
with incremental depths, and keeps going while it still has time to keep searching. It
essentially performs depth-first search in a breadth-first fashion, allowing the AI to use
as much time as it can without going over a preestablished time limit.

Zobrist hashingmakes use of an hash table and a collective of various integer numbers
for each position of the board, all different, that are later used by the AI to convert a given
board state into a rapidly storable and retrievable numerical identifier. These values are
stored in a hash table along with the heuristic score for the respective board states, thus
avoiding heuristic reevaluation of the latter.

The state of the art in board game AI can be considered a combination of Monte
Carlo Tree Search (MCTS) and deep reinforcement learning [6, 8, 11]. MCTS works by
simulating as many random play outs as possible from a given board state while there is
available thinking time, selecting a move based on the amount of wins, ties and losses
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for each node. In turn, deep reinforcement learning combines artificial neural networks
with reinforcement learning (e.g., QLearning), enabling the AI to learn the best possible
moves in any given board state.

Concerning the first edition of theColorShapeLinks competition, the winners of each
track used a number of techniques discussed in the previous paragraphs. The ThunderAI
agent won the Base Track usingMCTSwith a custom board implementation. In turn, the
first place in the Unknown Track was claimed by SureAI, a very well tuned Negamax-
based agent.

3 Methods

The SimpAI agent was developed in C# (.NET Standard 2.0 [10]), a requirement for
the competition as the agents need to run both in the Unity game engine [9] and in the
console. The implementation is divided into two different parts, which work together to
form SimpAI:

1. The search algorithm, used to search for promising future moves in the time it has
available to think, discussed in Subsect. 3.1.

2. The heuristic, used to classify future board states according to their strategic value,
thus guiding the search algorithm towards finding the best move. The heuristic is
presented in Subsect. 3.2.

In practice, the heuristic is a combination of several partial heuristics. These are
weighted in order to give the final heuristic value for each board state. The optimized
weights were obtained using an evolutionary algorithm, as discussed in Subsect. 3.3.

3.1 Search

The search is conducted through a Negamax algorithm, with a number of optimizations,
namely alpha-beta pruning, move ordering, iterative deepening and zobrist hashing, all
of which were discussed in Sect. 2.

The search was also parallelized, allowing several branches to be evaluated at the
same time by distributing the workload by the available CPU cores. In practice, this was
achievedwith theParallel.Invoke()method inC#,which internally optimizes the
number of available worker threads according to the number of hardware threads. Since
the Minimax family of search algorithms works recursively, and recursive algorithms
are difficult to parallelize effectively [2], each possible move at the first depth level is
processed iteratively in the main thread. Then, each correspondingMinimax (Negamax)
subtree, from the second depth level and onwards, is recursively processed in one of
the available worker threads, as shown in Fig. 2. When all the threads finish their work,
results for each subtree are compared back in the main thread, and the branch with the
best heuristic score determines the move to perform.



SimpAI: Evolutionary Heuristics for ColorShapeLinks 117

Fig. 2. Parallelization strategy for SimpAI. The first level of depth is iteratively processed in a
single thread. From level 2 onwards, each subtree is recursively processed in one of m available
threads. For simplification, it is assumed that there are always n moves to be performed at each
depth level. Player A represents the player about to play and Player B the player that plays
afterwards.

3.2 Heuristics

The heuristic value for each board state is determined by the weighted sum of five partial
heuristics, discussed in the following paragraphs.

HorizCenterHeuristic considers the overlapping area between a winning sequence
starting from the left side of the board with another from the right side as a more valuable
location for a player’s piece. Pieces included in this overlapping area, shown in orange
in Fig. 3 for a board with Simplexity’s standard dimensions, are able to be a part of a
sequence expanding to their right and another expanding to their left. Positions outside
this interval are too close to the edge of the board to allow such sequences; therefore, as
their distance to the overlap interval increases, the less valuable these positions become
according to HorizCenterHeuristic.

VertCenterHeuristic is the vertical counterpart of HorizCenterHeuristic, as shown
in Fig. 4.

VertDiscHeuristic considers the area above the number of rows needed to form a
vertical winning sequence starting at the bottom of the board as a poor location to place
pieces. As shown in Fig. 5, positions above this threshold, displayed in grey, are largely
out of reach in an early game, with a winning sequence containing these top spaces
requiring a large amount of pieces below them. These are only likely to be part of the
winning sequence if the game reaches a very advanced stage where only this area is
available.

BuildFromAfarHeuristic considers that placing pieces far away from each other
while still at a distance that would allow for a winning sequence between them is a
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Fig. 3. HorizCenterHeuristic on a board with Simplexity’s standard dimensions. Blue columns
show positions where a horizontal sequence starting from the left side of the board can form. Red
columns likewise for sequences starting from the right side of the board. Orange positions indicate
where these sequences overlap.

valuable move. In the sequence portrayed in Fig. 6, an agent following this heuristic –
first to play – places a piece in the center of the board. Once the adversary places its
first piece, the agent answers with a piece in a position at a distance equal to a winning
sequence and with an open path to the piece in the middle. If the adversary blocks this
potential sequence, the agent places a piece in the opposite position at awinning sequence
distance from the center piece. Eventually, the adversary has his pieces nullified (with no
way of making an horizontal winning sequence) and the agent has two possible winning
sequences.

Fig. 4. VertCenterHeuristic on a board with Simplexity’s standard dimensions. Blue lines show
positions where a vertical sequence starting from the bottom of the board can form. Red lines
likewise for sequences starting from the top. Orange positions indicate where these sequences
overlap.
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Fig. 5. VertDiscHeuristic on a board with Simplexity’s standard dimensions. Blue rows can be
used to form a vertical winning sequence starting from the bottom of the board. Grey positions
are outside this interval.

By placing pieces far from each other while at the same time putting them at a
distance that allows for a winning sequence, enables the agent to possibly – according
to the board’s length – start three different horizontal sequences: i) left to the leftmost
piece, ii) between both placed pieces, or, iii) to the right of the rightmost piece. This
pressures the adversary to decide which possible sequence to preemptively stop, with
this heuristic allowing for the agent to immediately continue another sequence that may,
once again, force a similar decision on the adversary, changing its focus from building
its sequences to trying to stop the agent’s ones.

DumpFromAfarHeuristic takes into account that placing the adversary’s shape
pieces in the corner of the map is the safest way of neutralizing them, as these are
the easiest positions to isolate, as shown in Fig. 7.

Any winning sequence will require at least one space from the areas calculated by
HorizCenterHeuristic and/or VertCenterHeuristic. Therefore, spaces lose value accord-
ing to how far they are from these intervals. Taking this into account, DumpFromA-
farHeuristic defines these lower value spaces as ideal locations to dispose of adversarial
pieces.

3.3 Heuristic Weight Optimization with Evolutionary Algorithms

The weights of each partial heuristic were obtained with an evolutionary algorithm
implemented with the DEAP library [5]. The algorithm population is composed of n
individuals representing SimpAI agent instances, with various partial heuristic weights.
Each individual is defined by five attributes corresponding to the heuristic weights, as
shown in Fig. 8.

Individuals in the first generation are initialized with random weights. The fitness of
individuals in each generation is given by their score in a ColorShapeLinks competition
between them. In this competition, all individuals play against all others, and all have
the opportunity to play first against any given opponent.
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Fig. 6. Three stages (progressing from top to bottom) of an agent using BuildFromAfarHeuristic
to make decisions on the bottom horizontal slice of a board with 13 columns and a winning
sequence of 4 pieces. The orange bars indicate the relevant winning sequences. The agent’s pieces
appear in blue, while the adversary’s appear in red. Both use their specific piece shapes in this
example.

Fig. 7. DumpFromAfarHeuristic on a board with Simplexity’s standard dimensions. Orange
spaces indicate the areas that are part of theHorizCenterHeuristic orVertCenterHeuristic valuable
areas. Grey positions are outside these intervals.
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Fig. 8. An individual in the evolutionary algorithm population is defined by five attributes
corresponding to the weights of the partial heuristics.

Individuals are selected for the next generation using tournament selection [7], com-
pletely replacing the original population. In tournament selection, two individuals are
randomly drawn from the original population. A copy of the one with best fitness is
selected for the next generation, and then both individuals are returned to the original
population and can be selected again. This process is repeated n times, yielding the base
population for the new generation.

Each pair of individuals in this new base population then undergoes uniform
crossover with probability pc, being replaced in place by their offspring. Uniform
crossover means that each attribute between the mating individuals is swapped with
probability pca.

Mutation is the final step in defining the new generation of individuals. Individuals
undergo mutation with probability pm, and in these, mutation is applied to each attribute
with probability pma . Since attributes – i.e. the heuristicweights – are numeric, a gaussian
mutation operator, inwhich a value drawn from the normal distribution (meanμ, standard
deviation σ ) is added to an attribute, is the most natural choice.

At this point a new generation of n individuals is fully formed. Their fitness is then
obtained by performing a new ColorShapeLinks competition between them, similar to
what was done for the first generation. The algorithm stops when it reaches a predefined
number of iterations, l, returning the individuals ordered by fitness, from best to worst.
Otherwise the process starts over, with a new generation undergoing selection, crossover
and mutation, further improving the heuristic weights of the population.

4 Results

4.1 Heuristic Weight Optimization

After testing several parameter combinations for the evolutionary algorithms, we settled
for the values displayed in Table 1. These values provided a good balance between
optimization quality and the duration of the optimization process – whichwas performed
using standard Simplexity rules.

We performed five runs of the evolutionary algorithm with different initial popula-
tions, and the best individual at the end of each run was selected for a final competition.
The final standings for this competition, as well as the weights of each of these “best”
individuals, are presented in Table 2.

Naturally, the individual in the first position was selected as our final agent for the
ColorShapeLinks competition.
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Table 1. Parameters used for the evolutionary algorithm runs.

Param. Value Description

n 50 Population size

l 500 Number of generations

pc 0.4 Crossover probability for pairs of individuals

pca 0.5 Crossover probability for each attribute

pm 0.2 Mutation probability per individual

pma 0.5 Mutation probability for each attribute

μ 0.0 Mean of normal distribution used for mutation

σ 0.25 Standard deviation of normal distribution used for mutation

Table 2. Weights of the partial heuristics for the best individuals in five runs of the evolutionary
algorithm. Position (Pos.) refers to the position of the individual in a final competition between
these individuals.

Heuristic Pos.

1st 2nd 3rd 4th 5th

HorizCenter 0.5386 0.8322 1.0383 0.9882 0.7913

VertCenter 4.5551 8.0820 0.1755 6.9733 5.4766

VertDisc −0.9044 −0.5215 8.4260 0.2584 0.0797

BuildFromAfar 2.9906 2.2055 3.4491 2.3593 5.5618

DumpFromAfar 4.9090 6.7064 3.3461 6.7073 4.1143

4.2 The ColorShapeLinks Competition

The competition was held on two tracks, each having specific parameter values, and
naturally, separate final standings. The first session, the Base Track, was run on Sim-
plexity’s default board configuration, as shown in Table 3. Here, agents were limited to
one CPU core.

The second session, the Unknown Track, was held in a configuration to be defined
by the results of that week’s EuroMillions draw, after the final submission deadline.
This way, the AI agents were unable to specifically prepare for this configuration. The
final parameters for this session are also shown in Table 3. There were no limits in the
access to the CPU cores, with the AIs being able to take full advantage of the available
computing power, provided multithreading was implemented.

In the Base Track, the submitted AI was ranked 6th – the last position, thus a clearly
poor result. On the other hand, in the Unknown Track, SimpAI, working at its full
multithreaded capacity, was the runner-up, proving that it can be efficient and adapt to
boards of different dimensions.
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5 Discussion

5.1 Optimization of Heuristic Weights

By analyzing the five individuals from Table 2, it is possible to notice some patterns,
with only the individual in the 3rd position clearly deviating from the rest. All individ-
uals, except the 3rd and 5th, had both VertCenter and DumpFromAfar heuristics with
relatively high values, suggesting the expected synergy between the two. Another simi-
larity between the individuals, except with the 3rd, was the fact they all considered the
HorizCenterHeuristic less effective than its vertical counterpart.

Table 3. Configurations for the two competition tracks.

Parameter Value

Base Track Unknown Track

Rows 6 8

Columns 7 13

Win Sequence 4 4

Round Pieces 10 26

Square Pieces 11 26

Time limit (ms) 200 325

Considering how the 3rd individual contrasts with the rest of the group, it is important
to try and find a difference between the agents classified above and below it, possibly giv-
ing further insight as to how the heuristics may have influenced the tournament results.
The most significant difference between the two groups has to do with the VertDis-
cHeuristic: the top 2 individuals have a negative value, while the 4th and 5th do not.
This means that the 3rd individual specifically defeated agents with positive VertDis-
cHeuristicweight and that, unlike it, consideredVertCenterHeuristicmore valuable than
HorizCenterHeuristic. This tells us that matches between them may have extended to
the higher spaces of the board and, due to a conflict between VertDiscHeuristic and
HorizCenterHeuristic, the 4th and 5th individuals did not try to get the spaces where
the areas of both heuristics overlapped, with the 3rd agent capturing them and gaining
control of that area of the board, significantly increasing its chances of victory.

As already stated, all individuals, except the 3rd, valued VertCenterHeuristic quite
more thanHorizCenterHeuristic. We argue several possible reasons, which individually
or in combination, may have led to this outcome:

1. Simplexity’s standard dimensions – used for the tournaments ran by the evolutionary
algorithm – have more columns than rows. This may have affected theHorizCenter-
Heuristic performance, as it would be triggered less often and more games would
have been won due to VertCenterHeuristic, since there would not be as many played
positions in its HorizCenter area.
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2. VertCenterHeuristic is more efficient than the horizontal version. Regardless of the
size of their central areas, VertCenterHeuristic’s central area is more accessible due
to being in a location very likely to be reached in most games: the middle rows of
the board. Contrary to this, HorizCenterHeuristic’s central area extends to the top
of the board, and consequently, an AI prioritizing this heuristic may be wasting its
pieces in positions not as commonly reached in an average game.

3. The HorizCenterHeuristic’s weight may have been affected by a conflict with
VertDiscHeuristic. This is further explored belowwhen analyzing the latter’s weight.

In any case, the optimization process clearly led to agents which “understood” the
importance of both CenterHeuristics, recognizing their overlaying areas as the most
valuable board positions.

The most unexpected weight was that of VertDiscHeuristic, with it having been
attributed a negative value for the top 2 contenders. We highlight two possibilities as to
why this may have happened:

1. The heuristic only has real influence in the agent’s decision if it is choosing a play
in a board where there are available positions in and out of its top area. In other
words, there may be several games where VertDiscHeuristic is never actually used,
for example when the area immediately below it is sufficient to finish games before
VertDiscHeuristic is actually employable. The top 2 individuals may have won most
of their games by mostly following the other heuristics.

2. The fact that VertDiscHeuristic weights are negative in the top 2 individuals may be
a coincidence related with the initial randomization of weights in the optimization
process. However, there may be an actual reason as to why these weights are nega-
tive, and we argue it may be related with a conflict between VertDiscHeuristic and
HorizCenterHeuristic. The latter’s center area consists of columns that extend to the
top of the board, meaning that part of them will come in conflict with the former’s
“exclusion” zone. It may be that, by affecting the value of the overlapping positions
of both heuristics’ area of influence, VertDiscHeuristic deters the agent from taking
top center spaces, leaving them open for the opponent to take, possibly costing games
that extended to the final stages. This would mean that VertDiscHeuristic ended up
doingmore harm than good, and by negatively weighting it, the optimization process
recognized those top center positions as important for the late-game.

Summing up, it is possible to identify the best combination as having VertCenter-
Heuristic andDumpFromAfarHeuristic as the most valuable, working together to get rid
of and isolate the opponent’s pieces, while at the same time maintaining overall control
of the board; and VertDiscHeuristic with a negative weight, so that it does not conflict
with HorizCenterHeurtistic.

5.2 Performance of SimpAI in the ColorShapeLinks Competition

In retrospective, the poor result of SimpAI in theBase Track canmost likely be attributed
to the track’s technical restrictions, which limited computing power to one CPU proces-
sor. SimpAI, designed from the ground up for using multiple processors, did not scale
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well under these restrictions. Furthermore, even with the use of Zobrist hashing, having
five, completely separate partial heuristics – instead of a faster, single one – probably
took its toll when evaluating boards. As such, it is our belief that part of this result stems
from the fact that SimpAI was not able to search as deep as its opponents, in spite of the
implemented optimizations.

The Unknown Track took place on a workstation with 8 cores/16 threads1. This was
most likely the reason that, SimpAI, working at its full capacity, finished second – thus
offsetting the computational weight of using five separate heuristics.

6 Conclusions and Future Work

In this paper we presented SimpAI, an AI agent created for the ColorShapeLinks board
game competition. The agent was implemented with an efficient Minimax-type search,
and an heuristic function composed of five different partial heuristics, the weights of
which were optimized with an evolutionary algorithm. SimpAI reached the second posi-
tion in the Unknown Track, a promising result given the fact that the track’s parameters
were unknown beforehand, thus requiring an AI agent with good adaptation capabilities.

There are some elements that are likely to bring significant improvements to the
agent’s performance. For example, awider initial set of partial heuristics could help refine
what are indeed themost important features forwinningColorShapeLinksmatches. From
the results, it was clear that some heuristics, such as VertDiscHeuristic, did not work
out as we initially envisioned – and could probably be excluded altogether, speeding up
board evaluations. Additionally, a few partial heuristics use “magic” numbers to provide
their evaluation. These could also be considered as parameters to be optimized by the
evolutionary algorithm, further refining a winning strategy. Regarding the optimization
process, a more comprehensive experimentation with the evolutionary operators and
their parameterization could potentially yield better winning combinations. Finally, and
while this was not the intended learning goal for the authors of this project, the use of
MCTS, deep learning and/or reinforcement learning, could potentially produce stronger
and harder to beat agents.
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Abstract. Reinforcement learning is a machine learning technique that makes a
decision based on a sequence of actions. This allows changing a game agent’s
behavior through feedback, such as rewards or penalties for their actions. Recent
work has been demonstrating the use of reinforcement learning to train agents
capable of playing electronic games and obtain scores even higher than profes-
sional human players. These intelligent agents can also assume other roles, such
as creating more complex challenges to players, improving the ambiance of more
complex interactive games and even testing the behavior of players when the game
is in development. Some literature has been using a deep learning technique to
process an image of the game. This is known as the deep Q network and is used to
create an intermediate representation and then process it by layers of neural net-
work. These layers are capable of mapping game situations into actions that aim
to maximize a reward over time. However, this method is not feasible in modern
games, rendered in high resolution with an increasing frame rate. In addition, this
method does not work for training agents who are not shown on the screen. In
this work we propose a reinforcement learning pipeline based on neural networks,
whose input is metadata, selected directly in the game state, and the actions are
mapped directly into high-level actions by the agent. We propose this architecture
for a tower defense player agent, a real time strategy game whose agent is not
represented on the screen directly.

Keywords: Reinforcement learning · Artificial intelligence · Neural network ·
Tower Defense

1 Introduction

One of the main goals of the Artificial Intelligence (AI) field is to produce fully
autonomous agents that interact with their environments to learn optimal behaviors,
improving over time through trial and error. Creating AI systems that are responsive
and can effectively learn has been a long-standing challenge, from robots, which can
perceive and react to the environment around them, to purely software-based agents,
who can interact with natural language and multimedia [12].

Within the AI field of study there are various approaches, proposed models and
architectures. Supervised machine learning is an approach in which the training process
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is based on previously annotated training set. The process requires that the agent maps
the input with the output, adjusting in accordance to the obtained error. However, in a
situation where there is a very large sequence of actions to be labeled, this approach
becomes unfeasible.

Another approach is Reinforcement Learning (RL), which can be determined
as a mathematical structure based on psychological and neurological principles for
autonomous experience-oriented learning. In this situation, labeled input/output pairs
are not needed. The network learns by exploiting previous knowledge (through a reward
mathematical function) to make decisions in new situations. These have been assuming
an important role in many situations, particularly in video games.

Talking about video games, intelligent agents can create more challenging situations
for the player. In particular, the elaborationof strategies according to the player’s behavior
in the environment can make the actions of the autonomous agents cease to be obvious
and predictable.

An interesting category of video games include strategy games and, in particular, of
the Tower Defense (TD) genre. This type of game requires strategic thinking over time
to formulate a plan that maximizes the player’s survival time. As it is impractical to label
the actions that the agent must take at each moment of time, reinforcement learning is a
viable learning strategy for the problem.

1.1 Tower Defense

Real-time Strategy (RTS) are games in which the player manages several characters
or units with the objective of prevailing in some kind of conflict or obtaining some
specific achievement [1]. In general, this challenge is significantly more difficult than
the planning challenge in classic board games, such as chess, mainly because several
units must be moved at any time and the state space is usually very large. The planning
horizon can be extremely long, where the actions taken at the start of a game affect the
overall strategy. In addition, there is the challenge of predicting themoves of one or more
opponents, who also have multiple units. RTS are games that do not progress in discrete
turns, but where actions can be taken at any time. The RTS games add the challenge of
prioritizing time to the already substantial challenges of playing strategy games [1].

AI has been used in RTS games for research and innovation, in particular relying in
Deep Learning (DL) topologies [2]. TD is a subgenre of RTS of games and it usually
consists of a path where some enemies move and, around that path, the player can
position some towers, responsible for causing damage to enemies. Enemies usually
come in waves, groups of enemies that hoard together to try to complete the path. If an
enemy manages to reach the end of the path, the player is usually punished in some way,
such as losing life points, losing overall score or other form of punishment.

The work described in this paper led us through the design and development of a
TD game to control the variables needed to research the application of RL for an agent.
Also we did not find in the literature another implementation of agents to play Tower
Defense. The first step is to focus on how to transfer the game state to the agent so that
it uses it to perform actions in that environment. Therefore, the construction of the TD
is focused on facilitating the provision of data to the agent’s input.
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1.2 Using Reinforcement Learning in Games

Traditionally, RL uses the information on screen (pixels) as the source of processing [6,
7]. More recently, other format of data has been using in some games, as an example, in
StarCraft [8, 11].

Some research has been done around Atari games to explore RL. In these games,
agents often become even better than professional human players, without the need to
explicitly code the logic of the game and its rules [9]. In other words, the agent learns
by itself just by looking at the pixels of the game, the score and the ability to choose an
action (activate buttons on a controller) just like a human player would do [9].

Even though the decision making appears to be simple, it hides the difficult task
that any player who has ever played a game has probably noticed, which is the process
of making instant decisions based on one of a single combination of pixels in a large
number of possibilities that can appear on the screen at any time. In addition, there is
also the chance that the player will find new, creative, situations.

Moreover, game environments are usually only partially observable. This is because
the player is forced to make choices based on an indirect representation of the game
(the screen) instead of knowing the parameters that govern the logic of the game. Thus,
the player does not fully know the environment in which he is inserted. In addition, the
actions to be taken by the player are also indirect, since the player’s decisions are in
terms of buttons to be pressed, not semantic actions in the game [6].

So, the challenge is complex, but definable: how to use the experience of playing
a game to make decisions that increase the score and generalize this decision-making
process to new situations that didn’t happen before [6]?

DeepQ-network (DQN) take advantage of Artificial Neural Network (ANN) to solve
this challenge. The architecture can be divided into two parts. First, a series of convo-
lutional layers learns to detect increasingly abstract features of the game’s entry screen.
Then, a dense classifier maps the set of these features present in the current observation
to an output layer with a node for each combination of buttons in the controller [6].
A better representation of this process is shown in Fig. 1. The input consists of pixels,
which are mapped into sensory characteristics that summarize what is being perceived
on the screen through convolutional layers. These characteristics are used by later layers
that perform the processing and choose the actions to be taken.

Wepropose a simplified architecture for the agent. Instead of receivingpixels as input,
we propose to use metadata. These metadata consists of relevant information collected
directly in the game. In this way, the sensory mapping shown in Fig. 1, which depends
on the processing of a large amount of pixels, is replaced by data that is generated by
the game itself, significantly reducing the necessary computational power.

2 Implementation

Considering the type of the game, the requirements of the RL agent and the objective of
this work, the metadata collected from the game include: Score, number of enemies on
the screen, money, lives remaining, the construction positions of the towers. The output
was composed of actions such as: building a tower in a certain place, doing nothing,
upgrade a tower, destroy a tower (Fig. 2).
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Fig. 1. Simplified model of an agent.

Fig. 2. Suggested model.

This approach has another difference from other works. In TD games there is no
real representation of the agent in the world: there is no avatar moving from side to
side, taking shots at enemies. Only the results of the actions taken by the agent in the
environment are shown, making it impossible to observe which are the places where the
agent will build the first towers, which ones he should improve or even destroy. In this
work it will be presented only the result of the strategies of the intelligent agent carrying
out to reach the final objective of surviving the wave of enemies.

2.1 Tower Defense Project

The software developed was structured into two main modules, the first being TD itself
and the second being the agent. As a RTS, the actions taken should be at the game’s
execution time, making the agent’s execution to be in sync.

The TD itself is composed of several parts. The loop is responsible for the recognition
of the pressed keys, after which comes all the control of the enemies and the towers
existing in the game and finally the agent does all its controls, including training the
network, generating a output.
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All the data that comes from the TD can serve as input for the agent. However, using
too much data for the network input can slow the agent’s learning process. Even so,
using less data can make the agent never be able to converge, since he does not have
enough information to achieve its purpose.

The training process depend on twomain factors. The input data and the configuration
of the neural network. The variation of the input of the network was a common process
in this type of work. There were no values, or ideas for what the ideal input would
look like for the network. In relation to the configuration of the neural network, several
changes were made to the hidden layers of the network. Sometimes making it deeper and
sometimes more shallow. During the development of the work described in this paper,
many configurations were tried.

Initially TD was planned with a number of features, such as global improvements
to the towers, slowing down enemies, a chance to apply attacks that would do double or
triple damage and a means of restoring life. However, during the development process,
it was noticed that several concepts initially foreseen should be abandoned due to the
increase in the diversity of plays, so the game was simplified.

In a TD game, the assignment of lives to the player is a means of making the game
come to an end.All enemies have an amount of damage that is discounted from liveswhen
they reach the end of the path. The agent has a initial value of 20, and when it reaches
zero, the game is over. Moreover, in the context of this work, further simplifications were
made, restricting to a single, infinite, wave of enemies that are gradually strengthened. In
addition, for progressively increasing the difficulty level, there are twomechanisms. The
first is to increase the amount of health of new enemies generated as time passes. The
second is to unlock more types of enemies as the agent progresses through the game.
Initially only slimes are generated and, as time goes by, other enemies are unlocked
offering new challenges to the player.

Some definitions that were used to implement the game are:

1. Enemies: responsible for the difficulty factor of the game. Each enemy has infor-
mation such as: the amount of money he gives when he dies, the amount of points he
gives when he dies, the amount of life he takes when crossing the defined path, the
amount of life he has and the speed at which the enemy moves. Six types of enemies
have been created where each has different attribute values.

2. Path: where enemies travel, from a starting point to an end point.
3. Agent: controls the construction, improvement and sale of the towers. Each of these

actions has consequences thatmay not be immediate, adding to the game’s challenge.
The agent must take actions considering what he observes in the environment. The
agent’s goal is to achieve the highest score possible before losing all their lives.

4. Towers: responsible for defeating enemies that are walking the path around them.
The different types of towers are characterized by information such as the damage
done to enemies for each attack it makes, the range of each attack, the price to buy it,
the price to make an improvement and the speed at which it executes an attack. The
improvement function has been added to the towers, where at a cost of some cash
value, the attack range and damage is increased. It is also possible for the towers to
be sold, returning part of the money invested in them.
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5. Score: represents the agent’s ability to play the game. The higher the score, the better
the agent was able to deal with the situations presented during the game. The score
is increased by killing enemies throughout the game.

6. Money: resource for building and improving the towers.Money is earnedby shooting
down enemies or selling towers.

7. Lives: number that represents the agent’s health. Condition of end of the game.

2.2 Parametrization

As RTS game, a balance is necessary for the game to be fun and offer a fair challenge.
Therefore, there was a calibration phase of the game parameters in search of this balance.
The gamewas calibrated in a way that allows a challenge to the human, but that is subject
to considerable scoring.

The dimension of the enemies was based on mixing some attributes. Each enemy
has a unique characteristic and certain combinations in the generation of enemies would
create challenging situations. For example, if some enemies are resistant and resilient
(have a lot of life) and slow speed, and are spawned simultaneously with several fast and
weak enemies, they could take advantage to get to the end of the path, since the towers
would be focused on attacking slow enemies that first entered the tower’s reach. Table
1 shows the values given to enemies of TD.

Table 1. List of attributes of each enemy in the TD.

Enemy Money Score Damage Health base Move speed

Slime 3 5 1 10 1

Scorpion 10 15 2 20 1.25

Skeleton 5 15 2 15 1.5

Orc 15 30 3 30 0.75

Golem 25 55 5 50 0.5

Flyer 5 15 1 15 2

The definition of the number and characteristics of the towers was defined looking
for balance in relation to the enemies. Starting with a balanced tower in its attributes
and spawning others with an attribute with a high value and another with a low value.
Thus, for each tower there were scenarios in which it fit most efficiently. With this, the
agent had several strategies to explore, just varying the combination of the towers and
their positions. Table 2 shows the characteristics used by the towers.

The data presented in Table 2 are only the base values for each tower. Performing the
improvement in the tower causes some of these parameters to be upgraded, allowing the
game to be more balanced for the agent’s side. Table 3 presents the data that are added
for each improvement made in each type of tower. All towers have a maximum limit of
ten improvements.
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Table 2. List of attributes of each tower in the TD.

Tower Base damage Range Buy price Attack speed

Basic 6 125 20 1

Mortar 12 200 30 3

Repeater 2 100 50 0.25

Table 3. Additional values when upgrading the tower.

Tower Damage Range Additional price

Basic 6 5 10

Mortar 12 15 15

Repeater 2 5 25

There are some other responsibilities that have been attributed to the game map,
such as generating new enemies. The value for this generation was set at 1.5 s for the
graphical version. In addition to generating new enemies, the map is also responsible for
gradually increasing the game’s difficulty. The difficulty of the game is increased every
30 s.

2.3 Development

The first developed version of the game has a graphical interface, enabling both the agent
and a human to play the game. Also during this version, numerous parameter calibrations
were made, based on observations of the game.

Figure 3 shows the game screen where it can be seen that there are eight gray dots
and three of them are already occupied with towers. These are the possible points at
which the player can build the towers. The number of points and the positions of the
towers were maintained in all experiments.

In preliminary tests it was observed that each match with graphical interface took
a long time to finish, which would prevent the execution of an appropriate amount of
tests. Typically, agents trained by RL in gaming environments need several iterations to
converge [10]. Therefore, it was necessary to look for an efficient way to simulate the
execution of the game, before proceeding with the development of the agent. Matches
took a long time to run due to the graphical interface, but also because the game’s events
were based on the real world clock. The reliance on the clock was necessary for humans
to be able to play, allowing the observation and calibration of parameters, making the
game balanced and capable of formulating strategies. To make executions faster, the
game was reimplemented without the graphical interface. Reliance on the game’s real
world clock has also been eliminated, for better analysis of the RL training and results.

With this change, TD can be seen as a simulator. In the graphical version, the timing
of game events was based on the real world clock. For example, new enemies appeared
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Fig. 3. First version of the game, with a graphical interface.

every 1.5 s from the real world clock. So, no matter how efficient the implementation
is, it would be necessary to wait a second and a half for a new enemy to enter the game.
Since all the events in the game were tied to the real world clock, this made the execution
of a game too long. Although the idea of the simulator is not to depend on the clock in
the real world, it is necessary to use some measure of time to synchronize the events that
happen in the game. In this way, we call each iteration of the game a cycle.

To preserve the balance of the simulated game with the calibration obtained in the
graphical version, it was necessary to find a way to map the clock time in cycles. For
this, we created a unit called Epoch, equivalent to one second of the clock time, which
consists of 840 cycles.

The transition from the graphics game to the simulation had to be done using some
data as a basis. These data were taken from enemy move speeds and are: 0.5; 0.75; 1;
1.25; 1.5; 1.75 and 2. The first step in working with this data was to find a common
value among all these data and with this common value future calculations would not
result in float values. In order for all of them to become whole values, each of them was
multiplied by four, resulting in the values: 2, 3, 4, 5, 6, 7 and 8. With these new values,
a minimum common multiple among all was realized. them, resulting in 840, so every
840 cycles we have an Epoch.

In the first version of the simulator, all cycles were performed. In each cycle, several
checks were made to determine if it was time to trigger possible events. However, in the
vast majority of cycles there was no event to trigger, which made the checks exhaustive
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and inefficient. As a result, the total of running time wasn’t absurdly lower than in the
graphic version of the game.

In a second version of TDwithout an interface, the idea was to skip cycles that would
have no events to run. For this, an execution list was created, where each game object
calculated in which cycle the next event would be triggered.

The execution queue consists of a collection of events ordered by the number of cycles
until their next execution. The descriptor of each event consists of a tuple containing a
reference to the object, the number of cycles until the next execution and the number of
cycles between the executions of the events. In the following example, the next event
will be triggered by the SLIME_1 object in 10 cycles. This means that it is not necessary
to simulate the next 10 cycles as no event will happen. In this way, SLIME_1 triggers
its event and 10 cycles are subtracted from the number of cycles for the next execution
of all objects in the list. In addition, SLIME_1 is reinserted in the list with 20 cycles
remaining until its next run, which corresponds to its period.

Queue before SLIME_1 execution:
[[ SLIME_1, 10, 20], [ SCORPION_1, 15, 15], [ BASIC, 420, 840]]
Queue after SLIME_1 execution:
[[ SCORPION_1, 5, 15], [ SLIME_1, 20, 20], [ BASIC, 410, 840]]

If an enemy dies, or a tower is sold, these objects are immediately removed from the
execution list. When a new tower is purchased or a new enemy is generated, they are
placed in the execution list in order.

3 Development of the RL Agent

The development of an intelligent agent using a RL approach is an experimental task.
This approach requires careful design of system components such as inputs, outputs and
the learning mechanism. In addition, there are several components in the system that are
configurable, which makes it necessary to carry out several experiments to determine
the best combinations of parameters.

There would be countless ways to extract the metadata and use them as input for
the agent, like the model proposed for the agent, shown in Fig. 2, which had its input
characterized by metadata taken from TD. So we had to test various combinations of
metadata. The next step was the definition of a ANN whose learning mechanism should
be able to approximate the Q function. Finally, the end point, where the agent could
perform actions in the game such as: construction, improvement and towers sales. We
did an exploration looking for different ways to represent the way out.

One of the challenges of agents using DQN is that the neural network used tends to
forget previous experiences, as they replace them with new experiences [13]. Therefore,
it is necessary tomaintain a collection of experiences and observe them to train themodel
with those previous experiences. This collection of experiences is known as memory.

All the agents implemented in this work had their memory with a defined size of
2000. Each piece of memory consists of:

[state, action, reward, next_state, done]
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State and next state are the information the agent has about the environment in the
current state and the next state, respectively. Each state represents the agent’s entries.
Action is the action that the agent performed when it was in state. Reward says how
much reward the agent has accumulated between state and next state. Done is used only
to inform the end of the game after this action has been taken.

DQN approximates the Q function, which relates a state and an action to the expected
reward. To approximate the Q function using a neural network, an error function which
can be optimized is necessary. Such a function lists how much a prediction differs from
the real value of the function. Equation 1, proposed by [13], presents the error function
used in agent training. s is the current state and a is the action taken. s′ is the state reached
from the action a in state s. a′ is the action that maximizes the reward in the s′ state. r is
the reward between s and s′. The equation is the quadratic error between the prediction
Q (s, a), in relation to the value of r + γ Q(s′; a′). In other words, it represents the
divergence between the predicted value for the reward when taking the action a in the
state s in relation to a precise approximation, obtained after obtaining the reward and
forecasting the reward in the next state.

loss = r + γmax
a′ Q

(
s
′
, a

′) − Q(s, a))
2

(1)

Usually, the reward is tied to the score the agent is getting, [4, 13, 14]. In this work
we follow this same idea. The reward was considered in three scenarios. Being a periodic
reward, a reward linked to enemies and a penalty when the agent loses the game.

3.1 Game Metadata

The metadata taken from the game varied according to the various tests performed. The
agent’s input varied in size and even the form in which the agent’s environment was
represented.

Table 4 presents some of the information taken from the game and passed to the
agent.

The most relevant point is the diversity of combinations that we can provide to the
agent. In thiswork,we exploredonly someof the possibilities of the various combinations
of information in the game. The various combinations directly impact on how the agent
observed the environment, consequently its performance as well.

In the first versions of the game, some humans were put to play and we collected
the various scores they obtained. In relation to the implemented agents, the average
performance obtained was lower than that of the human. However, it is possible to
observe an evolution of the score over the various combinations assembled for the agent
to observe the environment. This evolution is shown by Table 5.

The average score that a human reached 18680 points, in a few matches the human
alreadymanaged to reach high scores. However, the agents performed 2309matches, and
during the various combinations the maximum average increased. Also decreasing the
difference betweenmaximum score and the mean score. Keeping this pattern, increasing
the amount of executions the agent could get results closer to human.
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Table 4. Inputs used for agents.

Input size Input data

16 Selected tower Tower type, Tower level

20 General Lives, Money, Score, difficulty level, Selected tower (8), Enemies
amount

Selected Tower Tower level (4), Tower type, Upgrade price, Sell refund

65 General Money

Each Tower Enemies killed by type (6), Tower type, Tower level

83 General Money
Enemies by type for one third of path (18)

Each Tower Enemies killed by type (6), Tower type, Tower level

Table 5. Scores obtained from agents.

Maximum
average

Maximum
score

1032,65 8815

1871,25 5505

1518,70 5130

1746,25 5515

1879,65 5305

1981,70 5460

1915,00 6110

1814,50 4935

1940,45 5610

2180,65 5695

4 Conclusion

In this work several agents were developed using Reinforcement Learning techniques
based onDeep Q-Learning to play Tower Defense. In other jobs usingDeep Q-Learning,
agents usually receive video frames from the game as input. In this work we investigate
the possibility of the agent receiving metadata from the match as input. As we did not
find in the literature another implementation of agents to play Tower Defense, the agent
was built in an experimental and incremental way.

Initially the game was designed with the aim of encouraging the player to create
strategies to overcome the increasingly challenging hordes of enemies. Firstly, the game
was implementedwith a graphical interface, allowing humans to play. Using this version,
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the gamewas calibrated to offer a balance between challenge and fun. Several parameters
of the agent were initially adjusted in this version.

As the graphical version was designed for humans to play, the timing of the game’s
eventswas dependent on the real world clock. This caused thematches to take a long time
to execute. This would prevent long-term experiments, which is important for assessing
the trend of the agent’s progress. The solution found was to re-implement the game in a
version that does not depend on the real world clock and that does not use a graphical
interface. This implementation was called a simulated version. All other agents were
developed in this new version.

This work showed that it is possible to build an agent based on Reinforcement
Learning capable of playing Tower Defense. No other work in the literature reports the
development of autonomous agents to learn how to play this type of game. In addition,
the design of metadata based inputs made it possible to use input data that is simpler than
approaches based on video frames. For this reason, this approach is promising to embed
agents based on reinforcement learning in devices with less computational power.

The results reported in this work suggest new directions for future work. The agents
used in this work do not directly model the temporal relationship between the sequences
of actions and their respective consequences. Futureworkmight include the evaluation of
how the use of techniques based on temporal patterns, such as Long short-term memory
(LSTM)s and hiddenMarkov chains can be used to consider temporal behavior. Another
possible research would be to evaluate the strategies created by the agent. Strategy
evaluation is a technique that can help improve the calibration of parameters in other
games. Exploring more input variations for agents is also a possible future work, seeking
to provide more relevant information for decision making. Finally, a comparison with
an agent based on video frames would also be interesting to assess the difference in
performance between this approach and the approach presented in this work.
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